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Photo: posing in front of Monte Carlo’s casino, 2021

“It was at that time that I suggested an obvious name for the statistical 
method—a suggestion not unrelated to the fact that Stan had an uncle 
who would borrow money from relatives because he “just had to go to 
Monte Carlo.” The name seems to have endured.”
Nicholas Metropolis, “The beginning of the Monte Carlo method”,  
Los Alamos Science Special Issue 1987
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A cross-section admits a perturbative expansion when

Cutkosky cut

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

Local Unitarity: framing the problem

Interference diagrams themselves can be represented as integrals of amplitudes

Phase space integral

The coefficients can be represented as a sum of interference diagrams 

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

A cross-section admits a perturbative expansion when

Cutkosky cut

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

Local Unitarity: framing the problem

Interference diagrams themselves can be represented as integrals of amplitudes

Phase space integral

The coefficients can be represented as a sum of interference diagrams 

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

A cross-section admits a perturbative expansion when

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

Cutkosky cut

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

Local Unitarity: framing the problem

Loop integral

Interference diagrams themselves can be represented as integrals of amplitudes

Phase space integral

The coefficients can be represented as a sum of interference diagrams 

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

A cross-section admits a perturbative expansion when

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

Cutkosky cut

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

Local Unitarity: framing the problem

Loop integral

Interference diagrams themselves can be represented as integrals of amplitudes

Phase space integral

The coefficients can be represented as a sum of interference diagrams 

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

A cross-section admits a perturbative expansion when

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

Problem: both types of integrals have infrared (collinear, soft) divergences and thresholds

Cutkosky cut

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

Local Unitarity: framing the problem

Loop integral

Interference diagrams themselves can be represented as integrals of amplitudes

Phase space integral

The coefficients can be represented as a sum of interference diagrams 

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

A cross-section admits a perturbative expansion when

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

Problem: both types of integrals have infrared (collinear, soft) divergences and thresholds

Many good methods around to deal with this that work either for loop or for phase-
space integrals 

Cutkosky cut

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



A local KLN cancellation mechanism



A local KLN cancellation mechanism
Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN



A local KLN cancellation mechanism

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN



A local KLN cancellation mechanism

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN



Integrable

A local KLN cancellation mechanism

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN



Integrable

Rough idea:

A local KLN cancellation mechanism

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN



Integrable

Rough idea:
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<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

A local KLN cancellation mechanism

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN
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d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

A local KLN cancellation mechanism

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
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d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable
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<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>
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<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
4X

i=1
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d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=

Z
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gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
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<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=
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gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
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Z
d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=
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gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
4X

i=1

Z
d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=

Z
d⇧

4X

i=1

gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
4X

i=1

Z
d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=

Z
d⇧

4X

i=1

gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
4X

i=1

Z
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<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=
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4X
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gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k + l)2) �(+)((l + q)2)

<latexit sha1_base64="xMAcd8kzR/Rd7gRLCkWEB01kdFo="></latexit>

N

l2(k � q)2
<latexit sha1_base64="BjCqqeebRqxC27pf8nBv80TscXw=">AAAB/nicbVDLSgNBEOyNrxhfq+LJy2AQ4sGwGxU9Br14kgjmAckmzE5mkyGzD2dmhbAs+CtePCji1e/w5t84Sfag0YKGoqqb7i434kwqy/oycguLS8sr+dXC2vrG5pa5vdOQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd0NfGbD1RIFgZ3ahxRx8eDgHmMYKWlnrnX8QQmyU2a8G4FlUbH90fdStozi1bZmgL9JXZGipCh1jM/O/2QxD4NFOFYyrZtRcpJsFCMcJoWOrGkESYjPKBtTQPsU+kk0/NTdKiVPvJCoStQaKr+nEiwL+XYd3Wnj9VQznsT8T+vHSvvwklYEMWKBmS2yIs5UiGaZIH6TFCi+FgTTATTtyIyxDoPpRMr6BDs+Zf/kkalbJ+Uz25Pi9XLLI487MMBlMCGc6jCNdSgDgQSeIIXeDUejWfjzXifteaMbGYXfsH4+AbT0ZTA</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
4X

i=1

Z
d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=

Z
d⇧

4X

i=1

gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k + l)2) �(+)((l + q)2)

<latexit sha1_base64="xMAcd8kzR/Rd7gRLCkWEB01kdFo="></latexit>

N

l2(k � q)2
<latexit sha1_base64="BjCqqeebRqxC27pf8nBv80TscXw=">AAAB/nicbVDLSgNBEOyNrxhfq+LJy2AQ4sGwGxU9Br14kgjmAckmzE5mkyGzD2dmhbAs+CtePCji1e/w5t84Sfag0YKGoqqb7i434kwqy/oycguLS8sr+dXC2vrG5pa5vdOQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd0NfGbD1RIFgZ3ahxRx8eDgHmMYKWlnrnX8QQmyU2a8G4FlUbH90fdStozi1bZmgL9JXZGipCh1jM/O/2QxD4NFOFYyrZtRcpJsFCMcJoWOrGkESYjPKBtTQPsU+kk0/NTdKiVPvJCoStQaKr+nEiwL+XYd3Wnj9VQznsT8T+vHSvvwklYEMWKBmS2yIs5UiGaZIH6TFCi+FgTTATTtyIyxDoPpRMr6BDs+Zf/kkalbJ+Uz25Pi9XLLI487MMBlMCGc6jCNdSgDgQSeIIXeDUejWfjzXifteaMbGYXfsH4+AbT0ZTA</latexit>

Problem 1:
Different number  

 of deltas

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure



Integrable

Rough idea:
4X

i=1

Z
d⇧ifi

<latexit sha1_base64="2OTyWPKyr818HCMzzVI8zvQ0Yyw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUQruhGKblxWsA9oYphMJu3QmSTMTIQS8gVu/BU3LhRx69qdf+OkzUJbDwwczrmXOff4CaNSWda3sbS8srq2Xtmobm5t7+yae/tdGacCkw6OWSz6PpKE0Yh0FFWM9BNBEPcZ6fnj68LvPRAhaRzdqUlCXI6GEQ0pRkpLnll3ZMq9jF7a+X0TOjRS0OFIjQTPgtxpU4/C0KOeWbMa1hRwkdglqYESbc/8coIYp5xECjMk5cC2EuVmSCiKGcmrTipJgvAYDclA0whxIt1sek4O61oJYBgL/XSeqfp7I0Ncygn39WQRVc57hfifN0hVeOFmNEpSRSI8+yhMGVQxLLqBARUEKzbRBGFBdVaIR0ggrHSDVV2CPX/yIumeNOzTxtlts9a6KuuogENwBI6BDc5BC9yANugADB7BM3gFb8aT8WK8Gx+z0SWj3DkAf2B8/gC4EZvo</latexit>

=

Z
d⇧

4X

i=1

gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

A local KLN cancellation mechanism

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

Non-integrable 
singularities

)
<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

No non-integrable 
singularities

Problem: d⇧i
<latexit sha1_base64="1dMt+jLGfnTfpIqqVmlLXxjAGh8=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIf6LLoxmUF+4AmhMlk2g6dmYSZiVBDv8SNC0Xc+inu/BsnbRbaemDgcM693DMnShlV2nW/rZXVtfWNzcpWdXtnd69m7x90VJJJTNo4YYnsRUgRRgVpa6oZ6aWSIB4x0o3Gt4XffSRS0UQ86ElKAo6Ggg4oRtpIoV3zOdIjyfN46rdoSEO77jbcGZxl4pWkDiVaof3lxwnOOBEaM6RU33NTHeRIaooZmVb9TJEU4TEakr6hAnGignwWfOqcGCV2Bok0T2hnpv7eyBFXasIjM1nEVIteIf7n9TM9uA5yKtJME4HnhwYZc3TiFC04MZUEazYxBGFJTVYHj5BEWJuuqqYEb/HLy6Rz1vDOG5f3F/XmTVlHBY7gGE7Bgytowh20oA0YMniGV3iznqwX6936mI+uWOXOIfyB9fkDIPaTZg==</latexit>

has to be aligned

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k + l)2) �(+)((l + q)2)

<latexit sha1_base64="xMAcd8kzR/Rd7gRLCkWEB01kdFo="></latexit>

N

l2(k � q)2
<latexit sha1_base64="BjCqqeebRqxC27pf8nBv80TscXw=">AAAB/nicbVDLSgNBEOyNrxhfq+LJy2AQ4sGwGxU9Br14kgjmAckmzE5mkyGzD2dmhbAs+CtePCji1e/w5t84Sfag0YKGoqqb7i434kwqy/oycguLS8sr+dXC2vrG5pa5vdOQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd0NfGbD1RIFgZ3ahxRx8eDgHmMYKWlnrnX8QQmyU2a8G4FlUbH90fdStozi1bZmgL9JXZGipCh1jM/O/2QxD4NFOFYyrZtRcpJsFCMcJoWOrGkESYjPKBtTQPsU+kk0/NTdKiVPvJCoStQaKr+nEiwL+XYd3Wnj9VQznsT8T+vHSvvwklYEMWKBmS2yIs5UiGaZIH6TFCi+FgTTATTtyIyxDoPpRMr6BDs+Zf/kkalbJ+Uz25Pi9XLLI487MMBlMCGc6jCNdSgDgQSeIIXeDUejWfjzXifteaMbGYXfsH4+AbT0ZTA</latexit>

Problem 1:
Different number  

 of deltas

Problem 2:
Too few energy 
variables to solve 
the deltas

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> Finite!+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

Our approach instead combines singularities of loop and phase-space integrals at the 
local level through KLN

Different phase space measure
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Problem 1: Different number of deltas

Observation:

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 1: Different number of deltas

Observation:

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

Perform integration over l0
<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1:

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

Perform integration over l0
<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1: (LTD, cLTD, TOPT…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

Perform integration over l0
<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1: (LTD, cLTD, TOPT…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>
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<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1: (LTD, cLTD, TOPT…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

Perform integration over l0
<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1: (LTD, cLTD, TOPT…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>
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q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

Perform integration over l0
<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1: (LTD, cLTD, TOPT…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Observation: Now real and virtual contributions have the same amount of deltas
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q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>



Problem 1: Different number of deltas

Observation:

Perform integration over l0
<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Solution 1: (LTD, cLTD, TOPT…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Observation: Now real and virtual contributions have the same amount of deltas

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

both have three cut lines!
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q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

unconstrained  
integration over l0

<latexit sha1_base64="eJC3PR690tVj5Xo8npab7Fkvfik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgcka5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbG6x3HC/YgOlAgFo2ilO/ng9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt5p9fz2rFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzf4lI2Z</latexit>

Z
d4l

N(k, l, q)

l2(l + q)2(k + l)2
<latexit sha1_base64="koMu/pOyJNAXZAydcxIWx8Wvb34="></latexit>

=

Z
d4k �+(k2) �+((q � k)2)

<latexit sha1_base64="ROOqWq71jq8D5octemcP6ss1aZs=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUctMrehGKbpxWcE+oDMtmUzahsk8TDJCGfo3bvwVN4KK6NI/MW1noa0HAodz7iX3HCdiVEjD+NIyC4tLyyvZ1dza+sbmlr690xBhzDGp45CFvOUgQRgNSF1SyUgr4gT5DiNNx7se+80HwgUNgzs5jIjto35AexQjqaSufnlh0UBCy0dywP3EHXUq0IPWEbRcwiTqJIejgtcpF2ekwv2xV1RyV88bJWMCOE/MlORBilpXf7XcEMc+CSRmSIi2aUTSThCXFDMyylmxIBHCHuqTtqIB8omwk0nOETxQigt7IVdPHT1Rf28kyBdi6DtqcpxHzHpj8T+vHcveuZ3QIIolCfD0o17MoAzhuDToUk6wZENFEOZU3QrxAHGEpao2p0owZyPPk0a5ZJ6UTm8r+epVWkcW7IF9UAAmOANVcANqoA4weATP4A28a0/ai/ahfU5HM1q6swv+QPv+Ac+lo2U=</latexit>





q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

⇡ d2⌦kd
3~l

<latexit sha1_base64="Gp0OT604/aHYfh/ZOU2LzS2MYc4=">AAACG3icbVA9SwNBEN2LXzF+RS1tFoNgFe4SRcugjZ0RzAfkzrC3mSRLdu+O3b1gOPI/bPwrNhaKWAkW/hs3yRUx8cHA470ZZub5EWdK2/aPlVlZXVvfyG7mtrZ3dvfy+wd1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q+uJ35jCFKxMLjXowg8QXoB6zJKtJHa+ZJLokiGj9gVRPelSDrjhxJ2bwX0SHswr5axOwSa8HE7X7CL9hR4mTgpKaAU1Xb+y+2ENBYQaMqJUi3HjrSXEKkZ5TDOubGCiNAB6UHL0IAIUF4y/W2MT4zSwd1Qmgo0nqrzEwkRSo2Ebzont6pFbyL+57Vi3b30EhZEsYaAzhZ1Y451iCdB4Q6TQDUfGUKoZOZWTPtEEqpNnDkTgrP48jKpl4pOuXh+d1aoXKVxZNEROkanyEEXqIJuUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmcO0R9Y37+kJqHM</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

