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Introduction to 2->2 Amplitudes
❖ We consider 2 -> 2 partonic (colourful) scattering amplitudes in a massless gauge theory


❖ Described in terms of Mandelstam invariants


❖ At fixed order in


❖ Planar                     known to all orders, courtesy of the BDS ansatz


❖ Three-loop full colour                       and recently in QCD for all channels                


❖ The high-energy limit is defined to be where the centre of mass energy is much greater than the momentum transfer
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[Bern, Dixon, Smirnov 05]

[Henn, Mistlberger 16] [Caola, Chakraborty, Gambuti, von Manteuffel, Tancredi 21, 21, 22]
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Why care about high-energy amplitudes?

❖ Formal - simplification gives opportunity to 
study high-loop orders and to resum 
perturbative amplitudes


❖ Boundary information for fixed order 
calculations via differential equations


❖ Constraints on infrared structure of 
amplitudes


❖ Perturbative meaning to Regge poles and 
Regge cuts

 rungsn

two-dimensional 
bubble integrals

simplification in 
high-energy limit
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Complex Angular Momentum Plane
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Let us travel back to the 1960s, prior to QCD

Start with partial wave expansion of the scattering amplitude

angular momentum in t-channel dependence of a state of 
angular momentum 


are the Legendre polynomials
ℓ[Regge ’59, ’60; Eden, Landshoff, Olive, Polkinghorne ’66; Collins ‘77]

Sommerfeld-Watson transforms series into a counter integral, picking up poles in the complex angular momentum plane 

Legendre polynomials have the asymptotic behaviour

Regge cuts arise from only 

nonplanar diagrams

Now we open up the contour


Doing so we will pick up 

other analytic behaviour Regge cuts

Regge poles

at non-integer locations [Mandelstam ’63]

Only from Feynman integral 
analysis, there is no colour (yet)

We will show how to 
disentangle cuts and poles 

in perturbative QCDThis contour is subleading in high energy limit



Signature Symmetry
❖ In the high-energy limit we have


❖ We define even and odd amplitudes under this signature symmetry


❖ We also define the symmetric-even logarithm


❖ Expanding in 


❖ The coefficients                     are purely real and                     are purely imaginary  


❖ Bose symmetry means it occurs for colour quantum numbers of gluon-gluon


❖ In the t-channel decomposition


❖ Real, odd parts correspond to                         and imaginary, even parts to
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27
<latexit sha1_base64="6/WA5a101HMp4IPLnEolwSq33Xc=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiRV0W3bisYB/QhDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGDicew/3zPETRqWy7W+jsrK6tr5R3axtbe/s7pn7B10Zp4JAh8QsFn0fS2CUQ0dRxaCfCMCRz6DnT26Kee8BhKQxv1fTBLwIjzgNKcFKS0PzyE15AKKwZ26E1dgPMzvPh2bdbtgzWMvEKUkdlWgPzS83iEkaAVeEYSkHjp0oL8NCUcIgr7mphASTCR7BQFOOI5BeNsufW6daCawwFvpxZc3U344MR1JOI19vFhHl4qwQ/5sNUhVeeRnlSaqAk/mhMGWWiq2iDCugAohiU00wEVRntcgYC0yUrqymS3AWv7xMuucN56LRvGvWW9dlHVV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY75aMUrPIfoD4/MH0LGWoA==</latexit>

0

[Caron-Huot, Gardi, Vernazza ’17]



❖ Leading power in the large ratio


❖ Gluon exchange in the  -channel

❖ Helicity is conserved

❖ Colour matrices in representation of scattered partons

❖ For gluon-gluon the tree-level is only in the      representation in the     

-channel basis    

Tree Level

6

<latexit sha1_base64="iSLYXf4/HilNCBQHQDi94cw+7WU=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6sGSSFGPRS8eK9gPaELZbDft0s0m7E6EEooX/4oXD4p49Vd489+4bXPQ6oOBx3szzMwLEsE1OM6XVVhaXlldK66XNja3tnfs3b2WjlNFWZPGIladgGgmuGRN4CBYJ1GMRIFg7WB0PfXb90xpHss7GCfMj8hA8pBTAkbq2QeeYCFUvFARmulJdgoTT/HBEE56dtmpOjPgv8TNSRnlaPTsT68f0zRiEqggWnddJwE/Iwo4FWxS8lLNEkJHZMC6hkoSMe1nsxcm+NgofRzGypQEPFN/TmQk0nocBaYzIjDUi95U/M/rphBe+hmXSQpM0vmiMBUYYjzNA/e5YhTE2BBCFTe3YjokJg0wqZVMCO7iy39J66zqnldrt7Vy/SqPo4gO0RGqIBddoDq6QQ3URBQ9oCf0gl6tR+vZerPe560FK5/ZR79gfXwDdt2XfA==</latexit>✓
s

