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• MRK can be defined as the strong ordering of the rapidity variables


• The separation of scales leads to simplification in the dynamics in the (+) and (-) directions


• Leaving non-trivial kinematics in the two-dimensional transverse plane

The multi-Regge limit of n-point amplitudes
Multi-Regge kinematics (MRK)
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for all the outgoing 
partons non-zero 

transverse momenta

parameterise in the (12) scattering plane

define rapidity variables through
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Motivation
• Simplification gives opportunity 

to study high-loop orders and to 
resum perturbative amplitudes


• Explore universality of massless 
gauge theories


• Constraints on infrared structure


• Perturbative meaning to Regge 
poles and Regge cuts
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<latexit sha1_base64="WtVVLkveaRULEg9uOn1W52LVtO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACbo2h</latexit>p1

<latexit sha1_base64="lfjEq2ZVlSJMUvqhpQemAs6Nhh4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcD8o2i</latexit>p2
<latexit sha1_base64="TnFXd0WF2keaW9dpfuXYmDfv4Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsFdo2j</latexit>p3

<latexit sha1_base64="5qqAjw1YTtZ9L4PvUnzbaUEklQQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEG+o2k</latexit>p4

<latexit sha1_base64="Q0ZbrXQlCdH3CedgMBPNgBy3qDE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Rsmm1Ds0lIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3ImwoZ4I2LbOcdpSmOIk4bUfju5nffqLaMCke7UTRMMFDwWJGsHVSW/UzcRFM++WKX/XnQKskyEkFcjT65a/eQJI0ocISjo3pBr6yYYa1ZYTTaamXGqowGeMh7ToqcEJNmM3PnaIzpwxQLLUrYdFc/T2R4cSYSRK5zgTbkVn2ZuJ/Xje18U2YMaFSSwVZLIpTjqxEs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmldVoOrau2hVqnf5nEU4QRO4RwCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wcAEI9c</latexit>pn�1

<latexit sha1_base64="/tBr7vbkxkg2g3EnlRi7bM1nRSM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJT/u5mvarNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3Vb98uKw1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AI7SO6g==</latexit>pn

Factorisation of 2  n amplitudes in MRK

[Del Duca, Duhr, Gardi, Magnea, White ’11; Del Duca, Falcioni, Magnea, Vernazza ’13; 
Falcioni, Gardi, Maher, CM, Vernazza ’21]
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[Del Duca, Druc et. al. ’19]

[phenomenological talks: Michael Fucilla, Jeppe Andersen, Andreas Maier, Francesco Giovanni Celiberto, Sebastian Jaskiewicz …]



Complex Angular Momentum Plane
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]

Easier to explain using the 2  2 amplitude
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Complex Angular Momentum Plane
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

Now we open up the contour


Doing so we will pick up 

other analytic behaviour

Regge cuts

Regge poles 
at non-integer locations Evidence that Regge cuts 

are entirely nonplanar from 
diagram analysis [Mandelstam ’63]

This contour is subleading in high energy limit

Easier to explain using the 2  2 amplitude

7

Regge pole 

factorisation and universality



same exponents

depends only on exchanged particle

prefactor depends on process

Fit against Regge pole behaviour

<latexit sha1_base64="LNMBfCxR4vQ7aDTofO0yKfkuoLQ=">AAACJHicbZDLSgMxGIUz9VbrbdSlm2ApCGqZKUUFEYpuXFawF+mMQybNtKGZC0lGKMM8jBtfxY0LL7hw47OYTmehrT8EDt/JT3KOGzEqpGF8aYWFxaXlleJqaW19Y3NL395pizDmmLRwyELedZEgjAakJalkpBtxgnyXkY47upr4nQfCBQ2DWzmOiO2jQUA9ipFUyNHPLUEHPnIS5KbwAnYzYR1BcZ9YhDHHPDZTeAjvZnlNcUcvG1UjGzgvzFyUQT5NR3+3+iGOfRJIzJAQPdOIpJ0gLilmJC1ZsSARwiM0ID0lA+QTYSdZyBRWFOlDL+TqBBJm9PdGgnwhxr6KUfGRHIpZbwL/83qx9M7shAZRLEmApw95MYMyhJPGYJ9ygiUbK4Ewp+qvEA8RR1iqXkuqBHM28rxo16rmSbV+Uy83LvM6imAP7IMDYIJT0ADXoAlaAINH8AxewZv2pL1oH9rn9GpBy3d2wZ/Rvn8AL0OjRw==</latexit>

�ab = Xab s
`1�1 + Yab s

`2�1

angular momentum of exchanged particle
<latexit sha1_base64="f7YZSbjsMjDe6Je47icU2yyreZU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkUrQboejGZQV7gTaEyfSkHTqZhJmJUEJ9FTcuFHHrg7jzbZy2WWjrDwMf/zmHc+YPEs6Udpxvq7C2vrG5Vdwu7ezu7R/Yh0dtFaeSQovGPJbdgCjgTEBLM82hm0ggUcChE4xvZ/XOI0jFYvGgJwl4ERkKFjJKtLF8u9wHzn0Xn2MXX2On6tSdum9XDMyFV8HNoYJyNX37qz+IaRqB0JQTpXquk2gvI1IzymFa6qcKEkLHZAg9g4JEoLxsfvwUnxpngMNYmic0nru/JzISKTWJAtMZET1Sy7WZ+V+tl+qw7mVMJKkGQReLwpRjHeNZEnjAJFDNJwYIlczciumISEK1yatkQnCXv7wK7Yuqe1mt3dcqjZs8jiI6RifoDLnoCjXQHWqiFqJogp7RK3qznqwX6936WLQWrHymjP7I+vwBMKuR5A==</latexit>

`1 � 1 = 0.0808
<latexit sha1_base64="nZwkkn30unWFA50vlJZTDMf78fY=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBS4aZkKgXIejFYwSzQDIMPZ2epEnPQnePEEPwV7x4UMSr/+HNv7GTzEETHxQ83quiqp6fcCaVbX8buZXVtfWN/GZha3tnd8/cP2jKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+8mfqtByoki6N7NUqoG+J+xAJGsNKSZx51KedeGZWQg65QybYq1XLVM4u2Zc+AlomTkSJkqHvmV7cXkzSkkSIcS9lx7ES5YywUI5xOCt1U0gSTIe7TjqYRDql0x7PrJ+hUKz0UxEJXpNBM/T0xxqGUo9DXnSFWA7noTcX/vE6qgkt3zKIkVTQi80VBypGK0TQK1GOCEsVHmmAimL4VkQEWmCgdWEGH4Cy+vEyaZcs5typ3lWLtOosjD8dwAmfgwAXU4Bbq0AACj/AMr/BmPBkvxrvxMW/NGdnMIfyB8fkDn/KSHA==</latexit>

`2 � 1 = �0.4525
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<latexit sha1_base64="LNMBfCxR4vQ7aDTofO0yKfkuoLQ=">AAACJHicbZDLSgMxGIUz9VbrbdSlm2ApCGqZKUUFEYpuXFawF+mMQybNtKGZC0lGKMM8jBtfxY0LL7hw47OYTmehrT8EDt/JT3KOGzEqpGF8aYWFxaXlleJqaW19Y3NL395pizDmmLRwyELedZEgjAakJalkpBtxgnyXkY47upr4nQfCBQ2DWzmOiO2jQUA9ipFUyNHPLUEHPnIS5KbwAnYzYR1BcZ9YhDHHPDZTeAjvZnlNcUcvG1UjGzgvzFyUQT5NR3+3+iGOfRJIzJAQPdOIpJ0gLilmJC1ZsSARwiM0ID0lA+QTYSdZyBRWFOlDL+TqBBJm9PdGgnwhxr6KUfGRHIpZbwL/83qx9M7shAZRLEmApw95MYMyhJPGYJ9ygiUbK4Ewp+qvEA8RR1iqXkuqBHM28rxo16rmSbV+Uy83LvM6imAP7IMDYIJT0ADXoAlaAINH8AxewZv2pL1oH9rn9GpBy3d2wZ/Rvn8AL0OjRw==</latexit>

�ab = Xab s
`1�1 + Yab s

`2�1

angular momentum of exchanged particle
<latexit sha1_base64="f7YZSbjsMjDe6Je47icU2yyreZU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkUrQboejGZQV7gTaEyfSkHTqZhJmJUEJ9FTcuFHHrg7jzbZy2WWjrDwMf/zmHc+YPEs6Udpxvq7C2vrG5Vdwu7ezu7R/Yh0dtFaeSQovGPJbdgCjgTEBLM82hm0ggUcChE4xvZ/XOI0jFYvGgJwl4ERkKFjJKtLF8u9wHzn0Xn2MXX2On6tSdum9XDMyFV8HNoYJyNX37qz+IaRqB0JQTpXquk2gvI1IzymFa6qcKEkLHZAg9g4JEoLxsfvwUnxpngMNYmic0nru/JzISKTWJAtMZET1Sy7WZ+V+tl+qw7mVMJKkGQReLwpRjHeNZEnjAJFDNJwYIlczciumISEK1yatkQnCXv7wK7Yuqe1mt3dcqjZs8jiI6RifoDLnoCjXQHWqiFqJogp7RK3qznqwX6936WLQWrHymjP7I+vwBMKuR5A==</latexit>

`1 � 1 = 0.0808
<latexit sha1_base64="nZwkkn30unWFA50vlJZTDMf78fY=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBS4aZkKgXIejFYwSzQDIMPZ2epEnPQnePEEPwV7x4UMSr/+HNv7GTzEETHxQ83quiqp6fcCaVbX8buZXVtfWN/GZha3tnd8/cP2jKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+8mfqtByoki6N7NUqoG+J+xAJGsNKSZx51KedeGZWQg65QybYq1XLVM4u2Zc+AlomTkSJkqHvmV7cXkzSkkSIcS9lx7ES5YywUI5xOCt1U0gSTIe7TjqYRDql0x7PrJ+hUKz0UxEJXpNBM/T0xxqGUo9DXnSFWA7noTcX/vE6qgkt3zKIkVTQi80VBypGK0TQK1GOCEsVHmmAimL4VkQEWmCgdWEGH4Cy+vEyaZcs5typ3lWLtOosjD8dwAmfgwAXU4Bbq0AACj/AMr/BmPBkvxrvxMW/NGdnMIfyB8fkDn/KSHA==</latexit>

`2 � 1 = �0.4525



same exponents

depends only on exchanged particle

prefactor depends on process

Fit against Regge pole behaviour

<latexit sha1_base64="LNMBfCxR4vQ7aDTofO0yKfkuoLQ=">AAACJHicbZDLSgMxGIUz9VbrbdSlm2ApCGqZKUUFEYpuXFawF+mMQybNtKGZC0lGKMM8jBtfxY0LL7hw47OYTmehrT8EDt/JT3KOGzEqpGF8aYWFxaXlleJqaW19Y3NL395pizDmmLRwyELedZEgjAakJalkpBtxgnyXkY47upr4nQfCBQ2DWzmOiO2jQUA9ipFUyNHPLUEHPnIS5KbwAnYzYR1BcZ9YhDHHPDZTeAjvZnlNcUcvG1UjGzgvzFyUQT5NR3+3+iGOfRJIzJAQPdOIpJ0gLilmJC1ZsSARwiM0ID0lA+QTYSdZyBRWFOlDL+TqBBJm9PdGgnwhxr6KUfGRHIpZbwL/83qx9M7shAZRLEmApw95MYMyhJPGYJ9ygiUbK4Ewp+qvEA8RR1iqXkuqBHM28rxo16rmSbV+Uy83LvM6imAP7IMDYIJT0ADXoAlaAINH8AxewZv2pL1oH9rn9GpBy3d2wZ/Rvn8AL0OjRw==</latexit>

�ab = Xab s
`1�1 + Yab s

`2�1

angular momentum of exchanged particle
<latexit sha1_base64="f7YZSbjsMjDe6Je47icU2yyreZU=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkUrQboejGZQV7gTaEyfSkHTqZhJmJUEJ9FTcuFHHrg7jzbZy2WWjrDwMf/zmHc+YPEs6Udpxvq7C2vrG5Vdwu7ezu7R/Yh0dtFaeSQovGPJbdgCjgTEBLM82hm0ggUcChE4xvZ/XOI0jFYvGgJwl4ERkKFjJKtLF8u9wHzn0Xn2MXX2On6tSdum9XDMyFV8HNoYJyNX37qz+IaRqB0JQTpXquk2gvI1IzymFa6qcKEkLHZAg9g4JEoLxsfvwUnxpngMNYmic0nru/JzISKTWJAtMZET1Sy7WZ+V+tl+qw7mVMJKkGQReLwpRjHeNZEnjAJFDNJwYIlczciumISEK1yatkQnCXv7wK7Yuqe1mt3dcqjZs8jiI6RifoDLnoCjXQHWqiFqJogp7RK3qznqwX6936WLQWrHymjP7I+vwBMKuR5A==</latexit>

`1 � 1 = 0.0808
<latexit sha1_base64="nZwkkn30unWFA50vlJZTDMf78fY=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBS4aZkKgXIejFYwSzQDIMPZ2epEnPQnePEEPwV7x4UMSr/+HNv7GTzEETHxQ83quiqp6fcCaVbX8buZXVtfWN/GZha3tnd8/cP2jKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+8mfqtByoki6N7NUqoG+J+xAJGsNKSZx51KedeGZWQg65QybYq1XLVM4u2Zc+AlomTkSJkqHvmV7cXkzSkkSIcS9lx7ES5YywUI5xOCt1U0gSTIe7TjqYRDql0x7PrJ+hUKz0UxEJXpNBM/T0xxqGUo9DXnSFWA7noTcX/vE6qgkt3zKIkVTQi80VBypGK0TQK1GOCEsVHmmAimL4VkQEWmCgdWEGH4Cy+vEyaZcs5typ3lWLtOosjD8dwAmfgwAXU4Bbq0AACj/AMr/BmPBkvxrvxMW/NGdnMIfyB8fkDn/KSHA==</latexit>

`2 � 1 = �0.4525

Can we provide a very simple and economical description of amplitudes in MRK?
Does this universality also exist in perturbative QCD?



Factorisation of 
the Regge pole 

in 2  2…

at leading power in QCD

gluon exchanges are dominant

<latexit sha1_base64="HQkinLo/mrRmZTp27AIN2a2jCZ8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhDiJexKUI/BXDxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O2vrG5tb27md/O7e/sFh4ei4aVSqKWtQJZRuh8QwwSVrIEfB2olmJA4Fa4Wj2sxvPTFtuJIPOE5YEJOB5BGnBK3UrPV4CS96haJX9uZwV4mfkSJkqPcKX92+omnMJFJBjOn4XoLBhGjkVLBpvpsalhA6IgPWsVSSmJlgMr926p5bpe9GStuS6M7V3xMTEhszjkPbGRMcmmVvJv7ndVKMboIJl0mKTNLFoigVLip39rrb55pRFGNLCNXc3urSIdGEog0ob0Pwl19eJc3Lsn9VrtxXitXbLI4cnMIZlMCHa6jCHdShARQe4Rle4c1Rzovz7nwsWtecbOYE/sD5/AGwBo6P</latexit>

Ci(t)

<latexit sha1_base64="xZtkYm2ISziut3MUIN1Mge9P51E=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY7MVjBfsB7VKyabZNm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvBpD73209UaSbFo5nG1I/wULCQEWys1Kr3x2Vz2S+W3Iq7AFonXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRV6iaYxJhM8pF1LBY6o9tPFtTN0YZUBCqWyJQxaqL8nUhxpPY0C2xlhM9Kr3lz8z+smJrz1UybixFBBlovChCMj0fx1NGCKEsOnlmCimL0VkRFWmBgbUMGG4K2+vE5aVxXvulJ9qJZqd1kceTiDcyiDBzdQg3toQBMIjOEZXuHNkc6L8+58LFtzTjZzCn/gfP4AsY2OkA==</latexit>

Cj(t)

<latexit sha1_base64="jNohcoWDA1ISm6UznsqZOkWZs94=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUCbbbbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAhu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirVlDWpEkp3IjBMcMmayFGwTqIZxJFg7Wh8N/PbT0wbruQjThIWxjCUfMApoJWCLohkBL1hBS96pbJX9eZwV4mfkzLJ0eiVvrp9RdOYSaQCjAl8L8EwA42cCjYtdlPDEqBjGLLAUgkxM2E2P3nqnlul7w6UtiXRnau/JzKIjZnEke2MAUdm2ZuJ/3lBioObMOMySZFJulg0SIWLyp397/a5ZhTFxBKgmttbXToCDRRtSkUbgr/88ippXVb9q2rtoVau3+ZxFMgpOSMV4pNrUif3pEGahBJFnskreXPQeXHenY9F65qTz5yQP3A+fwCtYZDe</latexit>

↵g(t)
<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>

!