⇡ d2⌦kd
3~l

<latexit sha1_base64="Gp0OT604/aHYfh/ZOU2LzS2MYc4=">AAACG3icbVA9SwNBEN2LXzF+RS1tFoNgFe4SRcugjZ0RzAfkzrC3mSRLdu+O3b1gOPI/bPwrNhaKWAkW/hs3yRUx8cHA470ZZub5EWdK2/aPlVlZXVvfyG7mtrZ3dvfy+wd1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q+uJ35jCFKxMLjXowg8QXoB6zJKtJHa+ZJLokiGj9gVRPelSDrjhxJ2bwX0SHswr5axOwSa8HE7X7CL9hR4mTgpKaAU1Xb+y+2ENBYQaMqJUi3HjrSXEKkZ5TDOubGCiNAB6UHL0IAIUF4y/W2MT4zSwd1Qmgo0nqrzEwkRSo2Ebzont6pFbyL+57Vi3b30EhZEsYaAzhZ1Y451iCdB4Q6TQDUfGUKoZOZWTPtEEqpNnDkTgrP48jKpl4pOuXh+d1aoXKVxZNEROkanyEEXqIJuUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmcO0R9Y37+kJqHM</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

⇡ d3~kd2⌦l
<latexit sha1_base64="OUlEp5kUqbqvF/b+cyqI6EDgoRA=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBA8hd0kosegF29GMA/IrsvspJMMmdldZmaDYcmPePFXvHhQxIMX8W+cPA4xsaChqOqmuyuIOVPatn+sldW19Y3NzFZ2e2d3bz93cFhXUSIp1GjEI9kMiALOQqhppjk0YwlEBBwaQf967DcGIBWLwns9jMETpBuyDqNEG8nPlV0SxzJ6xK4guidF2h49lLA7AJr2RxjPy0Xs3groEp/7ubxdsCfAy8SZkTyaoernvtx2RBMBoaacKNVy7Fh7KZGaUQ6jrJsoiAntky60DA2JAOWlk+9G+NQobdyJpKlQ44k6P5ESodRQBKZzfKxa9Mbif14r0Z1LL2VhnGgI6XRRJ+FYR3gcFW4zCVTzoSGESmZuxbRHJKHaBJo1ITiLLy+TerHglArnd+V85WoWRwYdoxN0hhx0gSroBlVRDVH0hF7QG3q3nq1X68P6nLauWLOZI/QH1vcvclSiIA==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

Integration measure is mis-aligned!

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

⇡ d2⌦kd
3~l

<latexit sha1_base64="Gp0OT604/aHYfh/ZOU2LzS2MYc4=">AAACG3icbVA9SwNBEN2LXzF+RS1tFoNgFe4SRcugjZ0RzAfkzrC3mSRLdu+O3b1gOPI/bPwrNhaKWAkW/hs3yRUx8cHA470ZZub5EWdK2/aPlVlZXVvfyG7mtrZ3dvfy+wd1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q+uJ35jCFKxMLjXowg8QXoB6zJKtJHa+ZJLokiGj9gVRPelSDrjhxJ2bwX0SHswr5axOwSa8HE7X7CL9hR4mTgpKaAU1Xb+y+2ENBYQaMqJUi3HjrSXEKkZ5TDOubGCiNAB6UHL0IAIUF4y/W2MT4zSwd1Qmgo0nqrzEwkRSo2Ebzont6pFbyL+57Vi3b30EhZEsYaAzhZ1Y451iCdB4Q6TQDUfGUKoZOZWTPtEEqpNnDkTgrP48jKpl4pOuXh+d1aoXKVxZNEROkanyEEXqIJuUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmcO0R9Y37+kJqHM</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

⇡ d3~kd2⌦l
<latexit sha1_base64="OUlEp5kUqbqvF/b+cyqI6EDgoRA=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBA8hd0kosegF29GMA/IrsvspJMMmdldZmaDYcmPePFXvHhQxIMX8W+cPA4xsaChqOqmuyuIOVPatn+sldW19Y3NzFZ2e2d3bz93cFhXUSIp1GjEI9kMiALOQqhppjk0YwlEBBwaQf967DcGIBWLwns9jMETpBuyDqNEG8nPlV0SxzJ6xK4guidF2h49lLA7AJr2RxjPy0Xs3groEp/7ubxdsCfAy8SZkTyaoernvtx2RBMBoaacKNVy7Fh7KZGaUQ6jrJsoiAntky60DA2JAOWlk+9G+NQobdyJpKlQ44k6P5ESodRQBKZzfKxa9Mbif14r0Z1LL2VhnGgI6XRRJ+FYR3gcFW4zCVTzoSGESmZuxbRHJKHaBJo1ITiLLy+TerHglArnd+V85WoWRwYdoxN0hhx0gSroBlVRDVH0hF7QG3q3nq1X68P6nLauWLOZI/QH1vcvclSiIA==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

Integration measure is mis-aligned!

For the real contributions, problem known in phase-space subtraction methods 

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

⇡ d2⌦kd
3~l

<latexit sha1_base64="Gp0OT604/aHYfh/ZOU2LzS2MYc4=">AAACG3icbVA9SwNBEN2LXzF+RS1tFoNgFe4SRcugjZ0RzAfkzrC3mSRLdu+O3b1gOPI/bPwrNhaKWAkW/hs3yRUx8cHA470ZZub5EWdK2/aPlVlZXVvfyG7mtrZ3dvfy+wd1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q+uJ35jCFKxMLjXowg8QXoB6zJKtJHa+ZJLokiGj9gVRPelSDrjhxJ2bwX0SHswr5axOwSa8HE7X7CL9hR4mTgpKaAU1Xb+y+2ENBYQaMqJUi3HjrSXEKkZ5TDOubGCiNAB6UHL0IAIUF4y/W2MT4zSwd1Qmgo0nqrzEwkRSo2Ebzont6pFbyL+57Vi3b30EhZEsYaAzhZ1Y451iCdB4Q6TQDUfGUKoZOZWTPtEEqpNnDkTgrP48jKpl4pOuXh+d1aoXKVxZNEROkanyEEXqIJuUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmcO0R9Y37+kJqHM</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

⇡ d3~kd2⌦l
<latexit sha1_base64="OUlEp5kUqbqvF/b+cyqI6EDgoRA=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBA8hd0kosegF29GMA/IrsvspJMMmdldZmaDYcmPePFXvHhQxIMX8W+cPA4xsaChqOqmuyuIOVPatn+sldW19Y3NzFZ2e2d3bz93cFhXUSIp1GjEI9kMiALOQqhppjk0YwlEBBwaQf967DcGIBWLwns9jMETpBuyDqNEG8nPlV0SxzJ6xK4guidF2h49lLA7AJr2RxjPy0Xs3groEp/7ubxdsCfAy8SZkTyaoernvtx2RBMBoaacKNVy7Fh7KZGaUQ6jrJsoiAntky60DA2JAOWlk+9G+NQobdyJpKlQ44k6P5ESodRQBKZzfKxa9Mbif14r0Z1LL2VhnGgI6XRRJ+FYR3gcFW4zCVTzoSGESmZuxbRHJKHaBJo1ITiLLy+TerHglArnd+V85WoWRwYdoxN0hhx0gSroBlVRDVH0hF7QG3q3nq1X68P6nLauWLOZI/QH1vcvclSiIA==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

Integration measure is mis-aligned!

For the real contributions, problem known in phase-space subtraction methods 

(sectoring, mappings…)

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

⇡ d2⌦kd
3~l

<latexit sha1_base64="Gp0OT604/aHYfh/ZOU2LzS2MYc4=">AAACG3icbVA9SwNBEN2LXzF+RS1tFoNgFe4SRcugjZ0RzAfkzrC3mSRLdu+O3b1gOPI/bPwrNhaKWAkW/hs3yRUx8cHA470ZZub5EWdK2/aPlVlZXVvfyG7mtrZ3dvfy+wd1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q+uJ35jCFKxMLjXowg8QXoB6zJKtJHa+ZJLokiGj9gVRPelSDrjhxJ2bwX0SHswr5axOwSa8HE7X7CL9hR4mTgpKaAU1Xb+y+2ENBYQaMqJUi3HjrSXEKkZ5TDOubGCiNAB6UHL0IAIUF4y/W2MT4zSwd1Qmgo0nqrzEwkRSo2Ebzont6pFbyL+57Vi3b30EhZEsYaAzhZ1Y451iCdB4Q6TQDUfGUKoZOZWTPtEEqpNnDkTgrP48jKpl4pOuXh+d1aoXKVxZNEROkanyEEXqIJuUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmcO0R9Y37+kJqHM</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

⇡ d3~kd2⌦l
<latexit sha1_base64="OUlEp5kUqbqvF/b+cyqI6EDgoRA=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBA8hd0kosegF29GMA/IrsvspJMMmdldZmaDYcmPePFXvHhQxIMX8W+cPA4xsaChqOqmuyuIOVPatn+sldW19Y3NzFZ2e2d3bz93cFhXUSIp1GjEI9kMiALOQqhppjk0YwlEBBwaQf967DcGIBWLwns9jMETpBuyDqNEG8nPlV0SxzJ6xK4guidF2h49lLA7AJr2RxjPy0Xs3groEp/7ubxdsCfAy8SZkTyaoernvtx2RBMBoaacKNVy7Fh7KZGaUQ6jrJsoiAntky60DA2JAOWlk+9G+NQobdyJpKlQ44k6P5ESodRQBKZzfKxa9Mbif14r0Z1LL2VhnGgI6XRRJ+FYR3gcFW4zCVTzoSGESmZuxbRHJKHaBJo1ITiLLy+TerHglArnd+V85WoWRwYdoxN0hhx0gSroBlVRDVH0hF7QG3q3nq1X68P6nLauWLOZI/QH1vcvclSiIA==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>



Problem 2: Too few energy variables to solve the deltas

Two deltas, one energy integration

Integration measure is mis-aligned!

For the real contributions, problem known in phase-space subtraction methods 

(sectoring, mappings…) Big obstacle to automation

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d4kd4l �(+)(k2) �(+)((k � q)2)

<latexit sha1_base64="pk6AXU5KWCceYFT7WrKTW3izPSk="></latexit>

N

l2(l + q)2(k + l)2
<latexit sha1_base64="hdtpksAQ0HF7l+kBnzqIWFLhAKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQKZSkKrosunElFewD2lgm00k7dDKJMxOhhKzc+CtuXCji1m9w5984abPQ1gPDPZxzL3fucUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUbz0QIWnAb9U4JI6PBpx6FCOlpZ653/UEwvF1ErO7Kiyx8v1RWkdlpmvSM4tWxZoAzhM7I0WQod4zv7r9AEc+4QozJGXHtkLlxEgoihlJCt1IkhDhERqQjqYc+UQ68eSMBB5qpQ+9QOjHFZyovydi5Es59l3d6SM1lLNeKv7ndSLlnTsx5WGkCMfTRV7EoApgmgnsU0GwYmNNEBZU/xXiIdK5KJ1cQYdgz548T5rVin1cOb05KdYusjjyYA8cgBKwwRmogStQBw2AwSN4Bq/gzXgyXox342PamjOymV3wB8bnD0cqlxI=</latexit>

h
l2�(+)(l2) + (l + q)2�(+)((l + q)2) + (k + l)2�(+)((k + l)2)

i

<latexit sha1_base64="WiA2HpHbSrMCwgAKBek2MzWXxKo="></latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