�t

◆

<latexit sha1_base64="GbcZLmZfAL3udiXs4xDi+7lpAsY="></latexit>

Mtree = g2s
2s

t
Ti ·Tj��1�4��2�3

<latexit sha1_base64="IaDfxae7nlm8XAjMc7hUCSpByFY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDPzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1Lqu1Zq1Sv8vjKMIJnMI5eHAFdbiFBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f5TKNCA==</latexit>

t

<latexit sha1_base64="1s61ojEPNMJBgU6Hz4+TgScUjd4=">AAACAXicbVBNS8NAFNzUr1q/ol4EL8EieCqJFO2x6MVjBVsLTQibzUu7dLMJuxuhhHrxr3jxoIhX/4U3/42bNgdtHVgYZt6w702QMiqVbX8blZXVtfWN6mZta3tnd8/cP+jJJBMEuiRhiegHWAKjHLqKKgb9VACOAwb3wfi68O8fQEia8Ds1ScGL8ZDTiBKstOSbR27GQxBFPHdjrEZBlLemPp76Zt1u2DNYy8QpSR2V6PjmlxsmJIuBK8KwlAPHTpWXY6EoYTCtuZmEFJMxHsJAU45jkF4+u2BqnWoltKJE6MeVNVN/J3IcSzmJAz1ZLCkXvUL8zxtkKmp5OeVppoCT+UdRxiyVWEUdVkgFEMUmmmAiqN7VIiMsMFG6tJouwVk8eZn0zhvORaN526y3r8o6qugYnaAz5KBL1EY3qIO6iKBH9Ixe0ZvxZLwY78bHfLRilJlD9AfG5w9csJd8</latexit>

8a
<latexit sha1_base64="IaDfxae7nlm8XAjMc7hUCSpByFY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDPzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1Lqu1Zq1Sv8vjKMIJnMI5eHAFdbiFBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f5TKNCA==</latexit>

t



❖ At each order in the perturbative expansion large logarithms develop


❖ The leading logarithms             can be resummed by the famous Regge pole


❖ Infrared divergences regulated in dimensional regularisation 


❖ Purely real, proportional to tree-level


❖ Dresses the gluon propagator


❖ The gluon Reggeizes

<latexit sha1_base64="tun+eZQngOrPwiszdu2JWgGlqz4=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCeymJFPVY8KK3CvYD2hg22227dLMJuxOlxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL4gF1+A431ZubX1jcyu/XdjZ3ds/sIuHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrB+Grmtx+Y0jySdzCJmReSoeQDTgkYybeLPSLiEfGH92nZrUzLUPHtklN15sCrxM1ICWVo+PZXrx/RJGQSqCBad10nBi8lCjgVbFroJZrFhI7JkHUNlSRk2kvnp0/xqVH6eBApUxLwXP09kZJQ60kYmM6QwEgvezPxP6+bwODSS7mME2CSLhYNEoEhwrMccJ8rRkFMDCFUcXMrpiOiCAWTVsGE4C6/vEpaZ1X3vFq7rZXqN1kceXSMTlAZuegC1dE1aqAmougRPaNX9GY9WS/Wu/WxaM1Z2cwR+gPr8wfuNpMq</latexit>

↵(1)
g (t)

Leading Logarithms (LL)

7

<latexit sha1_base64="tfOPPXTcq/9tUqm/EbSO4+dJob0=">AAACA3icbVBNS8NAEN3Ur1q/qt70sliEeimJFPVY8KLgoYL9gCaWzXbTLt1swu5EKKHgxb/ixYMiXv0T3vw3btsctPXBwOO9GWbm+bHgGmz728otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eDnxWw9MaR7JOxjFzAtJX/KAUwJG6hYPXMECKLtExAPS1fgGu4r3B3Byb8ySXbGnwIvEyUgJZah3i19uL6JJyCRQQbTuOHYMXkoUcCrYuOAmmsWEDkmfdQyVJGTaS6c/jPGxUXo4iJQpCXiq/p5ISaj1KPRNZ0hgoOe9ifif10kguPBSLuMEmKSzRUEiMER4EgjuccUoiJEhhCpubsV0QBShYGIrmBCc+ZcXSfO04pxVqrfVUu06iyOPDtERKiMHnaMaukJ11EAUPaJn9IrerCfrxXq3PmatOSub2Ud/YH3+APUvlx0=</latexit>

(↵sL)
n

<latexit sha1_base64="+OZ1EuoSK9282g2CDtH5OrDATbY="></latexit>

MLL = eCA↵g(t, µ
2)LMtree

<latexit sha1_base64="5UJq/QmayX6SS14IZ1FZBQxCpJw="></latexit>

↵g(t, µ
2) =

↵s

⇡

r�
2✏

✓
µ2

�t

◆✏

+O(↵2
s)

<latexit sha1_base64="gyXkWp8li1vTa8Jns6iovpyqo1g=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZFEcKdiNoIAQu1MoKJQi6Guc1GF3f3jt09IRz5Bzb+FRsLRWxt7fw37iVXaOKDgcd7M8zMC2POtPG8b6cwMTk1PVOcLc3NLywuucsrDR0litA6iXikrkPQlDNJ64YZTq9jRUGEnF6F98eZf/VAlWaRvDS9mLYE3ErWZQSMldrupmoHJyAE4CPs4x0cCDB3BHh63t8KaKwZj+TN7nbbLXsVbwA8TvyclFGOWtv9CjoRSQSVhnDQuul7sWmloAwjnPZLQaJpDOQebmnTUgmC6lY6+KePN6zSwd1I2ZIGD9TfEykIrXsitJ3ZuXrUy8T/vGZiuoetlMk4MVSS4aJuwrGJcBYO7jBFieE9S4AoZm/F5A4UEGMjLNkQ/NGXx0ljt+LvV/Yu9srVszyOIlpD62gL+egAVdEpqqE6IugRPaNX9OY8OS/Ou/MxbC04+cwq+gPn8wdxq5sU</latexit>

r� = 1 +O(✏2)