<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>!

spin of exchanged particle 

<latexit sha1_base64="X37hmCoxf8NDMMaNQ1EWiHIYCG8=">AAACGnicbVDLSgNBEJz1bXxFPXoZDEJECLsS1IsQ1INHBaOBbAy9k04yZPbBTK8QlnyHF3/FiwdFvIkX/8ZJzEGjBQNFVRc9XUGipCHX/XSmpmdm5+YXFnNLyyura/n1jWsTp1pgVcQq1rUADCoZYZUkKawlGiEMFN4EvdOhf3OH2sg4uqJ+go0QOpFsSwFkpWbe840Mubn1USl+zPE2K3p7PqikC81OkXZ3/TNUBLw/4Hvcb8VkmvmCW3JH4H+JNyYFNsZFM/9ucyINMSKhwJi65ybUyECTFAoHOT81mIDoQQfrlkYQomlko9MGfMcqLd6OtX0R8ZH6M5FBaEw/DOxkCNQ1k95Q/M+rp9Q+amQySlLCSHwvaqeKU8yHPfGW1ChI9S0BoaX9Kxdd0CDItpmzJXiTJ/8l1/sl76BUviwXKifjOhbYFttmReaxQ1Zh5+yCVZlg9+yRPbMX58F5cl6dt+/RKWec2WS/4Hx8AQIOnv8=</latexit>

⇠ s` = e(1+↵g(t))�y + . . .
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2      2 Amplitudes
The impact factors and Regge trajectory

Describes the real part of the amplitude at LL and NLL

•Universality as         does not depend on external partons


•Parameters can be seen as Wilson coefficients


•Extracted from fixed order computations


• Infrared divergences of         given by cusp anomalous 

dimension      to two loops

<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)

<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)

<latexit sha1_base64="6kI2xrRtPaBGOtDw8o1S7DPP1TI="></latexit>

M ⇠ Ci(t)Cj(t)e
↵g(t)�yMtree +MR

<latexit sha1_base64="jNohcoWDA1ISm6UznsqZOkWZs94=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUCbbbbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAhu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirVlDWpEkp3IjBMcMmayFGwTqIZxJFg7Wh8N/PbT0wbruQjThIWxjCUfMApoJWCLohkBL1hBS96pbJX9eZwV4mfkzLJ0eiVvrp9RdOYSaQCjAl8L8EwA42cCjYtdlPDEqBjGLLAUgkxM2E2P3nqnlul7w6UtiXRnau/JzKIjZnEke2MAUdm2ZuJ/3lBioObMOMySZFJulg0SIWLyp397/a5ZhTFxBKgmttbXToCDRRtSkUbgr/88ippXVb9q2rtoVau3+ZxFMgpOSMV4pNrUif3pEGahBJFnskreXPQeXHenY9F65qTz5yQP3A+fwCtYZDe</latexit>

↵g(t)

[Fadin, Fiore, Kozlov, Reznichenko ’06; Ioffe, Fadin, Lipatov ’10; Fadin, Kozlov, Reznichenko ’15][Kuraev, Fadin and Lipatov ’76]

<latexit sha1_base64="jNohcoWDA1ISm6UznsqZOkWZs94=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRS1GPRi8cK9gPSUCbbbbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAhu0PO+nbX1jc2t7cJOcXdv/+CwdHTcMirVlDWpEkp3IjBMcMmayFGwTqIZxJFg7Wh8N/PbT0wbruQjThIWxjCUfMApoJWCLohkBL1hBS96pbJX9eZwV4mfkzLJ0eiVvrp9RdOYSaQCjAl8L8EwA42cCjYtdlPDEqBjGLLAUgkxM2E2P3nqnlul7w6UtiXRnau/JzKIjZnEke2MAUdm2ZuJ/3lBioObMOMySZFJulg0SIWLyp397/a5ZhTFxBKgmttbXToCDRRtSkUbgr/88ippXVb9q2rtoVau3+ZxFMgpOSMV4pNrUif3pEGahBJFnskreXPQeXHenY9F65qTz5yQP3A+fwCtYZDe</latexit>

↵g(t)

[Korchemskaya, Korchemsky ’94, ’96]
<latexit sha1_base64="umbokZC18qXwQFWx0RVu+cFSGKs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clgv2ANpTJdtMu3U3i7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTPCINQw3grUTxVAGgrWC0c3Ubz0xpXkcPZhxwnyJg4iHnKKxUrs7QCmxd9crV9yqOwNZJl5OKpCj3it/dfsxTSWLDBWodcdzE+NnqAyngk1K3VSzBOkIB6xjaYSSaT+b3TshJ1bpkzBWtiJDZurviQyl1mMZ2E6JZqgXvan4n9dJTXjlZzxKUsMiOl8UpoKYmEyfJ32uGDVibAlSxe2thA5RITU2opINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiFOjSAgoBneIU359F5cd6dj3lrwclnDuEPnM8f2ouP3A==</latexit>�K

10



LL

NLL

NNLL

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)

2      2 Amplitudes
<latexit sha1_base64="d6bn/xboeokZCiaH/KczaLwRdkM="></latexit>

M = Ci(t)Cj(t)e
↵g(t)�yMtree +MR

<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

three-loop Regge trajectory

two-loop impact factors

<latexit sha1_base64="59CokUlVJhIGeB7XqujbTNtp350=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0C0siRV0W3bisYB/Q1DKZTpKhk0mYuRFK6De48VfcuFDErSt3/o2TtgttPXAvh3PuZeYeL+FMgW1/G4WV1bX1jeJmaWt7Z3fP3D9oqziVhLZIzGPZ9bCinAnaAgacdhNJceRx2vFG17nfeaBSsVjcwTih/QgHgvmMYNDSwKy6mCchHqh74fI4yDv1oeL6EpNMTbJTmLiSBSFUB2bZrtlTWMvEmZMymqM5ML/cYUzSiAogHCvVc+wE+hmWwAink5KbKppgMsIB7WkqcERVP5ueNLFOtDK0/FjqEmBN1d8bGY6UGkeenowwhGrRy8X/vF4K/mU/YyJJgQoye8hPuQWxledjDZmkBPhYE0wk03+1SIh1GqBTLOkQnMWTl0n7rOac1+q39XLjah5HER2hY1RBDrpADXSDmqiFCHpEz+gVvRlPxovxbnzMRgvGfOcQ/YHx+QNUfJ6G</latexit>

↵n
s logn

✓
s

�t

◆

<latexit sha1_base64="2OsPkJn7Sr9eqrHyqH1yEDL+XVQ=">AAACFnicbVBNS8NAEN34WetX1KOXYBHqoSWRoh6LXjxWsB/QpGWz3bRLN5uwOxFKyK/w4l/x4kERr+LNf+O2zUFbHww83pthZp4fc6bAtr+NldW19Y3NwlZxe2d3b988OGypKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9sc3U7/9QKVikbiHSUy9EA8FCxjBoKW+WXExj0e4r3rC5dGwl4qKk7mcBlB2A4lJqrK0Apkr2XAEZ32zZFftGaxl4uSkhHI0+uaXO4hIElIBhGOluo4dg5diCYxwmhXdRNEYkzEe0q6mAodUeensrcw61crACiKpS4A1U39PpDhUahL6ujPEMFKL3lT8z+smEFx5KRNxAlSQ+aIg4RZE1jQja8AkJcAnmmAimb7VIiOs0wCdZFGH4Cy+vExa51Xnolq7q5Xq13kcBXSMTlAZOegS1dEtaqAmIugRPaNX9GY8GS/Gu/Exb10x8pkj9AfG5w8tcKAE</latexit>

↵n
s logn�1

✓
s

�t

◆

<latexit sha1_base64="w4gCoQRQ89ibM3WtPQv3jKrnpz8=">AAACFnicbVDLSsNAFJ3UV62vqks3wSLURUtSirosunFZwT6gScNkOmmHTiZh5kYoIV/hxl9x40IRt+LOv3H6WGjrgQuHc+7l3nv8mDMFlvVt5NbWNza38tuFnd29/YPi4VFbRYkktEUiHsmujxXlTNAWMOC0G0uKQ5/Tjj++mfqdByoVi8Q9TGLqhngoWMAIBi15xYqDeTzCnuoLh0fDfioqtczhNICyE0hMUpWlFcgcyYYjOPeKJatqzWCuEntBSmiBplf8cgYRSUIqgHCsVM+2YnBTLIERTrOCkygaYzLGQ9rTVOCQKjedvZWZZ1oZmEEkdQkwZ+rviRSHSk1CX3eGGEZq2ZuK/3m9BIIrN2UiToAKMl8UJNyEyJxmZA6YpAT4RBNMJNO3mmSEdRqgkyzoEOzll1dJu1a1L6r1u3qpcb2II49O0CkqIxtdoga6RU3UQgQ9omf0it6MJ+PFeDc+5q05YzFzjP7A+PwBLw6gBQ==</latexit>

↵n
s logn�2

✓
s

�t

◆
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LL

NLL

NNLL

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)

2      2 Amplitudes
<latexit sha1_base64="d6bn/xboeokZCiaH/KczaLwRdkM="></latexit>

M = Ci(t)Cj(t)e
↵g(t)�yMtree +MR

<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

three-loop Regge trajectory

two-loop impact factors

<latexit sha1_base64="59CokUlVJhIGeB7XqujbTNtp350=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0C0siRV0W3bisYB/Q1DKZTpKhk0mYuRFK6De48VfcuFDErSt3/o2TtgttPXAvh3PuZeYeL+FMgW1/G4WV1bX1jeJmaWt7Z3fP3D9oqziVhLZIzGPZ9bCinAnaAgacdhNJceRx2vFG17nfeaBSsVjcwTih/QgHgvmMYNDSwKy6mCchHqh74fI4yDv1oeL6EpNMTbJTmLiSBSFUB2bZrtlTWMvEmZMymqM5ML/cYUzSiAogHCvVc+wE+hmWwAink5KbKppgMsIB7WkqcERVP5ueNLFOtDK0/FjqEmBN1d8bGY6UGkeenowwhGrRy8X/vF4K/mU/YyJJgQoye8hPuQWxledjDZmkBPhYE0wk03+1SIh1GqBTLOkQnMWTl0n7rOac1+q39XLjah5HER2hY1RBDrpADXSDmqiFCHpEz+gVvRlPxovxbnzMRgvGfOcQ/YHx+QNUfJ6G</latexit>

↵n
s logn

✓
s

�t

◆

<latexit sha1_base64="2OsPkJn7Sr9eqrHyqH1yEDL+XVQ=">AAACFnicbVBNS8NAEN34WetX1KOXYBHqoSWRoh6LXjxWsB/QpGWz3bRLN5uwOxFKyK/w4l/x4kERr+LNf+O2zUFbHww83pthZp4fc6bAtr+NldW19Y3NwlZxe2d3b988OGypKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9sc3U7/9QKVikbiHSUy9EA8FCxjBoKW+WXExj0e4r3rC5dGwl4qKk7mcBlB2A4lJqrK0Apkr2XAEZ32zZFftGaxl4uSkhHI0+uaXO4hIElIBhGOluo4dg5diCYxwmhXdRNEYkzEe0q6mAodUeensrcw61crACiKpS4A1U39PpDhUahL6ujPEMFKL3lT8z+smEFx5KRNxAlSQ+aIg4RZE1jQja8AkJcAnmmAimb7VIiOs0wCdZFGH4Cy+vExa51Xnolq7q5Xq13kcBXSMTlAZOegS1dEtaqAmIugRPaNX9GY8GS/Gu/Exb10x8pkj9AfG5w8tcKAE</latexit>

↵n
s logn�1

✓
s

�t

◆

<latexit sha1_base64="w4gCoQRQ89ibM3WtPQv3jKrnpz8=">AAACFnicbVDLSsNAFJ3UV62vqks3wSLURUtSirosunFZwT6gScNkOmmHTiZh5kYoIV/hxl9x40IRt+LOv3H6WGjrgQuHc+7l3nv8mDMFlvVt5NbWNza38tuFnd29/YPi4VFbRYkktEUiHsmujxXlTNAWMOC0G0uKQ5/Tjj++mfqdByoVi8Q9TGLqhngoWMAIBi15xYqDeTzCnuoLh0fDfioqtczhNICyE0hMUpWlFcgcyYYjOPeKJatqzWCuEntBSmiBplf8cgYRSUIqgHCsVM+2YnBTLIERTrOCkygaYzLGQ9rTVOCQKjedvZWZZ1oZmEEkdQkwZ+rviRSHSk1CX3eGGEZq2ZuK/3m9BIIrN2UiToAKMl8UJNyEyJxmZA6YpAT4RBNMJNO3mmSEdRqgkyzoEOzll1dJu1a1L6r1u3qpcb2II49O0CkqIxtdoga6RU3UQgQ9omf0it6MJ+PFeDc+5q05YzFzjP7A+PwBLw6gBQ==</latexit>

↵n
s logn�2

✓
s

�t

◆
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LL

NLL

NNLL

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)

2      2 Amplitudes
<latexit sha1_base64="d6bn/xboeokZCiaH/KczaLwRdkM="></latexit>

M = Ci(t)Cj(t)e
↵g(t)�yMtree +MR

<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

three-loop Regge trajectory

two-loop impact factors

term from multiple Reggeons

<latexit sha1_base64="59CokUlVJhIGeB7XqujbTNtp350=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0C0siRV0W3bisYB/Q1DKZTpKhk0mYuRFK6De48VfcuFDErSt3/o2TtgttPXAvh3PuZeYeL+FMgW1/G4WV1bX1jeJmaWt7Z3fP3D9oqziVhLZIzGPZ9bCinAnaAgacdhNJceRx2vFG17nfeaBSsVjcwTih/QgHgvmMYNDSwKy6mCchHqh74fI4yDv1oeL6EpNMTbJTmLiSBSFUB2bZrtlTWMvEmZMymqM5ML/cYUzSiAogHCvVc+wE+hmWwAink5KbKppgMsIB7WkqcERVP5ueNLFOtDK0/FjqEmBN1d8bGY6UGkeenowwhGrRy8X/vF4K/mU/YyJJgQoye8hPuQWxledjDZmkBPhYE0wk03+1SIh1GqBTLOkQnMWTl0n7rOac1+q39XLjah5HER2hY1RBDrpADXSDmqiFCHpEz+gVvRlPxovxbnzMRgvGfOcQ/YHx+QNUfJ6G</latexit>

↵n
s logn

✓
s

�t

◆

<latexit sha1_base64="2OsPkJn7Sr9eqrHyqH1yEDL+XVQ=">AAACFnicbVBNS8NAEN34WetX1KOXYBHqoSWRoh6LXjxWsB/QpGWz3bRLN5uwOxFKyK/w4l/x4kERr+LNf+O2zUFbHww83pthZp4fc6bAtr+NldW19Y3NwlZxe2d3b988OGypKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9sc3U7/9QKVikbiHSUy9EA8FCxjBoKW+WXExj0e4r3rC5dGwl4qKk7mcBlB2A4lJqrK0Apkr2XAEZ32zZFftGaxl4uSkhHI0+uaXO4hIElIBhGOluo4dg5diCYxwmhXdRNEYkzEe0q6mAodUeensrcw61crACiKpS4A1U39PpDhUahL6ujPEMFKL3lT8z+smEFx5KRNxAlSQ+aIg4RZE1jQja8AkJcAnmmAimb7VIiOs0wCdZFGH4Cy+vExa51Xnolq7q5Xq13kcBXSMTlAZOegS1dEtaqAmIugRPaNX9GY8GS/Gu/Exb10x8pkj9AfG5w8tcKAE</latexit>

↵n
s logn�1

✓
s

�t

◆

<latexit sha1_base64="w4gCoQRQ89ibM3WtPQv3jKrnpz8=">AAACFnicbVDLSsNAFJ3UV62vqks3wSLURUtSirosunFZwT6gScNkOmmHTiZh5kYoIV/hxl9x40IRt+LOv3H6WGjrgQuHc+7l3nv8mDMFlvVt5NbWNza38tuFnd29/YPi4VFbRYkktEUiHsmujxXlTNAWMOC0G0uKQ5/Tjj++mfqdByoVi8Q9TGLqhngoWMAIBi15xYqDeTzCnuoLh0fDfioqtczhNICyE0hMUpWlFcgcyYYjOPeKJatqzWCuEntBSmiBplf8cgYRSUIqgHCsVM+2YnBTLIERTrOCkygaYzLGQ9rTVOCQKjedvZWZZ1oZmEEkdQkwZ+rviRSHSk1CX3eGGEZq2ZuK/3m9BIIrN2UiToAKMl8UJNyEyJxmZA6YpAT4RBNMJNO3mmSEdRqgkyzoEOzll1dJu1a1L6r1u3qpcb2II49O0CkqIxtdoga6RU3UQgQ9omf0it6MJ+PFeDc+5q05YzFzjP7A+PwBLw6gBQ==</latexit>

↵n
s logn�2

✓
s

�t

◆

Regge factorisation breaks 
Long known


 

But until recently unknown 

how to account for it

[Del Duca, Glover ’01]
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LL

NLL

NNLL

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)

2      2 Amplitudes
<latexit sha1_base64="d6bn/xboeokZCiaH/KczaLwRdkM="></latexit>

M = Ci(t)Cj(t)e
↵g(t)�yMtree +MR

<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

three-loop Regge trajectory

two-loop impact factors

term from multiple Reggeons

<latexit sha1_base64="59CokUlVJhIGeB7XqujbTNtp350=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0C0siRV0W3bisYB/Q1DKZTpKhk0mYuRFK6De48VfcuFDErSt3/o2TtgttPXAvh3PuZeYeL+FMgW1/G4WV1bX1jeJmaWt7Z3fP3D9oqziVhLZIzGPZ9bCinAnaAgacdhNJceRx2vFG17nfeaBSsVjcwTih/QgHgvmMYNDSwKy6mCchHqh74fI4yDv1oeL6EpNMTbJTmLiSBSFUB2bZrtlTWMvEmZMymqM5ML/cYUzSiAogHCvVc+wE+hmWwAink5KbKppgMsIB7WkqcERVP5ueNLFOtDK0/FjqEmBN1d8bGY6UGkeenowwhGrRy8X/vF4K/mU/YyJJgQoye8hPuQWxledjDZmkBPhYE0wk03+1SIh1GqBTLOkQnMWTl0n7rOac1+q39XLjah5HER2hY1RBDrpADXSDmqiFCHpEz+gVvRlPxovxbnzMRgvGfOcQ/YHx+QNUfJ6G</latexit>

↵n
s logn

✓
s

�t

◆

<latexit sha1_base64="2OsPkJn7Sr9eqrHyqH1yEDL+XVQ=">AAACFnicbVBNS8NAEN34WetX1KOXYBHqoSWRoh6LXjxWsB/QpGWz3bRLN5uwOxFKyK/w4l/x4kERr+LNf+O2zUFbHww83pthZp4fc6bAtr+NldW19Y3NwlZxe2d3b988OGypKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9sc3U7/9QKVikbiHSUy9EA8FCxjBoKW+WXExj0e4r3rC5dGwl4qKk7mcBlB2A4lJqrK0Apkr2XAEZ32zZFftGaxl4uSkhHI0+uaXO4hIElIBhGOluo4dg5diCYxwmhXdRNEYkzEe0q6mAodUeensrcw61crACiKpS4A1U39PpDhUahL6ujPEMFKL3lT8z+smEFx5KRNxAlSQ+aIg4RZE1jQja8AkJcAnmmAimb7VIiOs0wCdZFGH4Cy+vExa51Xnolq7q5Xq13kcBXSMTlAZOegS1dEtaqAmIugRPaNX9GY8GS/Gu/Exb10x8pkj9AfG5w8tcKAE</latexit>

↵n
s logn�1

✓
s

�t

◆

<latexit sha1_base64="w4gCoQRQ89ibM3WtPQv3jKrnpz8=">AAACFnicbVDLSsNAFJ3UV62vqks3wSLURUtSirosunFZwT6gScNkOmmHTiZh5kYoIV/hxl9x40IRt+LOv3H6WGjrgQuHc+7l3nv8mDMFlvVt5NbWNza38tuFnd29/YPi4VFbRYkktEUiHsmujxXlTNAWMOC0G0uKQ5/Tjj++mfqdByoVi8Q9TGLqhngoWMAIBi15xYqDeTzCnuoLh0fDfioqtczhNICyE0hMUpWlFcgcyYYjOPeKJatqzWCuEntBSmiBplf8cgYRSUIqgHCsVM+2YnBTLIERTrOCkygaYzLGQ9rTVOCQKjedvZWZZ1oZmEEkdQkwZ+rviRSHSk1CX3eGGEZq2ZuK/3m9BIIrN2UiToAKMl8UJNyEyJxmZA6YpAT4RBNMJNO3mmSEdRqgkyzoEOzll1dJu1a1L6r1u3qpcb2II49O0CkqIxtdoga6RU3UQgQ9omf0it6MJ+PFeDc+5q05YzFzjP7A+PwBLw6gBQ==</latexit>

↵n
s logn�2

✓
s

�t

◆
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Regge factorisation breaks 
Long known


 

But until recently unknown 

how to account for it

[Del Duca, Glover ’01]



2      2 Amplitudes
Colour and the number of Reggeons

Use a basis that is orthogonal and one of the elements is the 

tree-level antisymmetric octet

<latexit sha1_base64="nc9g49mErTnvTaRrQvWWtQ0mG6U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkoiRV0W3bis0Bc0aZhMJ+3YySTMTIQSunPjr7hxoYhbf8Gdf+OkzaK2Hhg4c8693HuPHzMqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsf3WZ++5EISSPeUOOYuCEacBpQjJSWPPPYCZEa+kHamHi0h5zzuf9DD3lm2apYU8BlYuekDHLUPfPb6Uc4CQlXmCEpu7YVKzdFQlHMyKTkJJLECI/QgHQ15Sgk0k2nd0zgqVb6MIiEflzBqTrfkaJQynHo68psS7noZeJ/XjdRwbWbUh4ninA8GxQkDKoIZqHAPhUEKzbWBGFB9a4QD5FAWOnoSjoEe/HkZdK6qNiXlep9tVy7yeMogiNwAs6ADa5ADdyBOmgCDJ7AC3gD78az8Wp8GJ+z0oKR9xyCPzC+fgFqOJmr</latexit>