Say we use       and      to solve the remaining one |~k|
<latexit sha1_base64="E36esDdxbkk3inF/1NzRfYqWSmE=">AAAB8HicbVDLTgJBEOz1ifhCPXqZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzm5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/nZXVtfWNzdxWfntnd2+/cHBY01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HgburXh6g0j+SjGcXoh7QneZczaqz0NG4NkaWDybhdKLoldwayTLyMFCFDpV34anUiloQoDRNU66bnxsZPqTKcCZzkW4nGmLIB7WHTUklD1H46O3hCTq3SId1I2ZKGzNTfEykNtR6Fge0MqenrRW8q/uc1E9O98VMu48SgZPNF3UQQE5Hp96TDFTIjRpZQpri9lbA+VZQZm1HehuAtvrxMaucl76J09XBZLN9mceTgGE7gDDy4hjLcQwWqwCCEZ3iFN0c5L8678zFvXXGymSP4A+fzB2kjkNA=</latexit>

|~l|
<latexit sha1_base64="Cdj8vL+MnGIPuy2bqrfVdMFf71U=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSEw8kV0f0SPRi0dM5GFgQ2aHBibMzG5mZknIwld48aAxXv0cb/6NA+xBwUo6qVR1p7srjDnTxvO+nZXVtfWNzdxWfntnd2+/cHBY01GiKFZpxCPVCIlGziRWDTMcG7FCIkKO9XBwN/XrQ1SaRfLRjGIMBOlJ1mWUGCs9jVtDpCmfjNuFolfyZnCXiZ+RImSotAtfrU5EE4HSUE60bvpebIKUKMMox0m+lWiMCR2QHjYtlUSgDtLZwRP31CodtxspW9K4M/X3REqE1iMR2k5BTF8velPxP6+ZmO5NkDIZJwYlnS/qJtw1kTv93u0whdTwkSWEKmZvdWmfKEKNzShvQ/AXX14mtfOSf1G6ergslm+zOHJwDCdwBj5cQxnuoQJVoCDgGV7hzVHOi/PufMxbV5xs5gj+wPn8AWqpkNE=</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

⇡ d2⌦kd
3~l

<latexit sha1_base64="Gp0OT604/aHYfh/ZOU2LzS2MYc4=">AAACG3icbVA9SwNBEN2LXzF+RS1tFoNgFe4SRcugjZ0RzAfkzrC3mSRLdu+O3b1gOPI/bPwrNhaKWAkW/hs3yRUx8cHA470ZZub5EWdK2/aPlVlZXVvfyG7mtrZ3dvfy+wd1FcaSQo2GPJRNnyjgLICaZppDM5JAhM+h4Q+uJ35jCFKxMLjXowg8QXoB6zJKtJHa+ZJLokiGj9gVRPelSDrjhxJ2bwX0SHswr5axOwSa8HE7X7CL9hR4mTgpKaAU1Xb+y+2ENBYQaMqJUi3HjrSXEKkZ5TDOubGCiNAB6UHL0IAIUF4y/W2MT4zSwd1Qmgo0nqrzEwkRSo2Ebzont6pFbyL+57Vi3b30EhZEsYaAzhZ1Y451iCdB4Q6TQDUfGUKoZOZWTPtEEqpNnDkTgrP48jKpl4pOuXh+d1aoXKVxZNEROkanyEEXqIJuUBXVEEVP6AW9oXfr2Xq1PqzPWWvGSmcO0R9Y37+kJqHM</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

⇡ d3~kd2⌦l
<latexit sha1_base64="OUlEp5kUqbqvF/b+cyqI6EDgoRA=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBA8hd0kosegF29GMA/IrsvspJMMmdldZmaDYcmPePFXvHhQxIMX8W+cPA4xsaChqOqmuyuIOVPatn+sldW19Y3NzFZ2e2d3bz93cFhXUSIp1GjEI9kMiALOQqhppjk0YwlEBBwaQf967DcGIBWLwns9jMETpBuyDqNEG8nPlV0SxzJ6xK4guidF2h49lLA7AJr2RxjPy0Xs3groEp/7ubxdsCfAy8SZkTyaoernvtx2RBMBoaacKNVy7Fh7KZGaUQ6jrJsoiAntky60DA2JAOWlk+9G+NQobdyJpKlQ44k6P5ESodRQBKZzfKxa9Mbif14r0Z1LL2VhnGgI6XRRJ+FYR3gcFW4zCVTzoSGESmZuxbRHJKHaBJo1ITiLLy+TerHglArnd+V85WoWRwYdoxN0hhx0gSroBlVRDVH0hF7QG3q3nq1X68P6nLauWLOZI/QH1vcvclSiIA==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>





After solving all possible deltas using energy integrations



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas
Z

d3~k �(|~k|�Q0)f(~k)
<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas
Z

d3~k �(|~k|�Q0)f(~k)
<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="pjwQakHyR5z7aZFqy7/gOYt9Xng="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas
Z

d3~k �(|~k|�Q0)f(~k)
<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="pjwQakHyR5z7aZFqy7/gOYt9Xng="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

=

Z
d3~k dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="7YzyaGu/R+Y0Jw0EyDkm3jAsVRA="></latexit>

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas

=

Z
d3~k h

 
Q0

|~k|

!
Q3

0

|~k|4
f

 
Q0

|~k|
~k

!

<latexit sha1_base64="AQAD6DRQNzxViRC40KYrM+P21dc="></latexit>

Z
d3~k �(|~k|�Q0)f(~k)

<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="pjwQakHyR5z7aZFqy7/gOYt9Xng="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

=

Z
d3~k dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="7YzyaGu/R+Y0Jw0EyDkm3jAsVRA="></latexit>

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas

Soper, 

arXiv: 9804454 (1998)

Soper, 

arXiv: 0102031 (2001 @ RADCOR)

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)
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<latexit sha1_base64="AQAD6DRQNzxViRC40KYrM+P21dc="></latexit>

Z
d3~k �(|~k|�Q0)f(~k)

<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="pjwQakHyR5z7aZFqy7/gOYt9Xng="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

=

Z
d3~k dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="7YzyaGu/R+Y0Jw0EyDkm3jAsVRA="></latexit>

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l)

i

<latexit sha1_base64="Y/2nlfIliXbi3D+q/zJH2UPkFc8="></latexit>

In the end:

Soper, 

arXiv: 9804454 (1998)

Soper, 

arXiv: 0102031 (2001 @ RADCOR)

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)

=

Z
d3~k h
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<latexit sha1_base64="AQAD6DRQNzxViRC40KYrM+P21dc="></latexit>

Z
d3~k �(|~k|�Q0)f(~k)

<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="pjwQakHyR5z7aZFqy7/gOYt9Xng="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

=

Z
d3~k dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="7YzyaGu/R+Y0Jw0EyDkm3jAsVRA="></latexit>

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>



After solving all possible deltas using energy integrations

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~l|�Q0) fv,2

<latexit sha1_base64="oa5Fz54ua6vfr+8k341MRM1yRvw="></latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

=

Z
d3~k d3~l �(2|~k|�Q0) fv,1

<latexit sha1_base64="QPpkRYkMir9JwCd2RpEXXHOV9NU="></latexit>

Solution 2: Introduce fictitious variable to solve deltas

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

q
<latexit sha1_base64="u1H4+Svq7am3sAvgfIMA4AtVpcI=">AAAB/HicbVDJSgNBEK1xjXGLevTSGARPYcYFPQa9eEzALJAMoaenJmnSs9jdI4Qh/oBX/QNv4tV/8Qf8DjvJHEzig4LHe1VU1fMSwZW27W9rZXVtfWOzsFXc3tnd2y8dHDZVnEqGDRaLWLY9qlDwCBuaa4HtRCINPYEtb3g38VtPKBWPowc9StANaT/iAWdUG6n+2CuV7Yo9BVkmTk7KkKPWK/10/ZilIUaaCapUx7ET7WZUas4EjovdVGFC2ZD2sWNoRENUbjY9dExOjeKTIJamIk2m6t+JjIZKjULPdIZUD9SiNxH/8zqpDm7cjEdJqjFis0VBKoiOyeRr4nOJTIuRIZRJbm4lbEAlZdpkM7dFmacG6I9NMM5iDMukeV5xLipX9cty9TaPqADHcAJn4MA1VOEeatAABggv8Apv1rP1bn1Yn7PWFSufOYI5WF+/JJWVxQ==</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit> l

<latexit sha1_base64="Pt/KY6Z5IA6ecWeZ4NbArkd9egQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUF71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvonJVvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1k2M9w==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l)

i

<latexit sha1_base64="Y/2nlfIliXbi3D+q/zJH2UPkFc8="></latexit>

In the end:

Observation: solved deltas, phase-space has same dimensionality (redundant dimension)

Soper, 

arXiv: 9804454 (1998)

Soper, 

arXiv: 0102031 (2001 @ RADCOR)

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)

=

Z
d3~k h

 
Q0

|~k|
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!

<latexit sha1_base64="AQAD6DRQNzxViRC40KYrM+P21dc="></latexit>

Z
d3~k �(|~k|�Q0)f(~k)

<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="pjwQakHyR5z7aZFqy7/gOYt9Xng="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

=

Z
d3~k dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="7YzyaGu/R+Y0Jw0EyDkm3jAsVRA="></latexit>

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>





+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops

✦ The causal flow is generalised to generic kinematics



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops

✦ The causal flow is generalised to generic kinematics (
@t~� = ~ � ~�
~�(0, (~k,~l)) = (~k,~l)

<latexit sha1_base64="F1CdW7p6L/KvA8Y2Nq6/5l+eISc="></latexit>

(~k,~l) ! (t~k, t~l)
<latexit sha1_base64="kDZbbvzpWtzWLitzM1J7X1Vkogo=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIGXGB7osunFZwT6gLSWTZtrQzGRI7lTKML/hxl9x40IRl7ryb0xfoK0HLvdwzr0k93iR4Boc59vKLC2vrK5l13Mbm1vbO/buXlXLWFFWoVJIVfeIZoKHrAIcBKtHipHAE6zm9W9Gfm3AlOYyvIdhxFoB6Ybc55SAkdq2U2gOGE366cm4i/S4qXi3B0Qp+YALMHNhZrftvFN0xsCLxJ2SPJqi3LY/mx1J44CFQAXRuuE6EbQSooBTwdJcM9YsIrRPuqxhaEgCplvJ+LIUHxmlg32pTIWAx+rvjYQEWg8Dz0wGBHp63huJ/3mNGPyrVsLDKAYW0slDfiwwSDyKCXe4YhTE0BBCFTd/xbRHFKFgwsyZENz5kxdJ9bTonhUv7s7zpetpHFl0gA5RAbnoEpXQLSqjCqLoET2jV/RmPVkv1rv1MRnNWNOdffQH1tcPZ8OhLw==</latexit>

(~k,~l) ! ~�(t, (~k,~l))
<latexit sha1_base64="K1l3xoAMatyeR4wETLyK8bky+E8=">AAACJHicbVDLSsNAFJ34rPUVdekmWIQWSkl8oOCm6MZlBfuAJpTJdNIOnTyYuamUkI9x46+4ceEDF278FqdpFtp6YJjDOecyc48bcSbBNL+0peWV1bX1wkZxc2t7Z1ff22/JMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y5upn57TIVkYXAPk4g6Ph4EzGMEg5J6+lXZHlOSjNJqdvO0Ygs2GAIWInzIJDsasrQM1YVgpaeXzJqZwVgkVk5KKEejp7/b/ZDEPg2AcCxl1zIjcBIsgBFO06IdSxphMsID2lU0wD6VTpItmRrHSukbXijUCcDI1N8TCfalnPiuSvoYhnLem4r/ed0YvEsnYUEUAw3I7CEv5gaExrQxo88EJcAnimAimPqrQYZYYAKq16IqwZpfeZG0TmrWae387qxUv87rKKBDdITKyEIXqI5uUQM1EUGP6Bm9ojftSXvRPrTPWXRJy2cO0B9o3z8g3aW1</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops

✦ The causal flow is generalised to generic kinematics (
@t~� = ~ � ~�
~�(0, (~k,~l)) = (~k,~l)

<latexit sha1_base64="F1CdW7p6L/KvA8Y2Nq6/5l+eISc="></latexit>

(~k,~l) ! (t~k, t~l)
<latexit sha1_base64="kDZbbvzpWtzWLitzM1J7X1Vkogo=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIGXGB7osunFZwT6gLSWTZtrQzGRI7lTKML/hxl9x40IRl7ryb0xfoK0HLvdwzr0k93iR4Boc59vKLC2vrK5l13Mbm1vbO/buXlXLWFFWoVJIVfeIZoKHrAIcBKtHipHAE6zm9W9Gfm3AlOYyvIdhxFoB6Ybc55SAkdq2U2gOGE366cm4i/S4qXi3B0Qp+YALMHNhZrftvFN0xsCLxJ2SPJqi3LY/mx1J44CFQAXRuuE6EbQSooBTwdJcM9YsIrRPuqxhaEgCplvJ+LIUHxmlg32pTIWAx+rvjYQEWg8Dz0wGBHp63huJ/3mNGPyrVsLDKAYW0slDfiwwSDyKCXe4YhTE0BBCFTd/xbRHFKFgwsyZENz5kxdJ9bTonhUv7s7zpetpHFl0gA5RAbnoEpXQLSqjCqLoET2jV/RmPVkv1rv1MRnNWNOdffQH1tcPZ8OhLw==</latexit>