<latexit sha1_base64="bTkL/LkzPXi5k+0Cj1hWqz/rqCw=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPUiFLzorYL9gHYp2Wy2Dc0ma5ItlNLf4cWDIl79Md78N6btHrT1wcDjvRlm5gUJZ9q47reTW1vf2NzKbxd2dvf2D4qHR00tU0Vog0guVTvAmnImaMMww2k7URTHAaetYHg781sjqjST4tGME+rHuC9YxAg2VvLDm+pFpUsTzbgUvWLJLbtzoFXiZaQEGeq94lc3lCSNqTCEY607npsYf4KVYYTTaaGbappgMsR92rFU4JhqfzI/eorOrBKiSCpbwqC5+ntigmOtx3FgO2NsBnrZm4n/eZ3URNf+hIkkNVSQxaIo5chINEsAhUxRYvjYEkwUs7ciMsAKE2NzKtgQvOWXV0mzUvYuy9WHaql2n8WRhxM4hXPw4ApqcAd1aACBJ3iGV3hzRs6L8+58LFpzTjZzDH/gfP4A6hKRlg==</latexit>

d = 4� 2✏

<latexit sha1_base64="lTQfTwSDXDaWnQWm8jpZcxLmpA4="></latexit>

1

t
! 1

t

✓
s

�t

◆↵g(t,µ
2)

[Kuraev, Fadin and Lipatov ’76]



<latexit sha1_base64="tZpBXJPZ79kvK+2hvOZQLHAzAXc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0VoLyUpRT0WvOitgv2ANobNdtsu3WzC7kQpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC2LBNTjOt7W2vrG5tZ3bye/u7R8c2oWjlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gfDXz2w9MaR7JO5jEzAvJUPIBpwSM5NuFHhHxiPjD+7RULU9LUPbtolNx5sCrxM1IEWVo+PZXrx/RJGQSqCBad10nBi8lCjgVbJrvJZrFhI7JkHUNlSRk2kvnp0/xmVH6eBApUxLwXP09kZJQ60kYmM6QwEgvezPxP6+bwODSS7mME2CSLhYNEoEhwrMccJ8rRkFMDCFUcXMrpiOiCAWTVt6E4C6/vEpa1Yp7Xqnd1or1myyOHDpBp6iEXHSB6ugaNVATUfSIntErerOerBfr3fpYtK5Z2cwx+gPr8wfvv5Mr</latexit>

↵(2)
g (t)

<latexit sha1_base64="w/vsuCbU+U/qOO7DibBfyN6s+Fk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoOQXMKuBPUYyEVvEcwDkjXMTmaTIbMPZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7vFgKjbb9beU2Nre2d/K7hb39g8Oj4vFJW0eJYrzFIhmprkc1lyLkLRQoeTdWnAae5B1v0pj7nSeutIjCB5zG3A3oKBS+YBSN1G8MxGNadiqzMlYGxZJdtRcg68TJSAkyNAfFr/4wYknAQ2SSat1z7BjdlCoUTPJZoZ9oHlM2oSPeMzSkAdduurh5Ri6MMiR+pEyFSBbq74mUBlpPA890BhTHetWbi/95vQT9GzcVYZwgD9lykZ9IghGZB0CGQnGGcmoIZUqYWwkbU0UZmpgKJgRn9eV10r6sOlfV2n2tVL/L4sjDGZxDGRy4hjrcQhNawCCGZ3iFNyuxXqx362PZmrOymVP4A+vzB2v+kKo=</latexit>

C(1)
i (t)

<latexit sha1_base64="HrpUnBj6o+hXqfLK3lQmMvxX4bw=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DuegtgnlAsobZyWwyZvbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rbX1jc2t7dxOfndv/+CwcHTc0lGiGG+ySEaq41HNpQh5EwVK3okVp4Enedsb12d++4krLaLwHicxdwM6DIUvGEUj9er9x4e05JSnJSz3C0W7Ys9BVomTkSJkaPQLX71BxJKAh8gk1brr2DG6KVUomOTTfC/RPKZsTIe8a2hIA67ddH7zlJwbZUD8SJkKkczV3xMpDbSeBJ7pDCiO9LI3E//zugn6124qwjhBHrLFIj+RBCMyC4AMhOIM5cQQypQwtxI2oooyNDHlTQjO8surpHVRcS4r1btqsXabxZGDUziDEjhwBTW4gQY0gUEMz/AKb1ZivVjv1seidc3KZk7gD6zPH22LkKs=</latexit>

C(1)
j (t)

❖ Terms of order

❖ The amplitude still factorises, Regge factorisation 

❖ Need impact factors that depend on the scattered particles

❖ Regge trajectory at two loops

❖ Proportional to the colour structure of the tree-level

Next-to-Leading-Logarithms (NLL) Real

8

<latexit sha1_base64="+9bXmvI052S64e7pZA4FbeKohRU="></latexit>

MNLL,(�) = Ci(t)Cj(t)e
CA↵g(t,µ

2)LMtree

<latexit sha1_base64="Ztf+xqMQWlTyeZtVci9/HYTr8Us=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0siRT0WvCh4qGA/oE3DZrttl242YXejlNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gUxZ0o7zreVW1ldW9/Ibxa2tnd29+zifkNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwehq6jcfqFQsEvd6HFMvxAPB+oxgbSTfLnYwj4fYV11x203FqTvx7ZJTdmZAy8TNSAky1Hz7q9OLSBJSoQnHSrVdJ9ZeiqVmhNNJoZMoGmMywgPaNlTgkCovnZ0+QcdG6aF+JE0JjWbq74kUh0qNw8B0hlgP1aI3Ff/z2onuX3opE3GiqSDzRf2EIx2haQ6oxyQlmo8NwUQycysiQywx0SatggnBXXx5mTTOyu55uXJXKVVvsjjycAhHcAIuXEAVrqEGdSDwCM/wCm/Wk/VivVsf89aclc0cwB9Ynz/xFZPT</latexit>