Ta
i T

a
j

SU(N) matrices in a generic representation

<latexit sha1_base64="aGwSwNHtZSHxdTCZcQjrxm67kQY=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyWRol0W3bisYB/QhjCZTtKhk0mYmQglZO/GX3HjQhG3/oA7/8ZJG1BbD1w4nHMv997jxYxKZVlfRmltfWNzq7xd2dnd2z8wD496MkoEJl0csUgMPCQJo5x0FVWMDGJBUOgx0vem17nfvydC0ojfqVlMnBAFnPoUI6Ul16zWRyFSE89PW9koUjQk8kc4c9MgyFyzZjWsOeAqsQtSAwU6rvk5Gkc4CQlXmCEph7YVKydFQlHMSFYZJZLECE9RQIaacqSXOun8lwyeamUM/Ujo4grO1d8TKQqlnIWe7szvlMteLv7nDRPlt5yU8jhRhOPFIj9hUEUwDwaOqSBYsZkmCAuqb4V4ggTCSsdX0SHYyy+vkt55w75oNG+btfZVEUcZnIAqqAMbXII2uAEd0AUYPIAn8AJejUfj2Xgz3hetJaOYOQZ/YHx8A5F/m2c=</latexit>

(8⌦ 8)gg
<latexit sha1_base64="6DmzSPoMwnBaYAhCVBuLQrJZ7lg=">AAACJHicbVDLSsNAFJ34rPUVdekmWIS6KYkULbgpunFZwT6gCWEynbRDJzNhZiKUkI9x46+4ceEDF278FidtCtp6YOBwzr1z7z1BTIlUtv1lrKyurW9slrbK2zu7e/vmwWFH8kQg3EacctELoMSUMNxWRFHciwWGUUBxNxjf5H73AQtJOLtXkxh7ERwyEhIElZZ888qNoBoFYdrIfOjymCayOpccO5spc8Hl+qt8Um5lZ75ZsWv2FNYycQpSAQVavvnuDjhKIswUolDKvmPHykuhUARRnJXdROIYojEc4r6mDEZYeun0yMw61crACrnQjylrqv7uSGEk5SQKdGW+rlz0cvE/r5+osOGlhMWJwgzNBoUJtRS38sSsAREYKTrRBCJB9K4WGkEBkdK5lnUIzuLJy6RzXnMuavW7eqV5XcRRAsfgBFSBAy5BE9yCFmgDBB7BM3gFb8aT8WJ8GJ+z0hWj6DkCf2B8/wDpb6Y1</latexit>

8a � (10� 10)
<latexit sha1_base64="Yc+db5edHyyJ7BjhW0l1UixbX48=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VwVZJSbDdC0Y3LCvYBTQiT6aQdOpmEmYlQQr7Gjb/ixkVFxJ2f4qSNoK0HBs49517m3uPHjEplWZ9GaWNza3unvFvZ2z84PDKPT3oySgQmXRyxSAx8JAmjnHQVVYwMYkFQ6DPS96e3ud9/JELSiD+oWUzcEI05DShGSkueee2ESE38ILUyJ4pZIn9qe6VuZZ78q9SbmWdWrZq1AFwndkGqoEDHM+fOKMJJSLjCDEk5tK1YuSkSimJGsoqTSBIjPEVjMtSUo5BIN12cmcELrYxgEAn9uIIL9fdEikIpZ6GvO/MV5aqXi/95w0QFLTelPE4U4Xj5UZAwqCKYZwZHVBCs2EwThAXVu0I8QQJhpZOt6BDs1ZPXSa9es69qjftGtX1TxFEGZ+AcXAIbNEEb3IEO6AIMnsALmIM349l4Nd6Nj2VryShmTsEfGF/flNqnrw==</latexit>
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How to compute amplitudes in MRK?
Formulating highly energetic particles as Wilson lines

helicity is conservedcreation/annihilation operators

<latexit sha1_base64="TaJuH0UZtMjXvpS0TK7925e4UBk="></latexit>

ai,�3,a3(p3)a
†
i,�2,a2

(p2) ⇠ ��2�3Ui(p)a2a3

colour indices

<latexit sha1_base64="lfjEq2ZVlSJMUvqhpQemAs6Nhh4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcD8o2i</latexit>p2

<latexit sha1_base64="WtVVLkveaRULEg9uOn1W52LVtO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACbo2h</latexit>p1

<latexit sha1_base64="TnFXd0WF2keaW9dpfuXYmDfv4Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsFdo2j</latexit>p3

<latexit sha1_base64="FD3tdsugAmxOCKRMpnEn+Qj+QkE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBe4o3e</latexit>pn
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How to compute amplitudes in MRK?
Formulating highly energetic particles as Wilson lines

<latexit sha1_base64="lfjEq2ZVlSJMUvqhpQemAs6Nhh4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcD8o2i</latexit>p2

<latexit sha1_base64="WtVVLkveaRULEg9uOn1W52LVtO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACbo2h</latexit>p1

<latexit sha1_base64="TnFXd0WF2keaW9dpfuXYmDfv4Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsFdo2j</latexit>p3

<latexit sha1_base64="FD3tdsugAmxOCKRMpnEn+Qj+QkE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBe4o3e</latexit>pn <latexit sha1_base64="vQISINUqProVJSqM3nm3AQy89ps="></latexit>
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“integrating out the rapidity degrees of freedom”

large rapidity gaps
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How to compute amplitudes in MRK?
The expansion in Reggeons
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Expansion becomes a mess 

but a controllable mess
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<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W

<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W

<latexit sha1_base64="qmPI4M42Ir8RSSX0DMLaAISWFP4=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV7APboWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o1pOwttPRA4nHMvueeEieDGet43Kqytb2xuFbdLO7t7+wflw6OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4dua3n5g2PFYPdpKwQJKh4hGnxDrpkfQz1bMxltN+ueJVvTnwKvFzUoEcjX75qzeIaSqZslQQY7q+l9ggI9pyKti01EsNSwgdkyHrOqqIZCbI5hdP8ZlTBjiKtXvK4rn6eyMj0piJDN2kJHZklr2Z+J/XTW10HWRcJallii4+ilKBXcZZfDzgmlErJo4Qqrm7FdMR0YRaV1LJleAvR14lrYuqf1mt3dcq9Zu8jiKcwCmcgw9XUIc7aEATKCh4hld4Qwa9oHf0sRgtoHznGP4Aff4AjKyQ2Q==</latexit>an!m

<latexit sha1_base64="nL46H3t8HJoN0JFo1nX18D2sUKs=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNmVoh6LXjxWsB/YLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCsc3U791hPThsfqwY4TFkgyUDzilFgnPXZNKnuZOpeTXqnsVbwZ8DLxc1KGHPVe6avbj2kqmbJUEGM6vpfYICPacirYpNhNDUsIHZEB6ziqiGQmyGYXT/CpU/o4irUrZfFM/T2REWnMWIauUxI7NIveVPzP66Q2ug4yrpLUMkXni6JUYBvj6fu4zzWjVowdIVRzdyumQ6IJtS6kogvBX3x5mTQvKv5lpXpfLddu8jgKcAwncAY+XEEN7qAODaCg4Ble4Q0Z9ILe0ce8dQXlM0fwB+jzB7kjkPY=</latexit>X

n,m

interested in weak coupling
“Reggeon field”

colour matrices
<latexit sha1_base64="pme4FdOKdELQSKzCi8c39DcQ1aM=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR6qYkWtSNUHTjskLTFto0TKaTdujkwsxEKCEP4sZXceNCETcuBN/GSRuhth4Y+Pj/c5hzfjdiVEjD+NYKK6tr6xvFzdLW9s7unr5/0BJhzDGxcMhC3nGRIIwGxJJUMtKJOEG+y0jbHd9mfvuBcEHDoCknEbF9NAyoRzGSSnL0c6vS85EcuV4SpafwGpJ+QoeOaPfRvPGLzbSPUkcvG1VjWnAZzBzKIK+Go3/2BiGOfRJIzJAQXdOIpJ0gLilmJC31YkEihMdoSLoKA+QTYSfT41J4opQB9EKuXiDhVJ2fSJAvxMR3VWe2pFj0MvE/rxtL78pOaBDFkgR49pEXMyhDmCUFB5QTLNlEAcKcql0hHiGOsFR5llQI5uLJy9A6q5oX1dp9rVy/yeMogiNwDCrABJegDu5AA1gAg0fwDF7Bm/akvWjv2sestaDlM4fgT2lfP8xVod4=</latexit>

U(p) = eigsW
a(p)Ta

two sources of non-linearities

Hamiltonian

OPE

<latexit sha1_base64="x11mZlFrWS5Pp1ORD5WNR52zZZ8="></latexit>

H [W1 . . .Wn] ⇠
1X

m=1

Hn!m [W1 . . .Wm]

<latexit sha1_base64="dzVJj3Cg6D1DWFXu8DZaRCtpN+I="></latexit>

[W1 . . .Wn] a ⇠
1X

m=1

an!m [W1 . . .Wm]

[Caron-Huot ’13] 
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Multiple Reggeon Computations
For 2  2 amplitudes

• Integrals are single-scale as there is only one transverse momenta


• Computed up to four loops


• MR terms proportional to the tree-level depend on the external partons


• If we put MR into parameters then this breaks Regge factorisation


• Ambiguous how to define NNLL impact factors and Regge trajectory

<latexit sha1_base64="d6bn/xboeokZCiaH/KczaLwRdkM="></latexit>

M = Ci(t)Cj(t)e
↵g(t)�yMtree +MR

[Caron-Huot, Gardi, Vernazza ’17; Falcioni, Gardi, CM, Vernazza ’20]
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• In the planar limit all multiple Reggeon (MR) terms are independent on the scattered partons


• Shifting these into new parameters


• Full four loop MR is non-planar as it must be: no free parameters


• Gives a perturbative description of the Regge pole and Regge cut separation


• From results of amplitudes we can find explicit two-loop impact factors and three-loop trajectories


• If there is no cut, the poles of the Regge trajectory are the cusp anomalous dimension


• We show that at three loops it also holds, despite the presence of the cut!

2      2 Amplitudes
[Caron-Huot, Gardi, Vernazza ’17; Falcioni, Gardi, CM, Vernazza ’20]

<latexit sha1_base64="/wv0rCE8Gp1xhEbfuEdIB+Cp42c="></latexit>

M =
⇣
Ci(t)Cj(t)e

↵g(t)�y +MR|planar
⌘
Mtree +MR|non-planar

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

[Falcioni, Gardi, Maher, CM, Vernazza ’21, PRL; see also Caola, Chakraborty, Gambuti, von Manteuffel, Tancredi ’21]

[Korchemskaya, Korchemsky ’94, ’96]

<latexit sha1_base64="67u38BpV4b3x4jXxb12Spn395e4="></latexit>

M = C̃i(t)C̃j(t)e
↵̃g(t)�yMtree +MR|non-planar
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• In the planar limit all multiple Reggeon (MR) terms are independent on the scattered partons


• Shifting these into new parameters


• Full four loop MR is non-planar as it must be: nae free parameters


• Gives a perturbative description of the Regge pole and Regge cut separation


• From results of amplitudes we can find explicit two-loop impact factors and three-loop trajectories


• Infrared poles of three-loop          given by      despite the presence of the cut!

2      2 Amplitudes
[Caron-Huot, Gardi, Vernazza ’17; Falcioni, Gardi, CM, Vernazza ’20]

<latexit sha1_base64="/wv0rCE8Gp1xhEbfuEdIB+Cp42c="></latexit>

M =
⇣
Ci(t)Cj(t)e

↵g(t)�y +MR|planar
⌘
Mtree +MR|non-planar

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

[Falcioni, Gardi, Maher, CM, Vernazza ’21; Caola, Chakraborty, Gambuti, von Manteuffel, Tancredi ’21]

Regge pole Regge cut

<latexit sha1_base64="67u38BpV4b3x4jXxb12Spn395e4="></latexit>

M = C̃i(t)C̃j(t)e
↵̃g(t)�yMtree +MR|non-planar

<latexit sha1_base64="Zm/JraCqU/lgg7PJezE6xy62eSE=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoiRT0WvXisYD+gCWGz2bRLN5uwO1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgpQzBbb9bZTW1jc2t8rblZ3dvf0Ds3rYVUkmCe2QhCeyH2BFORO0Aww47aeS4jjgtBeMb2Z+74FKxRJxD5OUejEeChYxgkFLvll1gfGQupinI+wP63DmmzW7Yc9hrRKnIDVUoO2bX26YkCymAgjHSg0cOwUvxxIY4XRacTNFU0zGeEgHmgocU+Xl89On1qlWQitKpC4B1lz9PZHjWKlJHOjOGMNILXsz8T9vkEF05eVMpBlQQRaLooxbkFizHKyQSUqATzTBRDJ9q0VGWGICOq2KDsFZfnmVdM8bzkWjedesta6LOMroGJ2gOnLQJWqhW9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucP0xKTuQ==</latexit>

↵̃g(t)
<latexit sha1_base64="umbokZC18qXwQFWx0RVu+cFSGKs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clgv2ANpTJdtMu3U3i7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTPCINQw3grUTxVAGgrWC0c3Ubz0xpXkcPZhxwnyJg4iHnKKxUrs7QCmxd9crV9yqOwNZJl5OKpCj3it/dfsxTSWLDBWodcdzE+NnqAyngk1K3VSzBOkIB6xjaYSSaT+b3TshJ1bpkzBWtiJDZurviQyl1mMZ2E6JZqgXvan4n9dJTXjlZzxKUsMiOl8UpoKYmEyfJ32uGDVibAlSxe2thA5RITU2opINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiFOjSAgoBneIU359F5cd6dj3lrwclnDuEPnM8f2ouP3A==</latexit>�K
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A similar story for 2  3 
amplitudes…
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The Lipatov vertex
2      3 Amplitudes

<latexit sha1_base64="yRdfdhIPuPao6dVaMm+tQN4WlQs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRi8cK9gPaECbbTbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4peJUEtokMY9lJ0BFORO0qZnmtJNIilHAaTsY3c389phKxWLxqCcJ9SIcCBYygtpIXg95MkR/UNG+e+GXyk7VmcNeJW5OypCj4Ze+ev2YpBEVmnBUqus6ifYylJoRTqfFXqpogmSEA9o1VGBElZfNj57a50bp22EsTQltz9XfExlGSk2iwHRGqIdq2ZuJ/3ndVIc3XsZEkmoqyGJRmHJbx/YsAbvPJCWaTwxBIpm51SZDlEi0yaloQnCXX14lrcuqe1WtPdTK9ds8jgKcwhlUwIVrqMM9NKAJBJ7gGV7hzRpbL9a79bFoXbPymRP4A+vzB9oZkYI=</latexit>

↵g(t1)

<latexit sha1_base64="HsgKLoEVabY6Y5rB7I4tjnhw4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItQLyUpRT0WvXisYD+gDWGz3bZLN5u4OymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbmBbHgGh3n28ptbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSnYBoJrhkTeQoWCdWjISBYO1gfDf32xOmNI/kI05j5oVkKPmAU4JG8npExCPiD8voVy/9YsmpOAvY68TNSAkyNPziV68f0SRkEqkgWnddJ0YvJQo5FWxW6CWaxYSOyZB1DZUkZNpLF0fP7Auj9O1BpExJtBfq74mUhFpPw8B0hgRHetWbi/953QQHN17KZZwgk3S5aJAIGyN7noDd54pRFFNDCFXc3GrTEVGEosmpYEJwV19eJ61qxb2q1B5qpfptFkcezuAcyuDCNdThHhrQBApP8Ayv8GZNrBfr3fpYtuasbOYU/sD6/AHbnpGD</latexit>

↵g(t2)

<latexit sha1_base64="rv8xkBUFEkcIHXW4Z7lH28O3I9E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKUI/BXDxGMA9IlmV2MpsMmX040yuEJT/hxYMiXv0db/6Nk2QPmljQUFR1093lJ1JotO1va219Y3Nru7BT3N3bPzgsHR23dZwqxlsslrHq+lRzKSLeQoGSdxPFaehL3vHHjZnfeeJKizh6wEnC3ZAOIxEIRtFI3YYnKug5F16pbFftOcgqcXJShhxNr/TVH8QsDXmETFKte46doJtRhYJJPi32U80TysZ0yHuGRjTk2s3m907JuVEGJIiVqQjJXP09kdFQ60nom86Q4kgvezPxP6+XYnDjZiJKUuQRWywKUkkwJrPnyUAozlBODKFMCXMrYSOqKEMTUdGE4Cy/vEral1Xnqlq7r5Xrt3kcBTiFM6iAA9dQhztoQgsYSHiGV3izHq0X6936WLSuWfnMCfyB9fkD2HCPMw==</latexit>

Ci(t1)

<latexit sha1_base64="LU0vEdx1f71IIDc8tMl4EWlm4M8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD0SuXjERB4JbDazwyyMzD6c6TUhhJ/w4kFjvPo73vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6ThVjDdZLGPV8anmUkS8iQIl7ySK09CXvO2P6jO//cSVFnF0j+OEuyEdRCIQjKKROnXvoYzexblXLNkVew6ySpyMlCBDwyt+9foxS0MeIZNU665jJ+hOqELBJJ8WeqnmCWUjOuBdQyMacu1O5vdOyZlR+iSIlakIyVz9PTGhodbj0DedIcWhXvZm4n9eN8Xg2p2IKEmRR2yxKEglwZjMnid9oThDOTaEMiXMrYQNqaIMTUQFE4Kz/PIqaV1UnMtK9a5aqt1kceThBE6hDA5cQQ1uoQFNYCDhGV7hzXq0Xqx362PRmrOymWP4A+vzB9t+jzU=</latexit>

Cj(t2)

<latexit sha1_base64="00HEmYBby0ttp4NlSQrOnGGFD7I=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoUIpSSnqsejFYwX7AW0Im+2mXbrZhN2JUEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFtfWNzq7hd2tnd2z8wD486KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv3J7czvPlKpWCQeYBpTN8QjwQJGMGjJM086FfCcKnj16iDEMPaDNM68xoVnlu2aPYe1SpyclFGOlmd+DYYRSUIqgHCsVN+xY3BTLIERTrPSIFE0xmSCR7SvqcAhVW46fyCzzrUytIJI6hJgzdXfEykOlZqGvu6cHamWvZn4n9dPILh2UybiBKggi0VBwi2IrFka1pBJSoBPNcFEMn2rRcZYYgI6s5IOwVl+eZV06jXnsta4b5SbN3kcRXSKzlAFOegKNdEdaqE2IihDz+gVvRlPxovxbnwsWgtGPnOM/sD4/AEFvZVr</latexit>

V (t1, t2,p4)

Along with the same parameters extracted in 2  2 
we have a new parameter: 


the Lipatov production vertex

<latexit sha1_base64="OKQ95c88iKjbNkkcPpMpbiFoDUA="></latexit>

M ⇠ Ci(t1)e
↵g(t1)�y5V (t1, t2,p4)e

↵g(t2)�y4Cj(t2)Mtree

Only depends on 
the transverse 

scales

recent one-loop calculation of vertex to 𝒪(ϵ2)

[Lipatov ’76; Fadin, Lipatov ’93; Fadin, Fiore, Kotsky ’96; Del Duca, Schmidt ’99]

[Fadin, Fucilla, Papa ’23]
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<latexit sha1_base64="4pwP0UFyXaEX7To4kU9/lRAnel0="></latexit>

M ⇠ Uj(p5)e
H�y5a(p4)e

H�y4Ui(p3)