(~k,~l) ! ~�(t, (~k,~l))
<latexit sha1_base64="K1l3xoAMatyeR4wETLyK8bky+E8=">AAACJHicbVDLSsNAFJ34rPUVdekmWIQWSkl8oOCm6MZlBfuAJpTJdNIOnTyYuamUkI9x46+4ceEDF278FqdpFtp6YJjDOecyc48bcSbBNL+0peWV1bX1wkZxc2t7Z1ff22/JMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y5upn57TIVkYXAPk4g6Ph4EzGMEg5J6+lXZHlOSjNJqdvO0Ygs2GAIWInzIJDsasrQM1YVgpaeXzJqZwVgkVk5KKEejp7/b/ZDEPg2AcCxl1zIjcBIsgBFO06IdSxphMsID2lU0wD6VTpItmRrHSukbXijUCcDI1N8TCfalnPiuSvoYhnLem4r/ed0YvEsnYUEUAw3I7CEv5gaExrQxo88EJcAnimAimPqrQYZYYAKq16IqwZpfeZG0TmrWae387qxUv87rKKBDdITKyEIXqI5uUQM1EUGP6Bm9ojftSXvRPrTPWXRJy2cO0B9o3z8g3aW1</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

✦ The integrand obtained by aligning the measure this way is Lebesgue-integrable



+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops

✦ The causal flow is generalised to generic kinematics (
@t~� = ~ � ~�
~�(0, (~k,~l)) = (~k,~l)

<latexit sha1_base64="F1CdW7p6L/KvA8Y2Nq6/5l+eISc="></latexit>

(~k,~l) ! (t~k, t~l)
<latexit sha1_base64="kDZbbvzpWtzWLitzM1J7X1Vkogo=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIGXGB7osunFZwT6gLSWTZtrQzGRI7lTKML/hxl9x40IRl7ryb0xfoK0HLvdwzr0k93iR4Boc59vKLC2vrK5l13Mbm1vbO/buXlXLWFFWoVJIVfeIZoKHrAIcBKtHipHAE6zm9W9Gfm3AlOYyvIdhxFoB6Ybc55SAkdq2U2gOGE366cm4i/S4qXi3B0Qp+YALMHNhZrftvFN0xsCLxJ2SPJqi3LY/mx1J44CFQAXRuuE6EbQSooBTwdJcM9YsIrRPuqxhaEgCplvJ+LIUHxmlg32pTIWAx+rvjYQEWg8Dz0wGBHp63huJ/3mNGPyrVsLDKAYW0slDfiwwSDyKCXe4YhTE0BBCFTd/xbRHFKFgwsyZENz5kxdJ9bTonhUv7s7zpetpHFl0gA5RAbnoEpXQLSqjCqLoET2jV/RmPVkv1rv1MRnNWNOdffQH1tcPZ8OhLw==</latexit>

(~k,~l) ! ~�(t, (~k,~l))
<latexit sha1_base64="K1l3xoAMatyeR4wETLyK8bky+E8=">AAACJHicbVDLSsNAFJ34rPUVdekmWIQWSkl8oOCm6MZlBfuAJpTJdNIOnTyYuamUkI9x46+4ceEDF278FqdpFtp6YJjDOecyc48bcSbBNL+0peWV1bX1wkZxc2t7Z1ff22/JMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y5upn57TIVkYXAPk4g6Ph4EzGMEg5J6+lXZHlOSjNJqdvO0Ygs2GAIWInzIJDsasrQM1YVgpaeXzJqZwVgkVk5KKEejp7/b/ZDEPg2AcCxl1zIjcBIsgBFO06IdSxphMsID2lU0wD6VTpItmRrHSukbXijUCcDI1N8TCfalnPiuSvoYhnLem4r/ed0YvEsnYUEUAw3I7CEv5gaExrQxo88EJcAnimAimPqrQYZYYAKq16IqwZpfeZG0TmrWae387qxUv87rKKBDdITKyEIXqI5uUQM1EUGP6Bm9ojftSXvRPrTPWXRJy2cO0B9o3z8g3aW1</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

✦ The integrand obtained by aligning the measure this way is Lebesgue-integrable

Proof )
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)
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<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops

✦ The causal flow is generalised to generic kinematics (
@t~� = ~ � ~�
~�(0, (~k,~l)) = (~k,~l)

<latexit sha1_base64="F1CdW7p6L/KvA8Y2Nq6/5l+eISc="></latexit>

(~k,~l) ! (t~k, t~l)
<latexit sha1_base64="kDZbbvzpWtzWLitzM1J7X1Vkogo=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIGXGB7osunFZwT6gLSWTZtrQzGRI7lTKML/hxl9x40IRl7ryb0xfoK0HLvdwzr0k93iR4Boc59vKLC2vrK5l13Mbm1vbO/buXlXLWFFWoVJIVfeIZoKHrAIcBKtHipHAE6zm9W9Gfm3AlOYyvIdhxFoB6Ybc55SAkdq2U2gOGE366cm4i/S4qXi3B0Qp+YALMHNhZrftvFN0xsCLxJ2SPJqi3LY/mx1J44CFQAXRuuE6EbQSooBTwdJcM9YsIrRPuqxhaEgCplvJ+LIUHxmlg32pTIWAx+rvjYQEWg8Dz0wGBHp63huJ/3mNGPyrVsLDKAYW0slDfiwwSDyKCXe4YhTE0BBCFTd/xbRHFKFgwsyZENz5kxdJ9bTonhUv7s7zpetpHFl0gA5RAbnoEpXQLSqjCqLoET2jV/RmPVkv1rv1MRnNWNOdffQH1tcPZ8OhLw==</latexit>

(~k,~l) ! ~�(t, (~k,~l))
<latexit sha1_base64="K1l3xoAMatyeR4wETLyK8bky+E8=">AAACJHicbVDLSsNAFJ34rPUVdekmWIQWSkl8oOCm6MZlBfuAJpTJdNIOnTyYuamUkI9x46+4ceEDF278FqdpFtp6YJjDOecyc48bcSbBNL+0peWV1bX1wkZxc2t7Z1ff22/JMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y5upn57TIVkYXAPk4g6Ph4EzGMEg5J6+lXZHlOSjNJqdvO0Ygs2GAIWInzIJDsasrQM1YVgpaeXzJqZwVgkVk5KKEejp7/b/ZDEPg2AcCxl1zIjcBIsgBFO06IdSxphMsID2lU0wD6VTpItmRrHSukbXijUCcDI1N8TCfalnPiuSvoYhnLem4r/ed0YvEsnYUEUAw3I7CEv5gaExrQxo88EJcAnimAimPqrQYZYYAKq16IqwZpfeZG0TmrWae387qxUv87rKKBDdITKyEIXqI5uUQM1EUGP6Bm9ojftSXvRPrTPWXRJy2cO0B9o3z8g3aW1</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

✦ The integrand obtained by aligning the measure this way is Lebesgue-integrable

Proof )
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)

✦ Deep relationship between interference diagrams and local residues of hyper surfaces
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<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

=

Z
d3~k d3~l

h
gv,1(~k,~l) + gv,2(~k,~l) + gr,1(~k,~l) + gr,2(~k,~l)

i

<latexit sha1_base64="BO9BiNML3sW38CioPo+xu4HgNyc="></latexit>

Measure is aligned now!

A few comments: 

✦ 3D representations hold at N loops

✦ The causal flow is generalised to generic kinematics (
@t~� = ~ � ~�
~�(0, (~k,~l)) = (~k,~l)

<latexit sha1_base64="F1CdW7p6L/KvA8Y2Nq6/5l+eISc="></latexit>

(~k,~l) ! (t~k, t~l)
<latexit sha1_base64="kDZbbvzpWtzWLitzM1J7X1Vkogo=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIGXGB7osunFZwT6gLSWTZtrQzGRI7lTKML/hxl9x40IRl7ryb0xfoK0HLvdwzr0k93iR4Boc59vKLC2vrK5l13Mbm1vbO/buXlXLWFFWoVJIVfeIZoKHrAIcBKtHipHAE6zm9W9Gfm3AlOYyvIdhxFoB6Ybc55SAkdq2U2gOGE366cm4i/S4qXi3B0Qp+YALMHNhZrftvFN0xsCLxJ2SPJqi3LY/mx1J44CFQAXRuuE6EbQSooBTwdJcM9YsIrRPuqxhaEgCplvJ+LIUHxmlg32pTIWAx+rvjYQEWg8Dz0wGBHp63huJ/3mNGPyrVsLDKAYW0slDfiwwSDyKCXe4YhTE0BBCFTd/xbRHFKFgwsyZENz5kxdJ9bTonhUv7s7zpetpHFl0gA5RAbnoEpXQLSqjCqLoET2jV/RmPVkv1rv1MRnNWNOdffQH1tcPZ8OhLw==</latexit>

(~k,~l) ! ~�(t, (~k,~l))
<latexit sha1_base64="K1l3xoAMatyeR4wETLyK8bky+E8=">AAACJHicbVDLSsNAFJ34rPUVdekmWIQWSkl8oOCm6MZlBfuAJpTJdNIOnTyYuamUkI9x46+4ceEDF278FqdpFtp6YJjDOecyc48bcSbBNL+0peWV1bX1wkZxc2t7Z1ff22/JMBaENknIQ9FxsaScBbQJDDjtRIJi3+W07Y5upn57TIVkYXAPk4g6Ph4EzGMEg5J6+lXZHlOSjNJqdvO0Ygs2GAIWInzIJDsasrQM1YVgpaeXzJqZwVgkVk5KKEejp7/b/ZDEPg2AcCxl1zIjcBIsgBFO06IdSxphMsID2lU0wD6VTpItmRrHSukbXijUCcDI1N8TCfalnPiuSvoYhnLem4r/ed0YvEsnYUEUAw3I7CEv5gaExrQxo88EJcAnimAimPqrQYZYYAKq16IqwZpfeZG0TmrWae387qxUv87rKKBDdITKyEIXqI5uUQM1EUGP6Bm9ojftSXvRPrTPWXRJy2cO0B9o3z8g3aW1</latexit>

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

✦ The integrand obtained by aligning the measure this way is Lebesgue-integrable

Proof )
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)

✦ Deep relationship between interference diagrams and local residues of hyper surfaces
Cutkosky result but at the local level
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Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>



Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
ca
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q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
ca
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ed
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>

=
�2⇡i

(2� 1)!

1

(2E~p)2
d

dp0
�(p0 � E~p)

<latexit sha1_base64="ZnFd3+IPOU0ADYK8lfHq3odkLS8="></latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
ca
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ed
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations: more complicated cancellation patterns

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>

=
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1
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dp0
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<latexit sha1_base64="ZnFd3+IPOU0ADYK8lfHq3odkLS8="></latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations: more complicated cancellation patterns
!

<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Untangle mangling of scheme choice (OS vs MSbar) and IR structure

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>

=
�2⇡i

(2� 1)!

1

(2E~p)2
d

dp0
�(p0 � E~p)

<latexit sha1_base64="ZnFd3+IPOU0ADYK8lfHq3odkLS8="></latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
ca
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations: more complicated cancellation patterns
!

<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Untangle mangling of scheme choice (OS vs MSbar) and IR structure

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> A new perspective on the LSZ formalism

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>
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<latexit sha1_base64="ZnFd3+IPOU0ADYK8lfHq3odkLS8="></latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations: more complicated cancellation patterns
!

<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Untangle mangling of scheme choice (OS vs MSbar) and IR structure

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> A new perspective on the LSZ formalism

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>

=
�2⇡i

(2� 1)!

1

(2E~p)2
d

dp0
�(p0 � E~p)

<latexit sha1_base64="ZnFd3+IPOU0ADYK8lfHq3odkLS8="></latexit>



q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

⇡ d4q

(q2)2
<latexit sha1_base64="SL71hwvYHdp3SG3g3DGbtk+l6GE=">AAACD3icbVC7TsNAEDzzDOFloKQ5EYFCE9khCMoIGsogkYcUO9H5fE5OOT9yd0ZElv+Ahl+hoQAhWlo6/oZz4gISRlppNLOr3R0nYlRIw/jWlpZXVtfWCxvFza3tnV19b78lwphj0sQhC3nHQYIwGpCmpJKRTsQJ8h1G2s7oOvPb94QLGgZ3chIR20eDgHoUI6mkvn5ioSji4QO0PI5wYvlIDrmfuGmvBsdpUh73qqe9atrXS0bFmAIuEjMnJZCj0de/LDfEsU8CiRkSomsakbQTxCXFjKRFKxYkQniEBqSraIB8Iuxk+k8Kj5XiQi/kqgIJp+rviQT5Qkx8R3Vm94p5LxP/87qx9C7thAZRLEmAZ4u8mEEZwiwc6FJOsGQTRRDmVN0K8RCpYKSKsKhCMOdfXiStasU8q5zf1kr1qzyOAjgER6AMTHAB6uAGNEATYPAInsEreNOetBftXfuYtS5p+cwB+APt8we7nJxy</latexit>

Local IR cancellations, what next? 