↵n
sL

n�1

[Fadin, Fiore, Kozlov, Reznichenko ’06; Ioffe, Fadin, Lipatov ’10; Fadin, Kozlov, Reznichenko ’15]



Next-to-Leading-Logarithms (NLL) Imaginary

❖ In gluon-gluon the                 colour channels open up

❖ In the soft approximation, BFKL kernel simplifies

❖ Allows for an iterative solution

❖ Infrared divergences to all orders and resummed


❖ Finite terms known to arbitrary order (resummation unknown)

9

<latexit sha1_base64="hjcjkb7Y7KlUTO2jgzq5/ZKoIUk="></latexit>

M
NLL,(+)
[1] =

i⇡

R(✏)� 1

1X

n=1

⇣↵s

⇡

⌘n
Ln�1

⇣
CA↵

(1)
g

⌘n
+O(✏0)

<latexit sha1_base64="4jG16rYJDZXk7yyA0tOWowYAByg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiRV0W3bisYB/QhDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGDicew/3zPETRqWy7W+jsrK6tr5R3axtbe/s7pn7B10Zp4JAh8QsFn0fS2CUQ0dRxaCfCMCRz6DnT26Kee8BhKQxv1fTBLwIjzgNKcFKS0PzyE15AKKwZ26E1dgPMyfPh2bdbtgzWMvEKUkdlWgPzS83iEkaAVeEYSkHjp0oL8NCUcIgr7mphASTCR7BQFOOI5BeNsufW6daCawwFvpxZc3U344MR1JOI19vFhHl4qwQ/5sNUhVeeRnlSaqAk/mhMGWWiq2iDCugAohiU00wEVRntcgYC0yUrqymS3AWv7xMuucN56LRvGvWW9dlHVV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY75aMUrPIfoD4/MH0jeWoQ==</latexit>

1
<latexit sha1_base64="kdUvL8RVnEut3lBZv+TCn50cIME=">AAACAXicbVBNS8NAFNzUr1q/ol4EL8EieCqJFO2x6MVjBVsLTQibzUu7dLMJuxuhhHrxr3jxoIhX/4U3/42bNgdtHVgYZt6w702QMiqVbX8blZXVtfWN6mZta3tnd8/cP+jJJBMEuiRhiegHWAKjHLqKKgb9VACOAwb3wfi68O8fQEia8Ds1ScGL8ZDTiBKstOSbR27GQxBFPHdjrEZBlLemvpz6Zt1u2DNYy8QpSR2V6PjmlxsmJIuBK8KwlAPHTpWXY6EoYTCtuZmEFJMxHsJAU45jkF4+u2BqnWoltKJE6MeVNVN/J3IcSzmJAz1ZLCkXvUL8zxtkKmp5OeVppoCT+UdRxiyVWEUdVkgFEMUmmmAiqN7VIiMsMFG6tJouwVk8eZn0zhvORaN526y3r8o6qugYnaAz5KBL1EY3qIO6iKBH9Ixe0ZvxZLwY78bHfLRilJlD9AfG5w94CpeO</latexit>

8s
<latexit sha1_base64="nNYJLweIIw0juhxFHvo73Wl/5+M=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkpSinVZdOOygn1AE8pkctMOnUzCzEQoIRt/xY0LRdz6Ge78GydtFtp6YOBwzj3MvcdPGJXKtr+NtfWNza3tyk51d2//4NA8Ou7JOBUEuiRmsRj4WAKjHLqKKgaDRACOfAZ9f3pb+P1HEJLG/EHNEvAiPOY0pAQrLY3MUzflAYginrkRVhM/zBqtPB+ZNbtuz2GtEqckNVSiMzK/3CAmaQRcEYalHDp2orwMC0UJg7zqphISTKZ4DENNOY5Aetn8gNy60EpghbHQjytrrv5OZDiSchb5erLYUS57hfifN0xVeO1llCepAk4WH4Ups1RsFW1YARVAFJtpgomgeleLTLDAROnOqroEZ/nkVdJr1J2revO+WWvflHVU0Bk6R5fIQS3URneog7qIoBw9o1f0ZjwZL8a78bEYXTPKzAn6A+PzB1TbluM=</latexit>

27
<latexit sha1_base64="6/WA5a101HMp4IPLnEolwSq33Xc=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiRV0W3bisYB/QhDKZ3LRDJ5MwMxFKzMJfceNCEbf+hjv/xkmbhbYeGDicew/3zPETRqWy7W+jsrK6tr5R3axtbe/s7pn7B10Zp4JAh8QsFn0fS2CUQ0dRxaCfCMCRz6DnT26Kee8BhKQxv1fTBLwIjzgNKcFKS0PzyE15AKKwZ26E1dgPMzvPh2bdbtgzWMvEKUkdlWgPzS83iEkaAVeEYSkHjp0oL8NCUcIgr7mphASTCR7BQFOOI5BeNsufW6daCawwFvpxZc3U344MR1JOI19vFhHl4qwQ/5sNUhVeeRnlSaqAk/mhMGWWiq2iDCugAohiU00wEVRntcgYC0yUrqymS3AWv7xMuucN56LRvGvWW9dlHVV0jE7QGXLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY75aMUrPIfoD4/MH0LGWoA==</latexit>

0

[Caron-Huot, Gardi, Reichel, Vernazza ’17]

[Caron-Huot, Gardi, Reichel, Vernazza ’20]

