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Quarkonium and TMDs
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Quarkonium production is considered as one of the most important processes to access 
unpolarized and polarized gluon TMDs. Some example of relevant processes are:

arXiv:1401.7611 (W. J. den Dunnen, J.-P. Lansberg, C. Pisano, M. Schlegel)

arXiv:1809.02056 (A. Bacchetta, D. Boer, C. Pisano, P. Taels)

arXiv1208.3642 (D. Boer, C. Pisano)

arXiv:1202.6585 (S. J. Brodsky, F. Fleuret, C. Hadjidakis, J. P. Lansberg)

arXiv:1406.5476 (G-P. Zhang)

and many others
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<latexit sha1_base64="fsXYmZa3pdJ6U/yz/Sg7N/vZm/g=">AAACG3icbVBNSwMxEM3Wr1q/qh69BIsgCNvdKuix6MVjBVsL3aVk02kbmuyGJCuU0v/hxb/ixYMingQP/hvTbRFtHUjmzXszJPMiyZk2nvfl5JaWV1bX8uuFjc2t7Z3i7l5DJ6miUKcJT1QzIho4i6FumOHQlAqIiDjcRYOriX53D0qzJL41QwmhIL2YdRklxlLtYgWgDLIsJQ5MggOp2UmznKXJhX+KHhGC2Mp13Xax5LleFngR+DNQQrOotYsfQSehqYDYUE60bvmeNOGIKMMoh3EhSDVIQgekBy0LYyJAh6NstzE+skwHdxNlT2xwxv6eGBGh9VBEtlMQ09fz2oT8T2ulpnsRjlgsUwMxnT7UTTm2NkyMwh2mgBo+tIBQxexfMe0TRaixdhasCf78yougUXH9U7dyc1aqXs7syKMDdIiOkY/OURVdoxqqI4oe0BN6Qa/Oo/PsvDnv09acM5vZR3/C+fwGVbSfFA==</latexit>



Color octet

In this talk ( )ep → Q + X
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Color singlet 

• qT measured w.r.t. photon-proton axis 
• Direct photon

• Hard scales:  (photo)  (lepto)

• Single light (collinear) direction  
• No Glauber vertices included: 

W ≫ m𝒬 ≫ ΛQCD Q > m𝒬 ≫ ΛQCD

�/�⇤
<latexit sha1_base64="MdsT+MaSqI5BhoXbMy0ryQAGPBc=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCuBhnarUui25cVrAPaMeSSTNtaJIZkoxQh36JGxeKuPVT3Pk3pu0IVfTA5R7OuZd7OUHMqNKu+2nllpZXVtfy64WNza3tor2z21RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF1N/dY9kYpG4laPY+JzNBA0pBhpI/XsYneAOEcn83Z33LNLnuPOAF3nrHpeqXqGZMq3VQIZ6j37o9uPcMKJ0JghpTqeG2s/RVJTzMik0E0UiREeoQHpGCoQJ8pPZ49P4KFR+jCMpCmh4Uxd3EgRV2rMAzPJkR6q395U/MvrJDq88FMq4kQTgeeHwoRBHcFpCrBPJcGajQ1BWFLzK8RDJBHWJqvCYgj/k2bZ8U6d8k2lVLvM4siDfXAAjoAHqqAGrkEdNAAGCXgEz+DFerCerFfrbT6as7KdPfAD1vsXSQiS2Q==</latexit>

�/�⇤
<latexit sha1_base64="MdsT+MaSqI5BhoXbMy0ryQAGPBc=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCuBhnarUui25cVrAPaMeSSTNtaJIZkoxQh36JGxeKuPVT3Pk3pu0IVfTA5R7OuZd7OUHMqNKu+2nllpZXVtfy64WNza3tor2z21RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF1N/dY9kYpG4laPY+JzNBA0pBhpI/XsYneAOEcn83Z33LNLnuPOAF3nrHpeqXqGZMq3VQIZ6j37o9uPcMKJ0JghpTqeG2s/RVJTzMik0E0UiREeoQHpGCoQJ8pPZ49P4KFR+jCMpCmh4Uxd3EgRV2rMAzPJkR6q395U/MvrJDq88FMq4kQTgeeHwoRBHcFpCrBPJcGajQ1BWFLzK8RDJBHWJqvCYgj/k2bZ8U6d8k2lVLvM4siDfXAAjoAHqqAGrkEdNAAGCXgEz+DFerCerFfrbT6as7KdPfAD1vsXSQiS2Q==</latexit>

L(0) = Ls,c,h + LG
<latexit sha1_base64="rWZWV/bbWAThDTlhlBgHtzlP9OQ="></latexit> omitted during this discussion
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Quarkonium Shape Funct. 

• A brief review 

• Diagrammatic analysis for ep 

Color octet mechanisms 

• The operators and matching

• The factorization and shape funct.

• Renormalization Group and scales 

Color singlet mechanism  

• Sub-leading factorization 

• The operators and matching

• Factorization and Shape funct.

In this talk ( )ep → Q + X



µ(v)s = mQv
<latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit><latexit sha1_base64="HGdIsZxQxE1LajQSSYS4XNbBzDY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5KIoBeh6MVjC/YD2hA22027dDcJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFtr6xubW9uFneLu3v7BoV06aqk4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GN3N/PaYSsXi6EFPEuoJPIhYyAjWRvLtUk+kflYZn6spuhF+A419u+xUnTnQKnFzUoYcdd/+6vVjkgoaacKxUl3XSbSXYakZ4XRa7KWKJpiM8IB2DY2woMrL5qdP0ZlR+iiMpalIo7n6eyLDQqmJCEynwHqolr2Z+J/XTXV47WUsSlJNI7JYFKYc6RjNckB9JinRfGIIJpKZWxEZYomJNmkVTQju8surpHVRdZ2q27gs127zOApwAqdQAReuoAb3UIcmEHiEZ3iFN+vJerHerY9F65qVzxzDH1ifPw+YkzQ=</latexit>

µ(v)s = mQv
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TMD Region NRQCD

Fragmentation 
Functions 
(NRQCD)

µc = µ(�)s = pT
<latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit><latexit sha1_base64="boJv3XGL6wltZKd14UK2Vnd979w=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hF0Mtg6MXjhH3BWkqaZltYkpYkFUbZxYv/ihcPinj1f/Dmf2O69aCbDxIe7/0eye+FCaNKO863tbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxbe53H4hUNBYtPUmIz9FQ0AHFSBspsE88nga4nt9Z1WMmGKFzNYV1mAStwK44NWcGuEzcglRAgWZgf3lRjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m20xhWdGieAgluYIDWfq70SGuFITHppJjvRILXq5+J/XT/Xg2s+oSFJNBJ4/NEgZ1DHMK4ERlQRrNjEEYUnNXyEeIYmwNsWVTQnu4srLpHNRc52ae39ZadwUdZTAMTgFVeCCK9AAd6AJ2gCDR/AMXsGb9WS9WO/Wx3x0xSoyR+APrM8fMqOXtg==</latexit>

Quarkonium spectrum vs EFT regions

NRQCD regimes
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Expansion in     and in