• Automated UV renormalisation:

Local subtraction of UV divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

Local subtraction of spurious soft divergences!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Hybrid MSbar+OS schemes

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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Minimal analytic complexity:!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> only requires computation of vacuum bubbles 

n

<latexit sha1_base64="BDNeWtkIcqhIU/4fekw9sU0nDY0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5LvXisYD+gu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zhNVmknxYCYJDWI8FCxiBBsrtf0GG/pZv1xxq+4caJV4OalAjma//OUPJEljKgzhWOue5yYmyLAyjHA6LfmppgkmYzykPUsFjqkOsvm1U3RmlQGKpLIlDJqrvycyHGs9iUPbGWMz0sveTPzP66UmugkyJpLUUEEWi6KUIyPR7HU0YIoSwyeWYKKYvRWREVaYGBtQyYbgLb+8StoXVe+yenVfq9QbeRxFOIFTOAcPrqEOd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNhLo8C</latexit>Lo
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Method is only limited by computation of vacuum diagrams (known up to 4 loops)

• Raised propagators:

)
<latexit sha1_base64="NJkL7XqzX5CHino+C41Ca7UOiHA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx6jmAdsljA7mU2GzM4sM71KCPkMLx4U8erXePNvnCR70GhBQ1HVTXdXlApu0PO+nMLS8srqWnG9tLG5tb1T3t1rGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpg2XMl7HKUsTEhf8phTglYKOne8P0CitXrslite1ZvB/Uv8nFQgR71b/uz0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2ySs+NlbYl0Z2pPyfGJDFmlES2MyE4MIveVPzPCzKML8Mxl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF1/+S5onVf+0en57Vqld5XEU4QAO4Rh8uIAa3EAdGkBBwRO8wKuDzrPz5rzPWwtOPrMPv+B8fAOTX5F0</latexit>

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Retain local IR cancellations: more complicated cancellation patterns
!

<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> Untangle mangling of scheme choice (OS vs MSbar) and IR structure

!
<latexit sha1_base64="4z/lQzTJ3YW9sB6hch8DeJYdrTs=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUl8oMuiG5cV7AOaUCaTaTt0MhNmbpQS6sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YcKbBdb+thcWl5 ZXV0lp5fWNza9ve2W1qmSpCG0Ryqdoh1pQzQRvAgNN2oiiOQ05b4fA691v3VGkmxR2MEhrEuC9YjxEMRura+34oeaRHsfkyX7H+ALBS8mHctStu1Z3AmSdeQSqoQL1rf/mRJGlMBRCOte54bgJBhhUwwum47KeaJpgMcZ92DBU4pjrIJheMnSOjRE5PKvMEOBP1d0eGY50vaSpjDAM96+Xif14nhd5lkDGRpEAFmQ7qpdwB6eRxOBFTlAAfGYKJYmZXhwywwgRMaGUTgjd78jxpnlS90+r57VmldlXEUUIH6BAdIw9doBq6QXXUQAQ9omf0it6sJ+vFerc+pqULVtGzh/7A+vwB4puX0g==</latexit> A new perspective on the LSZ formalism

Everything solved generically in arXiv: 2203.11038

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>
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<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

=
1

(p2)2
<latexit sha1_base64="S9E7AD6Qd7+8qmGV8a8+NC5320A=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmqohuh6MZlBfuAvphMJ+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733eBFnSjvOt7Wyura+sZnbym/v7O7t2weFhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa98e3Ubz5SqVgoHvQkot0ADwXzGcHaSH27cN3xJSaJmyalqFc57VXSvl10ys4MaJm4GSlChlrf/uoMQhIHVGjCsVJt14l0N8FSM8Jpmu/EikaYjPGQtg0VOKCqm8xuT9GJUQbID6UpodFM/T2R4ECpSeCZzgDrkVr0puJ/XjvW/lU3YSKKNRVkvsiPOdIhmgaBBkxSovnEEEwkM7ciMsImC23iypsQ3MWXl0mjUnbPyhf358XqTRZHDo7gGErgwiVU4Q5qUAcCT/AMr/BmpdaL9W59zFtXrGzmEP7A+vwBwbaTnQ==</latexit>

=
�2⇡i

(2� 1)!

1

(2E~p)2
d

dp0
�(p0 � E~p)

<latexit sha1_base64="ZnFd3+IPOU0ADYK8lfHq3odkLS8="></latexit>
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e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

e+e� ! tt̄
<latexit sha1_base64="YYg5skGCAViCBW4T2vFMJGCZrbk=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCGGZc0GPQi8cIZoHMJPR0KkmTnoXuGiUMOXjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6vmxFBpt+9taWFxaXlnNrGXXNza3tnM7u1UdJYpDhUcyUnWfaZAihAoKlFCPFbDAl1Dz+9cjv3YPSosovMNBDF7AuqHoCM7QSK1cHppHFJrHrhLdHjKlogeKrs9UisNWrmAX7THoPHGmpECmKLdyX2474kkAIXLJtG44doxeyhQKLmGYdRMNMeN91oWGoSELQHvp+IkhPTBKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJNi59FIRxglCyCeLOomkGNFRIrQtFHCUA0MYV8LcSnmPKcbR5JY1ITizL8+T6knROS2e354VSlfTODIkT/bJIXHIBSmRG1ImFcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/YJeX9A==</latexit>

NNLO
<latexit sha1_base64="imjjvFqLhabfUZnwrvz8SjP1NIw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4kRjAP2CxhdjJJhszOLDO9YljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XZyS8srq2v59cLG5tb2TnF3r2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGw+uJ33xk2nAlH2AUsyAifcl7nBKwkt8G9gRptXp7N+4US27ZnQIvEi8jJZSh1il+tbuKJhGTQAUxxvfcGIKUaOBUsHGhnRgWEzokfeZbKknETJBOTx7jI6t0cU9pWxLwVP09kZLImFEU2s6IwMDMexPxP89PoHcZpFzGCTBJZ4t6icCg8OR/3OWaURAjSwjV3N6K6YBoQsGmVLAhePMvL5LGSdk7LZ/fn5UqV1kceXSADtEx8tAFqqAbVEN1RJFCz+gVvTngvDjvzsesNedkM/voD5zPH0PbkT8=</latexit>

and
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e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

e+e� ! tt̄
<latexit sha1_base64="YYg5skGCAViCBW4T2vFMJGCZrbk=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCGGZc0GPQi8cIZoHMJPR0KkmTnoXuGiUMOXjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6vmxFBpt+9taWFxaXlnNrGXXNza3tnM7u1UdJYpDhUcyUnWfaZAihAoKlFCPFbDAl1Dz+9cjv3YPSosovMNBDF7AuqHoCM7QSK1cHppHFJrHrhLdHjKlogeKrs9UisNWrmAX7THoPHGmpECmKLdyX2474kkAIXLJtG44doxeyhQKLmGYdRMNMeN91oWGoSELQHvp+IkhPTBKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJNi59FIRxglCyCeLOomkGNFRIrQtFHCUA0MYV8LcSnmPKcbR5JY1ITizL8+T6knROS2e354VSlfTODIkT/bJIXHIBSmRG1ImFcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/YJeX9A==</latexit>

NNLO
<latexit sha1_base64="imjjvFqLhabfUZnwrvz8SjP1NIw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4kRjAP2CxhdjJJhszOLDO9YljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XZyS8srq2v59cLG5tb2TnF3r2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGw+uJ33xk2nAlH2AUsyAifcl7nBKwkt8G9gRptXp7N+4US27ZnQIvEi8jJZSh1il+tbuKJhGTQAUxxvfcGIKUaOBUsHGhnRgWEzokfeZbKknETJBOTx7jI6t0cU9pWxLwVP09kZLImFEU2s6IwMDMexPxP89PoHcZpFzGCTBJZ4t6icCg8OR/3OWaURAjSwjV3N6K6YBoQsGmVLAhePMvL5LGSdk7LZ/fn5UqV1kceXSADtEx8tAFqqAbVEN1RJFCz+gVvTngvDjvzsesNedkM/voD5zPH0PbkT8=</latexit>

and

Herzog, Ruijl, Ueda, Vermaseren, Vogt 
arXiv:1707.01044
Chetykrin, Kuehn, Steinhauser, 
arXiv:9606230



Tests and results

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

e+e� ! tt̄
<latexit sha1_base64="YYg5skGCAViCBW4T2vFMJGCZrbk=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCGGZc0GPQi8cIZoHMJPR0KkmTnoXuGiUMOXjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6vmxFBpt+9taWFxaXlnNrGXXNza3tnM7u1UdJYpDhUcyUnWfaZAihAoKlFCPFbDAl1Dz+9cjv3YPSosovMNBDF7AuqHoCM7QSK1cHppHFJrHrhLdHjKlogeKrs9UisNWrmAX7THoPHGmpECmKLdyX2474kkAIXLJtG44doxeyhQKLmGYdRMNMeN91oWGoSELQHvp+IkhPTBKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJNi59FIRxglCyCeLOomkGNFRIrQtFHCUA0MYV8LcSnmPKcbR5JY1ITizL8+T6knROS2e354VSlfTODIkT/bJIXHIBSmRG1ImFcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/YJeX9A==</latexit>

NNLO
<latexit sha1_base64="imjjvFqLhabfUZnwrvz8SjP1NIw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4kRjAP2CxhdjJJhszOLDO9YljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XZyS8srq2v59cLG5tb2TnF3r2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGw+uJ33xk2nAlH2AUsyAifcl7nBKwkt8G9gRptXp7N+4US27ZnQIvEi8jJZSh1il+tbuKJhGTQAUxxvfcGIKUaOBUsHGhnRgWEzokfeZbKknETJBOTx7jI6t0cU9pWxLwVP09kZLImFEU2s6IwMDMexPxP89PoHcZpFzGCTBJZ4t6icCg8OR/3OWaURAjSwjV3N6K6YBoQsGmVLAhePMvL5LGSdk7LZ/fn5UqV1kceXSADtEx8tAFqqAbVEN1RJFCz+gVvTngvDjvzsesNedkM/voD5zPH0PbkT8=</latexit>

and

Herzog, Ruijl, Ueda, Vermaseren, Vogt 
arXiv:1707.01044
Chetykrin, Kuehn, Steinhauser, 
arXiv:9606230

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>

✓ NNLO IR cancellations 
✓ 2-loop UV renormalisation 
✓ 1,2 loop self-energies 



Tests and results

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

e+e� ! tt̄
<latexit sha1_base64="YYg5skGCAViCBW4T2vFMJGCZrbk=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCGGZc0GPQi8cIZoHMJPR0KkmTnoXuGiUMOXjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6vmxFBpt+9taWFxaXlnNrGXXNza3tnM7u1UdJYpDhUcyUnWfaZAihAoKlFCPFbDAl1Dz+9cjv3YPSosovMNBDF7AuqHoCM7QSK1cHppHFJrHrhLdHjKlogeKrs9UisNWrmAX7THoPHGmpECmKLdyX2474kkAIXLJtG44doxeyhQKLmGYdRMNMeN91oWGoSELQHvp+IkhPTBKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJNi59FIRxglCyCeLOomkGNFRIrQtFHCUA0MYV8LcSnmPKcbR5JY1ITizL8+T6knROS2e354VSlfTODIkT/bJIXHIBSmRG1ImFcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/YJeX9A==</latexit>

NNLO
<latexit sha1_base64="imjjvFqLhabfUZnwrvz8SjP1NIw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4kRjAP2CxhdjJJhszOLDO9YljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XZyS8srq2v59cLG5tb2TnF3r2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGw+uJ33xk2nAlH2AUsyAifcl7nBKwkt8G9gRptXp7N+4US27ZnQIvEi8jJZSh1il+tbuKJhGTQAUxxvfcGIKUaOBUsHGhnRgWEzokfeZbKknETJBOTx7jI6t0cU9pWxLwVP09kZLImFEU2s6IwMDMexPxP89PoHcZpFzGCTBJZ4t6icCg8OR/3OWaURAjSwjV3N6K6YBoQsGmVLAhePMvL5LGSdk7LZ/fn5UqV1kceXSADtEx8tAFqqAbVEN1RJFCz+gVvTngvDjvzsesNedkM/voD5zPH0PbkT8=</latexit>

and

Herzog, Ruijl, Ueda, Vermaseren, Vogt 
arXiv:1707.01044
Chetykrin, Kuehn, Steinhauser, 
arXiv:9606230