The Lipatov vertex
2      3 Amplitudes

<latexit sha1_base64="yRdfdhIPuPao6dVaMm+tQN4WlQs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRi8cK9gPaECbbTbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4peJUEtokMY9lJ0BFORO0qZnmtJNIilHAaTsY3c389phKxWLxqCcJ9SIcCBYygtpIXg95MkR/UNG+e+GXyk7VmcNeJW5OypCj4Ze+ev2YpBEVmnBUqus6ifYylJoRTqfFXqpogmSEA9o1VGBElZfNj57a50bp22EsTQltz9XfExlGSk2iwHRGqIdq2ZuJ/3ndVIc3XsZEkmoqyGJRmHJbx/YsAbvPJCWaTwxBIpm51SZDlEi0yaloQnCXX14lrcuqe1WtPdTK9ds8jgKcwhlUwIVrqMM9NKAJBJ7gGV7hzRpbL9a79bFoXbPymRP4A+vzB9oZkYI=</latexit>

↵g(t1)

<latexit sha1_base64="HsgKLoEVabY6Y5rB7I4tjnhw4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItQLyUpRT0WvXisYD+gDWGz3bZLN5u4OymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbmBbHgGh3n28ptbG5t7+R3C3v7B4dHxeOTlo4SRVmTRiJSnYBoJrhkTeQoWCdWjISBYO1gfDf32xOmNI/kI05j5oVkKPmAU4JG8npExCPiD8voVy/9YsmpOAvY68TNSAkyNPziV68f0SRkEqkgWnddJ0YvJQo5FWxW6CWaxYSOyZB1DZUkZNpLF0fP7Auj9O1BpExJtBfq74mUhFpPw8B0hgRHetWbi/953QQHN17KZZwgk3S5aJAIGyN7noDd54pRFFNDCFXc3GrTEVGEosmpYEJwV19eJ61qxb2q1B5qpfptFkcezuAcyuDCNdThHhrQBApP8Ayv8GZNrBfr3fpYtuasbOYU/sD6/AHbnpGD</latexit>

↵g(t2)

<latexit sha1_base64="rv8xkBUFEkcIHXW4Z7lH28O3I9E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKUI/BXDxGMA9IlmV2MpsMmX040yuEJT/hxYMiXv0db/6Nk2QPmljQUFR1093lJ1JotO1va219Y3Nru7BT3N3bPzgsHR23dZwqxlsslrHq+lRzKSLeQoGSdxPFaehL3vHHjZnfeeJKizh6wEnC3ZAOIxEIRtFI3YYnKug5F16pbFftOcgqcXJShhxNr/TVH8QsDXmETFKte46doJtRhYJJPi32U80TysZ0yHuGRjTk2s3m907JuVEGJIiVqQjJXP09kdFQ60nom86Q4kgvezPxP6+XYnDjZiJKUuQRWywKUkkwJrPnyUAozlBODKFMCXMrYSOqKEMTUdGE4Cy/vEral1Xnqlq7r5Xrt3kcBTiFM6iAA9dQhztoQgsYSHiGV3izHq0X6936WLSuWfnMCfyB9fkD2HCPMw==</latexit>

Ci(t1)

<latexit sha1_base64="LU0vEdx1f71IIDc8tMl4EWlm4M8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD0SuXjERB4JbDazwyyMzD6c6TUhhJ/w4kFjvPo73vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6ThVjDdZLGPV8anmUkS8iQIl7ySK09CXvO2P6jO//cSVFnF0j+OEuyEdRCIQjKKROnXvoYzexblXLNkVew6ySpyMlCBDwyt+9foxS0MeIZNU665jJ+hOqELBJJ8WeqnmCWUjOuBdQyMacu1O5vdOyZlR+iSIlakIyVz9PTGhodbj0DedIcWhXvZm4n9eN8Xg2p2IKEmRR2yxKEglwZjMnid9oThDOTaEMiXMrYQNqaIMTUQFE4Kz/PIqaV1UnMtK9a5aqt1kceThBE6hDA5cQQ1uoQFNYCDhGV7hzXq0Xqx362PRmrOymWP4A+vzB9t+jzU=</latexit>

Cj(t2)

<latexit sha1_base64="00HEmYBby0ttp4NlSQrOnGGFD7I=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoUIpSSnqsejFYwX7AW0Im+2mXbrZhN2JUEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFtfWNzq7hd2tnd2z8wD486KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv3J7czvPlKpWCQeYBpTN8QjwQJGMGjJM086FfCcKnj16iDEMPaDNM68xoVnlu2aPYe1SpyclFGOlmd+DYYRSUIqgHCsVN+xY3BTLIERTrPSIFE0xmSCR7SvqcAhVW46fyCzzrUytIJI6hJgzdXfEykOlZqGvu6cHamWvZn4n9dPILh2UybiBKggi0VBwi2IrFka1pBJSoBPNcFEMn2rRcZYYgI6s5IOwVl+eZV06jXnsta4b5SbN3kcRXSKzlAFOegKNdEdaqE2IihDz+gVvRlPxovxbnwsWgtGPnOM/sD4/AEFvZVr</latexit>

V (t1, t2,p4)

Along with the same parameters extracted in 2  2 
we have a new parameter: 


the Lipatov production vertex

<latexit sha1_base64="OKQ95c88iKjbNkkcPpMpbiFoDUA="></latexit>

M ⇠ Ci(t1)e
↵g(t1)�y5V (t1, t2,p4)e

↵g(t2)�y4Cj(t2)Mtree

Only depends on 
the transverse 

scales

<latexit sha1_base64="CBwyOcJTMXlD5vQ5NNC2eXKpg34=">AAACDXicbVA9SwNBEN2LXzF+RS1tFqMgKOFORC1FG4sgKiYGkhD2NnPnkr29Y3dODEf+gI1/xcZCEVt7O/+Nm5hCjQ8GHu/NMDPPT6Qw6LqfTm5icmp6Jj9bmJtfWFwqLq/UTJxqDlUey1jXfWZACgVVFCihnmhgkS/h2u+eDPzrW9BGxOoKewm0IhYqEQjO0Ert4sZ2c4c2Ee4wi1KJIpFALyEMIVaGMqRnZ5VKv10suWV3CDpOvBEpkRHO28WPZifmaQQKuWTGNDw3wVbGNAouoV9opgYSxrsshIalikVgWtnwmz7dtEqHBrG2pZAO1Z8TGYuM6UW+7YwY3pi/3kD8z2ukGBy2MqGSFEHx70VBKinGdBAN7QgNHGXPEsa1sLdSfsM042gDLNgQvL8vj5PabtnbL+9d7JWOjkdx5MkaWSdbxCMH5IicknNSJZzck0fyTF6cB+fJeXXevltzzmhmlfyC8/4FTsCbFw==</latexit>

+multiple Reggeons at NNLL

[Lipatov ’76; Fadin, Lipatov ’93; Fadin, Fiore, Kotsky ’96; Del Duca, Schmidt ’99]
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<latexit sha1_base64="4pwP0UFyXaEX7To4kU9/lRAnel0="></latexit>

M ⇠ Uj(p5)e
H�y5a(p4)e

H�y4Ui(p3)



Colour and the number of Reggeons
2      3 Amplitudes

• Due to the production vertex need to separate number of Reggeons between top and bottom leg

• Extra colour index for produced gluon leads to more representations
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<latexit sha1_base64="aGwSwNHtZSHxdTCZcQjrxm67kQY=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyWRol0W3bisYB/QhjCZTtKhk0mYmQglZO/GX3HjQhG3/oA7/8ZJG1BbD1w4nHMv997jxYxKZVlfRmltfWNzq7xd2dnd2z8wD496MkoEJl0csUgMPCQJo5x0FVWMDGJBUOgx0vem17nfvydC0ojfqVlMnBAFnPoUI6Ul16zWRyFSE89PW9koUjQk8kc4c9MgyFyzZjWsOeAqsQtSAwU6rvk5Gkc4CQlXmCEph7YVKydFQlHMSFYZJZLECE9RQIaacqSXOun8lwyeamUM/Ujo4grO1d8TKQqlnIWe7szvlMteLv7nDRPlt5yU8jhRhOPFIj9hUEUwDwaOqSBYsZkmCAuqb4V4ggTCSsdX0SHYyy+vkt55w75oNG+btfZVEUcZnIAqqAMbXII2uAEd0AUYPIAn8AJejUfj2Xgz3hetJaOYOQZ/YHx8A5F/m2c=</latexit>

(8⌦ 8)gg

<latexit sha1_base64="Xn0qK2SlpZOzMhgCPe7qi1xv1UM=">AAACA3icbZDLSsNAFIZPvNZ6i7rTTbAILqQkUrTLohuXFewF0hAm00k7dDIJMxOhhIIbX8WNC0Xc+hLufBsnbQRt/WHg4z/nMOf8QcKoVLb9ZSwtr6yurZc2yptb2zu75t5+W8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Dqvd+6JkDTmd2qcEC9CA05DipHSlm8eur0IqWEQZs7k7AfrEx95Zd+s2FV7KmsRnAIqUKjpm5+9fozTiHCFGZLSdexEeRkSimJGJuVeKkmC8AgNiKuRo4hIL5veMLFOtNO3wljox5U1dX9PZCiSchwFujPfUs7XcvO/mpuqsO5llCepIhzPPgpTZqnYygOx+lQQrNhYA8KC6l0tPEQCYaVjy0Nw5k9ehPZ51bmo1m5rlcZVEUcJjuAYTsGBS2jADTShBRge4Ale4NV4NJ6NN+N91rpkFDMH8EfGxzdh7Zdb</latexit>

[1,8a]

<latexit sha1_base64="ONSHfkRJVNgr8YXM50VHtgD8Ejg=">AAACA3icbVDLSsNAFL3xWesr6k43wSK4kJJI0S6LblxWsA9IQ5hMJ+3QySTMTIQSCm78FTcuFHHrT7jzb5y0EbT1wMCZc+7l3nuChFGpbPvLWFpeWV1bL22UN7e2d3bNvf22jFOBSQvHLBbdAEnCKCctRRUj3UQQFAWMdILRde537omQNOZ3apwQL0IDTkOKkdKSbx66vQipYRBm9YmPzn4+zsQr+2bFrtpTWIvEKUgFCjR987PXj3EaEa4wQ1K6jp0oL0NCUczIpNxLJUkQHqEBcTXlKCLSy6Y3TKwTrfStMBb6cWVN1d8dGYqkHEeBrsx3lPNeLv7nuakK615GeZIqwvFsUJgyS8VWHojVp4JgxcaaICyo3tXCQyQQVjq2PARn/uRF0j6vOhfV2m2t0rgq4ijBERzDKThwCQ24gSa0AMMDPMELvBqPxrPxZrzPSpeMoucA/sD4+AZiNJdb</latexit>

[8a,1] <latexit sha1_base64="IDeSKxBVIeEXK9aoW8dOzjva+qs=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3iqYv5j1v2zIpVtaZAy8QuSAUKND3zu9ePSBJSoQnHSjm2FWs3xVIzwumk3EsUjTEZ4QF1MipwSJWbTq+YoLNM6aMgktkTGk3V+Y4Uh0qNQz+rzLdUi14u/uc5iQ7qbspEnGgqyGxQkHCkI5RHgvpMUqL5OCOYSJbtisgQS0x0Flwegr148jJpX1btq2rtvlZp3BRxlOAYTuEcbLiGBtxBE1pA4Ale4A3ejWfj1fgwPmelK0bRcwR/YHz9AiaWmFo=</latexit>

[8s,8s]

<latexit sha1_base64="zLdfc5KzFIeghuP0OkQCdIJEsDI=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3iqYu5D3bLnlmxqtYUaJnYBalAgaZnfvf6EUlCKjThWCnHtmLtplhqRjidlHuJojEmIzygTkYFDqly0+kVE3SWKX0URDJ7QqOpOt+R4lCpcehnlfmWatHLxf88J9FB3U2ZiBNNBZkNChKOdITySFCfSUo0H2cEE8myXREZYomJzoLLQ7AXT14m7cuqfVWt3dcqjZsijhIcwymcgw3X0IA7aEILCDzBC7zBu/FsvBofxuesdMUoeo7gD4yvXwsqmEg=</latexit>

[8s,8a]

<latexit sha1_base64="FZs6+BpqfQNPTDNlRns6S6v0Ku8=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3i4Yu5j3LLnlmxqtYUaJnYBalAgaZnfvf6EUlCKjThWCnHtmLtplhqRjidlHuJojEmIzygTkYFDqly0+kVE3SWKX0URDJ7QqOpOt+R4lCpcehnlfmWatHLxf88J9FB3U2ZiBNNBZkNChKOdITySFCfSUo0H2cEE8myXREZYomJzoLLQ7AXT14m7cuqfVWt3dcqjZsijhIcwymcgw3X0IA7aEILCDzBC7zBu/FsvBofxuesdMUoeo7gD4yvXwpAmEg=</latexit>

[8a,8s]

<latexit sha1_base64="bnE0G4lPOYSouDpbmEg+QHq1Dl0=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3i4Yv5j1v2zIpVtaZAy8QuSAUKND3zu9ePSBJSoQnHSjm2FWs3xVIzwumk3EsUjTEZ4QF1MipwSJWbTq+YoLNM6aMgktkTGk3V+Y4Uh0qNQz+rzLdUi14u/uc5iQ7qbspEnGgqyGxQkHCkI5RHgvpMUqL5OCOYSJbtisgQS0x0Flwegr148jJpX1btq2rtvlZp3BRxlOAYTuEcbLiGBtxBE1pA4Ale4A3ejWfj1fgwPmelK0bRcwR/YHz9Au7FmDY=</latexit>

[8a,8a]

<latexit sha1_base64="FnkcSjV8xqzV3sP9Z4q1UBHXpC8=">AAACHHicbVDLSsNAFJ34rPEVdekmWAQXWhIt2mXRjcsK9gFJCJPppB06mYSZiVBCPsSNv+LGhSJuXAj+jZM2Qm29MHDmnHtm7j1BQomQlvWtLS2vrK6tVzb0za3tnV1jb78j4pQj3EYxjXkvgAJTwnBbEklxL+EYRgHF3WB0U+jdB8wFidm9HCfYi+CAkZAgKBXlGxeOG0E5DMKskfvi9PdiW/mZGytj8W42w+aervtG1apZkzIXgV2CKiir5Rufbj9GaYSZRBQK4dhWIr0MckkQxbnupgInEI3gADsKMhhh4WWT5XLzWDF9M4y5OkyaE3bWkcFIiHEUqM5iTDGvFeR/mpPKsOFlhCWpxAxNPwpTasrYLJIy+4RjJOlYAYg4UbOaaAg5RFLlWYRgz6+8CDrnNfuyVr+rV5vXZRwVcAiOwAmwwRVoglvQAm2AwCN4Bq/gTXvSXrR37WPauqSVngPwp7SvH53toa0=</latexit>

[8s,10� 10]

<latexit sha1_base64="u/3s/T5vdzCiUJuIemit3NF2vuw=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwoSWRol0W3bisYB+QhDCZTtqhkwczE6GE/Igbf8WNC0VcuBH/xkkbobYeGDhzzr0z9x4/YVRI0/zWKiura+sb1U19a3tnd8/YP+iKOOWYdHDMYt73kSCMRqQjqWSkn3CCQp+Rnj++KfzeA+GCxtG9nCTEDdEwogHFSCrJMxq2EyI58oPMMvNzJ1a1xVPZnJqf/V6auSdcXdc9o2bWzSngMrFKUgMl2p7x6QxinIYkkpghIWzLTKSbIS4pZiTXnVSQBOExGhJb0QiFRLjZdLscnihlAIOYqxNJOFXnOzIUCjEJfVVZzCkWvUL8z7NTGTTdjEZJKkmEZx8FKYMyhkVUcEA5wZJNFEGYUzUrxCPEEZYq0CIEa3HlZdK9qFuX9cZdo9a6LuOogiNwDE6BBa5AC9yCNugADB7BM3gFb9qT9qK9ax+z0opW9hyCP9C+fgDk1qHB</latexit>

[10� 10,8s]

<latexit sha1_base64="jOHxLI5ln2nKtcx3qRDbo7cPPew=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0UQlJJI0S6LblxWsA9IQphMJ+3QyYOZiVBCfsSNv+LGhSIu3Ih/46SNUFsvDJw5556Ze4+fMCqkaX5rlZXVtfWN6qa+tb2zu2fsH3RFnHJMOjhmMe/7SBBGI9KRVDLSTzhBoc9Izx/fFHrvgXBB4+heThLihmgY0YBiJBXlGQ3bCZEc+UHWzD10/nuxzPzMiZWxeDebY3NX13XPqJl1c1pwGVglqIGy2p7x6QxinIYkkpghIWzLTKSbIS4pZiTXnVSQBOExGhJbwQiFRLjZdLscnihmAIOYqxNJOGXnHRkKhZiEvuos5hSLWkH+p9mpDJpuRqMklSTCs4+ClEEZwyIqOKCcYMkmCiDMqZoV4hHiCEsVaBGCtbjyMuhe1K3LeuOuUWtdl3FUwRE4BqfAAlegBW5BG3QABo/gGbyCN+1Je9HetY9Za0UrPYfgT2lfP8Q1oa0=</latexit>

[8a,10+ 10]
<latexit sha1_base64="FScFJkWDvaBTsTAr1fVr8enjcCs=">AAACHnicbVBdS8MwFE39nPOr6qMvwSEIymhl6h6Hvvg4wX3AWkqapVtYmpYkFUbpL/HFv+KLD4oIPum/Md0qzM0DgZNz7k3uPX7MqFSW9W0sLa+srq2XNsqbW9s7u+befltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ugm9zsPREga8Xs1jokbogGnAcVIackzL3pOiNTQD1Lbyk6dSNfmT6Uzanb2e6lnHnLLGp5ZsarWBHCR2AWpgAJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzkpWdRJIY4REakJ6mHIVEuulkvQwea6UPg0jowxWcqLMdKQqlHIe+rswHlfNeLv7n9RIV1N2U8jhRhOPpR0HCoIpgnhXsU0GwYmNNEBZUzwrxEAmElU40D8GeX3mRtM+r9mW1dlerNK6LOErgEByBE2CDK9AAt6AJWgCDR/AMXsGb8WS8GO/Gx7R0ySh6DsAfGF8/DYGhwQ==</latexit>

[10+ 10,8a]

<latexit sha1_base64="Pyx1vfF1+KIUssdFgJ7az9KVoVw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSElKsV0W3bisYB+QhjCZTtqhk0mYmQglZOfGX3HjQhG3/oI7/8ZJG0FbDwycOede7r3HjxmVyrK+jJXVtfWNzdJWeXtnd2/fPDjsyigRmHRwxCLR95EkjHLSUVQx0o8FQaHPSM+fXOd+754ISSN+p6YxcUM04jSgGCkteeaJMwiRGvtB2sw8dPHzqTUyt6zhmRWras0Al4ldkAoo0PbMz8EwwklIuMIMSenYVqzcFAlFMSNZeZBIEiM8QSPiaMpRSKSbzu7I4JlWhjCIhH5cwZn6uyNFoZTT0NeV+Z5y0cvF/zwnUUHTTSmPE0U4ng8KEgZVBPNQ4JAKghWbaoKwoHpXiMdIIKx0dHkI9uLJy6Rbq9qX1fptvdK6KuIogWNwCs6BDRqgBW5AG3QABg/gCbyAV+PReDbejPd56YpR9ByBPzA+vgGgkpfZ</latexit>

[8a,27]