Note: it is possible to probe TMDs in this region as well but the 
additional measurement introduces a new soft scale which 
changes the factorization: e.g., TMD fragmentation  

Expansion in the 
relative velocity 

�
<latexit sha1_base64="E21MbPW1F1/2ZmPyXS+zH9Vc3GE=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXw7x06q7oxmUF+4B2KJlMpg3NZIYkI5ShH+HGhSJu/R53/o2ZtoKKHggczjmX3HvCjFGpLOvDWFldW9/YrGxVt3d29/ZrB4cdmeYCkzZOWSp6IZKEUU7aiipGepkgKAkZ6YaT69Lv3hMhacrv1DQjQYJGnMYUI6Wl7oDpaISGtbplXvi+47nQMi3H9bxGSWz30j+HtmnNUQdLtIa190GU4jwhXGGGpOzbVqaCAglFMSOz6iCXJEN4gkakrylHCZFBMV93Bk+1EsE4FfpxBefq94kCJVJOk1AnE6TG8rdXin95/VzFjaCgPMsV4XjxUZwzqFJY3g4jKghWbKoJwoLqXSEeI4Gw0g1VdQlfl8L/Sccxbdd0br1682pZRwUcgxNwBmzggya4AS3QBhhMwAN4As9GZjwaL8brIrpiLGeOwA8Yb5+qoY/M</latexit>

v
<latexit sha1_base64="pnRH7o6EelEm0yVfzddL97djrrg=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GualU3dFNy5bsA9oh5JJM21sJjMkmUIp/QI3LhRx6ye582/MtBVU9MCFwzn3cu89YcqoVJb1YRTW1jc2t4rbpZ3dvf2D8uFRSyaZwKSJE5aITogkYZSTpqKKkU4qCIpDRtrh+Cb32xMiJE34nZqmJIjRkNOIYqS01Jj0yxXLvPR9x3OhZVqO63nVnNjulX8BbdNaoAJWqPfL771BgrOYcIUZkrJrW6kKZkgoihmZl3qZJCnCYzQkXU05iokMZotD5/BMKwMYJUIXV3Chfp+YoVjKaRzqzhipkfzt5eJfXjdTUTWYUZ5minC8XBRlDKoE5l/DARUEKzbVBGFB9a0Qj5BAWOlsSjqEr0/h/6TlmLZrOg2vUrtexVEEJ+AUnAMb+KAGbkEdNAEGBDyAJ/Bs3BuPxovxumwtGKuZY/ADxtsnURyNSQ==</latexit>

� = q?/M
<latexit sha1_base64="lWjRPZc4kzpsf8TEfpicTGOqXZw=">AAACAHicdVDLSgMxFM34rPVVdeHCTbAIrsZ5VFsXQtGNG6GCfUBnGDKZTBuaeZhkhDJ046+4caGIWz/DnX9j+hBU9EDgcM653Nzjp4wKaRgf2tz8wuLScmGluLq2vrFZ2tpuiSTjmDRxwhLe8ZEgjMakKalkpJNygiKfkbY/uBj77TvCBU3iGzlMiRuhXkxDipFUklfadZgKBwiewVsvd1LC0xE8gldeqWzoJ9WqVbGhoRuWXanUxsS0T6vH0NSNCcpghoZXeneCBGcRiSVmSIiuaaTSzRGXFDMyKjqZICnCA9QjXUVjFBHh5pMDRvBAKQEME65eLOFE/T6Ro0iIYeSrZIRkX/z2xuJfXjeTYc3NaZxmksR4uijMGJQJHLcBA8oJlmyoCMKcqr9C3EccYak6K6oSvi6F/5OWpZu2bl1XyvXzWR0FsAf2wSEwQRXUwSVogCbAYAQewBN41u61R+1Fe51G57TZzA74Ae3tE3g1lbE=</latexit>

will properly incorporate
quarkonium recoiling 
against soft radiation

dσ ∼ H(Q) × F(x, qT) ⊗ S(qT)



Quarkonium TMD Shape functions
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Quarkonium TMD-shape functions* encode both soft and non-perturbative quarkonium related effects. 
Further factorization is not possible due to Coulomb-like interactions: 

arXiv:1907.06494 (M. Echevarria)

heavy quark/antiquark

soft gluon

⇠ m(v2, v, v, v)
<latexit sha1_base64="2Y2QwHXIpzYkfxnDZbZzaERC0VQ=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQQYaZabXTXdGNywr2Ae1YMmnahiYzQ5IplKHgr7hxoYhbv8Odf2P6EFT0cC8czrmX3JwgZlQq2/4wlpZXVtfWMxvZza3tnV1zb78uo0RgUsMRi0QzQJIwGpKaooqRZiwI4gEjjWB4NfUbIyIkjcJbNY6Jz1E/pD2KkdJSxzxsS8ohh/nRnXsGR/M67Zg52yqXnaLnQts6vyh5tqOJXSiUvCJ0LHuGHFig2jHf290IJ5yECjMkZcuxY+WnSCiKGZlk24kkMcJD1CctTUPEifTT2fkTeKKVLuxFQneo4Ez9vpEiLuWYB3qSIzWQv72p+JfXSlTP81MaxokiIZ4/1EsYVBGcZgG7VBCs2FgThAXVt0I8QAJhpRPL6hC+fgr/J3XXcgqWe1PMVS4XcWTAETgGeeCAEqiAa1AFNYBBCh7AE3g27o1H48V4nY8uGYudA/ADxtsnSEeTxQ==</latexit>

{

NRQCD matrix elements with TMD structure:

Quarks Soft
gluons TMD 

Bound
state

arXiv:1910.03586 (S. Fleming,  Y. Makris, and T. Mehen)

SQQ̄[n]!Q(~qT ) = h †K[n]� Sv ... �(2)(~qT � P?) PQ ... i
<latexit sha1_base64="EFRUXo/YJdcLx0HxVRStqjTYpeI="></latexit>
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NRQCD matrix elements with TMD structure:

Quarkonium at the kinematic end-point:

arXiv:hep-ph/9705286 (M. Beneke, I. Z. Rothstein, and M. B. Wise)
arXiv:hep-ph/0211303 (S. Fleming and A. K. Leibovich)
arXiv:hep-ph/010631 (C. W. Bauer, C-W Chiang, S. Fleming, A. K. Leibovich, and I. Low)
arXiv:hep-ph/0306139 (S. Fleming, A. K. Leibovich, and T. Mehen)
arXiv:hep-ph/0607121 (S. Fleming, A. K. Leibovich,  and T. Mehen)
arXiv:0705.3230 (A. K. Leibovich and X. Liu)