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>

✓ NNLO IR cancellations 
✓ 2-loop UV renormalisation 
✓ 1,2 loop self-energies 



Tests and results

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

e+e� ! tt̄
<latexit sha1_base64="YYg5skGCAViCBW4T2vFMJGCZrbk=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCGGZc0GPQi8cIZoHMJPR0KkmTnoXuGiUMOXjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6vmxFBpt+9taWFxaXlnNrGXXNza3tnM7u1UdJYpDhUcyUnWfaZAihAoKlFCPFbDAl1Dz+9cjv3YPSosovMNBDF7AuqHoCM7QSK1cHppHFJrHrhLdHjKlogeKrs9UisNWrmAX7THoPHGmpECmKLdyX2474kkAIXLJtG44doxeyhQKLmGYdRMNMeN91oWGoSELQHvp+IkhPTBKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJNi59FIRxglCyCeLOomkGNFRIrQtFHCUA0MYV8LcSnmPKcbR5JY1ITizL8+T6knROS2e354VSlfTODIkT/bJIXHIBSmRG1ImFcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/YJeX9A==</latexit>

NNLO
<latexit sha1_base64="imjjvFqLhabfUZnwrvz8SjP1NIw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4kRjAP2CxhdjJJhszOLDO9YljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XZyS8srq2v59cLG5tb2TnF3r2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGw+uJ33xk2nAlH2AUsyAifcl7nBKwkt8G9gRptXp7N+4US27ZnQIvEi8jJZSh1il+tbuKJhGTQAUxxvfcGIKUaOBUsHGhnRgWEzokfeZbKknETJBOTx7jI6t0cU9pWxLwVP09kZLImFEU2s6IwMDMexPxP89PoHcZpFzGCTBJZ4t6icCg8OR/3OWaURAjSwjV3N6K6YBoQsGmVLAhePMvL5LGSdk7LZ/fn5UqV1kceXSADtEx8tAFqqAbVEN1RJFCz+gVvTngvDjvzsesNedkM/voD5zPH0PbkT8=</latexit>

and

Herzog, Ruijl, Ueda, Vermaseren, Vogt 
arXiv:1707.01044
Chetykrin, Kuehn, Steinhauser, 
arXiv:9606230

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>

✓ NNLO IR cancellations 
✓ 2-loop UV renormalisation 
✓ 1,2 loop self-energies 



Tests and results

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

e+e� ! tt̄
<latexit sha1_base64="YYg5skGCAViCBW4T2vFMJGCZrbk=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCGGZc0GPQi8cIZoHMJPR0KkmTnoXuGiUMOXjxV7x4UMSrH+HNv7GzHDTxQcHjvSqq6vmxFBpt+9taWFxaXlnNrGXXNza3tnM7u1UdJYpDhUcyUnWfaZAihAoKlFCPFbDAl1Dz+9cjv3YPSosovMNBDF7AuqHoCM7QSK1cHppHFJrHrhLdHjKlogeKrs9UisNWrmAX7THoPHGmpECmKLdyX2474kkAIXLJtG44doxeyhQKLmGYdRMNMeN91oWGoSELQHvp+IkhPTBKm3YiZSpEOlZ/T6Qs0HoQ+KYzYNjTs95I/M9rJNi59FIRxglCyCeLOomkGNFRIrQtFHCUA0MYV8LcSnmPKcbR5JY1ITizL8+T6knROS2e354VSlfTODIkT/bJIXHIBSmRG1ImFcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/YJeX9A==</latexit>

NNLO
<latexit sha1_base64="imjjvFqLhabfUZnwrvz8SjP1NIw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4kRjAP2CxhdjJJhszOLDO9YljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEsuAHX/XZyS8srq2v59cLG5tb2TnF3r2FUoimrUyWUboXEMMElqwMHwVqxZiQKBWuGw+uJ33xk2nAlH2AUsyAifcl7nBKwkt8G9gRptXp7N+4US27ZnQIvEi8jJZSh1il+tbuKJhGTQAUxxvfcGIKUaOBUsHGhnRgWEzokfeZbKknETJBOTx7jI6t0cU9pWxLwVP09kZLImFEU2s6IwMDMexPxP89PoHcZpFzGCTBJZ4t6icCg8OR/3OWaURAjSwjV3N6K6YBoQsGmVLAhePMvL5LGSdk7LZ/fn5UqV1kceXSADtEx8tAFqqAbVEN1RJFCz+gVvTngvDjvzsesNedkM/voD5zPH0PbkT8=</latexit>

and

Herzog, Ruijl, Ueda, Vermaseren, Vogt 
arXiv:1707.01044
Chetykrin, Kuehn, Steinhauser, 
arXiv:9606230

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>

✓ NNLO IR cancellations 
✓ 2-loop UV renormalisation 
✓ 1,2 loop self-energies 





Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

singlet part @N
3
LO

<latexit sha1_base64="Z6Siw5937PbCHubCK01nNf+vmCI=">AAACFXicbZC7SgNBFIZn4y3GW9TSZjAIFhJ2vaBl0MZCNIKJQhLD7OQkGZydXWbOimHZl7DxVWwsFLEV7HwbJ8kW3n4Y+PjPOZw5vx9JYdB1P53cxOTU9Ex+tjA3v7C4VFxeqZsw1hxqPJShvvKZASkU1FCghKtIAwt8CZf+zdGwfnkL2ohQXeAgglbAekp0BWdorXZxizYR7jAxQvUkII2YRprSSmafptc7GZ6cpe1iyS27I9G/4GVQIpmq7eJHsxPyOACFXDJjGp4bYSuxOwSXkBaasYGI8RvWg4ZFxQIwrWR0VUo3rNOh3VDbp5CO3O8TCQuMGQS+7QwY9s3v2tD8r9aIsXvQSoSKYgTFx4u6saQY0mFEtCM0cJQDC4xrYf9KeZ9pxtEGWbAheL9P/gv17bK3U9473y1VDrM48mSNrJNN4pF9UiHHpEpqhJN78kieyYvz4Dw5r87buDXnZDOr5Iec9y84F57c</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

singlet part @N
3
LO

<latexit sha1_base64="Z6Siw5937PbCHubCK01nNf+vmCI=">AAACFXicbZC7SgNBFIZn4y3GW9TSZjAIFhJ2vaBl0MZCNIKJQhLD7OQkGZydXWbOimHZl7DxVWwsFLEV7HwbJ8kW3n4Y+PjPOZw5vx9JYdB1P53cxOTU9Ex+tjA3v7C4VFxeqZsw1hxqPJShvvKZASkU1FCghKtIAwt8CZf+zdGwfnkL2ohQXeAgglbAekp0BWdorXZxizYR7jAxQvUkII2YRprSSmafptc7GZ6cpe1iyS27I9G/4GVQIpmq7eJHsxPyOACFXDJjGp4bYSuxOwSXkBaasYGI8RvWg4ZFxQIwrWR0VUo3rNOh3VDbp5CO3O8TCQuMGQS+7QwY9s3v2tD8r9aIsXvQSoSKYgTFx4u6saQY0mFEtCM0cJQDC4xrYf9KeZ9pxtEGWbAheL9P/gv17bK3U9473y1VDrM48mSNrJNN4pF9UiHHpEpqhJN78kieyYvz4Dw5r87buDXnZDOr5Iec9y84F57c</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

singlet part @N
3
LO

<latexit sha1_base64="Z6Siw5937PbCHubCK01nNf+vmCI=">AAACFXicbZC7SgNBFIZn4y3GW9TSZjAIFhJ2vaBl0MZCNIKJQhLD7OQkGZydXWbOimHZl7DxVWwsFLEV7HwbJ8kW3n4Y+PjPOZw5vx9JYdB1P53cxOTU9Ex+tjA3v7C4VFxeqZsw1hxqPJShvvKZASkU1FCghKtIAwt8CZf+zdGwfnkL2ohQXeAgglbAekp0BWdorXZxizYR7jAxQvUkII2YRprSSmafptc7GZ6cpe1iyS27I9G/4GVQIpmq7eJHsxPyOACFXDJjGp4bYSuxOwSXkBaasYGI8RvWg4ZFxQIwrWR0VUo3rNOh3VDbp5CO3O8TCQuMGQS+7QwY9s3v2tD8r9aIsXvQSoSKYgTFx4u6saQY0mFEtCM0cJQDC4xrYf9KeZ9pxtEGWbAheL9P/gv17bK3U9473y1VDrM48mSNrJNN4pF9UiHHpEpqhJN78kieyYvz4Dw5r87buDXnZDOr5Iec9y84F57c</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

K
Nf ,LU
↵3

s
= �77.1(1.7)

<latexit sha1_base64="OHsP3di+PwXviMWaoE49M96MHXk=">AAACEnicbVDJSgNBEO2JW4xb1KOXwSAkoMOMUeJFCHoRFIlgFsgy9HR6kiY9C901YhjmG7z4K148KOLVkzf/xs5y0OiDgsd7VVTVc0LOJJjml5aam19YXEovZ1ZW19Y3sptbNRlEgtAqCXggGg6WlDOfVoEBp41QUOw5nNadwfnIr99RIVng38IwpG0P93zmMoJBSXa2cGnHLczDPrZlp5h04mvb3W8BvYf4qpokpwelkmHlLaNUsLM50zDH0P8Sa0pyaIqKnf1sdQMSedQHwrGUTcsMoR1jAYxwmmRakaQhJgPco01FfexR2Y7HLyX6nlK6uhsIVT7oY/XnRIw9KYeeozo9DH05643E/7xmBO5JO2Z+GAH1yWSRG3EdAn2Uj95lghLgQ0UwEUzdqpM+FpiASjGjQrBmX/5LaoeGVTSOb45y5bNpHGm0g3ZRHlmohMroAlVQFRH0gJ7QC3rVHrVn7U17n7SmtOnMNvoF7eMboOWcIA==</latexit>

K
N2

f ,LU

↵3
s

= �0.35(24)
<latexit sha1_base64="7ZF7SFpQ0SVeOA015SzJYAH7l0A=">AAACE3icbVDJSgNBEO1xjXGLevQyGIQoGmayoBch6EVQJIJZIMvQ0+lJmvQsdNeIYZh/8OKvePGgiFcv3vwbO8tBEx8UPN6roqqeHXAmwTC+tbn5hcWl5cRKcnVtfWMztbVdlX4oCK0Qn/uibmNJOfNoBRhwWg8Exa7Nac3uXwz92j0VkvneHQwC2nJx12MOIxiUZKUOr6yoiXnQw5Zs5+N2dGM57dxRE+gDRNeVOD47NrL5YiZXOLBSaSNrjKDPEnNC0miCspX6anZ8ErrUA8KxlA3TCKAVYQGMcBonm6GkASZ93KUNRT3sUtmKRj/F+r5SOrrjC1Ue6CP190SEXSkHrq06XQw9Oe0Nxf+8RgjOaStiXhAC9ch4kRNyHXx9GJDeYYIS4ANFMBFM3aqTHhaYgIoxqUIwp1+eJdVc1sxni7eFdOl8EkcC7aI9lEEmOkEldInKqIIIekTP6BW9aU/ai/aufYxb57TJzA76A+3zB1oenIM=</latexit>

Ksinglet,LU
↵3

s
= �25.6(1.5)

<latexit sha1_base64="KUN4l3o9L4pe8Bl1ncFi4O05LHc="></latexit>



(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

singlet part @N
3
LO

<latexit sha1_base64="Z6Siw5937PbCHubCK01nNf+vmCI=">AAACFXicbZC7SgNBFIZn4y3GW9TSZjAIFhJ2vaBl0MZCNIKJQhLD7OQkGZydXWbOimHZl7DxVWwsFLEV7HwbJ8kW3n4Y+PjPOZw5vx9JYdB1P53cxOTU9Ex+tjA3v7C4VFxeqZsw1hxqPJShvvKZASkU1FCghKtIAwt8CZf+zdGwfnkL2ohQXeAgglbAekp0BWdorXZxizYR7jAxQvUkII2YRprSSmafptc7GZ6cpe1iyS27I9G/4GVQIpmq7eJHsxPyOACFXDJjGp4bYSuxOwSXkBaasYGI8RvWg4ZFxQIwrWR0VUo3rNOh3VDbp5CO3O8TCQuMGQS+7QwY9s3v2tD8r9aIsXvQSoSKYgTFx4u6saQY0mFEtCM0cJQDC4xrYf9KeZ9pxtEGWbAheL9P/gv17bK3U9473y1VDrM48mSNrJNN4pF9UiHHpEpqhJN78kieyYvz4Dw5r87buDXnZDOr5Iec9y84F57c</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

K
Nf ,LU
↵3

s
= �77.1(1.7)