<latexit sha1_base64="M/RneNwJEuK+Ko8IscslUi1a/Hs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbNqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSaFQdf9dkpr6xubW+Xtys7u3v5B9fCoZdJcM+6zVKa6E1LDpVDcR4GSdzLNaRJK3g5HtzO//cS1Eal6xHHGg4QOlIgFo2glv8eiFPvVmlt35yCrxCtIDQo0+9WvXpSyPOEKmaTGdD03w2BCNQom+bTSyw3PKBvRAe9aqmjCTTCZHzslZ1aJSJxqWwrJXP09MaGJMeMktJ0JxaFZ9mbif143x/gmmAiV5cgVWyyKc0kwJbPPSSQ0ZyjHllCmhb2VsCHVlKHNp2JD8JZfXiWti7p3Vb98uKw17os4ynACp3AOHlxDA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8A3hOOwg==</latexit>·
<latexit sha1_base64="M/RneNwJEuK+Ko8IscslUi1a/Hs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbNqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSaFQdf9dkpr6xubW+Xtys7u3v5B9fCoZdJcM+6zVKa6E1LDpVDcR4GSdzLNaRJK3g5HtzO//cS1Eal6xHHGg4QOlIgFo2glv8eiFPvVmlt35yCrxCtIDQo0+9WvXpSyPOEKmaTGdD03w2BCNQom+bTSyw3PKBvRAe9aqmjCTTCZHzslZ1aJSJxqWwrJXP09MaGJMeMktJ0JxaFZ9mbif143x/gmmAiV5cgVWyyKc0kwJbPPSSQ0ZyjHllCmhb2VsCHVlKHNp2JD8JZfXiWti7p3Vb98uKw17os4ynACp3AOHlxDA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8A3hOOwg==</latexit>·
<latexit sha1_base64="M/RneNwJEuK+Ko8IscslUi1a/Hs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbNqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSaFQdf9dkpr6xubW+Xtys7u3v5B9fCoZdJcM+6zVKa6E1LDpVDcR4GSdzLNaRJK3g5HtzO//cS1Eal6xHHGg4QOlIgFo2glv8eiFPvVmlt35yCrxCtIDQo0+9WvXpSyPOEKmaTGdD03w2BCNQom+bTSyw3PKBvRAe9aqmjCTTCZHzslZ1aJSJxqWwrJXP09MaGJMeMktJ0JxaFZ9mbif143x/gmmAiV5cgVWyyKc0kwJbPPSSQ0ZyjHllCmhb2VsCHVlKHNp2JD8JZfXiWti7p3Vb98uKw17os4ynACp3AOHlxDA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8A3hOOwg==</latexit>·

first appearance of a cut

https://arxiv.org/abs/1711.04850


NNLL Real
❖ Regge factorisation breaks, need to add a term as a new channel opens up


❖ The new term can be accessed by Balitsky-JIMWLK

❖ Computations up to four loops for any scattered partons

❖ The four-loop is non-planar

❖ Is this a Regge pole and Regge cut separation?

10

<latexit sha1_base64="lKDMsWsIiLGpPWtvy+Tljl5PkWk="></latexit>

MNNLL,(�) = Ci(t)Cj(t)e
CA↵g(t,µ

2)LMtree +MNNLL,(�),NF

<latexit sha1_base64="1s61ojEPNMJBgU6Hz4+TgScUjd4=">AAACAXicbVBNS8NAFNzUr1q/ol4EL8EieCqJFO2x6MVjBVsLTQibzUu7dLMJuxuhhHrxr3jxoIhX/4U3/42bNgdtHVgYZt6w702QMiqVbX8blZXVtfWN6mZta3tnd8/cP+jJJBMEuiRhiegHWAKjHLqKKgb9VACOAwb3wfi68O8fQEia8Ds1ScGL8ZDTiBKstOSbR27GQxBFPHdjrEZBlLemPp76Zt1u2DNYy8QpSR2V6PjmlxsmJIuBK8KwlAPHTpWXY6EoYTCtuZmEFJMxHsJAU45jkF4+u2BqnWoltKJE6MeVNVN/J3IcSzmJAz1ZLCkXvUL8zxtkKmp5OeVppoCT+UdRxiyVWEUdVkgFEMUmmmAiqN7VIiMsMFG6tJouwVk8eZn0zhvORaN526y3r8o6qugYnaAz5KBL1EY3qIO6iKBH9Ixe0ZvxZLwY78bHfLRilJlD9AfG5w9csJd8</latexit>

8a
<latexit sha1_base64="7VFOXrEmAaWgEj6AZLPsiuUVJRY=">AAACKHicbVDLSsNAFJ3UV62vqEs3wSK4KomIurPoxmUF+4AmlMl00g6dzIR5FErI57jxV9yIKNKtX+KkjaBtDwwczjmXufeECSVSue7UKq2tb2xulbcrO7t7+wf24VFLci0QbiJOueiEUGJKGG4qoijuJALDOKS4HY7uc789xkISzp7UJMFBDAeMRARBZaSefetr1sciH0/9GKphGKWem2U+T6iWPh//eqtjWc+uujV3BmeZeAWpggKNnv3u9znSMWYKUShl13MTFaRQKIIoziq+ljiBaAQHuGsogzGWQTo7NHPOjNJ3Ii7MY8qZqX8nUhhLOYlDk8yXlIteLq7yulpFN0FKWKIVZmj+UaSpo7iTt+b0icBI0YkhEAlidnXQEAqIlOm2YkrwFk9eJq2LmndVu3y8rNbvijrK4AScgnPggWtQBw+gAZoAgWfwCj7Ap/VivVlf1nQeLVnFzDH4B+v7B+atqPM=</latexit>