{

Soft
gluons

Bound
state

SQQ̄[n]!Q(~qT ) = h †K[n]� Sv ... �(2)(~qT � P?) PQ ... i
<latexit sha1_base64="EFRUXo/YJdcLx0HxVRStqjTYpeI="></latexit>
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d�(m, n)
<latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit><latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit><latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit><latexit sha1_base64="y3l4MikdZazE4qTT7QuzJC3w7SI=">AAACDnicbZDLSsNAFIYn9VbrpVGXboKlUkFKIoIuCy50WcFeoA1hMpm0Q2cmYWYilpB3cO9WX8GduPUVfAMfw0mbRW39YeDjP+fMOfx+TIlUtv1tlNbWNza3ytuVnd29/ap5cNiVUSIQ7qCIRqLvQ4kp4bijiKK4HwsMmU9xz5/c5PXeIxaSRPxBTWPsMjjiJCQIKm15ZjXw0uEtZAxmDXbOzzyzZjftmaxVcAqogUJtz/wZBhFKGOYKUSjlwLFj5aZQKIIozirDROIYogkc4YFGDhmWbjo7PLPq2gmsMBL6cWXN3MWJFDIpp8zXnQyqsVyu5eZ/tUGiwms3JTxOFOZovihMqKUiK0/BCojASNGpBogE0bdaaAwFREpnVakvrsk/jxV7ynQ0znIQq9C9aDqa7y9rrdMipDI4BiegARxwBVrgDrRBByCQgBfwCt6MZ+Pd+DA+560lo5g5An9kfP0C9HqcAA==</latexit>

d(0)
� (m, n)

<latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit><latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit><latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit><latexit sha1_base64="+Popw1cLUnfZn16ZpryLPCMBLXI=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKp2LfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9QvnRZ4T</latexit>

d(1)
� (m, n)

<latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit><latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit><latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit><latexit sha1_base64="6i9fgoGAFT2aSB22qRkExNVIAGk=">AAACFHicbZDLSsNAFIYn9VbrLSqu3ARLpQUpiQi6LLjQZQV7gTaGyWTaDp2ZhJmJWEJew71bfQV34ta9b+BjOGmzqK0/DHz855w5h9+PKJHKtr+Nwsrq2vpGcbO0tb2zu2fuH7RlGAuEWyikoej6UGJKOG4poijuRgJD5lPc8cfXWb3ziIUkIb9Xkwi7DA45GRAElbY88yh4SKpOLfWS/g1kDKZVdsZrnlm26/ZU1jI4OZRBrqZn/vSDEMUMc4UolLLn2JFyEygUQRSnpX4scQTRGA5xTyOHDEs3mZ6fWhXtBNYgFPpxZU3d+YkEMiknzNedDKqRXKxl5n+1XqwGV25CeBQrzNFs0SCmlgqtLAsrIAIjRScaIBJE32qhERQQKZ1YqTK/Jvs8Uuwp1dE4i0EsQ/u87mi+uyg3TvOQiuAYnIAqcMAlaIBb0AQtgEACXsAreDOejXfjw/ictRaMfOYQ/JHx9Qvo754U</latexit>

p1
<latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit>

pm
<latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit>

p�
n

<latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit><latexit sha1_base64="kqj4tbAOGHVyFXT60WDcAoQm6+k=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHneF/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnt07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQTpFTIxBCB54uihLkmdrOPuwOqCDZsYgnCitpbXTxCCmFj4ylVF9dkw6XhT1Mbjb8cxCppXdZ8y++vKvWzPKQinMApXIAP11CHO2hAEzCM4AVe4c15dt6dD+dzXlpw8p5j+APn6xdxDZdz</latexit>

p�
1

<latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit><latexit sha1_base64="+8aHEUoRa2nr6DdS+mA8fSrvg3E=">AAACAXicbVDLSgMxFL1TX7W+qi7dDJaqqzIjgi4LblxWsA9oh5JJM21okglJRixDV+7d6i+4E7d+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOx7eZ334kStNYPJiJJAFHQ0EjipHJJHne9/vlilfzZnBXiZ+TCuRo9Ms/vUGME06EwQxp3fU9aYIUKUMxI9NSL9FEIjxGQ9K1VCBOdJDObp26VasM3ChW9gnjztTFjhRxrSc8tJUcmZFe9jLxP6+bmOgmSKmQiSECzxdFCXNN7GYfdwdUEWzYxBKEFbW3uniEFMLGxlOqLq7JhkvDn6Y2Gn85iFXSuqz5lt9fVepneUhFOIFTuAAfrqEOd9CAJmAYwQu8wpvz7Lw7H87nvLTg5D3H8AfO1y8PW5c2</latexit>

· · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

· · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

+
<latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit>

(1 + O(�))
<latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit>

(1 + O(�))
<latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit>

+ · · ·
<latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit>

· · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> · · ·<latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit><latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

··· <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> ··· <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit> <latexit sha1_base64="aIgEQlBE8J8LyLUX6+T1vigeyNE=">AAACA3icbVDLSgMxFM3UV62vqks3wVJxVWZE0GXBjcsK9gFtKZlMpo1NMkNyRyxDl+7d6i+4E7d+iH/gZ5hpZ1FbDwQO59xXjh8LbsB1v53C2vrG5lZxu7Szu7d/UD48apko0ZQ1aSQi3fGJYYIr1gQOgnVizYj0BWv745vMbz8ybXik7mESs74kQ8VDTglYqdWjQQRmUK64NXcGvEq8nFRQjsag/NMLIppIpoAKYkzXc2Pop0QDp4JNS73EsJjQMRmyrqWKSGb66ezaKa5aJcBhpO1TgGfqYkdKpDET6dtKSWBklr1M/M/rJhBe91Ou4gSYovNFYSIwRDj7Og64ZhTExBJCNbe3YjoimlCwAZWqi2uy4THIp6mNxlsOYpW0Lmqe5XeXlfpZHlIRnaBTdI48dIXq6BY1UBNR9IBe0Ct6c56dd+fD+ZyXFpy85xj9gfP1C3qomJw=</latexit>

(pQ + q)/2
<latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit><latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit><latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit><latexit sha1_base64="qsE6tO5Kuj2hKf7PMPCoqXVdZs0=">AAACFnicbVDLSsNAFJ3UV62vqAsXbgZLpSLUpAi6LLhx2YJ9QBvCZDpph84kcWYilpD/cO9Wf8GduHXrH/gZTtosavXAwOGc+5rjRYxKZVlfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJowFpK6oY6UWCIO4x0vUmN5nffSBC0jC4U9OIOByNAupTjJSWXPOoGrnJgCM1xoglrTSF5/D+7KLummWrZs0A/xI7J2WQo+ma34NhiGNOAoUZkrJvW5FyEiQUxYykpUEsSYTwBI1IX9MAcSKdZPaBFFa0MoR+KPQLFJypix0J4lJOuacrs1PlspeJ/3n9WPnXTkKDKFYkwPNFfsygCmGWBhxSQbBiU00QFlTfCvEYCYSVzqxUWVyTDY8Uf0x1NPZyEH9Jp16zNW9dlhuneUhFcAxOQBXY4Ao0wC1ogjbAIAXP4AW8Gk/Gm/FufMxLC0becwh+wfj8AVl5ntI=</latexit>