<latexit sha1_base64="TM8YcQJFpuAl312bkH/pktZwbWk=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEF1KSUmyXRTcuK9gLpCFMppN26GQSZiZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO78eMSmVZX8bK6tr6xmZpq7y9s7u3bx4cdmWUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT67zeu+eCEkjfqemMXFDNOI0oBgpbXnmiTMIkRr7QVprZBc/3Mw85Ja1PLNiVa2Z4DLYBVRAobZnfg6GEU5CwhVmSErHtmLlpkgoihnJyoNEkhjhCRoRRyNHIZFuOrsjg2faGcIgEvpxBWfu74kUhVJOQ1935ovKxVpu/ldzEhU03ZTyOFGE4/lHQcKgimAeChxSQbBiUw0IC6p3hXiMBMJKR5eHYC+evAzdWtW+rNZv65XWVRFHCRyDU3AObNAALXAD2qADMHgAT+AFvBqPxrPxZrzPW1eMYuYI/JHx8Q2eOZfZ</latexit>

[27,8a]

<latexit sha1_base64="Qs5A3IPNiy4muHyiLqCtViOLRS8=">AAACB3icbVDLSsNAFL3xWesr6lKQYBFcSEmkaJdFNy4r2AekIUymk3boZBJmJkIJ3bnxV9y4UMStv+DOv3HSRtDWAwNnzrmXe+8JEkalsu0vY2l5ZXVtvbRR3tza3tk19/bbMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0glG17nfuSdC0pjfqXFCvAgNOA0pRkpLvnnk9iKkhkGY1Sc+Ovv52BOvnMM3K3bVnsJaJE5BKlCg6ZufvX6M04hwhRmS0nXsRHkZEopiRiblXipJgvAIDYirKUcRkV42vWNinWilb4Wx0I8ra6r+7shQJOU4CnRlvqec93LxP89NVVj3MsqTVBGOZ4PClFkqtvJQrD4VBCs21gRhQfWuFh4igbDS0eUhOPMnL5L2edW5qNZua5XGVRFHCQ7hGE7BgUtowA00oQUYHuAJXuDVeDSejTfjfVa6ZBQ9B/AHxsc3WQCXqg==</latexit>

[8a,0]

<latexit sha1_base64="kBOxxNvi7l9a4VkNAo2pj1HvjCk=">AAACBnicbZDLSsNAFIZPvNZ6i7oUIVgEF1ISKdpl0Y3LCvYCaQiT6aQdOpmEmYlQQldufBU3LhRx6zO4822ctBG09YeBj/+cw5zzBwmjUtn2l7G0vLK6tl7aKG9ube/smnv7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEo+u83rknQtKY36lxQrwIDTgNKUZKW7555PYipIZBmNmTsx+sT3zklbV8s2JX7amsRXAKqEChpm9+9voxTiPCFWZIStexE+VlSCiKGZmUe6kkCcIjNCCuRo4iIr1sesbEOtFO3wpjoR9X1tT9PZGhSMpxFOjOfFE5X8vN/2puqsK6l1GepIpwPPsoTJmlYivPxOpTQbBiYw0IC6p3tfAQCYSVTi4PwZk/eRHa51Xnolq7rVUaV0UcJTiEYzgFBy6hATfQhBZgeIAneIFX49F4Nt6M91nrklHMHMAfGR/fGomXlg==</latexit>

[0,8a]

<latexit sha1_base64="FdHZJ7+Y6Argn0s6ii6fjf+ocwY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQkZJIUZdFNy4r2AckIUymk3boZBJmJkIJ+Qc3/oobF4q4dePOv3HSZlFbDwwczj33zr0nSBiVyrJ+jMrK6tr6RnWztrW9s7tn7h90ZZwKTDo4ZrHoB0gSRjnpKKoY6SeCoChgpBeMb4t675EISWP+oCYJ8SI05DSkGCkt+eaZ40ZIjYIws6383I21txiVzam559s1Dd+sWw1rCrhM7JLUQYm2b367gxinEeEKMySlY1uJ8jIkFMWM5DU3lSRBeIyGxNGUo4hIL5velMMTrQxgGAv9uIJTdb4jQ5GUkyjQzmJVuVgrxP9qTqrCay+jPEkV4Xj2UZgyqGJYBAQHVBCs2EQThAXVu0I8QgJhpWMsQrAXT14m3YuGfdlo3jfrrZsyjio4AsfgFNjgCrTAHWiDDsDgCbyAN/BuPBuvxofxObNWjLLnEPyB8fULFIOc+g==</latexit>

[10,10]1
<latexit sha1_base64="u3Mq48G18OKK9VHCWi66//yjz6M=">AAACE3icbVDLSsNAFJ34rPUVdekmWAQRKUkp6rLoxmUF+4AkhMl00g6dzISZiVBC/sGNv+LGhSJu3bjzb5y0WdTWAwOHc8+9c+8JE0qksu0fY2V1bX1js7JV3d7Z3ds3Dw67kqcC4Q7ilIt+CCWmhOGOIorifiIwjEOKe+H4tqj3HrGQhLMHNUmwH8MhIxFBUGkpMM9dL4ZqFEaZY+cXHtfeYlQ2p+Z+0KhqBGbNrttTWMvEKUkNlGgH5rc34CiNMVOIQildx06Un0GhCKI4r3qpxAlEYzjErqYMxlj62fSm3DrVysCKuNCPKWuqzndkMJZyEofaWawqF2uF+F/NTVV07WeEJanCDM0+ilJqKW4VAVkDIjBSdKIJRILoXS00ggIipWMsQnAWT14m3Ubduaw375u11k0ZRwUcgxNwBhxwBVrgDrRBByDwBF7AG3g3no1X48P4nFlXjLLnCPyB8fULFguc+w==</latexit>

[10,10]2

<latexit sha1_base64="RppZpgnjzuExOYumRQzLSIGcERU=">AAACHnicbVBdS8MwFE3n15xfVR99CQ5BUEY7pvNx6IuPE9wHrGWkWbqFpU1JUmGU/hJf/Cu++KCI4JP+G9Otwtw8EDg5597k3uNFjEplWd9GYWV1bX2juFna2t7Z3TP3D9qSxwKTFuaMi66HJGE0JC1FFSPdSBAUeIx0vPFN5nceiJCUh/dqEhE3QMOQ+hQjpaW+edFzAqRGnp/YVnrmcF2bPZXMqen576VaT91Shr5ZtirWFHCZ2DkpgxzNvvnpDDiOAxIqzJCUPduKlJsgoShmJC05sSQRwmM0JD1NQxQQ6SbT9VJ4opUB9LnQJ1Rwqs53JCiQchJ4ujIbVC56mfif14uVf+UmNIxiRUI8+8iPGVQcZlnBARUEKzbRBGFB9awQj5BAWOlEsxDsxZWXSbtasS8rtbtauXGdx1EER+AYnAIb1EED3IImaAEMHsEzeAVvxpPxYrwbH7PSgpH3HII/ML5+AEEYoTw=</latexit>

[10+ 10,27]

<latexit sha1_base64="+UXbxvRxilzH9eqYBR/6Sizm1gE=">AAACH3icbVDLSsNAFJ3UV62vqEs3wSIISklKaV0W3bisYB+QhDKZTtqhk0yYmQgl5E/c+CtuXCgi7vo3TtIItfXAwOHce+7ce7yIEiFNc66VNja3tnfKu5W9/YPDI/34pCdYzBHuIkYZH3hQYEpC3JVEUjyIOIaBR3Hfm95l9f4T5oKw8FHOIuwGcBwSnyAolTTUm7YTQDnx/KTeSq9/uWWmVw5TvmxssqSmbiXHUK+aNTOHsU6sglRBgc5Q/3ZGDMUBDiWiUAjbMiPpJpBLgihOK04scATRFI6xrWgIAyzcJL8vNS6UMjJ8xtULpZGry44EBkLMAk91ZquK1Vom/lezY+nfuAkJo1jiEC0+8mNqSGZkYRkjwjGSdKYIRJyoXQ00gRwiqSLNQrBWT14nvXrNatYaD41q+7aIowzOwDm4BBZogTa4Bx3QBQg8g1fwDj60F+1N+9S+Fq0lrfCcgj/Q5j+ANqFQ</latexit>

[27,10+ 10]

<latexit sha1_base64="OWeGW2SmPctmDZ9QPD1g9+kzT7I=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQlJJIfSyLblxWsA9oQplMJ+3QySTMTIQS8iVu/BU3LhQRXOnfOEkj1NYDA4dz77lz7/EiRqWyrG+jtLS8srpWXq9sbG5t75i7e20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOObrN55IELSkN+rSUTcAA059SlGSkt987znBEiNPD+x0tNfalvpiRNqWzY1mVFTt5Kjb1atmpUDLhK7IFVQoNk3P51BiOOAcIUZkrJnW5FyEyQUxYykFSeWJEJ4jIakpylHAZFukp+XwiOtDKAfCv24grk660hQIOUk8HRntqqcr2Xif7VerPwrN6E8ihXhePqRHzOoQphlBQdUEKzYRBOEBdW7QjxCAmGlE81CsOdPXiTts5p9Uavf1auN6yKOMjgAh+AY2OASNMAtaIIWwOARPINX8GY8GS/Gu/ExbS0ZhWcf/IHx9QP276EN</latexit>

[0,10+ 10]

<latexit sha1_base64="73Bdp88jmQ5MiODqUcbBe1dFqw8=">AAACHXicbVDLSgMxFM34rPU16tJNsAiCUmakqMuiG5cV7AM6Q8mkmTY0kwxJRijD/Igbf8WNC0VcuBH/xkw7Qm09EDg5597k3hPEjCrtON/W0vLK6tp6aaO8ubW9s2vv7beUSCQmTSyYkJ0AKcIoJ01NNSOdWBIUBYy0g9FN7rcfiFRU8Hs9jokfoQGnIcVIG6ln17pehPQwCFPXyU49YWrzp9IZNTv7vTiZX87RsytO1ZkALhK3IBVQoNGzP72+wElEuMYMKdV1nVj7KZKaYkayspcoEiM8QgPSNZSjiCg/nWyXwWOj9GEopDlcw4k625GiSKlxFJjKfE417+Xif1430eGVn1IeJ5pwPP0oTBjUAuZRwT6VBGs2NgRhSc2sEA+RRFibQPMQ3PmVF0nrvOpeVGt3tUr9uoijBA7BETgBLrgEdXALGqAJMHgEz+AVvFlP1ov1bn1MS5esoucA/IH19QOyeqD5</latexit>

[10+ 10,0]
<latexit sha1_base64="XY+IGD8/5txk38O+bSuR8yw4C5Y=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFcCElKcW6LLpxWcFeIA1lMp20QycXZiZCCd258VXcuFDEra/gzrdx0mZRW38Y+PjPOcw5vxdzJpVl/RiFtfWNza3idmlnd2//wDw8assoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON77N6p1HKiSLwgc1iakb4GHIfEaw0lbfPHV6AVYjz0+r9enlArulTH2zbFWsmdAq2DmUIVezb373BhFJAhoqwrGUjm3Fyk2xUIxwOi31EkljTMZ4SB2NIQ6odNPZHVN0rp0B8iOhX6jQzF2cSHEg5STwdGe2qFyuZeZ/NSdR/rWbsjBOFA3J/CM/4UhFKAsFDZigRPGJBkwE07siMsICE6Wjy0Kwl09ehXa1Yl9Vave1cuMmj6MIJ3AGF2BDHRpwB01oAYEneIE3eDeejVfjw/ictxaMfOYY/sj4+gXR0JdU</latexit>

[27,27]

<latexit sha1_base64="YXGuW15NuWbn4W4oiO0k/Jbxci0=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4EJKIkVdFt24rGAv0IYymU7aoZNJmJkIJXTjxldx40IRt76DO9/GSRtQW38Y+PjPOcw5vx9zprTjfFmFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11n9dY9lYpF4k6PY+qFeCBYwAjWxurZh51uiPXQD1JncvqDXilTzy47FWcqtAhuDmXIVe/Zn91+RJKQCk04VqrjOrH2Uiw1I5xOSt1E0RiTER7QjkGBQ6q8dHrFBB0bp4+CSJonNJq6vydSHCo1Dn3Tme2p5muZ+V+tk+jg0kuZiBNNBZl9FCQc6QhlkaA+k5RoPjaAiWRmV0SGWGKiTXBZCO78yYvQPKu455XqbbVcu8rjKMIBHMEJuHABNbiBOjSAwAM8wQu8Wo/Ws/Vmvc9aC1Y+sw9/ZH18A8jtls4=</latexit>

[0,0]

Again similar for quark-quark and quark-gluon scattering
25



Colour and the number of Reggeons
2      3 Amplitudes

• Due to the production vertex need to separate number of Reggeons between top and bottom leg

• Extra colour index for produced gluon leads to more representations
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<latexit sha1_base64="aGwSwNHtZSHxdTCZcQjrxm67kQY=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyWRol0W3bisYB/QhjCZTtKhk0mYmQglZO/GX3HjQhG3/oA7/8ZJG1BbD1w4nHMv997jxYxKZVlfRmltfWNzq7xd2dnd2z8wD496MkoEJl0csUgMPCQJo5x0FVWMDGJBUOgx0vem17nfvydC0ojfqVlMnBAFnPoUI6Ul16zWRyFSE89PW9koUjQk8kc4c9MgyFyzZjWsOeAqsQtSAwU6rvk5Gkc4CQlXmCEph7YVKydFQlHMSFYZJZLECE9RQIaacqSXOun8lwyeamUM/Ujo4grO1d8TKQqlnIWe7szvlMteLv7nDRPlt5yU8jhRhOPFIj9hUEUwDwaOqSBYsZkmCAuqb4V4ggTCSsdX0SHYyy+vkt55w75oNG+btfZVEUcZnIAqqAMbXII2uAEd0AUYPIAn8AJejUfj2Xgz3hetJaOYOQZ/YHx8A5F/m2c=</latexit>

(8⌦ 8)gg

<latexit sha1_base64="Xn0qK2SlpZOzMhgCPe7qi1xv1UM=">AAACA3icbZDLSsNAFIZPvNZ6i7rTTbAILqQkUrTLohuXFewF0hAm00k7dDIJMxOhhIIbX8WNC0Xc+hLufBsnbQRt/WHg4z/nMOf8QcKoVLb9ZSwtr6yurZc2yptb2zu75t5+W8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Dqvd+6JkDTmd2qcEC9CA05DipHSlm8eur0IqWEQZs7k7AfrEx95Zd+s2FV7KmsRnAIqUKjpm5+9fozTiHCFGZLSdexEeRkSimJGJuVeKkmC8AgNiKuRo4hIL5veMLFOtNO3wljox5U1dX9PZCiSchwFujPfUs7XcvO/mpuqsO5llCepIhzPPgpTZqnYygOx+lQQrNhYA8KC6l0tPEQCYaVjy0Nw5k9ehPZ51bmo1m5rlcZVEUcJjuAYTsGBS2jADTShBRge4Ale4NV4NJ6NN+N91rpkFDMH8EfGxzdh7Zdb</latexit>

[1,8a]

<latexit sha1_base64="ONSHfkRJVNgr8YXM50VHtgD8Ejg=">AAACA3icbVDLSsNAFL3xWesr6k43wSK4kJJI0S6LblxWsA9IQ5hMJ+3QySTMTIQSCm78FTcuFHHrT7jzb5y0EbT1wMCZc+7l3nuChFGpbPvLWFpeWV1bL22UN7e2d3bNvf22jFOBSQvHLBbdAEnCKCctRRUj3UQQFAWMdILRde537omQNOZ3apwQL0IDTkOKkdKSbx66vQipYRBm9YmPzn4+zsQr+2bFrtpTWIvEKUgFCjR987PXj3EaEa4wQ1K6jp0oL0NCUczIpNxLJUkQHqEBcTXlKCLSy6Y3TKwTrfStMBb6cWVN1d8dGYqkHEeBrsx3lPNeLv7nuakK615GeZIqwvFsUJgyS8VWHojVp4JgxcaaICyo3tXCQyQQVjq2PARn/uRF0j6vOhfV2m2t0rgq4ijBERzDKThwCQ24gSa0AMMDPMELvBqPxrPxZrzPSpeMoucA/sD4+AZiNJdb</latexit>

[8a,1] <latexit sha1_base64="IDeSKxBVIeEXK9aoW8dOzjva+qs=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3iqYv5j1v2zIpVtaZAy8QuSAUKND3zu9ePSBJSoQnHSjm2FWs3xVIzwumk3EsUjTEZ4QF1MipwSJWbTq+YoLNM6aMgktkTGk3V+Y4Uh0qNQz+rzLdUi14u/uc5iQ7qbspEnGgqyGxQkHCkI5RHgvpMUqL5OCOYSJbtisgQS0x0Flwegr148jJpX1btq2rtvlZp3BRxlOAYTuEcbLiGBtxBE1pA4Ale4A3ejWfj1fgwPmelK0bRcwR/YHz9AiaWmFo=</latexit>

[8s,8s]

<latexit sha1_base64="zLdfc5KzFIeghuP0OkQCdIJEsDI=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3iqYu5D3bLnlmxqtYUaJnYBalAgaZnfvf6EUlCKjThWCnHtmLtplhqRjidlHuJojEmIzygTkYFDqly0+kVE3SWKX0URDJ7QqOpOt+R4lCpcehnlfmWatHLxf88J9FB3U2ZiBNNBZkNChKOdITySFCfSUo0H2cEE8myXREZYomJzoLLQ7AXT14m7cuqfVWt3dcqjZsijhIcwymcgw3X0IA7aEILCDzBC7zBu/FsvBofxuesdMUoeo7gD4yvXwsqmEg=</latexit>

[8s,8a]

<latexit sha1_base64="FZs6+BpqfQNPTDNlRns6S6v0Ku8=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISWRol0W3bisYB+QhjCZTtqhk0mYmQgldOPGX3HjQhG3/oM7/8akzaK2Hhg4c8693HuPH3OmtGX9GCura+sbm6Wt8vbO7t6+eXDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/us39ziOVikXiQY9j6oZ4IFjACNaZ5JknTi/EeugHaX3i4Yu5j3LLnlmxqtYUaJnYBalAgaZnfvf6EUlCKjThWCnHtmLtplhqRjidlHuJojEmIzygTkYFDqly0+kVE3SWKX0URDJ7QqOpOt+R4lCpcehnlfmWatHLxf88J9FB3U2ZiBNNBZkNChKOdITySFCfSUo0H2cEE8myXREZYomJzoLLQ7AXT14m7cuqfVWt3dcqjZsijhIcwymcgw3X0IA7aEILCDzBC7zBu/FsvBofxuesdMUoeo7gD4yvXwpAmEg=</latexit>

[8a,8s]
<latexit sha1_base64="FnkcSjV8xqzV3sP9Z4q1UBHXpC8=">AAACHHicbVDLSsNAFJ34rPEVdekmWAQXWhIt2mXRjcsK9gFJCJPppB06mYSZiVBCPsSNv+LGhSJuXAj+jZM2Qm29MHDmnHtm7j1BQomQlvWtLS2vrK6tVzb0za3tnV1jb78j4pQj3EYxjXkvgAJTwnBbEklxL+EYRgHF3WB0U+jdB8wFidm9HCfYi+CAkZAgKBXlGxeOG0E5DMKskfvi9PdiW/mZGytj8W42w+aervtG1apZkzIXgV2CKiir5Rufbj9GaYSZRBQK4dhWIr0MckkQxbnupgInEI3gADsKMhhh4WWT5XLzWDF9M4y5OkyaE3bWkcFIiHEUqM5iTDGvFeR/mpPKsOFlhCWpxAxNPwpTasrYLJIy+4RjJOlYAYg4UbOaaAg5RFLlWYRgz6+8CDrnNfuyVr+rV5vXZRwVcAiOwAmwwRVoglvQAm2AwCN4Bq/gTXvSXrR37WPauqSVngPwp7SvH53toa0=</latexit>