10� 10

[Caron-Huot, Gardi, Vernazza ’17; Falcioni, Gardi, CM, Vernazza ’20]

[Caron-Huot ’13] 

universal across gauge theories



Regge Cuts
❖ Let us see the NNLL amplitude at two loops


❖ Free to move terms that are in       from the extra term into a new definition of the impact factors


❖ What criteria do we have? Regge cuts are non-planar


❖ Move all planar contributions into impact factors and Regge trajectory


❖ Gives a perturbative description of the Regge pole and Regge cut separation
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<latexit sha1_base64="aEj8jEViCbWwQfLFrNVxzaDmoTQ="></latexit>

M(�,2,0) =
⇣
C(2)

i + C(2)
j + C(1)

i C(1)
j

⌘
Mtree +M(�,2,0),NF

<latexit sha1_base64="1s61ojEPNMJBgU6Hz4+TgScUjd4=">AAACAXicbVBNS8NAFNzUr1q/ol4EL8EieCqJFO2x6MVjBVsLTQibzUu7dLMJuxuhhHrxr3jxoIhX/4U3/42bNgdtHVgYZt6w702QMiqVbX8blZXVtfWN6mZta3tnd8/cP+jJJBMEuiRhiegHWAKjHLqKKgb9VACOAwb3wfi68O8fQEia8Ds1ScGL8ZDTiBKstOSbR27GQxBFPHdjrEZBlLemPp76Zt1u2DNYy8QpSR2V6PjmlxsmJIuBK8KwlAPHTpWXY6EoYTCtuZmEFJMxHsJAU45jkF4+u2BqnWoltKJE6MeVNVN/J3IcSzmJAz1ZLCkXvUL8zxtkKmp5OeVppoCT+UdRxiyVWEUdVkgFEMUmmmAiqN7VIiMsMFG6tJouwVk8eZn0zhvORaN526y3r8o6qugYnaAz5KBL1EY3qIO6iKBH9Ixe0ZvxZLwY78bHfLRilJlD9AfG5w9csJd8</latexit>

8a

<latexit sha1_base64="5qOmDDEEH5ix/NPP/7wT3AbDbtk="></latexit>

MNNLL,(�) =
⇣
Ci(t)Cj(t)e

CA↵gLMtree +MNNLL,(�),NF|planar
⌘
+MNNLL,(�),NF|non-planar

<latexit sha1_base64="0Kw+qe/leHDOIGR6i66d4RKR2v0="></latexit>

C̃i(t)C̃j(t)e
CA↵̃gLMtree

<latexit sha1_base64="rSgU7zNSdOeJXMMokDmCgD8jfr0="></latexit>

MNNLL,(�),NF|non-planar
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+<latexit sha1_base64="V3Jact7FGS4YLRebe9D3j3f5Rww=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CwIveEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7TK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStX7LI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCR1ozR</latexit>=

[Falcioni, Gardi, Maher, CM, Vernazza ’21, PRL]

[Mandelstam ’63]



Recent Progress

❖ Matching to fixed order computations we can find pole parameters at NNLL


❖ Three-loop Regge trajectory which has the expected infrared structure


❖ Two-loop impact factors at higher orders in   


❖ High-energy limits constrain infrared singularities through four loops


❖ Useful in bootstrapping the full structure in general kinematics
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[Falcioni, Gardi, Maher, CM, Vernazza ’21, PRL; see also Caola, Chakraborty, Gambuti, von Manteuffel, Tancredi ’21]

[Caron-Huot ’13; Falcioni, Gardi, Maher, CM, Vernazza ’21]

[Almelid, Duhr, Gardi, McLeod, White ’17]

[Korchemskaya, Korchemsky ’94, ’96]

[Ahmed, Henn, Mistlberger ’19; Caola, Chakraborty, Gambuti, von Manteuffel, Tancredi ’21]

<latexit sha1_base64="mURACQBgoMOiNaYW/wNPZWO0zsM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLFSp4eJ5iKW/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/m9U3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2fNkwBUyIyaWUKa4vZWwEVWUGRtRyYbgLb+8SloXVe+yWruvVep3eRxFOIFTOAcPrqAOt9CAJjAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QNR2pAw</latexit>✏



Summary
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Real Imaginary

          LL

         NLL

       NNLL Not yet developed
four loops 

explicit 
calculation

infrared divergences resummed

finite terms to arbitrary order
resummation unknown

<latexit sha1_base64="JQJwEc4UUWx1EpbRe4i5lbcRT0s=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAFwUPEcwDkk3oncwmQ2Znl5lZJYT8hxcPinj1X7z5N06SPWhiQUNR1U13V5AIro3rfju5ldW19Y38ZmFre2d3r7h/UNdxqiir0VjEqhmgZoJLVjPcCNZMFMMoEKwRDK+nfuORKc1j+WBGCfMj7EsecorGSp02imSAXd2R5K4ju8WSW3ZnIMvEy0gJMlS7xa92L6ZpxKShArVueW5i/DEqw6lgk0I71SxBOsQ+a1kqMWLaH8+unpATq/RIGCtb0pCZ+ntijJHWoyiwnRGagV70puJ/Xis14ZU/5jJJDZN0vihMBTExmUZAelwxasTIEqSK21sJHaBCamxQBRuCt/jyMqmflb2L8vn9ealym8WRhyM4hlPw4BIqcANVqAEFBc/wCm/Ok/PivDsf89ack80cwh84nz8iI5JO</latexit>