(pQ � q)/2
<latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit><latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit><latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit><latexit sha1_base64="NZOP2JTxq+zAtOvAtCFUpgesztw=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaIqKgMlqZBgrMTC2Er0IbVR5LhOa9VOgu0gqij/wc4Kv8CGWFn5Az4Dp81QCkeydHTOffl4EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOODGOBSRuHLBQ9D0nCaEDaiipGepEgiHuMdL3JTeZ3H4iQNAzu1DQiDkejgPoUI6Ul1zyqRm4y4EiNMWJJK03hObw/u6i7ZtmqWTPAv8TOSRnkaLrm92AY4piTQGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zRAnEgnmX0ghRWtDKEfCv0CBWfqYkeCuJRT7unK7FS57GXif14/Vv61k9AgihUJ8HyRHzOoQpilAYdUEKzYVBOEBdW3QjxGAmGlMytVFtdkwyPFH1Mdjb0cxF/SqddszVuX5cZpHlIRHIMTUAU2uAINcAuaoA0wSMEzeAGvxpPxZrwbH/PSgpH3HIJfMD5/AFy3ntQ=</latexit>

=<latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit>

�
<latexit sha1_base64="gwDOspnahieLwxjQsElcg98F4qo=">AAACA3icbVDLSgMxFM34rPVVdekmWCquyowIuiy40GUF+4B2KJk008YmmSG5I5ahS/du9RfciVs/xD/wM8y0s6itBwKHc+4rJ4gFN+C6387K6tr6xmZhq7i9s7u3Xzo4bJoo0ZQ1aCQi3Q6IYYIr1gAOgrVjzYgMBGsFo+vMbz0ybXik7mEcM1+SgeIhpwSs1OzeEClJr1R2q+4UeJl4OSmjHPVe6afbj2gimQIqiDEdz43BT4kGTgWbFLuJYTGhIzJgHUsVkcz46fTaCa5YpY/DSNunAE/V+Y6USGPGMrCVksDQLHqZ+J/XSSC88lOu4gSYorNFYSIwRDj7Ou5zzSiIsSWEam5vxXRINKFgAypW5tdkw2OQTxMbjbcYxDJpnlc9y+8uyrXTPKQCOkYn6Ax56BLV0C2qowai6AG9oFf05jw7786H8zkrXXHyniP0B87XLx1AmGI=</latexit><latexit sha1_base64="gwDOspnahieLwxjQsElcg98F4qo=">AAACA3icbVDLSgMxFM34rPVVdekmWCquyowIuiy40GUF+4B2KJk008YmmSG5I5ahS/du9RfciVs/xD/wM8y0s6itBwKHc+4rJ4gFN+C6387K6tr6xmZhq7i9s7u3Xzo4bJoo0ZQ1aCQi3Q6IYYIr1gAOgrVjzYgMBGsFo+vMbz0ybXik7mEcM1+SgeIhpwSs1OzeEClJr1R2q+4UeJl4OSmjHPVe6afbj2gimQIqiDEdz43BT4kGTgWbFLuJYTGhIzJgHUsVkcz46fTaCa5YpY/DSNunAE/V+Y6USGPGMrCVksDQLHqZ+J/XSSC88lOu4gSYorNFYSIwRDj7Ou5zzSiIsSWEam5vxXRINKFgAypW5tdkw2OQTxMbjbcYxDJpnlc9y+8uyrXTPKQCOkYn6Ax56BLV0C2qowai6AG9oFf05jw7786H8zkrXXHyniP0B87XLx1AmGI=</latexit><latexit sha1_base64="gwDOspnahieLwxjQsElcg98F4qo=">AAACA3icbVDLSgMxFM34rPVVdekmWCquyowIuiy40GUF+4B2KJk008YmmSG5I5ahS/du9RfciVs/xD/wM8y0s6itBwKHc+4rJ4gFN+C6387K6tr6xmZhq7i9s7u3Xzo4bJoo0ZQ1aCQi3Q6IYYIr1gAOgrVjzYgMBGsFo+vMbz0ybXik7mEcM1+SgeIhpwSs1OzeEClJr1R2q+4UeJl4OSmjHPVe6afbj2gimQIqiDEdz43BT4kGTgWbFLuJYTGhIzJgHUsVkcz46fTaCa5YpY/DSNunAE/V+Y6USGPGMrCVksDQLHqZ+J/XSSC88lOu4gSYorNFYSIwRDj7Ou5zzSiIsSWEam5vxXRINKFgAypW5tdkw2OQTxMbjbcYxDJpnlc9y+8uyrXTPKQCOkYn6Ax56BLV0C2qowai6AG9oFf05jw7786H8zkrXXHyniP0B87XLx1AmGI=</latexit><latexit sha1_base64="gwDOspnahieLwxjQsElcg98F4qo=">AAACA3icbVDLSgMxFM34rPVVdekmWCquyowIuiy40GUF+4B2KJk008YmmSG5I5ahS/du9RfciVs/xD/wM8y0s6itBwKHc+4rJ4gFN+C6387K6tr6xmZhq7i9s7u3Xzo4bJoo0ZQ1aCQi3Q6IYYIr1gAOgrVjzYgMBGsFo+vMbz0ybXik7mEcM1+SgeIhpwSs1OzeEClJr1R2q+4UeJl4OSmjHPVe6afbj2gimQIqiDEdz43BT4kGTgWbFLuJYTGhIzJgHUsVkcz46fTaCa5YpY/DSNunAE/V+Y6USGPGMrCVksDQLHqZ+J/XSSC88lOu4gSYorNFYSIwRDj7Ou5zzSiIsSWEam5vxXRINKFgAypW5tdkw2OQTxMbjbcYxDJpnlc9y+8uyrXTPKQCOkYn6Ax56BLV0C2qowai6AG9oFf05jw7786H8zkrXXHyniP0B87XLx1AmGI=</latexit>

=<latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit><latexit sha1_base64="2P99Ph85Y3UYA4y5S6vzAVGLnYg=">AAAB/nicbVDLSgMxFM34rPVVdekmWCquyowIuhEKbly2YB/QDiWT3mlDk8yQZMQyFNy71V9wJ279Ff/AzzDTzqK2HggczrmvnCDmTBvX/XbW1jc2t7YLO8Xdvf2Dw9LRcUtHiaLQpBGPVCcgGjiT0DTMcOjECogIOLSD8V3mtx9BaRbJBzOJwRdkKFnIKDFWatz2S2W36s6AV4mXkzLKUe+XfnqDiCYCpKGcaN313Nj4KVGGUQ7TYi/REBM6JkPoWiqJAO2ns0OnuGKVAQ4jZZ80eKYudqREaD0Rga0UxIz0speJ/3ndxIQ3fspknBiQdL4oTDg2Ec5+jQdMATV8YgmhitlbMR0RRaix2RQri2uy4bERT1MbjbccxCppXVY9yxtX5dp5HlIBnaIzdIE8dI1q6B7VURNRBOgFvaI359l5dz6cz3npmpP3nKA/cL5+ASeIli4=</latexit> +
<latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit><latexit sha1_base64="MsJREdhdLFseihDN3gEkB5Ji0Lc=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYKkIQpkRQZcFNy5bsA9oh5JJM21okhmSjFiGgnu3+gvuxK2/4h/4GWbaWdTWA4HDOfeVE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1IlWaRfDCTmPoCDyULGcHGSo3LfqnsVt0Z0CrxclKGHPV+6ac3iEgiqDSEY627nhsbP8XKMMLptNhLNI0xGeMh7VoqsaDaT2eHTlHFKgMURso+adBMXexIsdB6IgJbKbAZ6WUvE//zuokJb/2UyTgxVJL5ojDhyEQo+zUaMEWJ4RNLMFHM3orICCtMjM2mWFlckw2PjXia2mi85SBWSeuq6lneuC7XzvOQCnAKZ3ABHtxADe6hDk0gQOEFXuHNeXbenQ/nc1665uQ9J/AHztcvCrSWHA==</latexit>