[8s,10� 10]

<latexit sha1_base64="u/3s/T5vdzCiUJuIemit3NF2vuw=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwoSWRol0W3bisYB+QhDCZTtqhkwczE6GE/Igbf8WNC0VcuBH/xkkbobYeGDhzzr0z9x4/YVRI0/zWKiura+sb1U19a3tnd8/YP+iKOOWYdHDMYt73kSCMRqQjqWSkn3CCQp+Rnj++KfzeA+GCxtG9nCTEDdEwogHFSCrJMxq2EyI58oPMMvNzJ1a1xVPZnJqf/V6auSdcXdc9o2bWzSngMrFKUgMl2p7x6QxinIYkkpghIWzLTKSbIS4pZiTXnVSQBOExGhJb0QiFRLjZdLscnihlAIOYqxNJOFXnOzIUCjEJfVVZzCkWvUL8z7NTGTTdjEZJKkmEZx8FKYMyhkVUcEA5wZJNFEGYUzUrxCPEEZYq0CIEa3HlZdK9qFuX9cZdo9a6LuOogiNwDE6BBa5AC9yCNugADB7BM3gFb9qT9qK9ax+z0opW9hyCP9C+fgDk1qHB</latexit>

[10� 10,8s]

<latexit sha1_base64="jOHxLI5ln2nKtcx3qRDbo7cPPew=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0UQlJJI0S6LblxWsA9IQphMJ+3QyYOZiVBCfsSNv+LGhSIu3Ih/46SNUFsvDJw5556Ze4+fMCqkaX5rlZXVtfWN6qa+tb2zu2fsH3RFnHJMOjhmMe/7SBBGI9KRVDLSTzhBoc9Izx/fFHrvgXBB4+heThLihmgY0YBiJBXlGQ3bCZEc+UHWzD10/nuxzPzMiZWxeDebY3NX13XPqJl1c1pwGVglqIGy2p7x6QxinIYkkpghIWzLTKSbIS4pZiTXnVSQBOExGhJbwQiFRLjZdLscnihmAIOYqxNJOGXnHRkKhZiEvuos5hSLWkH+p9mpDJpuRqMklSTCs4+ClEEZwyIqOKCcYMkmCiDMqZoV4hHiCEsVaBGCtbjyMuhe1K3LeuOuUWtdl3FUwRE4BqfAAlegBW5BG3QABo/gGbyCN+1Je9HetY9Za0UrPYfgT2lfP8Q1oa0=</latexit>

[8a,10+ 10]
<latexit sha1_base64="FScFJkWDvaBTsTAr1fVr8enjcCs=">AAACHnicbVBdS8MwFE39nPOr6qMvwSEIymhl6h6Hvvg4wX3AWkqapVtYmpYkFUbpL/HFv+KLD4oIPum/Md0qzM0DgZNz7k3uPX7MqFSW9W0sLa+srq2XNsqbW9s7u+befltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ugm9zsPREga8Xs1jokbogGnAcVIackzL3pOiNTQD1Lbyk6dSNfmT6Uzanb2e6lnHnLLGp5ZsarWBHCR2AWpgAJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzkpWdRJIY4REakJ6mHIVEuulkvQwea6UPg0jowxWcqLMdKQqlHIe+rswHlfNeLv7n9RIV1N2U8jhRhOPpR0HCoIpgnhXsU0GwYmNNEBZUzwrxEAmElU40D8GeX3mRtM+r9mW1dlerNK6LOErgEByBE2CDK9AAt6AJWgCDR/AMXsGb8WS8GO/Gx7R0ySh6DsAfGF8/DYGhwQ==</latexit>

[10+ 10,8a]

<latexit sha1_base64="Pyx1vfF1+KIUssdFgJ7az9KVoVw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSElKsV0W3bisYB+QhjCZTtqhk0mYmQglZOfGX3HjQhG3/oI7/8ZJG0FbDwycOede7r3HjxmVyrK+jJXVtfWNzdJWeXtnd2/fPDjsyigRmHRwxCLR95EkjHLSUVQx0o8FQaHPSM+fXOd+754ISSN+p6YxcUM04jSgGCkteeaJMwiRGvtB2sw8dPHzqTUyt6zhmRWras0Al4ldkAoo0PbMz8EwwklIuMIMSenYVqzcFAlFMSNZeZBIEiM8QSPiaMpRSKSbzu7I4JlWhjCIhH5cwZn6uyNFoZTT0NeV+Z5y0cvF/zwnUUHTTSmPE0U4ng8KEgZVBPNQ4JAKghWbaoKwoHpXiMdIIKx0dHkI9uLJy6Rbq9qX1fptvdK6KuIogWNwCs6BDRqgBW5AG3QABg/gCbyAV+PReDbejPd56YpR9ByBPzA+vgGgkpfZ</latexit>

[8a,27]

<latexit sha1_base64="TM8YcQJFpuAl312bkH/pktZwbWk=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEF1KSUmyXRTcuK9gLpCFMppN26GQSZiZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO78eMSmVZX8bK6tr6xmZpq7y9s7u3bx4cdmWUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT67zeu+eCEkjfqemMXFDNOI0oBgpbXnmiTMIkRr7QVprZBc/3Mw85Ja1PLNiVa2Z4DLYBVRAobZnfg6GEU5CwhVmSErHtmLlpkgoihnJyoNEkhjhCRoRRyNHIZFuOrsjg2faGcIgEvpxBWfu74kUhVJOQ1935ovKxVpu/ldzEhU03ZTyOFGE4/lHQcKgimAeChxSQbBiUw0IC6p3hXiMBMJKR5eHYC+evAzdWtW+rNZv65XWVRFHCRyDU3AObNAALXAD2qADMHgAT+AFvBqPxrPxZrzPW1eMYuYI/JHx8Q2eOZfZ</latexit>

[27,8a]

<latexit sha1_base64="Qs5A3IPNiy4muHyiLqCtViOLRS8=">AAACB3icbVDLSsNAFL3xWesr6lKQYBFcSEmkaJdFNy4r2AekIUymk3boZBJmJkIJ3bnxV9y4UMStv+DOv3HSRtDWAwNnzrmXe+8JEkalsu0vY2l5ZXVtvbRR3tza3tk19/bbMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0glG17nfuSdC0pjfqXFCvAgNOA0pRkpLvnnk9iKkhkGY1Sc+Ovv52BOvnMM3K3bVnsJaJE5BKlCg6ZufvX6M04hwhRmS0nXsRHkZEopiRiblXipJgvAIDYirKUcRkV42vWNinWilb4Wx0I8ra6r+7shQJOU4CnRlvqec93LxP89NVVj3MsqTVBGOZ4PClFkqtvJQrD4VBCs21gRhQfWuFh4igbDS0eUhOPMnL5L2edW5qNZua5XGVRFHCQ7hGE7BgUtowA00oQUYHuAJXuDVeDSejTfjfVa6ZBQ9B/AHxsc3WQCXqg==</latexit>

[8a,0]

<latexit sha1_base64="kBOxxNvi7l9a4VkNAo2pj1HvjCk=">AAACBnicbZDLSsNAFIZPvNZ6i7oUIVgEF1ISKdpl0Y3LCvYCaQiT6aQdOpmEmYlQQldufBU3LhRx6zO4822ctBG09YeBj/+cw5zzBwmjUtn2l7G0vLK6tl7aKG9ube/smnv7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEo+u83rknQtKY36lxQrwIDTgNKUZKW7555PYipIZBmNmTsx+sT3zklbV8s2JX7amsRXAKqEChpm9+9voxTiPCFWZIStexE+VlSCiKGZmUe6kkCcIjNCCuRo4iIr1sesbEOtFO3wpjoR9X1tT9PZGhSMpxFOjOfFE5X8vN/2puqsK6l1GepIpwPPsoTJmlYivPxOpTQbBiYw0IC6p3tfAQCYSVTi4PwZk/eRHa51Xnolq7rVUaV0UcJTiEYzgFBy6hATfQhBZgeIAneIFX49F4Nt6M91nrklHMHMAfGR/fGomXlg==</latexit>

[0,8a]

<latexit sha1_base64="FdHZJ7+Y6Argn0s6ii6fjf+ocwY=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQkZJIUZdFNy4r2AckIUymk3boZBJmJkIJ+Qc3/oobF4q4dePOv3HSZlFbDwwczj33zr0nSBiVyrJ+jMrK6tr6RnWztrW9s7tn7h90ZZwKTDo4ZrHoB0gSRjnpKKoY6SeCoChgpBeMb4t675EISWP+oCYJ8SI05DSkGCkt+eaZ40ZIjYIws6383I21txiVzam559s1Dd+sWw1rCrhM7JLUQYm2b367gxinEeEKMySlY1uJ8jIkFMWM5DU3lSRBeIyGxNGUo4hIL5velMMTrQxgGAv9uIJTdb4jQ5GUkyjQzmJVuVgrxP9qTqrCay+jPEkV4Xj2UZgyqGJYBAQHVBCs2EQThAXVu0I8QgJhpWMsQrAXT14m3YuGfdlo3jfrrZsyjio4AsfgFNjgCrTAHWiDDsDgCbyAN/BuPBuvxofxObNWjLLnEPyB8fULFIOc+g==</latexit>

[10,10]1
<latexit sha1_base64="u3Mq48G18OKK9VHCWi66//yjz6M=">AAACE3icbVDLSsNAFJ34rPUVdekmWAQRKUkp6rLoxmUF+4AkhMl00g6dzISZiVBC/sGNv+LGhSJu3bjzb5y0WdTWAwOHc8+9c+8JE0qksu0fY2V1bX1js7JV3d7Z3ds3Dw67kqcC4Q7ilIt+CCWmhOGOIorifiIwjEOKe+H4tqj3HrGQhLMHNUmwH8MhIxFBUGkpMM9dL4ZqFEaZY+cXHtfeYlQ2p+Z+0KhqBGbNrttTWMvEKUkNlGgH5rc34CiNMVOIQildx06Un0GhCKI4r3qpxAlEYzjErqYMxlj62fSm3DrVysCKuNCPKWuqzndkMJZyEofaWawqF2uF+F/NTVV07WeEJanCDM0+ilJqKW4VAVkDIjBSdKIJRILoXS00ggIipWMsQnAWT14m3Ubduaw375u11k0ZRwUcgxNwBhxwBVrgDrRBByDwBF7AG3g3no1X48P4nFlXjLLnCPyB8fULFguc+w==</latexit>

[10,10]2

<latexit sha1_base64="RppZpgnjzuExOYumRQzLSIGcERU=">AAACHnicbVBdS8MwFE3n15xfVR99CQ5BUEY7pvNx6IuPE9wHrGWkWbqFpU1JUmGU/hJf/Cu++KCI4JP+G9Otwtw8EDg5597k3uNFjEplWd9GYWV1bX2juFna2t7Z3TP3D9qSxwKTFuaMi66HJGE0JC1FFSPdSBAUeIx0vPFN5nceiJCUh/dqEhE3QMOQ+hQjpaW+edFzAqRGnp/YVnrmcF2bPZXMqen576VaT91Shr5ZtirWFHCZ2DkpgxzNvvnpDDiOAxIqzJCUPduKlJsgoShmJC05sSQRwmM0JD1NQxQQ6SbT9VJ4opUB9LnQJ1Rwqs53JCiQchJ4ujIbVC56mfif14uVf+UmNIxiRUI8+8iPGVQcZlnBARUEKzbRBGFB9awQj5BAWOlEsxDsxZWXSbtasS8rtbtauXGdx1EER+AYnAIb1EED3IImaAEMHsEzeAVvxpPxYrwbH7PSgpH3HII/ML5+AEEYoTw=</latexit>

[10+ 10,27]

<latexit sha1_base64="+UXbxvRxilzH9eqYBR/6Sizm1gE=">AAACH3icbVDLSsNAFJ3UV62vqEs3wSIISklKaV0W3bisYB+QhDKZTtqhk0yYmQgl5E/c+CtuXCgi7vo3TtIItfXAwOHce+7ce7yIEiFNc66VNja3tnfKu5W9/YPDI/34pCdYzBHuIkYZH3hQYEpC3JVEUjyIOIaBR3Hfm95l9f4T5oKw8FHOIuwGcBwSnyAolTTUm7YTQDnx/KTeSq9/uWWmVw5TvmxssqSmbiXHUK+aNTOHsU6sglRBgc5Q/3ZGDMUBDiWiUAjbMiPpJpBLgihOK04scATRFI6xrWgIAyzcJL8vNS6UMjJ8xtULpZGry44EBkLMAk91ZquK1Vom/lezY+nfuAkJo1jiEC0+8mNqSGZkYRkjwjGSdKYIRJyoXQ00gRwiqSLNQrBWT14nvXrNatYaD41q+7aIowzOwDm4BBZogTa4Bx3QBQg8g1fwDj60F+1N+9S+Fq0lrfCcgj/Q5j+ANqFQ</latexit>

[27,10+ 10]

<latexit sha1_base64="OWeGW2SmPctmDZ9QPD1g9+kzT7I=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQlJJIfSyLblxWsA9oQplMJ+3QySTMTIQS8iVu/BU3LhQRXOnfOEkj1NYDA4dz77lz7/EiRqWyrG+jtLS8srpWXq9sbG5t75i7e20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOObrN55IELSkN+rSUTcAA059SlGSkt987znBEiNPD+x0tNfalvpiRNqWzY1mVFTt5Kjb1atmpUDLhK7IFVQoNk3P51BiOOAcIUZkrJnW5FyEyQUxYykFSeWJEJ4jIakpylHAZFukp+XwiOtDKAfCv24grk660hQIOUk8HRntqqcr2Xif7VerPwrN6E8ihXhePqRHzOoQphlBQdUEKzYRBOEBdW7QjxCAmGlE81CsOdPXiTts5p9Uavf1auN6yKOMjgAh+AY2OASNMAtaIIWwOARPINX8GY8GS/Gu/ExbS0ZhWcf/IHx9QP276EN</latexit>

[0,10+ 10]

<latexit sha1_base64="73Bdp88jmQ5MiODqUcbBe1dFqw8=">AAACHXicbVDLSgMxFM34rPU16tJNsAiCUmakqMuiG5cV7AM6Q8mkmTY0kwxJRijD/Igbf8WNC0VcuBH/xkw7Qm09EDg5597k3hPEjCrtON/W0vLK6tp6aaO8ubW9s2vv7beUSCQmTSyYkJ0AKcIoJ01NNSOdWBIUBYy0g9FN7rcfiFRU8Hs9jokfoQGnIcVIG6ln17pehPQwCFPXyU49YWrzp9IZNTv7vTiZX87RsytO1ZkALhK3IBVQoNGzP72+wElEuMYMKdV1nVj7KZKaYkayspcoEiM8QgPSNZSjiCg/nWyXwWOj9GEopDlcw4k625GiSKlxFJjKfE417+Xif1430eGVn1IeJ5pwPP0oTBjUAuZRwT6VBGs2NgRhSc2sEA+RRFibQPMQ3PmVF0nrvOpeVGt3tUr9uoijBA7BETgBLrgEdXALGqAJMHgEz+AVvFlP1ov1bn1MS5esoucA/IH19QOyeqD5</latexit>

[10+ 10,0]

<latexit sha1_base64="XY+IGD8/5txk38O+bSuR8yw4C5Y=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFcCElKcW6LLpxWcFeIA1lMp20QycXZiZCCd258VXcuFDEra/gzrdx0mZRW38Y+PjPOcw5vxdzJpVl/RiFtfWNza3idmlnd2//wDw8assoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON77N6p1HKiSLwgc1iakb4GHIfEaw0lbfPHV6AVYjz0+r9enlArulTH2zbFWsmdAq2DmUIVezb373BhFJAhoqwrGUjm3Fyk2xUIxwOi31EkljTMZ4SB2NIQ6odNPZHVN0rp0B8iOhX6jQzF2cSHEg5STwdGe2qFyuZeZ/NSdR/rWbsjBOFA3J/CM/4UhFKAsFDZigRPGJBkwE07siMsICE6Wjy0Kwl09ehXa1Yl9Vave1cuMmj6MIJ3AGF2BDHRpwB01oAYEneIE3eDeejVfjw/ictxaMfOYY/sj4+gXR0JdU</latexit>

[27,27]

<latexit sha1_base64="YXGuW15NuWbn4W4oiO0k/Jbxci0=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4EJKIkVdFt24rGAv0IYymU7aoZNJmJkIJXTjxldx40IRt76DO9/GSRtQW38Y+PjPOcw5vx9zprTjfFmFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11n9dY9lYpF4k6PY+qFeCBYwAjWxurZh51uiPXQD1JncvqDXilTzy47FWcqtAhuDmXIVe/Zn91+RJKQCk04VqrjOrH2Uiw1I5xOSt1E0RiTER7QjkGBQ6q8dHrFBB0bp4+CSJonNJq6vydSHCo1Dn3Tme2p5muZ+V+tk+jg0kuZiBNNBZl9FCQc6QhlkaA+k5RoPjaAiWRmV0SGWGKiTXBZCO78yYvQPKu455XqbbVcu8rjKMIBHMEJuHABNbiBOjSAwAM8wQu8Wo/Ws/Vmvc9aC1Y+sw9/ZH18A8jtls4=</latexit>

[0,0]

<latexit sha1_base64="daLA6a+1LFTAR6GZa/h30ZavYQA=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAgGVCWogo4VLIxFog8piSLHcVqrzkO2g1RF+QQWfoWFAYRYGdn4G5w0Q2m5kqXjc+69Pj5ewqiQhvGjrayurW9s1rbq2zu7e/v6wWFfxCnHpIdjFvOhhwRhNCI9SSUjw4QTFHqMDLzJbaEPHgkXNI4e5DQhTohGEQ0oRlJRrn5mlzsyTvzcskMkx16QtXMXXcxfnLqrN4ymURZcBmYFGqCqrqt/236M05BEEjMkhGUaiXQyxCXFjOR1OxUkQXiCRsRSMEIhEU5WmsnhqWJ8GMRcnUjCkp2fyFAoxDT0VGfhUixqBfmfZqUyaDsZjZJUkgjPHgpSBmUMi3SgTznBkk0VQJhT5RXiMeIIS5VhEYK5+OVl0L9smlfN1n2r0bmp4qiBY3ACzoEJrkEH3IEu6AEMnsALeAPv2rP2qn1on7PWFa2aOQJ/Svv6BTq/nVI=</latexit>

[8a,8a]

Contributions to multiple Reggeons in the (octet-octet) channel
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Results of MR
2      3 Amplitudes