↵n
sL

n

<latexit sha1_base64="7X3ro6vmng1i5zpF8/0RjjV14ic=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYkmkqMeCFwUPFewHtGmYbLft0s0m7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZWVtfWNzYLW8Xtnd29ffug1FRRIgltkIhHsh2AopwJ2tBMc9qOJYUw4LQVjK+nfuuRSsUi8aAnMfVCGAo2YAS0kXy71AUej8BXPYHveqk4czPfLjsVZwa8TNyclFGOum9/dfsRSUIqNOGgVMd1Yu2lIDUjnGbFbqJoDGQMQ9oxVEBIlZfObs/wiVH6eBBJU0Ljmfp7IoVQqUkYmM4Q9EgtelPxP6+T6MGVlzIRJ5oKMl80SDjWEZ4GgftMUqL5xBAgkplbMRmBBKJNXEUTgrv48jJpnlfci0r1vlqu3eZxFNAROkanyEWXqIZuUB01EEFP6Bm9ojcrs16sd+tj3rpi5TOH6A+szx9Lp5P9</latexit>

↵n
sL

n�1

<latexit sha1_base64="U9j0gcL/decGRTo6iyY55bHXfK0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCF0tSinoseFHwUMF+QJuWzXbbLt1swu5GLCF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzPMjzpR2nG8rt7a+sbmV3y7s7O7tH9iHxaYKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/Mn1zG89UqlYKB70NKJegEeCDRnB2kh9u9jFPBrjvuoJdNdLxHkl7dslp+zMgVaJm5ESZKj37a/uICRxQIUmHCvVcZ1IewmWmhFO00I3VjTCZIJHtGOowAFVXjK/PUWnRhmgYShNCY3m6u+JBAdKTQPfdAZYj9WyNxP/8zqxHl55CRNRrKkgi0XDmCMdolkQaMAkJZpPDcFEMnMrImMsMdEmroIJwV1+eZU0K2X3oly9r5Zqt1kceTiGEzgDFy6hBjdQhwYQeIJneIU3K7VerHfrY9Gas7KZI/gD6/MHTSyT/g==</latexit>

↵n
sL

n�2

one-loop Regge trajectory

two-loop Regge trajectory

one-loop impact factors

<latexit sha1_base64="odLZz+aV2eExtTgkwHSPxjetJz8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyWRoh4LXvRWwX5Am5bJdtMu3WzC7kYpof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zM82POlHacbyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn1UlDNBG5ppTtuxpBj6nLb88c3Mbz1SqVgkHvQkpl6IQ8ECRlAbqddFHo+wP+ylZfd82i+WnIozh71K3IyUIEO9X/zqDiKShFRowlGpjuvE2ktRakY4nRa6iaIxkjEOacdQgSFVXjq/emqfGWVgB5E0JbQ9V39PpBgqNQl90xmiHqllbyb+53USHVx7KRNxoqkgi0VBwm0d2bMI7AGTlGg+MQSJZOZWm4xQItEmqIIJwV1+eZU0LyruZaV6Xy3V7rI48nACp1AGF66gBrdQhwYQkPAMr/BmPVkv1rv1sWjNWdnMMfyB9fkDzM2SFg==</latexit>

↵(1)
g

<latexit sha1_base64="T7Wa4NIh4FjZEVEfrXkIZga+JV4=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHBC9klRD2SeNEbJgImsJDeYRYmzD4yM6shG/7DiweN8eq/ePNvHGAPClbSSaWqO91dXiy40rb9beXW1jc2t/LbhZ3dvf2D4uFRS0WJpKxJIxHJBw8VEzxkTc21YA+xZBh4grW98fXMbz8yqXgU3utJzNwAhyH3OUVtpF4XRTzC/rCXlqvn036xZFfsOcgqcTJSggyNfvGrO4hoErBQU4FKdRw71m6KUnMq2LTQTRSLkY5xyDqGhhgw5abzq6fkzCgD4kfSVKjJXP09kWKg1CTwTGeAeqSWvZn4n9dJtH/lpjyME81CuljkJ4LoiMwiIAMuGdViYghSyc2thI5QItUmqIIJwVl+eZW0qhXnolK7q5Xqt1kceTiBUyiDA5dQhxtoQBMoSHiGV3iznqwX6936WLTmrGzmGP7A+vwBzlOSFw==</latexit>

↵(2)
g

<latexit sha1_base64="w/vsuCbU+U/qOO7DibBfyN6s+Fk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoOQXMKuBPUYyEVvEcwDkjXMTmaTIbMPZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7vFgKjbb9beU2Nre2d/K7hb39g8Oj4vFJW0eJYrzFIhmprkc1lyLkLRQoeTdWnAae5B1v0pj7nSeutIjCB5zG3A3oKBS+YBSN1G8MxGNadiqzMlYGxZJdtRcg68TJSAkyNAfFr/4wYknAQ2SSat1z7BjdlCoUTPJZoZ9oHlM2oSPeMzSkAdduurh5Ri6MMiR+pEyFSBbq74mUBlpPA890BhTHetWbi/95vQT9GzcVYZwgD9lykZ9IghGZB0CGQnGGcmoIZUqYWwkbU0UZmpgKJgRn9eV10r6sOlfV2n2tVL/L4sjDGZxDGRy4hjrcQhNawCCGZ3iFNyuxXqx362PZmrOymVP4A+vzB2v+kKo=</latexit>

C(1)
i (t)