(1 + O(�))
<latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit>

(1 + O(�))
<latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit><latexit sha1_base64="5rGDq+WYp61+oJiU7HdfJOeoX8k=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1gqLUJJRNBlwY07K9gHNKFMJpN26EwSZiZiCcX/cO9Wf8GduHXnH/gZTtosauuBgcO599x753gxo1JZ1rdRWFldW98obpa2tnd298z9g7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vNF1Vu88ECFpFN6rcUxcjgYhDShGSkt986hqn0GHIzXEiKW3k6rDtNlHtVrfLFt1awq4TOyclEGOZt/8cfwIJ5yECjMkZc+2YuWmSCiKGZmUnESSGOERGpCepiHiRLrp9AsTWNGKD4NI6BcqOFXnHSniUo65pzuzY+ViLRP/q/USFVy5KQ3jRJEQzxYFCYMqglke0KeCYMXGmiAsqL4V4iESCCudWqkyvyYbHiv+ONHR2ItBLJP2ed3W/O6i3DjNQyqCY3ACqsAGl6ABbkATtAAGT+AFvII349l4Nz6Mz1lrwcg9h+APjK9feZyfag==</latexit>

+ · · ·
<latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit><latexit sha1_base64="d6Ntj8PDjDPlApk+1hry/ZjYSQQ=">AAACBHicbVDLSgMxFM3UV62vqks3wVIRhDIjgi4LblxWsA9oh5LJpG1oMhmSO2IZunXvVn/Bnbj1P/wDP8NMO4vaeiBwOOe+coJYcAOu++0U1tY3NreK26Wd3b39g/LhUcuoRFPWpEoo3QmIYYJHrAkcBOvEmhEZCNYOxreZ335k2nAVPcAkZr4kw4gPOCVgpfZFj4YKTL9ccWvuDHiVeDmpoByNfvmnFyqaSBYBFcSYrufG4KdEA6eCTUu9xLCY0DEZsq6lEZHM+Ons3CmuWiXEA6XtiwDP1MWOlEhjJjKwlZLAyCx7mfif101gcOOnPIoTYBGdLxokAoPC2d9xyDWjICaWEKq5vRXTEdGEgk2oVF1ckw2PQT5NbTTechCrpHVZ8yy/v6rUz/KQiugEnaJz5KFrVEd3qIGaiKIxekGv6M15dt6dD+dzXlpw8p5j9AfO1y/ljJjR</latexit>
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<latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit><latexit sha1_base64="j4vDrugQ4Zd55dWtMy9dOVZG/QQ=">AAACAHicbVDLSgMxFL1TX7W+qi7dDJaKqzIjgi4LblxWtA9oh5JJM21okglJRixDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTigZ1cbzvp3C2vrG5lZxu7Szu7d/UD48auk4UZg0ccxi1QmRJowK0jTUMNKRiiAeMtIOxzeZ334kStNYPJiJJAFHQ0EjipGx0r3s+/1yxat5M7irxM9JBXI0+uWf3iDGCSfCYIa07vqeNEGKlKGYkWmpl2giER6jIelaKhAnOkhnp07dqlUGbhQr+4RxZ+piR4q41hMe2kqOzEgve5n4n9dNTHQdpFTIxBCB54uihLkmdrN/uwOqCDZsYgnCitpbXTxCCmFj0ylVF9dkw6XhT1Mbjb8cxCppXdR8y+8uK/WzPKQinMApnIMPV1CHW2hAEzAM4QVe4c15dt6dD+dzXlpw8p5j+APn6xerGpcF</latexit>

pm
<latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit>

pm
<latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit><latexit sha1_base64="jNmnr+8Avk/twcLcL2msViA5wxQ=">AAACAHicbVDLSgMxFM3UV62vqks3g6XiqsyIoMuCG5cV7QPaoWTSTBuaZEJyRyxDN+7d6i+4E7f+iX/gZ5hpZ1FbDwQO59xXTqg4M+B5305hbX1jc6u4XdrZ3ds/KB8etUycaEKbJOax7oTYUM4kbQIDTjtKUyxCTtvh+Cbz249UGxbLB5goGgg8lCxiBIOV7lVf9MsVr+bN4K4SPycVlKPRL//0BjFJBJVAODam63sKghRrYITTaamXGKowGeMh7VoqsaAmSGenTt2qVQZuFGv7JLgzdbEjxcKYiQhtpcAwMsteJv7ndROIroOUSZUAlWS+KEq4C7Gb/dsdME0J8IklmGhmb3XJCGtMwKZTqi6uyYYrEE9TG42/HMQqaV3UfMvvLiv1szykIjpBp+gc+egK1dEtaqAmImiIXtArenOenXfnw/mclxacvOcY/YHz9QsLQZdB</latexit>

S P

S-wave 

P-wave



Diagrammatic analysis for (e)gn → QQ̄ + Xn + Xs
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⇧s ⇠
1

Es
<latexit sha1_base64="i7sOJJkrKHpuCxRuBaDFDE3cfIc=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT0WRfBYwX5AE8Jmu2mXbjZhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsaKcCdrUTHPaSSXFcchpOxxeT/z2A5WKJeJej1Lqx7gvWMQI1kYK7EOvwQKFPMVi5EUSk9wd5zeBGgd2xak6U6BF4hakAgUagf3l9RKSxVRowrFSXddJtZ9jqRnhdFz2MkVTTIa4T7uGChxT5efTD8boxCg9FCXSlNBoqv6eyHGs1CgOTWeM9UDNexPxP6+b6ejSz5lIM00FmS2KMo50giZxoB6TlGg+MgQTycytiAywyUGb0MomBHf+5UXSqlXds2rt7rxSvyriKMERHMMpuHABdbiFBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8Af9elps=</latexit>

⇧n ⇠ 1

En
<latexit sha1_base64="+6xPuSBJCYyHC9/tN5nuxcz7Rm8=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT0WRfBYwX5AE8Jmu2mXbjZhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsaKcCdrUTHPaSSXFcchpOxxeT/z2A5WKJeJej1Lqx7gvWMQI1kYK7EOvwQKBPMVi5EUSk9wd5zeBGAd2xak6U6BF4hakAgUagf3l9RKSxVRowrFSXddJtZ9jqRnhdFz2MkVTTIa4T7uGChxT5efTD8boxCg9FCXSlNBoqv6eyHGs1CgOTWeM9UDNexPxP6+b6ejSz5lIM00FmS2KMo50giZxoB6TlGg+MgQTycytiAywyUGb0MomBHf+5UXSqlXds2rt7rxSvyriKMERHMMpuHABdbiFBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8Ae/SlpE=</latexit>

J/ , ⌥(1S) : 1S(8)
0 , 3S(8)