<latexit sha1_base64="PRSScztNAo9RUVjgZbxhcG53v+M=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSi7oRim5cVrAPaGKYTCft0MmDmYnQpv0NN/6KGxeKuNSVf+OkzaK2HrhwOOde7r3HjRgV0jB+tNzK6tr6Rn6zsLW9s7un7x80RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsd3KR+65FwQcPgXg4jYvuoF1CPYiSV5OjG2PKR7LteEk2cs/FDBV7BkVWClos4HEGrNO9Xle/oRaNsTAGXiZmRIshQd/Qvqxvi2CeBxAwJ0TGNSNoJ4pJiRiYFKxYkQniAeqSjaIB8Iuxk+tkEniilC72QqwoknKrzEwnyhRj6rupMzxSLXir+53Vi6V3aCQ2iWJIAzxZ5MYMyhGlMsEs5wZINFUGYU3UrxH3EEZYqzIIKwVx8eZk0K2XzvFy9qxZr11kceXAEjsEpMMEFqIFbUAcNgMETeAFv4F171l61D+1z1prTsplD8Afa9y/0+J+n</latexit>

|p3|2 = z z̄ |p4|2
<latexit sha1_base64="O5dJoFsdmvqn6tkSukgG3qMH9ls=">AAACIXicbVDLTgIxFO34RHyhLt00EhNIkMwQVDYmRDcuMZFHwoyTTulAQ+eRtmMCA7/ixl9x40Jj2Bl/xg6wQPAmTU/OOTf33uOEjAqp69/a2vrG5tZ2aie9u7d/cJg5Om6IIOKY1HHAAt5ykCCM+qQuqWSkFXKCPIeRptO/S/TmM+GCBv6jHITE8lDXpy7FSCrKzlRGpodkz3HjcGxfjp5K8AbmjIth3iwkv+kgDod5aBYWfWXlszNZvahPC64CYw6yYF41OzMxOwGOPOJLzJAQbUMPpRUjLilmZJw2I0FChPuoS9oK+sgjwoqnF47huWI60A24er6EU3axI0aeEAPPUc5kTbGsJeR/WjuSbsWKqR9Gkvh4NsiNGJQBTOKCHcoJlmygAMKcql0h7iGOsFShplUIxvLJq6BRKhpXxfJDOVu9nceRAqfgDOSAAa5BFdyDGqgDDF7AG/gAn9qr9q59aZOZdU2b95yAP6X9/AKcdKFX</latexit>

|p5|2 = (1� z) (1� z̄) |p4|2

<latexit sha1_base64="K3+pkxwCJF5xA/kaVZt/PeJ7A88="></latexit>

D2(z, z̄) = Li2(z)� Li2(z̄) +
1

2
log

1� z

1� z̄
log zz̄

<latexit sha1_base64="qPEoM9nhwD9DafODqT03ir/8N1k="></latexit>

⇡2

✓
1

✏2
� 1

2✏
log |z|2|1� z|2 + 3D2(z, z̄)� ⇣2 +

5

4
log2 |z|2 + 5

4
log2 |1� z|2 � 1

2
log |z|2 log |1� z|2

◆
<latexit sha1_base64="arL+B06+SBDumThSry+wSscXquc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LvXisYD+gXUo2zbZps8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wbSz8zhNVmknxaGYx9SM8EixkBBsrtRuDlE3mg3LFrboZ0DrxclKBHM1B+as/lCSJqDCEY617nhsbP8XKMMLpvNRPNI0xmeIR7VkqcES1n2bXztGFVYYolMqWMChTf0+kONJ6FgW2M8JmrFe9hfif10tMeOunTMSJoYIsF4UJR0aixetoyBQlhs8swUQxeysiY6wwMTagkg3BW315nbSvqt51tfZQq9Tv8jiKcAbncAke3EAd7qEJLSAwgWd4hTdHOi/Ou/OxbC04+cwp/IHz+QOet48s</latexit>

Cij

Colour factor depends on external partons

Contribution to the octet-octet

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

Integrals are three-mass triangles
[Abreu, Gardi, Falcioni, CM, Vernazza, in preparation]

[Caron-Huot, Chicherin, Henn, Zhang, Zoia ’20]
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Results of MR
2      3 Amplitudes

<latexit sha1_base64="PRSScztNAo9RUVjgZbxhcG53v+M=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSi7oRim5cVrAPaGKYTCft0MmDmYnQpv0NN/6KGxeKuNSVf+OkzaK2HrhwOOde7r3HjRgV0jB+tNzK6tr6Rn6zsLW9s7un7x80RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsd3KR+65FwQcPgXg4jYvuoF1CPYiSV5OjG2PKR7LteEk2cs/FDBV7BkVWClos4HEGrNO9Xle/oRaNsTAGXiZmRIshQd/Qvqxvi2CeBxAwJ0TGNSNoJ4pJiRiYFKxYkQniAeqSjaIB8Iuxk+tkEniilC72QqwoknKrzEwnyhRj6rupMzxSLXir+53Vi6V3aCQ2iWJIAzxZ5MYMyhGlMsEs5wZINFUGYU3UrxH3EEZYqzIIKwVx8eZk0K2XzvFy9qxZr11kceXAEjsEpMMEFqIFbUAcNgMETeAFv4F171l61D+1z1prTsplD8Afa9y/0+J+n</latexit>

|p3|2 = z z̄ |p4|2
<latexit sha1_base64="O5dJoFsdmvqn6tkSukgG3qMH9ls=">AAACIXicbVDLTgIxFO34RHyhLt00EhNIkMwQVDYmRDcuMZFHwoyTTulAQ+eRtmMCA7/ixl9x40Jj2Bl/xg6wQPAmTU/OOTf33uOEjAqp69/a2vrG5tZ2aie9u7d/cJg5Om6IIOKY1HHAAt5ykCCM+qQuqWSkFXKCPIeRptO/S/TmM+GCBv6jHITE8lDXpy7FSCrKzlRGpodkz3HjcGxfjp5K8AbmjIth3iwkv+kgDod5aBYWfWXlszNZvahPC64CYw6yYF41OzMxOwGOPOJLzJAQbUMPpRUjLilmZJw2I0FChPuoS9oK+sgjwoqnF47huWI60A24er6EU3axI0aeEAPPUc5kTbGsJeR/WjuSbsWKqR9Gkvh4NsiNGJQBTOKCHcoJlmygAMKcql0h7iGOsFShplUIxvLJq6BRKhpXxfJDOVu9nceRAqfgDOSAAa5BFdyDGqgDDF7AG/gAn9qr9q59aZOZdU2b95yAP6X9/AKcdKFX</latexit>

|p5|2 = (1� z) (1� z̄) |p4|2

<latexit sha1_base64="K3+pkxwCJF5xA/kaVZt/PeJ7A88="></latexit>

D2(z, z̄) = Li2(z)� Li2(z̄) +
1

2
log

1� z

1� z̄
log zz̄

<latexit sha1_base64="qPEoM9nhwD9DafODqT03ir/8N1k="></latexit>

⇡2

✓
1

✏2
� 1

2✏
log |z|2|1� z|2 + 3D2(z, z̄)� ⇣2 +

5

4
log2 |z|2 + 5

4
log2 |1� z|2 � 1

2
log |z|2 log |1� z|2

◆
<latexit sha1_base64="arL+B06+SBDumThSry+wSscXquc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LvXisYD+gXUo2zbZps8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wbSz8zhNVmknxaGYx9SM8EixkBBsrtRuDlE3mg3LFrboZ0DrxclKBHM1B+as/lCSJqDCEY617nhsbP8XKMMLpvNRPNI0xmeIR7VkqcES1n2bXztGFVYYolMqWMChTf0+kONJ6FgW2M8JmrFe9hfif10tMeOunTMSJoYIsF4UJR0aixetoyBQlhs8swUQxeysiY6wwMTagkg3BW315nbSvqt51tfZQq9Tv8jiKcAbncAke3EAd7qEJLSAwgWd4hTdHOi/Ou/OxbC04+cwp/IHz+QOet48s</latexit>

Cij

Colour factor depends on external partons

Contribution to the octet-octet

<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

Integrals are three-mass triangles
[Abreu, Gardi, Falcioni, CM, Vernazza, in preparation]

[Caron-Huot, Chicherin, Henn, Zhang, Zoia ’20]

However, in the planar limit

it is independent

<latexit sha1_base64="pLrx8qJJn1KK9vhFiHYDr5oesAg=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCVVRRkrujChItGH1ITIcZ3W1HEi20Gqogws/AoLAwix8hFs/A1umwFajmTp6Jx7dX2OHzMqlWV9G4W19Y3NreJ2aWd3b//APDzqyigRmHRwxCLR95EkjHLSUVQx0o8FQaHPSM+ftGZ+74EISSN+q6YxcUM04jSgGCkteWa55aX0PoOOiqATCITTaw/f1bK0Ucs8s2JVrTngKrFzUgE52p755QwjnISEK8yQlAPbipWbIqEoZiQrOYkkMcITNCIDTTkKiXTTeYgMnmplCINI6McVnKu/N1IUSjkNfT0ZIjWWy95M/M8bJCq4cFPK40QRjheHgoRBnXjWCBxSQbBiU00QFlT/FeIx0lUo3VtJl2AvR14l3VrVPq/Wb+qV5mVeRxGUwQk4AzZogCa4Am3QARg8gmfwCt6MJ+PFeDc+FqMFI985Bn9gfP4A43KXnw==</latexit>

Cij !
N2

c

72
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• As before we can define a new Lipatov vertex to absorb these planar terms


• Using known          super Yang-Mills amplitudes

2      3 Amplitudes
The two-loop Lipatov vertex

<latexit sha1_base64="cgqFJPUz2vwR+ruAMEBOX5xJA+E="></latexit>

M ⇠ C̃i(t1)e
↵̃g(t1)�y5 Ṽ (t1, t2,p4)e

↵̃g(t2)�y4C̃j(t2)Mtree + MMR|non-planar

Regge cuts

Regge poles 
at non-integer locations

<latexit sha1_base64="LmN7ssshHOqK7EXHNR5m8P4UDFg=">AAACK3icbVDLSgMxFM3UV62vUZdugkUQhDIjRd0IpW7cCBXsAzqlZNK0Dc08SO6IZZj/ceOvuNCFD9z6H2baWdS2BwIn59zLvfe4oeAKLOvLyK2srq1v5DcLW9s7u3vm/kFDBZGkrE4DEciWSxQT3Gd14CBYK5SMeK5gTXd0k/rNRyYVD/wHGIes45GBz/ucEtBS16w6HoEhJSK+S/A1nvl1YwfYE8RhIFiS4LNlHo0gSbpm0SpZE+BFYmekiDLUuuab0wto5DEfqCBKtW0rhE5MJHCqZxWcSLGQ0BEZsLamPvGY6sSTWxN8opUe7gdSPx/wRJ3tiImn1NhzdWW6r5r3UnGZ146gf9WJuR9GwHw6HdSPBIYAp8HhHpeMghhrQqjkeldMh0QSCjregg7Bnj95kTTOS/ZFqXxfLlaqWRx5dISO0Smy0SWqoFtUQ3VE0TN6RR/o03gx3o1v42damjOynkP0D8bvHxcdqX0=</latexit>

M = Mpole +Mcut

<latexit sha1_base64="syk3NJaMLtkhRJ0pEGUQny5HLTc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRUt0IRTeupIJ9QBvKZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zPFjzpR2nG+rsLa+sblV3C7t7O7tl+2Dw7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlN5nceqVQsEg96GlMvxCPBAkawNtLALvdDrMcE8/Ruhq5QbWBXnKozB1olbk4qkKM5sL/6w4gkIRWacKxUz3Vi7aVYakY4nZX6iaIxJhM8oj1DBQ6p8tJ58Bk6NcoQBZE0T2g0V39vpDhUahr6ZjKLqZa9TPzP6yU6uPRSJuJEU0EWh4KEIx2hrAU0ZJISzaeGYCKZyYrIGEtMtOmqZEpwl7+8StrnVbderd3XKo3rvI4iHMMJnIELF9CAW2hCCwgk8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QOx6pJ3</latexit>

N = 4

we can determine the two-loop vertex

[Caron-Huot, Chicherin, Henn, Zhang, Zoia ’20]

[Abreu, Gardi, Falcioni, CM, Vernazza, in preparation]

29

Perhaps soon in QCD! [see Giulio’s talk]



Even

 LL

 NLL

 NNLL

infrared divergences resummed
finite terms to arbitrary order

<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="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

2      2 Amplitudes in MRK

<latexit sha1_base64="59CokUlVJhIGeB7XqujbTNtp350=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0C0siRV0W3bisYB/Q1DKZTpKhk0mYuRFK6De48VfcuFDErSt3/o2TtgttPXAvh3PuZeYeL+FMgW1/G4WV1bX1jeJmaWt7Z3fP3D9oqziVhLZIzGPZ9bCinAnaAgacdhNJceRx2vFG17nfeaBSsVjcwTih/QgHgvmMYNDSwKy6mCchHqh74fI4yDv1oeL6EpNMTbJTmLiSBSFUB2bZrtlTWMvEmZMymqM5ML/cYUzSiAogHCvVc+wE+hmWwAink5KbKppgMsIB7WkqcERVP5ueNLFOtDK0/FjqEmBN1d8bGY6UGkeenowwhGrRy8X/vF4K/mU/YyJJgQoye8hPuQWxledjDZmkBPhYE0wk03+1SIh1GqBTLOkQnMWTl0n7rOac1+q39XLjah5HER2hY1RBDrpADXSDmqiFCHpEz+gVvRlPxovxbnzMRgvGfOcQ/YHx+QNUfJ6G</latexit>

↵n
s logn

✓
s

�t

◆

<latexit sha1_base64="2OsPkJn7Sr9eqrHyqH1yEDL+XVQ=">AAACFnicbVBNS8NAEN34WetX1KOXYBHqoSWRoh6LXjxWsB/QpGWz3bRLN5uwOxFKyK/w4l/x4kERr+LNf+O2zUFbHww83pthZp4fc6bAtr+NldW19Y3NwlZxe2d3b988OGypKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9sc3U7/9QKVikbiHSUy9EA8FCxjBoKW+WXExj0e4r3rC5dGwl4qKk7mcBlB2A4lJqrK0Apkr2XAEZ32zZFftGaxl4uSkhHI0+uaXO4hIElIBhGOluo4dg5diCYxwmhXdRNEYkzEe0q6mAodUeensrcw61crACiKpS4A1U39PpDhUahL6ujPEMFKL3lT8z+smEFx5KRNxAlSQ+aIg4RZE1jQja8AkJcAnmmAimb7VIiOs0wCdZFGH4Cy+vExa51Xnolq7q5Xq13kcBXSMTlAZOegS1dEtaqAmIugRPaNX9GY8GS/Gu/Exb10x8pkj9AfG5w8tcKAE</latexit>

↵n
s logn�1

✓
s

�t

◆

<latexit sha1_base64="w4gCoQRQ89ibM3WtPQv3jKrnpz8=">AAACFnicbVDLSsNAFJ3UV62vqks3wSLURUtSirosunFZwT6gScNkOmmHTiZh5kYoIV/hxl9x40IRt+LOv3H6WGjrgQuHc+7l3nv8mDMFlvVt5NbWNza38tuFnd29/YPi4VFbRYkktEUiHsmujxXlTNAWMOC0G0uKQ5/Tjj++mfqdByoVi8Q9TGLqhngoWMAIBi15xYqDeTzCnuoLh0fDfioqtczhNICyE0hMUpWlFcgcyYYjOPeKJatqzWCuEntBSmiBplf8cgYRSUIqgHCsVM+2YnBTLIERTrOCkygaYzLGQ9rTVOCQKjedvZWZZ1oZmEEkdQkwZ+rviRSHSk1CX3eGGEZq2ZuK/3m9BIIrN2UiToAKMl8UJNyEyJxmZA6YpAT4RBNMJNO3mmSEdRqgkyzoEOzll1dJu1a1L6r1u3qpcb2II49O0CkqIxtdoga6RU3UQgQ9omf0it6MJ+PFeDc+5q05YzFzjP7A+PwBLw6gBQ==</latexit>

↵n
s logn�2

✓
s

�t

◆

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

↵(1)
g

?

<latexit sha1_base64="72DyWEonIPIOgVSzyMuvqVIH10w=">AAAB83icjVDLSsNAFL2pr1pfVZduBovgqiQi2mXRjcsK9gFNKJPpTTt0MgkzE6GE/oYbF4q49Wfc+TdO2i5UFDxw4XDOvdzDCVPBtXHdD6e0srq2vlHerGxt7+zuVfcPOjrJFMM2S0SieiHVKLjEtuFGYC9VSONQYDecXBd+9x6V5om8M9MUg5iOJI84o8ZKvh9TMw6jvDEb0EG15tXdOcjfpAZLtAbVd3+YsCxGaZigWvc9NzVBTpXhTOCs4mcaU8omdIR9SyWNUQf5PPOMnFhlSKJE2ZGGzNWvFzmNtZ7God0sMuqfXiH+5vUzEzWCnMs0MyjZ4lGUCWISUhRAhlwhM2JqCWWK26yEjamizNiaKv8roXNW9y7q57fntebVso4yHMExnIIHl9CEG2hBGxik8ABP8OxkzqPz4rwuVkvO8uYQvsF5+wQYs5G8</latexit>

8a
<latexit sha1_base64="8ibdGWgHcu10Zj2z8YyJS0wMYbs=">AAACEHicjVDLSgMxFL1TX7W+Rl26CRbRVZmRoi6LblxWsA/oDCWTZtrQzGRIMkIZ5hPc+CtuXCji1qU7/8ZM20UVBQ8EDuecm9ycIOFMacf5tEpLyyura+X1ysbm1vaOvbvXViKVhLaI4EJ2A6woZzFtaaY57SaS4ijgtBOMrwq/c0elYiK+1ZOE+hEexixkBGsj9e1jL8J6FISZ6+SeSHiqPGHyxXXZgpX37apbc6ZAf5MqzNHs2x/eQJA0orEmHCvVc51E+xmWmhFO84qXKppgMsZD2jM0xhFVfjb9UI6OjDJAoZDmxBpN1cWJDEdKTaLAJIsd1U+vEH/zeqkOL/yMxUmqaUxmD4UpR1qgoh00YJISzSeGYCKZ2RWREZaYaNNh5X8ltE9r7lmtflOvNi7ndZThAA7hBFw4hwZcQxNaQOAeHuEZXqwH68l6td5m0ZI1n9mHb7DevwD4sZ3S</latexit>

10� 10
<latexit sha1_base64="jASP0Op3ymBBz6aY73U6QHlRM90=">AAACJnicjVDLSgMxFM34rPU16tJNsAiuykwpthuh6MZlBfuAdhgyaaYNzSRDkhHKMF/jxl9x46Ii4s5PMdNWsEXBA4Fzz7mXe3OCmFGlHefDWlvf2NzaLuwUd/f2Dw7to+O2EonEpIUFE7IbIEUY5aSlqWakG0uCooCRTjC+yf3OA5GKCn6vJzHxIjTkNKQYaSP59lU/QnoUhKmT9UXMEvVduyt1PfPVslKpZb5dcsvODPBvUgILNH172h8InESEa8yQUj3XibWXIqkpZiQr9hNFYoTHaEh6hnIUEeWls29m8NwoAxgKaR7XcKb+nEhRpNQkCkxnfqJa9XLxN6+X6LDupZTHiSYczxeFCYNawDwzOKCSYM0mhiAsqbkV4hGSCGuTbPF/IbQrZfeyXL2rlhrXizgK4BScgQvgghpogFvQBC2AwSN4BlPwaj1ZL9ab9T5vXbMWMydgCdbnF5k/p7I=</latexit>

0� 1� 8s � 27

Real Imaginary

resummation unknown
[2]

[1]

[Caron-Huot, Gardi, Reichel, Vernazza ’17][1] [Caron-Huot, Gardi, Reichel, Vernazza ’20][2] [Caron-Huot, Gardi, Vernazza ’17; Falcioni, Gardi, CM, Vernazza ’20]

[3]

[3]
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other odd-odd even-even odd-even