<latexit sha1_base64="OHsP3di+PwXviMWaoE49M96MHXk=">AAACEnicbVDJSgNBEO2JW4xb1KOXwSAkoMOMUeJFCHoRFIlgFsgy9HR6kiY9C901YhjmG7z4K148KOLVkzf/xs5y0OiDgsd7VVTVc0LOJJjml5aam19YXEovZ1ZW19Y3sptbNRlEgtAqCXggGg6WlDOfVoEBp41QUOw5nNadwfnIr99RIVng38IwpG0P93zmMoJBSXa2cGnHLczDPrZlp5h04mvb3W8BvYf4qpokpwelkmHlLaNUsLM50zDH0P8Sa0pyaIqKnf1sdQMSedQHwrGUTcsMoR1jAYxwmmRakaQhJgPco01FfexR2Y7HLyX6nlK6uhsIVT7oY/XnRIw9KYeeozo9DH05643E/7xmBO5JO2Z+GAH1yWSRG3EdAn2Uj95lghLgQ0UwEUzdqpM+FpiASjGjQrBmX/5LaoeGVTSOb45y5bNpHGm0g3ZRHlmohMroAlVQFRH0gJ7QC3rVHrVn7U17n7SmtOnMNvoF7eMboOWcIA==</latexit>

K
N2

f ,LU

↵3
s

= �0.35(24)
<latexit sha1_base64="7ZF7SFpQ0SVeOA015SzJYAH7l0A=">AAACE3icbVDJSgNBEO1xjXGLevQyGIQoGmayoBch6EVQJIJZIMvQ0+lJmvQsdNeIYZh/8OKvePGgiFcv3vwbO8tBEx8UPN6roqqeHXAmwTC+tbn5hcWl5cRKcnVtfWMztbVdlX4oCK0Qn/uibmNJOfNoBRhwWg8Exa7Nac3uXwz92j0VkvneHQwC2nJx12MOIxiUZKUOr6yoiXnQw5Zs5+N2dGM57dxRE+gDRNeVOD47NrL5YiZXOLBSaSNrjKDPEnNC0miCspX6anZ8ErrUA8KxlA3TCKAVYQGMcBonm6GkASZ93KUNRT3sUtmKRj/F+r5SOrrjC1Ue6CP190SEXSkHrq06XQw9Oe0Nxf+8RgjOaStiXhAC9ch4kRNyHXx9GJDeYYIS4ANFMBFM3aqTHhaYgIoxqUIwp1+eJdVc1sxni7eFdOl8EkcC7aI9lEEmOkEldInKqIIIekTP6BW9aU/ai/aufYxb57TJzA76A+3zB1oenIM=</latexit>

Ksinglet,LU
↵3

s
= �25.6(1.5)

<latexit sha1_base64="KUN4l3o9L4pe8Bl1ncFi4O05LHc="></latexit>

K
Nf ,bm
↵3

s
= �76.8086

<latexit sha1_base64="8cO+UFwgSmBoT6tS0BZ2dTHTkUQ=">AAACEnicbVDLSsNAFJ3Ud31FXboZLIKClsRnN4LoRhBEwT6gScNkOmkHJw9mbsQS8g1u/BU3LhRx68qdf+O0dqHVAxcO59zLvff4ieAKLOvTKIyNT0xOTc8UZ+fmFxbNpeWailNJWZXGIpYNnygmeMSqwEGwRiIZCX3B6v7Nad+v3zKpeBxdQy9hbkg6EQ84JaAlz9w89zKHiKRLPNXazVvZhRdsOcDuIPPDPMdHePvwoFyxKgeeWbLK1gD4L7GHpISGuPTMD6cd0zRkEVBBlGraVgJuRiRwKlhedFLFEkJvSIc1NY1IyJSbDV7K8bpW2jiIpa4I8ED9OZGRUKle6OvOkEBXjXp98T+vmUJQcTMeJSmwiH4vClKBIcb9fHCbS0ZB9DQhVHJ9K6ZdIgkFnWJRh2CPvvyX1HbK9m55/2qvdHwyjGMaraI1tIFsdIiO0Rm6RFVE0T16RM/oxXgwnoxX4+27tWAMZ1bQLxjvX+NunEs=</latexit>

K
N2

f ,bm

↵3
s

= �0.331415
<latexit sha1_base64="KcWr8LsgRMsGCP9zHlfJ2ZPLqQU=">AAACE3icbVDJSgNBEO2JW4xb1KOXwSCIaJjJJOhFCHoRBIlgFsgy9HR6kiY9C901YhjmH7z4K148KOLVizf/xs5y0MQHBY/3qqiq54ScSTCMby21sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANBwsKWc+rQIDThuhoNhzOK07g8uRX7+nQrLAv4NhSNse7vnMZQSDkuzs0bUdtzAP+9iWHSvpxDe22ykct4A+QOx4SXJ+YuQtyyyaJTubM/LGGPo8Mackh6ao2NmvVjcgkUd9IBxL2TSNENoxFsAIp0mmFUkaYjLAPdpU1Mcele14/FOiHyilq7uBUOWDPlZ/T8TYk3LoOarTw9CXs95I/M9rRuCetWPmhxFQn0wWuRHXIdBHAeldJigBPlQEE8HUrTrpY4EJqBgzKgRz9uV5UivkTStfui3myhfTONJoD+2jQ2SiU1RGV6iCqoigR/SMXtGb9qS9aO/ax6Q1pU1ndtEfaJ8/vXCcww==</latexit>

Ksinglet,bm
↵3

s
= �26.4435

<latexit sha1_base64="ZK5xJAvVeXFvmmyFBUBjvZYwGfw="></latexit>



Benchmarks:
Herzog, Ruijl, Ueda, Vermaseren, Vogt : 
arXiv:1707.01044 

(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

singlet part @N
3
LO

<latexit sha1_base64="Z6Siw5937PbCHubCK01nNf+vmCI=">AAACFXicbZC7SgNBFIZn4y3GW9TSZjAIFhJ2vaBl0MZCNIKJQhLD7OQkGZydXWbOimHZl7DxVWwsFLEV7HwbJ8kW3n4Y+PjPOZw5vx9JYdB1P53cxOTU9Ex+tjA3v7C4VFxeqZsw1hxqPJShvvKZASkU1FCghKtIAwt8CZf+zdGwfnkL2ohQXeAgglbAekp0BWdorXZxizYR7jAxQvUkII2YRprSSmafptc7GZ6cpe1iyS27I9G/4GVQIpmq7eJHsxPyOACFXDJjGp4bYSuxOwSXkBaasYGI8RvWg4ZFxQIwrWR0VUo3rNOh3VDbp5CO3O8TCQuMGQS+7QwY9s3v2tD8r9aIsXvQSoSKYgTFx4u6saQY0mFEtCM0cJQDC4xrYf9KeZ9pxtEGWbAheL9P/gv17bK3U9473y1VDrM48mSNrJNN4pF9UiHHpEpqhJN78kieyYvz4Dw5r87buDXnZDOr5Iec9y84F57c</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

K
Nf ,LU
↵3

s
= �77.1(1.7)

<latexit sha1_base64="OHsP3di+PwXviMWaoE49M96MHXk=">AAACEnicbVDJSgNBEO2JW4xb1KOXwSAkoMOMUeJFCHoRFIlgFsgy9HR6kiY9C901YhjmG7z4K148KOLVkzf/xs5y0OiDgsd7VVTVc0LOJJjml5aam19YXEovZ1ZW19Y3sptbNRlEgtAqCXggGg6WlDOfVoEBp41QUOw5nNadwfnIr99RIVng38IwpG0P93zmMoJBSXa2cGnHLczDPrZlp5h04mvb3W8BvYf4qpokpwelkmHlLaNUsLM50zDH0P8Sa0pyaIqKnf1sdQMSedQHwrGUTcsMoR1jAYxwmmRakaQhJgPco01FfexR2Y7HLyX6nlK6uhsIVT7oY/XnRIw9KYeeozo9DH05643E/7xmBO5JO2Z+GAH1yWSRG3EdAn2Uj95lghLgQ0UwEUzdqpM+FpiASjGjQrBmX/5LaoeGVTSOb45y5bNpHGm0g3ZRHlmohMroAlVQFRH0gJ7QC3rVHrVn7U17n7SmtOnMNvoF7eMboOWcIA==</latexit>

K
N2

f ,LU

↵3
s

= �0.35(24)
<latexit sha1_base64="7ZF7SFpQ0SVeOA015SzJYAH7l0A=">AAACE3icbVDJSgNBEO1xjXGLevQyGIQoGmayoBch6EVQJIJZIMvQ0+lJmvQsdNeIYZh/8OKvePGgiFcv3vwbO8tBEx8UPN6roqqeHXAmwTC+tbn5hcWl5cRKcnVtfWMztbVdlX4oCK0Qn/uibmNJOfNoBRhwWg8Exa7Nac3uXwz92j0VkvneHQwC2nJx12MOIxiUZKUOr6yoiXnQw5Zs5+N2dGM57dxRE+gDRNeVOD47NrL5YiZXOLBSaSNrjKDPEnNC0miCspX6anZ8ErrUA8KxlA3TCKAVYQGMcBonm6GkASZ93KUNRT3sUtmKRj/F+r5SOrrjC1Ue6CP190SEXSkHrq06XQw9Oe0Nxf+8RgjOaStiXhAC9ch4kRNyHXx9GJDeYYIS4ANFMBFM3aqTHhaYgIoxqUIwp1+eJdVc1sxni7eFdOl8EkcC7aI9lEEmOkEldInKqIIIekTP6BW9aU/ai/aufYxb57TJzA76A+3zB1oenIM=</latexit>

Ksinglet,LU
↵3

s
= �25.6(1.5)

<latexit sha1_base64="KUN4l3o9L4pe8Bl1ncFi4O05LHc="></latexit>

K
Nf ,bm
↵3

s
= �76.8086

<latexit sha1_base64="8cO+UFwgSmBoT6tS0BZ2dTHTkUQ=">AAACEnicbVDLSsNAFJ3Ud31FXboZLIKClsRnN4LoRhBEwT6gScNkOmkHJw9mbsQS8g1u/BU3LhRx68qdf+O0dqHVAxcO59zLvff4ieAKLOvTKIyNT0xOTc8UZ+fmFxbNpeWailNJWZXGIpYNnygmeMSqwEGwRiIZCX3B6v7Nad+v3zKpeBxdQy9hbkg6EQ84JaAlz9w89zKHiKRLPNXazVvZhRdsOcDuIPPDPMdHePvwoFyxKgeeWbLK1gD4L7GHpISGuPTMD6cd0zRkEVBBlGraVgJuRiRwKlhedFLFEkJvSIc1NY1IyJSbDV7K8bpW2jiIpa4I8ED9OZGRUKle6OvOkEBXjXp98T+vmUJQcTMeJSmwiH4vClKBIcb9fHCbS0ZB9DQhVHJ9K6ZdIgkFnWJRh2CPvvyX1HbK9m55/2qvdHwyjGMaraI1tIFsdIiO0Rm6RFVE0T16RM/oxXgwnoxX4+27tWAMZ1bQLxjvX+NunEs=</latexit>

K
N2

f ,bm

↵3
s

= �0.331415
<latexit sha1_base64="KcWr8LsgRMsGCP9zHlfJ2ZPLqQU=">AAACE3icbVDJSgNBEO2JW4xb1KOXwSCIaJjJJOhFCHoRBIlgFsgy9HR6kiY9C901YhjmH7z4K148KOLVizf/xs5y0MQHBY/3qqiq54ScSTCMby21sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANBwsKWc+rQIDThuhoNhzOK07g8uRX7+nQrLAv4NhSNse7vnMZQSDkuzs0bUdtzAP+9iWHSvpxDe22ykct4A+QOx4SXJ+YuQtyyyaJTubM/LGGPo8Mackh6ao2NmvVjcgkUd9IBxL2TSNENoxFsAIp0mmFUkaYjLAPdpU1Mcele14/FOiHyilq7uBUOWDPlZ/T8TYk3LoOarTw9CXs95I/M9rRuCetWPmhxFQn0wWuRHXIdBHAeldJigBPlQEE8HUrTrpY4EJqBgzKgRz9uV5UivkTStfui3myhfTONJoD+2jQ2SiU1RGV6iCqoigR/SMXtGb9qS9aO/ax6Q1pU1ndtEfaJ8/vXCcww==</latexit>

Ksinglet,bm
↵3

s
= �26.4435

<latexit sha1_base64="ZK5xJAvVeXFvmmyFBUBjvZYwGfw="></latexit>



Benchmarks:
Herzog, Ruijl, Ueda, Vermaseren, Vogt : 
arXiv:1707.01044 

(+ many more)