1 , 3P (8)
0 , 3P (8)

1 , 3P (8)
2 , 3S(1)

1
<latexit sha1_base64="9E3++dXuc+zx39PdIzJP30ojJr8="></latexit>

v7
<latexit sha1_base64="aqdFZedjksGFSLHoaY3389b1wU4=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiieyiCR6JXjxi4gIJrKRbutDQbTdtl4Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlpapItQnkkvVCbGmnAnqG2Y47SSK4jjktB2O7+Z+e0KVZlI8mmlCgxgPBYsYwcZK/uQpq8/65YpbdRdA68TLSQVyNPvlr95AkjSmwhCOte56bmKCDCvDCKezUi/VNMFkjIe0a6nAMdVBtjh2hi6sMkCRVLaEQQv190SGY62ncWg7Y2xGetWbi/953dREN0HGRJIaKshyUZRyZCSaf44GTFFi+NQSTBSztyIywgoTY/Mp2RC81ZfXSatW9a6qtYfrSuM2j6MIZ3AOl+BBHRpwD03wgQCDZ3iFN0c4L86787FsLTj5zCn8gfP5A9YbjrM=</latexit>

v3
<latexit sha1_base64="hrcShh6WsH917hXUliSwThQ+zXk=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbB05Jtq1tvRS8eK9hWaGvJpmkbms0uSbZQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BQ0eJoqxOIxGpu4BoJrhkdcONYHexYiQMBGsGo6uZ3xwzpXkkb80kZp2QDCTvc0qMlerj+7Q07eYL2PX9szI+R9gtVXAZ+5bgolfBF8hz8RwFWKLWzb+3exFNQiYNFUTrlodj00mJMpwKNs21E81iQkdkwFqWShIy3Unnx07RiVV6qB8pW9Kgufp9IiWh1pMwsJ0hMUP925uJf3mtxPQrnZTLODFM0sWifiKQidDsc9TjilEjJpYQqri9FdEhUYQam0/OhvD1KfqfNIquV3KLN+VC9XIZRxaO4BhOwQMfqnANNagDBQ4P8ATPjnQenRfnddGacZYzh/ADztsnNx+O9g==</latexit>
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⇧s ⇠
1

Es
<latexit sha1_base64="i7sOJJkrKHpuCxRuBaDFDE3cfIc=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT0WRfBYwX5AE8Jmu2mXbjZhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsaKcCdrUTHPaSSXFcchpOxxeT/z2A5WKJeJej1Lqx7gvWMQI1kYK7EOvwQKFPMVi5EUSk9wd5zeBGgd2xak6U6BF4hakAgUagf3l9RKSxVRowrFSXddJtZ9jqRnhdFz2MkVTTIa4T7uGChxT5efTD8boxCg9FCXSlNBoqv6eyHGs1CgOTWeM9UDNexPxP6+b6ejSz5lIM00FmS2KMo50giZxoB6TlGg+MgQTycytiAywyUGb0MomBHf+5UXSqlXds2rt7rxSvyriKMERHMMpuHABdbiFBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8Af9elps=</latexit>

⇧n ⇠ 1

En
<latexit sha1_base64="+6xPuSBJCYyHC9/tN5nuxcz7Rm8=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT0WRfBYwX5AE8Jmu2mXbjZhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsaKcCdrUTHPaSSXFcchpOxxeT/z2A5WKJeJej1Lqx7gvWMQI1kYK7EOvwQKBPMVi5EUSk9wd5zeBGAd2xak6U6BF4hakAgUagf3l9RKSxVRowrFSXddJtZ9jqRnhdFz2MkVTTIa4T7uGChxT5efTD8boxCg9FCXSlNBoqv6eyHGs1CgOTWeM9UDNexPxP6+b6ejSz5lIM00FmS2KMo50giZxoB6TlGg+MgQTycytiAywyUGb0MomBHf+5UXSqlXds2rt7rxSvyriKMERHMMpuHABdbiFBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8Ae/SlpE=</latexit>

J/ , ⌥(1S) : 1S(8)
0 , 3S(8)

1 , 3P (8)
0 , 3P (8)

1 , 3P (8)
2 , 3S(1)

1
<latexit sha1_base64="9E3++dXuc+zx39PdIzJP30ojJr8="></latexit>

Sub-leading power: 

⇠ v3�0
<latexit sha1_base64="D90T3hn9tqffL5t3oLNbD4c1Fn4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWSmLba7ohuXFewDOtOSyaRtaOZBkinUofgrblwo4tb/cOffmD4EFT0QOJxzD/fm+AlnUiH0Yaysrq1vbOa28ts7u3v75sFhU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80dXMb42pkCyObtUkoV6IBxHrM4KVlnrmsStZCMfdInS5TgW4m6FpzywgC1XLJVSGyCpVHKdc1ATZVUcrtoXmKIAl6j3z3Q1ikoY0UoRjKTs2SpSXYaEY4XSad1NJE0xGeEA7mkY4pNLL5tdP4ZlWAtiPhX6RgnP1eyLDoZST0NeTIVZD+dubiX95nVT1K17GoiRVNCKLRf2UQxXDWRUwYIISxSeaYCKYvhWSIRaYKF1YXpfw9VP4P2k6ll20nJtSoXa5rCMHTsApOAc2uAA1cA3qoAEIuAMP4Ak8G/fGo/FivC5GV4xl5gj8gPH2CewalOY=</latexit>

⇠ v7��2
<latexit sha1_base64="Bv/ckr/u+EOPIiU4VkFIDjvrA8Q=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgENw6ZWmy7K7pxWcE+oDMtmUzahmYeJJlCGQr+ihsXirj1O9z5N2baLrR6IHA45x7uzfFizqRC6MvIra1vbG7ltws7u3v7B+bhUUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vfFt5rcnVEgWhQ9qGlM3wMOQDRjBSkt988SRLICTXgU6XKd83EsvS7O+WURWBdWqqAyRhWrIrl1nZA5oL0kRLNHom5+OH5EkoKEiHEvZtVGs3BQLxQins4KTSBpjMsZD2tU0xAGVbjo/fwbPteLDQST0CxWcqz8TKQ6knAaengywGslVLxP/87qJGlTdlIVxomhIFosGCYcqglkX0GeCEsWnmmAimL4VkhEWmCjdWEGXYK9++S9plSz7yirdl4v1m2UdeXAKzsAFsEEF1MEdaIAmICAFT+AFvBqPxrPxZrwvRnPGMnMMfsH4+AZWgpUY</latexit>

Leading power ordered diagrams: 

Diagrammatic analysis for (e)gn → QQ̄ + Xn + Xs



Color octet: Matching operators
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P-wave:

S-wave:



Factorization

12

Apply matching for SCET-like factorization
procedure

Shape functions



Color octet contributions 

13

- Half the rapidity divergences 
- Color-octet logarithm

 arXiv:hep-ph/9708349 (F. Maltoni, M. L. Mangano, and A. Petrelli )
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<latexit sha1_base64="JhV88eqFEt8TQgrY84Xp9YybZeU="></latexit>