<latexit sha1_base64="HrpUnBj6o+hXqfLK3lQmMvxX4bw=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DuegtgnlAsobZyWwyZvbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rbX1jc2t7dxOfndv/+CwcHTc0lGiGG+ySEaq41HNpQh5EwVK3okVp4Enedsb12d++4krLaLwHicxdwM6DIUvGEUj9er9x4e05JSnJSz3C0W7Ys9BVomTkSJkaPQLX71BxJKAh8gk1brr2DG6KVUomOTTfC/RPKZsTIe8a2hIA67ddH7zlJwbZUD8SJkKkczV3xMpDbSeBJ7pDCiO9LI3E//zugn6124qwjhBHrLFIj+RBCMyC4AMhOIM5cQQypQwtxI2oooyNDHlTQjO8surpHVRcS4r1btqsXabxZGDUziDEjhwBTW4gQY0gUEMz/AKb1ZivVjv1seidc3KZk7gD6zPH22LkKs=</latexit>

C(1)
j (t)

<latexit sha1_base64="qsq4jRkktdfFqPpNVw06ZRS8FPE=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjGBC9klRD2ScNEbJvJIYCWzwwAjs4/M9JqQDb/hxYPGePVnvPk3DrAHBSvppFLVne4uL5JCo21/W5mNza3tnexubm//4PAof3zS0mGsGG+yUIaq41HNpQh4EwVK3okUp74nedub1Od++4krLcLgHqcRd306CsRQMIpG6tX7jw9JsVKaFbHUzxfssr0AWSdOSgqQotHPf/UGIYt9HiCTVOuuY0foJlShYJLPcr1Y84iyCR3xrqEB9bl2k8XNM3JhlAEZhspUgGSh/p5IqK/11PdMp09xrFe9ufif141xeO0mIohi5AFbLhrGkmBI5gGQgVCcoZwaQpkS5lbCxlRRhiamnAnBWX15nbQqZeeyXL2rFmq3aRxZOINzKIIDV1CDG2hAExhE8Ayv8GbF1ov1bn0sWzNWOnMKf2B9/gBvFJCs</latexit>

C(2)
j (t)

<latexit sha1_base64="WYf7fBBn7nM3MeHrrbS1ACKOobc=">AAAB83icbVBNT8JAEJ3iF+IX6tFLIzGBC2kJUY8kXPSGiSAJVLJdtrBhu212pyak4W948aAxXv0z3vw3LtCDgi+Z5OW9mczM82PBNTrOt5Xb2Nza3snvFvb2Dw6PiscnHR0lirI2jUSkuj7RTHDJ2shRsG6sGAl9wR78SXPuPzwxpXkk73EaMy8kI8kDTgkaqd8c8Me0XKvMylgZFEtO1VnAXiduRkqQoTUofvWHEU1CJpEKonXPdWL0UqKQU8FmhX6iWUzohIxYz1BJQqa9dHHzzL4wytAOImVKor1Qf0+kJNR6GvqmMyQ41qveXPzP6yUYXHspl3GCTNLloiARNkb2PAB7yBWjKKaGEKq4udWmY6IIRRNTwYTgrr68Tjq1qntZrd/VS43bLI48nME5lMGFK2jADbSgDRRieIZXeLMS68V6tz6WrTkrmzmFP7A+fwBth5Cr</latexit>

C(2)
i (t)

<latexit sha1_base64="81g6Hg0l2orApp925V6Dn8evEmI=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSRa1GPBi94q2A9o0zLZbtqlm03Y3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zba2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8V5UzQumaa01YsKYY+p01/dDP1m49UKhaJBz2OqRfiQLCAEdRG6naQx0PsDbpp6eJs0isUnbIzg71M3IwUIUOtV/jq9COShFRowlGptuvE2ktRakY4neQ7iaIxkhEOaNtQgSFVXjq7emKfGqVvB5E0JbQ9U39PpBgqNQ590xmiHqpFbyr+57UTHVx7KRNxoqkg80VBwm0d2dMI7D6TlGg+NgSJZOZWmwxRItEmqLwJwV18eZk0zsvuZblyXylW77I4cnAMJ1ACF66gCrdQgzoQkPAMr/BmPVkv1rv1MW9dsbKZI/gD6/MHz9mSGA==</latexit>

↵(3)
g



Outlook
❖ Resum full imaginary amplitude at NLL


❖ Interpretation in the complex angular momentum plane?

❖ Five-loop and beyond for the real NNLL

❖ Understand imaginary part at NNLL

❖ 2 -> 3 amplitudes


❖ Significant interest for fixed order computations

❖ How to organise? What can we extract? Phenomenological uses? 
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Formulating highly energetic partons as Wilson lines
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⌘

⇥ Ĥ
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Target Projectile

Evolve so that they are at equal rapidity

evolves according to Balitsky-JIMWLK

The amplitude is then written as

Only odd/even number of Reggeons contribute to the odd/even amplitude
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Reggeon field

regulate rapidity divergences by tilting 
Wilson-line off the light cone

Expand Wilson line in Reggeons

our parton is a collection 
of such Wilson lines

“eikonal approximation” Fourier conjugate of t

z2
⊥ ↔ t

Target and projectile 
separated by some 

https://arxiv.org/abs/1309.6521
https://arxiv.org/abs/1701.05241


Explicit momentum-space Hamiltonians
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The diagonal transitions are

with kernel
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The off-diagonal transitions are

with kernel

dresses one Reggeon 
with the trajectory adds a rung between two Reggeons

Source of the difficulty at NNLL. 
Three Reggeons spoil the 

symmetry between colour and 
kinematics, which is there for 

two Reggeons (NLL).
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