Nf part @N
3
LO

<latexit sha1_base64="U9UD3jiBLVcftrN6y1pNJrEWpQU=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZ9oGXQxkJiBPOAZA2zk9lkyOyDmbtiWPYXbPwVGwtFbO3s/BsnyRaaeGDg3HPu5c49biS4Asv6NnILi0vLK/nVwtr6xuaWub3TUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMdXoz95j2TiofBLYwi5vikH3CPUwJa6pqlatfDHWAPkOCISMAprmR1Nb07yujVddo1i1bZmgDPEzsjRZSh1jW/Or2Qxj4LgAqiVNu2InASvYNTwdJCJ1YsInRI+qytaUB8ppxkclGKD7TSw14o9QsAT9TfEwnxlRr5ru70CQzUrDcW//PaMXhnTsKDKAYW0OkiLxYYQjyOB/e4ZBTESBNCJdd/xXRAJKGgQyzoEOzZk+dJ47BsH5VPbo6LlfMsjjzaQ/uohGx0iiroEtVQHVH0iJ7RK3oznowX4934mLbmjGxmF/2B8fkDelic0Q==</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

N2
f part @N

3
LO

<latexit sha1_base64="m7MlVzmQUaHbGJzix6MjsIat04o=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7CbKFoGbSwkRjCJkBezk9lkyOyDmbtiWPYfbPwVGwtFbG3s/BsnyRaaeGDg3HPu5c49Tii4Asv6NjILi0vLK9nV3Nr6xuaWub1TV0EkKavRQATyziGKCe6zGnAQ7C6UjHiOYA1neDH2G/dMKh74tzAKWdsjfZ+7nBLQUtc8qnTdThG3gD1AjEMiASe4nNaVpFNK6dV10jXzVsGaAM8TOyV5lKLaNb9avYBGHvOBCqJU07ZCaMd6B6eCJblWpFhI6JD0WVNTn3hMtePJTQk+0EoPu4HUzwc8UX9PxMRTauQ5utMjMFCz3lj8z2tG4J61Y+6HETCfThe5kcAQ4HFAuMcloyBGmhAquf4rpgMiCQUdY06HYM+ePE/qxYJdKpzcHOfL52kcWbSH9tEhstEpKqNLVEU1RNEjekav6M14Ml6Md+Nj2pox0pld9AfG5w+2n511</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

(

<latexit sha1_base64="Q1OQrw9FlkO9HajP2kumE28pDeM=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI79fFCtuXV3DrRKvILUoEBrUP3yhwnJBJWGcKx133NTE+RYGUY4nVb8TNMUkzGOad9SiQXVQT4/d4rOrDJEUaJsSYPm6u+JHAutJyK0nQKbkV72ZuJ/Xj8z0W2QM5lmhkqyWBRlHJkEzX5HQ6YoMXxiCSaK2VsRGWGFibEJVWwI3vLLq6RzUfcu69cPV7VGs4ijDCdwCufgwQ004B5a0AYCY3iGV3hzUufFeXc+Fq0lp5g5hj9wPn8AJIOPcw==</latexit>

✓ N3LO IR cancellations 
✓ 3-loop UV renormalisation 
✓ 1,2,3-loop self-energies 

Testing

singlet part @N
3
LO

<latexit sha1_base64="Z6Siw5937PbCHubCK01nNf+vmCI=">AAACFXicbZC7SgNBFIZn4y3GW9TSZjAIFhJ2vaBl0MZCNIKJQhLD7OQkGZydXWbOimHZl7DxVWwsFLEV7HwbJ8kW3n4Y+PjPOZw5vx9JYdB1P53cxOTU9Ex+tjA3v7C4VFxeqZsw1hxqPJShvvKZASkU1FCghKtIAwt8CZf+zdGwfnkL2ohQXeAgglbAekp0BWdorXZxizYR7jAxQvUkII2YRprSSmafptc7GZ6cpe1iyS27I9G/4GVQIpmq7eJHsxPyOACFXDJjGp4bYSuxOwSXkBaasYGI8RvWg4ZFxQIwrWR0VUo3rNOh3VDbp5CO3O8TCQuMGQS+7QwY9s3v2tD8r9aIsXvQSoSKYgTFx4u6saQY0mFEtCM0cJQDC4xrYf9KeZ9pxtEGWbAheL9P/gv17bK3U9473y1VDrM48mSNrJNN4pF9UiHHpEpqhJN78kieyYvz4Dw5r87buDXnZDOr5Iec9y84F57c</latexit>

e+e� ! jj
<latexit sha1_base64="wwaUmzI+8JXeY9RX4kQMKwunXfk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQBDHs+kCPQS8eI5gHJJswO+kkk8zuLDOzSlgC/ooXD4p49Tu8+TdOkj1oYkFDUdVNd5cfcaa043xbmYXFpeWV7GpubX1jc8ve3qkoEUsKZSq4kDWfKOAshLJmmkMtkkACn0PVH9yM/eoDSMVEeK+HEXgB6YaswyjRRmrZe9A8xtA8aUjW7WkipXjE/X7LzjsFZwI8T9yU5FGKUsv+arQFjQMINeVEqbrrRNpLiNSMchjlGrGCiNAB6ULd0JAEoLxkcv4IHxqljTtCmgo1nqi/JxISKDUMfNMZEN1Ts95Y/M+rx7pz5SUsjGINIZ0u6sQca4HHWeA2k0A1HxpCqGTmVkx7RBKqTWI5E4I7+/I8qZwW3LPCxd15vnidxpFF++gAHSEXXaIiukUlVEYUJegZvaI368l6sd6tj2lrxkpndtEfWJ8/V46VGw==</latexit>

K
Nf ,LU
↵3

s
= �77.1(1.7)

<latexit sha1_base64="OHsP3di+PwXviMWaoE49M96MHXk=">AAACEnicbVDJSgNBEO2JW4xb1KOXwSAkoMOMUeJFCHoRFIlgFsgy9HR6kiY9C901YhjmG7z4K148KOLVkzf/xs5y0OiDgsd7VVTVc0LOJJjml5aam19YXEovZ1ZW19Y3sptbNRlEgtAqCXggGg6WlDOfVoEBp41QUOw5nNadwfnIr99RIVng38IwpG0P93zmMoJBSXa2cGnHLczDPrZlp5h04mvb3W8BvYf4qpokpwelkmHlLaNUsLM50zDH0P8Sa0pyaIqKnf1sdQMSedQHwrGUTcsMoR1jAYxwmmRakaQhJgPco01FfexR2Y7HLyX6nlK6uhsIVT7oY/XnRIw9KYeeozo9DH05643E/7xmBO5JO2Z+GAH1yWSRG3EdAn2Uj95lghLgQ0UwEUzdqpM+FpiASjGjQrBmX/5LaoeGVTSOb45y5bNpHGm0g3ZRHlmohMroAlVQFRH0gJ7QC3rVHrVn7U17n7SmtOnMNvoF7eMboOWcIA==</latexit>

K
N2

f ,LU

↵3
s

= �0.35(24)
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<latexit sha1_base64="KcWr8LsgRMsGCP9zHlfJ2ZPLqQU=">AAACE3icbVDJSgNBEO2JW4xb1KOXwSCIaJjJJOhFCHoRBIlgFsgy9HR6kiY9C901YhjmH7z4K148KOLVizf/xs5y0MQHBY/3qqiq54ScSTCMby21sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANBwsKWc+rQIDThuhoNhzOK07g8uRX7+nQrLAv4NhSNse7vnMZQSDkuzs0bUdtzAP+9iWHSvpxDe22ykct4A+QOx4SXJ+YuQtyyyaJTubM/LGGPo8Mackh6ao2NmvVjcgkUd9IBxL2TSNENoxFsAIp0mmFUkaYjLAPdpU1Mcele14/FOiHyilq7uBUOWDPlZ/T8TYk3LoOarTw9CXs95I/M9rRuCetWPmhxFQn0wWuRHXIdBHAeldJigBPlQEE8HUrTrpY4EJqBgzKgRz9uV5UivkTStfui3myhfTONJoD+2jQ2SiU1RGV6iCqoigR/SMXtGb9qS9aO/ax6Q1pU1ndtEfaJ8/vXCcww==</latexit>
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↵3

s
= �26.4435

<latexit sha1_base64="ZK5xJAvVeXFvmmyFBUBjvZYwGfw="></latexit>



Outlook



Outlook
Local Unitarity soon ready for automation of processes without initial-state singularities



Outlook
Local Unitarity soon ready for automation of processes without initial-state singularities



Outlook
Local Unitarity soon ready for automation of processes without initial-state singularities

�
QCD

N
kLO

(e+e
� ! X)

<latexit sha1_base64="2stL2NjCHTh1sY4Uphyz2u9H/8U="></latexit>

= ... (...)
<latexit sha1_base64="w2gvqnLC9IE5fDrlsoqoL2osa1M=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahgoTEB7oRim5cVrAPaEOZTCft0MmDmYlSYj/FjQtF3Pol7vwbJ20W2npguIdz7uXeOV7MmVS2/W0UlpZXVteK66WNza3tHbO825RRIghtkIhHou1hSTkLaUMxxWk7FhQHHqctb3ST+a0HKiSLwns1jqkb4EHIfEaw0lLPLF+h7jGyLCsrVV2PembFtuwp0CJxclKBHPWe+dXtRyQJaKgIx1J2HDtWboqFYoTTSambSBpjMsID2tE0xAGVbjo9fYIOtdJHfiT0CxWaqr8nUhxIOQ483RlgNZTzXib+53US5V+6KQvjRNGQzBb5CUcqQlkOqM8EJYqPNcFEMH0rIkMsMFE6rZIOwZn/8iJpnljOqXV+d1apXedxFGEfDqAKDlxADW6hDg0g8AjP8ApvxpPxYrwbH7PWgpHP7MEfGJ8/7KmQjg==</latexit>



Outlook
Local Unitarity soon ready for automation of processes without initial-state singularities

Future theory work:

�
QCD

N
kLO

(e+e
� ! X)

<latexit sha1_base64="2stL2NjCHTh1sY4Uphyz2u9H/8U="></latexit>

= ... (...)
<latexit sha1_base64="w2gvqnLC9IE5fDrlsoqoL2osa1M=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahgoTEB7oRim5cVrAPaEOZTCft0MmDmYlSYj/FjQtF3Pol7vwbJ20W2npguIdz7uXeOV7MmVS2/W0UlpZXVteK66WNza3tHbO825RRIghtkIhHou1hSTkLaUMxxWk7FhQHHqctb3ST+a0HKiSLwns1jqkb4EHIfEaw0lLPLF+h7jGyLCsrVV2PembFtuwp0CJxclKBHPWe+dXtRyQJaKgIx1J2HDtWboqFYoTTSambSBpjMsID2tE0xAGVbjo9fYIOtdJHfiT0CxWaqr8nUhxIOQ483RlgNZTzXib+53US5V+6KQvjRNGQzBb5CUcqQlkOqM8EJYqPNcFEMH0rIkMsMFE6rZIOwZn/8iJpnljOqXV+d1apXedxFGEfDqAKDlxADW6hDg0g8AjP8ApvxpPxYrwbH7PWgpHP7MEfGJ8/7KmQjg==</latexit>



Outlook
Local Unitarity soon ready for automation of processes without initial-state singularities

Future theory work:

Resummation: we would like an automatable solution, that only relies on the general 
factorisation properties of amplitudes
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Banfi, Salam, Zanderighi, arXiv:0304148

https://arxiv.org/abs/hep-ph/0304148


Outlook
Local Unitarity soon ready for automation of processes without initial-state singularities

Future theory work:

Resummation: we would like an automatable solution, that only relies on the general 
factorisation properties of amplitudes

Initial-state singularities: develop a competitive method for the treatment of 
initial-state singularities that is compatible with LU
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Future theory work:

Resummation: we would like an automatable solution, that only relies on the general 
factorisation properties of amplitudes

Initial-state singularities: develop a competitive method for the treatment of 
initial-state singularities that is compatible with LU

• KLN for initial states: the KLN cancellation mechanism can be extended 
to include initial state singularities, but requires a significant departure from 
the Parton model
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Future theory work:

Resummation: we would like an automatable solution, that only relies on the general 
factorisation properties of amplitudes

Initial-state singularities: develop a competitive method for the treatment of 
initial-state singularities that is compatible with LU

• KLN for initial states: the KLN cancellation mechanism can be extended 
to include initial state singularities, but requires a significant departure from 
the Parton model

a lot of physics and cool mathematics!
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Future theory work:

Resummation: we would like an automatable solution, that only relies on the general 
factorisation properties of amplitudes

Initial-state singularities: develop a competitive method for the treatment of 
initial-state singularities that is compatible with LU

• KLN for initial states: the KLN cancellation mechanism can be extended 
to include initial state singularities, but requires a significant departure from 
the Parton model

• Local PDF counterterms: develop a competitive subtraction method or 
integrate existing ones

a lot of physics and cool mathematics!
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Top energy distribution 
for the supergraph
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