The hard functions

The shape functions

= hO
Q
n iLO

⇣
�
(2)(q?) +

↵
2
sCA

2⇡

n
4 ln

⇣
⌫

µ

⌘
L0(q

2

?, µ
2)� 2L1(q

2

?, µ
2)� 2L0(q

2

?, µ
2)�

⇡

12
�
(2)(q?)

o⌘
+O(↵2

s)
<latexit sha1_base64="RYLodbHX6i+1nIF50PTjTGL91Lw="></latexit>

=

- At NLO the same for S and P wave



Diagrammatic analysis at tree level
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⇧s ⇠
1

Es
<latexit sha1_base64="i7sOJJkrKHpuCxRuBaDFDE3cfIc=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT0WRfBYwX5AE8Jmu2mXbjZhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsaKcCdrUTHPaSSXFcchpOxxeT/z2A5WKJeJej1Lqx7gvWMQI1kYK7EOvwQKFPMVi5EUSk9wd5zeBGgd2xak6U6BF4hakAgUagf3l9RKSxVRowrFSXddJtZ9jqRnhdFz2MkVTTIa4T7uGChxT5efTD8boxCg9FCXSlNBoqv6eyHGs1CgOTWeM9UDNexPxP6+b6ejSz5lIM00FmS2KMo50giZxoB6TlGg+MgQTycytiAywyUGb0MomBHf+5UXSqlXds2rt7rxSvyriKMERHMMpuHABdbiFBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8Af9elps=</latexit>

⇧n ⇠ 1

En
<latexit sha1_base64="+6xPuSBJCYyHC9/tN5nuxcz7Rm8=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkpSBT0WRfBYwX5AE8Jmu2mXbjZhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsaKcCdrUTHPaSSXFcchpOxxeT/z2A5WKJeJej1Lqx7gvWMQI1kYK7EOvwQKBPMVi5EUSk9wd5zeBGAd2xak6U6BF4hakAgUagf3l9RKSxVRowrFSXddJtZ9jqRnhdFz2MkVTTIa4T7uGChxT5efTD8boxCg9FCXSlNBoqv6eyHGs1CgOTWeM9UDNexPxP6+b6ejSz5lIM00FmS2KMo50giZxoB6TlGg+MgQTycytiAywyUGb0MomBHf+5UXSqlXds2rt7rxSvyriKMERHMMpuHABdbiFBjSBwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8Ae/SlpE=</latexit>

J/ , ⌥(1S) : 1S(8)
0 , 3S(8)

1 , 3P (8)
0 , 3P (8)

1 , 3P (8)
2 , 3S(1)

1
<latexit sha1_base64="9E3++dXuc+zx39PdIzJP30ojJr8="></latexit>

Sub-leading power: 

⇠ v3�0
<latexit sha1_base64="D90T3hn9tqffL5t3oLNbD4c1Fn4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWSmLba7ohuXFewDOtOSyaRtaOZBkinUofgrblwo4tb/cOffmD4EFT0QOJxzD/fm+AlnUiH0Yaysrq1vbOa28ts7u3v75sFhU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80dXMb42pkCyObtUkoV6IBxHrM4KVlnrmsStZCMfdInS5TgW4m6FpzywgC1XLJVSGyCpVHKdc1ATZVUcrtoXmKIAl6j3z3Q1ikoY0UoRjKTs2SpSXYaEY4XSad1NJE0xGeEA7mkY4pNLL5tdP4ZlWAtiPhX6RgnP1eyLDoZST0NeTIVZD+dubiX95nVT1K17GoiRVNCKLRf2UQxXDWRUwYIISxSeaYCKYvhWSIRaYKF1YXpfw9VP4P2k6ll20nJtSoXa5rCMHTsApOAc2uAA1cA3qoAEIuAMP4Ak8G/fGo/FivC5GV4xl5gj8gPH2CewalOY=</latexit>

⇠ v7��2
<latexit sha1_base64="OfGtFgyEEWUwfq6zqDfcUXQhHYg=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5aZKtRl0Y3LCvYBnWnJZDJtaJIZkkyhDAV/xY0LRdz6He78G9N2Ftp6IHA45x7uzQkSRpV2nG+rsLa+sblV3C7t7O7tH9iHRy0VpxKTJo5ZLDsBUoRRQZqaakY6iSSIB4y0g9HdzG+PiVQ0Fo96khCfo4GgEcVIG6lvn3iKcjju1aDHTCpEveyyOu3bZafizAFXiZuTMsjR6NtfXhjjlBOhMUNKdV0n0X6GpKaYkWnJSxVJEB6hAekaKhAnys/m50/huVFCGMXSPKHhXP2dyBBXasIDM8mRHqplbyb+53VTHd34GRVJqonAi0VRyqCO4awLGFJJsGYTQxCW1NwK8RBJhLVprGRKcJe/vEpa1Yp7Vak+XJfrt3kdRXAKzsAFcEEN1ME9aIAmwCADz+AVvFlP1ov1bn0sRgtWnjkGf2B9/gAI2ZTj</latexit>



Color singlet: “Sub-leading” contribution 
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d�

dqT
= c00�

(2)(qT ) + c01
1

q2T
+ c02

ln(qT )

q2T
+ ...

<latexit sha1_base64="/IzdT9b+BW3X7fFwVa8A287pnm8="></latexit>

+c11 + c02 ln(qT ) + ...
<latexit sha1_base64="kwypQo6rvlHG5GDAfrplSXlkmxc=">AAACDHicbZDLSsNAFIZP6q3WW9Wlm8EiVISQVEGXRTcuK/QGbQiT6bQdOpnEmYlQQh/Aja/ixoUibn0Ad76N0zYLbf1h4OM/53Dm/EHMmdKO823lVlbX1jfym4Wt7Z3dveL+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwehmWm89UKlYJOp6HFMvxAPB+oxgbSy/WELoDCHip647MWTAqUxQl4vyvV8/NY5t26bLsZ2Z0DK4GZQgU80vfnV7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAOwYFDqny0tkxE3RinB7qR9I8odHM/T2R4lCpcRiYzhDroVqsTc3/ap1E96+8lIk40VSQ+aJ+wpGO0DQZ1GOSEs3HBjCRzPwVkSGWmGiTX8GE4C6evAzNiu2e25W7i1L1OosjD0dwDGVw4RKqcAs1aACBR3iGV3iznqwX6936mLfmrGzmEP7I+vwB6qmXGw==</latexit>

+c11 + c02 ln(qT ) + ...
<latexit sha1_base64="kwypQo6rvlHG5GDAfrplSXlkmxc=">AAACDHicbZDLSsNAFIZP6q3WW9Wlm8EiVISQVEGXRTcuK/QGbQiT6bQdOpnEmYlQQh/Aja/ixoUibn0Ad76N0zYLbf1h4OM/53Dm/EHMmdKO823lVlbX1jfym4Wt7Z3dveL+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwehmWm89UKlYJOp6HFMvxAPB+oxgbSy/WELoDCHip647MWTAqUxQl4vyvV8/NY5t26bLsZ2Z0DK4GZQgU80vfnV7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAOwYFDqny0tkxE3RinB7qR9I8odHM/T2R4lCpcRiYzhDroVqsTc3/ap1E96+8lIk40VSQ+aJ+wpGO0DQZ1GOSEs3HBjCRzPwVkSGWmGiTX8GE4C6evAzNiu2e25W7i1L1OosjD0dwDGVw4RKqcAs1aACBR3iGV3iznqwX6936mLfmrGzmEP7I+vwB6qmXGw==</latexit>

⇠ v3�0
<latexit sha1_base64="D90T3hn9tqffL5t3oLNbD4c1Fn4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWSmLba7ohuXFewDOtOSyaRtaOZBkinUofgrblwo4tb/cOffmD4EFT0QOJxzD/fm+AlnUiH0Yaysrq1vbOa28ts7u3v75sFhU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb80dXMb42pkCyObtUkoV6IBxHrM4KVlnrmsStZCMfdInS5TgW4m6FpzywgC1XLJVSGyCpVHKdc1ATZVUcrtoXmKIAl6j3z3Q1ikoY0UoRjKTs2SpSXYaEY4XSad1NJE0xGeEA7mkY4pNLL5tdP4ZlWAtiPhX6RgnP1eyLDoZST0NeTIVZD+dubiX95nVT1K17GoiRVNCKLRf2UQxXDWRUwYIISxSeaYCKYvhWSIRaYKF1YXpfw9VP4P2k6ll20nJtSoXa5rCMHTsApOAc2uAA1cA3qoAEIuAMP4Ak8G/fGo/FivC5GV4xl5gj8gPH2CewalOY=</latexit>

⇠ v7��2
<latexit sha1_base64="OfGtFgyEEWUwfq6zqDfcUXQhHYg=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5aZKtRl0Y3LCvYBnWnJZDJtaJIZkkyhDAV/xY0LRdz6He78G9N2Ftp6IHA45x7uzQkSRpV2nG+rsLa+sblV3C7t7O7tH9iHRy0VpxKTJo5ZLDsBUoRRQZqaakY6iSSIB4y0g9HdzG+PiVQ0Fo96khCfo4GgEcVIG6lvn3iKcjju1aDHTCpEveyyOu3bZafizAFXiZuTMsjR6NtfXhjjlBOhMUNKdV0n0X6GpKaYkWnJSxVJEB6hAekaKhAnys/m50/huVFCGMXSPKHhXP2dyBBXasIDM8mRHqplbyb+53VTHd34GRVJqonAi0VRyqCO4awLGFJJsGYTQxCW1NwK8RBJhLVprGRKcJe/vEpa1Yp7Vak+XJfrt3kdRXAKzsAFcEEN1ME9aIAmwCADz+AVvFlP1ov1bn0sRgtWnjkGf2B9/gAI2ZTj</latexit>

The color singlet operators are 
suppressed in the  power 
counting but enhanced in the 
relative velocity,  .
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collinear-collinear arXiv:hep-ph/0211303 (S. 
Fleming and A. K. Leibovich)

collinear-soft 

Color singlet: Operators 

+
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Bµ⌫⇢�
? ⇠ Im

h
hP |T [Bµa

n?B
⌫a
n?(x

+, 0�, x?)B⇢a
n?B

�a
n?(0)]|P i

i

<latexit sha1_base64="6d9stRw12DMAR2hbWozwY/FioAA="></latexit>

Note: the factorization for the cc-1 term 
does not involve any shape or soft function, 
only the standard quarkonium LDME.

For perturbative values of transverse momentum 
we can match onto the collinear PDF.

Leading order 
contributions suffer from rapidity divergences which 
cancel in the sum of all operators 

B?(z,M, µ) =

Z 1�z

0
dy C(1)

? (y, z, x)⌦ fg/P (x, µ)
<latexit sha1_base64="S/JLtvNQpGjDNJVA0nj4YHrIcuE="></latexit>

d�(3S[1]
1 ) = d�(cc-1) + d�(cs-1) + d�(cs-2)

<latexit sha1_base64="wyonLZ30ne6WT7DhY9MPVQ2PZ5g="></latexit>

d�(cc-1) ⇠ Hµ⌫⇢�(M,µ)⌦ Bµ⌫⇢�
? (z, b,M, µ)⇥ h3S[1]

1 i
<latexit sha1_base64="pz+K4eeNgQL9GmoUihJP7wNITB0="></latexit>

Color singlet: Factorization
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Color singlet: Factorization

These shape function have rapidity divergences at tree 
level. This complicates the renormalization and 
resummation procedure. 

Sjj0(qs; cs-2)
<latexit sha1_base64="sxrkME4rF3VUaiUSJRQpoHBoysw=">AAACEHicbVC7TgJBFJ3FF+Jr1dJmIjFgIdlFE01siDaWGOWRAJLZYYCB2Yczd41ks59g46/YWGiMraWdf+MsUCh6ksmcnHNv7r3HCQRXYFlfRmpufmFxKb2cWVldW98wN7eqyg8lZRXqC1/WHaKY4B6rAAfB6oFkxHUEqznD88Sv3TGpuO9dwyhgLZf0PN7llICW2mbu6iYaDHIxzjcdX3TUyNVfdBu31SluAruHiKqDYrzfNrNWwRoD/yX2lGTRFOW2+dns+DR0mQdUEKUathVAKyISOBUszjRDxQJCh6THGpp6xGWqFY0PivGeVjq460v9PMBj9WdHRFyVrKorXQJ9Nesl4n9eI4TuSSviXhAC8+hkUDcUGHycpIM7XDIKYqQJoZLrXTHtE0ko6AwzOgR79uS/pFos2IeF4uVRtnQ2jSONdtAuyiMbHaMSukBlVEEUPaAn9IJejUfj2Xgz3ielKWPas41+wfj4Bk8ZnME=</latexit>

Sjj0(qs; cs-1)
<latexit sha1_base64="y3Dp29J14lC1uamExZWWVeIdwqU=">AAACEHicbVC5TgMxEPWGK4QrQEljEaGEgmg3IIFEE0FDGQQ5pOwSeR0nceI9sGcR0Wo/gYZfoaEAIVpKOv4G5ygg8CTLT+/NaGaeGwquwDS/jNTc/MLiUno5s7K6tr6R3dyqqSCSlFVpIALZcIligvusChwEa4SSEc8VrO4Ozkd+/Y5JxQP/GoYhczzS9XmHUwJaamXzVzdxv59PcMF2A9FWQ09/8W3SUqfYBnYPMVUHVrLfyubMojkG/kusKcmhKSqt7KfdDmjkMR+oIEo1LTMEJyYSOBUsydiRYiGhA9JlTU194jHlxOODErynlTbuBFI/H/BY/dkRE0+NVtWVHoGemvVG4n9eM4LOiRNzP4yA+XQyqBMJDAEepYPbXDIKYqgJoZLrXTHtEUko6AwzOgRr9uS/pFYqWofF0uVRrnw2jSONdtAuKiALHaMyukAVVEUUPaAn9IJejUfj2Xgz3ielKWPas41+wfj4Bk2TnMA=</latexit>



Summary
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- Presence of TMD-shape functions reveals new NP-effects unique to quarkonium production 

- New TMD evolution associated with the color-octet channels 

- Sub-leading factorization for the color-singlet channel reviles non trivial effects for quarkonium TMDs