 LL

 NLL

 NNLL

2      3 Amplitudes in MRK

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

↵(2)
g

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

↵(3)
g

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

↵(1)
g

<latexit sha1_base64="WoJv4u7ePfByaksSV1xxUPvfiIo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEYwTwgWcPsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvp35rSeujYjUA05i7od0qMRAMIpWajUf07J3Pu0VS27FnYOsEi8jJchQ7xW/uv2IJSFXyCQ1puO5Mfop1SiY5NNCNzE8pmxMh7xjqaIhN346P3dKzqzSJ4NI21JI5urviZSGxkzCwHaGFEdm2ZuJ/3mdBAfXfipUnCBXbLFokEiCEZn9TvpCc4ZyYgllWthbCRtRTRnahAo2BG/55VXSvKh4l5XqfbVUu8niyMMJnEIZPLiCGtxBHRrAYAzP8ApvTuy8OO/Ox6I152Qzx/AHzucPZXqO9w==</latexit>

V (1)
<latexit sha1_base64="DYhwFyy5huhDdOwy869ThTNiQT8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY7MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaDcX3mt5+o0iyS92YSU1/goWQhI9hY6aHeZ49p2Tuf9oslt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4bWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfEuK9W7aql2k8WRhxM4hTJ4cAU1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QPG4o/A</latexit>

C(1)
i

<latexit sha1_base64="kPQG+PPxB2vM/TO/95B6fizKJ24=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9ktRT0We/FYwX5Iu5Zsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QcyZNq777aytb2xubed28rt7+weHhaPjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvBuD7z209UaRbJezOJqS/wULKQEWys9FDvs8e0VLmY9gtFt+zOgVaJl5EiZGj0C1+9QUQSQaUhHGvd9dzY+ClWhhFOp/leommMyRgPaddSiQXVfjo/eIrOrTJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4bWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZ5W0I3vLLq6RVKXuX5epdtVi7yeLIwSmcQQk8uIIa3EIDmkBAwDO8wpujnBfn3flYtK452cwJ/IHz+QPIaI/B</latexit>

C(2)
i

<latexit sha1_base64="Y/O1i7pnWkp1rB7fdvkIV3ddYUA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyGoB6DXjxGMA9IYpidzCZDZmeXmV4hLPkILx4U8er3ePNvnCR70MSChqKqm+4uP5bCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx026eGS6F4AwVK3o41p6Evecsf38781hPXRkTqAScx74V0qEQgGEUrtZqPaalyMe0Xim7ZnYOsEi8jRchQ7xe+uoOIJSFXyCQ1puO5MfZSqlEwyaf5bmJ4TNmYDnnHUkVDbnrp/NwpObfKgASRtqWQzNXfEykNjZmEvu0MKY7MsjcT//M6CQbXvVSoOEGu2GJRkEiCEZn9TgZCc4ZyYgllWthbCRtRTRnahPI2BG/55VXSrJS9y3L1vlqs3WRx5OAUzqAEHlxBDe6gDg1gMIZneIU3J3ZenHfnY9G65mQzJ/AHzucPZwCO+A==</latexit>

V (2) ? ?
one-loop [1] beyond in progress one-loop [2] beyond in progress

[2]

[Abreu, Gardi, Falcioni, CM, Vernazza, in preparation][2][Caron-Huot, Chicherin, Henn, Zhang, Zoia ’20][1]

<latexit sha1_base64="Cqvj/LDe4Bzw/60l0rbV59Hp1l4=">AAACD3icdVDLSsNAFJ34rPUVdekmWBQXEtJSa90V3bisYB+QhDCZTtqhkwczN0IJ/QM3/oobF4q4devOv3HSFqmvAwNnzrmXe+/xE84kWNaHtrC4tLyyWlgrrm9sbm3rO7ttGaeC0BaJeSy6PpaUs4i2gAGn3URQHPqcdvzhZe53bqmQLI5uYJRQN8T9iAWMYFCSpx85nAZgOyGGgR9k9bGHT+Y/jmD9AbieXrLM8/pppVIzyqY1wW9SQjM0Pf3d6cUkDWkEhGMp7bKVgJthAYxwOi46qaQJJkPcp7aiEQ6pdLPJPWPjUCk9I4iFehEYE3W+I8OhlKPQV5X5qvKnl4t/eXYKQd3NWJSkQCMyHRSk3IDYyMMxekxQAnykCCaCqV0NMsACE1ARFlUI/9/+RdoVs1wzq9fVUuNiFkcB7aMDdIzK6Aw10BVqohYi6A49oCf0rN1rj9qL9jotXdBmPXvoG7S3T9ufnTM=</latexit>

[8a,8a]
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Conclusion and Outlook
• Necessary ingredients fae n-leg amplitudes in MRK 

up to NLL can be found from only            and


• Define also NNLL parameters, three-loop Regge 
trajectory, two-loop impact factors and Lipatov 
vertex


• Need tae take into account multiple Reggeons


• Regge poles and Regge cuts in perturbative QCD


• Framework allows for calculations in different colour 
channels


• Different avenues to explore:


• Higher loop orders, higher leg orders


• Can you achieve the same in Next-to-MRK?


• Connect to integrability, resum amplitudes

<latexit sha1_base64="9lXMWf69/ipJq1enssDmnuvLGFk=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHqpSRS1GOxF48V7Ae0IWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBOMGzO/88SU5rF8wEnCvIgMJQ85JWikbsPnFfTlhV8qO1VnDnuVuDkpQ46mX/rqD2KaRkwiFUTrnusk6GVEIaeCTYv9VLOE0DEZsp6hkkRMe9n83ql9bpSBHcbKlER7rv6eyEik9SQKTGdEcKSXvZn4n9dLMbzxMi6TFJmki0VhKmyM7dnz9oArRlFMDCFUcXOrTUdEEYomoqIJwV1+eZW0L6vuVbV2XyvXb/M4CnAKZ1ABF66hDnfQhBZQEPAMr/BmPVov1rv1sWhds/KZE/gD6/MHNTCPcA==</latexit>

Ci(tn)

<latexit sha1_base64="61coTHuriRs4QuGDh2J6oLeSKBY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD0SuXjERB4JbDazwyyMzD6c6TUhhJ/w4kFjvPo73vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6ThVjDdZLGPV8anmUkS8iQIl7ySK09CXvO2P6jO//cSVFnF0j+OEuyEdRCIQjKKROnXvoYyec+4VS3bFnoOsEicjJcjQ8IpfvX7M0pBHyCTVuuvYCboTqlAwyaeFXqp5QtmIDnjX0IiGXLuT+b1TcmaUPgliZSpCMld/T0xoqPU49E1nSHGol72Z+J/XTTG4diciSlLkEVssClJJMCaz50lfKM5Qjg2hTAlzK2FDqihDE1HBhOAsv7xKWhcV57JSvauWajdZHHk4gVMogwNXUINbaEATGEh4hld4sx6tF+vd+li05qxs5hj+wPr8Adn5jzQ=</latexit>

Cj(t1)

<latexit sha1_base64="yRdfdhIPuPao6dVaMm+tQN4WlQs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRi8cK9gPaECbbTbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4peJUEtokMY9lJ0BFORO0qZnmtJNIilHAaTsY3c389phKxWLxqCcJ9SIcCBYygtpIXg95MkR/UNG+e+GXyk7VmcNeJW5OypCj4Ze+ev2YpBEVmnBUqus6ifYylJoRTqfFXqpogmSEA9o1VGBElZfNj57a50bp22EsTQltz9XfExlGSk2iwHRGqIdq2ZuJ/3ndVIc3XsZEkmoqyGJRmHJbx/YsAbvPJCWaTwxBIpm51SZDlEi0yaloQnCXX14lrcuqe1WtPdTK9ds8jgKcwhlUwIVrqMM9NKAJBJ7gGV7hzRpbL9a79bFoXbPymRP4A+vzB9oZkYI=</latexit>

↵g(t1)

<latexit sha1_base64="2vosUHERDeFkgYD1D1KQz+2yZF0=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRi8cK9gPaECbbTbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4peJUEtokMY9lJ0BFORO0qZnmtJNIilHAaTsY3c389phKxWLxqCcJ9SIcCBYygtpIXg95MkR/UNG+uPBLZafqzGGvEjcnZcjR8EtfvX5M0ogKTTgq1XWdRHsZSs0Ip9NiL1U0QTLCAe0aKjCiysvmR0/tc6P07TCWpoS25+rviQwjpSZRYDoj1EO17M3E/7xuqsMbL2MiSTUVZLEoTLmtY3uWgN1nkhLNJ4YgkczcapMhSiTa5FQ0IbjLL6+S1mXVvarWHmrl+m0eRwFO4Qwq4MI11OEeGtAEAk/wDK/wZo2tF+vd+li0rln5zAn8gfX5AzbZkb8=</latexit>

↵g(tn)

<latexit sha1_base64="rhH/mwy63Vc8ViDT73kYDHXjfW8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoUIpSSnqsejFYwX7AW0Im+2mXbrZhN2JUEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFtfWNzq7hd2tnd2z8wD486KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv3J7czvPlKpWCQeYBpTN8QjwQJGMGjJM086FfCc6iDEMPaDNM68RhW8+oVnlu2aPYe1SpyclFGOlmd+DYYRSUIqgHCsVN+xY3BTLIERTrPSIFE0xmSCR7SvqcAhVW46fyCzzrUytIJI6hJgzdXfEykOlZqGvu6cHaqWvZn4n9dPILh2UybiBKggi0VBwi2IrFka1pBJSoBPNcFEMn2rRcZYYgI6s5IOwVl+eZV06jXnsta4b5SbN3kcRXSKzlAFOegKNdEdaqE2IihDz+gVvRlPxovxbnwsWgtGPnOM/sD4/AEKFJVr</latexit>

V (t1,p4, t2)

<latexit sha1_base64="Q/cH/LDjOpcfV759aXRjNREfDs0=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCxCBS2JFPVY9OKxgv2AtoTNdtMu3WzC7kQoIUcv/hUvHhTx6k/w5r9x0+agrQ8GHu/NMDPPizhTYNvfRmFpeWV1rbhe2tjc2t4xd/daKowloU0S8lB2PKwoZ4I2gQGnnUhSHHictr3xTea3H6hULBT3MIloP8BDwXxGMGjJNQ9bFXATceakp70Aw8jzkyjNBXDFiWuW7ao9hbVInJyUUY6Ga371BiGJAyqAcKxU17Ej6CdYAiOcpqVerGiEyRgPaVdTgQOq+sn0kdQ61srA8kOpS4A1VX9PJDhQahJ4ujM7Vs17mfif143Bv+onTEQxUEFmi/yYWxBaWSrWgElKgE80wUQyfatFRlhiAjq7kg7BmX95kbTOq85FtXZXK9ev8ziK6AAdoQpy0CWqo1vUQE1E0CN6Rq/ozXgyXox342PWWjDymX30B8bnD6CamRo=</latexit>

V (tn�1,pn�1, tn)

<latexit sha1_base64="WtVVLkveaRULEg9uOn1W52LVtO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACbo2h</latexit>p1

<latexit sha1_base64="lfjEq2ZVlSJMUvqhpQemAs6Nhh4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcD8o2i</latexit>p2
<latexit sha1_base64="TnFXd0WF2keaW9dpfuXYmDfv4Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsFdo2j</latexit>p3

<latexit sha1_base64="5qqAjw1YTtZ9L4PvUnzbaUEklQQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEG+o2k</latexit>p4

<latexit sha1_base64="Q0ZbrXQlCdH3CedgMBPNgBy3qDE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Rsmm1Ds0lIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3ImwoZ4I2LbOcdpSmOIk4bUfju5nffqLaMCke7UTRMMFDwWJGsHVSW/UzcRFM++WKX/XnQKskyEkFcjT65a/eQJI0ocISjo3pBr6yYYa1ZYTTaamXGqowGeMh7ToqcEJNmM3PnaIzpwxQLLUrYdFc/T2R4cSYSRK5zgTbkVn2ZuJ/Xje18U2YMaFSSwVZLIpTjqxEs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmldVoOrau2hVqnf5nEU4QRO4RwCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wcAEI9c</latexit>pn�1

<latexit sha1_base64="/tBr7vbkxkg2g3EnlRi7bM1nRSM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJT/u5mvarNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3Vb98uKw1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AI7SO6g==</latexit>pn<latexit sha1_base64="SUEX5j4mdJFIXCZRTBSb2rDcIAQ=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXRjcsK9gHtUDJppo3NY0gyQhn6D25cKOLW/3Hn35i2s9DWA4HDOfeSe06UcGas7397a+sbm1vbhZ3i7t7+wWHp6LhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsa3M7/9RLVhSj7YSUJDgYeSxYxg66RWtWcVqvZLZb/iz4FWSZCTMuRo9EtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NiLzU0wWSMh7TrqMSCmjCbXztF504ZoFhp96RFc/X3RoaFMRMRuUmB7cgsezPxP6+b2vg6zJhMUkslWXwUpxy5iLPoaMA0JZZPHMFEM3crIiOsMbGuoKIrIViOvEpa1UpwWand18r1m7yOApzCGVxAAFdQhztoQBMIPMIzvMKbp7wX7937WIyuefnOCfyB9/kDnEyOgg==</latexit>

2 ! 2
<latexit sha1_base64="LZmENHfL1LPaT8j6spmZidNOisM=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqszUoi6LblxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem01lo64HA4Zx7yT0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5koQltEcqm6AdaUM0FbhhlOu7GiOAo47QST27nfeaJKMykezDSmfoRHgoWMYGOldq1vJLoYlCtu1c2AVomXkwrkaA7KX/2hJElEhSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KBI6r9NLt2hs6sMkShVPYJgzL190aKI62nUWAnI2zGetmbi/95vcSE137KRJwYKsjiozDhyEacR0dDpigxfGoJJorZWxEZY4WJsQWVbAnecuRV0q5Vvctq/b5eadzkdRThBE7hHDy4ggbcQRNaQOARnuEV3hzpvDjvzsditODkO8fwB87nD53QjoM=</latexit>

2 ! 3

32



Conclusion and Outlook
<latexit sha1_base64="9lXMWf69/ipJq1enssDmnuvLGFk=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHqpSRS1GOxF48V7Ae0IWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBOMGzO/88SU5rF8wEnCvIgMJQ85JWikbsPnFfTlhV8qO1VnDnuVuDkpQ46mX/rqD2KaRkwiFUTrnusk6GVEIaeCTYv9VLOE0DEZsp6hkkRMe9n83ql9bpSBHcbKlER7rv6eyEik9SQKTGdEcKSXvZn4n9dLMbzxMi6TFJmki0VhKmyM7dnz9oArRlFMDCFUcXOrTUdEEYomoqIJwV1+eZW0L6vuVbV2XyvXb/M4CnAKZ1ABF66hDnfQhBZQEPAMr/BmPVov1rv1sWhds/KZE/gD6/MHNTCPcA==</latexit>

Ci(tn)

<latexit sha1_base64="61coTHuriRs4QuGDh2J6oLeSKBY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD0SuXjERB4JbDazwyyMzD6c6TUhhJ/w4kFjvPo73vwbB9iDgpV0UqnqTneXn0ih0ba/rdza+sbmVn67sLO7t39QPDxq6ThVjDdZLGPV8anmUkS8iQIl7ySK09CXvO2P6jO//cSVFnF0j+OEuyEdRCIQjKKROnXvoYyec+4VS3bFnoOsEicjJcjQ8IpfvX7M0pBHyCTVuuvYCboTqlAwyaeFXqp5QtmIDnjX0IiGXLuT+b1TcmaUPgliZSpCMld/T0xoqPU49E1nSHGol72Z+J/XTTG4diciSlLkEVssClJJMCaz50lfKM5Qjg2hTAlzK2FDqihDE1HBhOAsv7xKWhcV57JSvauWajdZHHk4gVMogwNXUINbaEATGEh4hld4sx6tF+vd+li05qxs5hj+wPr8Adn5jzQ=</latexit>

Cj(t1)

<latexit sha1_base64="yRdfdhIPuPao6dVaMm+tQN4WlQs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRi8cK9gPaECbbTbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4peJUEtokMY9lJ0BFORO0qZnmtJNIilHAaTsY3c389phKxWLxqCcJ9SIcCBYygtpIXg95MkR/UNG+e+GXyk7VmcNeJW5OypCj4Ze+ev2YpBEVmnBUqus6ifYylJoRTqfFXqpogmSEA9o1VGBElZfNj57a50bp22EsTQltz9XfExlGSk2iwHRGqIdq2ZuJ/3ndVIc3XsZEkmoqyGJRmHJbx/YsAbvPJCWaTwxBIpm51SZDlEi0yaloQnCXX14lrcuqe1WtPdTK9ds8jgKcwhlUwIVrqMM9NKAJBJ7gGV7hzRpbL9a79bFoXbPymRP4A+vzB9oZkYI=</latexit>

↵g(t1)

<latexit sha1_base64="2vosUHERDeFkgYD1D1KQz+2yZF0=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRi8cK9gPaECbbTbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4peJUEtokMY9lJ0BFORO0qZnmtJNIilHAaTsY3c389phKxWLxqCcJ9SIcCBYygtpIXg95MkR/UNG+uPBLZafqzGGvEjcnZcjR8EtfvX5M0ogKTTgq1XWdRHsZSs0Ip9NiL1U0QTLCAe0aKjCiysvmR0/tc6P07TCWpoS25+rviQwjpSZRYDoj1EO17M3E/7xuqsMbL2MiSTUVZLEoTLmtY3uWgN1nkhLNJ4YgkczcapMhSiTa5FQ0IbjLL6+S1mXVvarWHmrl+m0eRwFO4Qwq4MI11OEeGtAEAk/wDK/wZo2tF+vd+li0rln5zAn8gfX5AzbZkb8=</latexit>

↵g(tn)

<latexit sha1_base64="rhH/mwy63Vc8ViDT73kYDHXjfW8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoUIpSSnqsejFYwX7AW0Im+2mXbrZhN2JUEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPjzlTYNvfRmFtfWNzq7hd2tnd2z8wD486KkokoW0S8Uj2fKwoZ4K2gQGnvVhSHPqcdv3J7czvPlKpWCQeYBpTN8QjwQJGMGjJM086FfCc6iDEMPaDNM68RhW8+oVnlu2aPYe1SpyclFGOlmd+DYYRSUIqgHCsVN+xY3BTLIERTrPSIFE0xmSCR7SvqcAhVW46fyCzzrUytIJI6hJgzdXfEykOlZqGvu6cHaqWvZn4n9dPILh2UybiBKggi0VBwi2IrFka1pBJSoBPNcFEMn2rRcZYYgI6s5IOwVl+eZV06jXnsta4b5SbN3kcRXSKzlAFOegKNdEdaqE2IihDz+gVvRlPxovxbnwsWgtGPnOM/sD4/AEKFJVr</latexit>

V (t1,p4, t2)

<latexit sha1_base64="Q/cH/LDjOpcfV759aXRjNREfDs0=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCxCBS2JFPVY9OKxgv2AtoTNdtMu3WzC7kQoIUcv/hUvHhTx6k/w5r9x0+agrQ8GHu/NMDPPizhTYNvfRmFpeWV1rbhe2tjc2t4xd/daKowloU0S8lB2PKwoZ4I2gQGnnUhSHHictr3xTea3H6hULBT3MIloP8BDwXxGMGjJNQ9bFXATceakp70Aw8jzkyjNBXDFiWuW7ao9hbVInJyUUY6Ga371BiGJAyqAcKxU17Ej6CdYAiOcpqVerGiEyRgPaVdTgQOq+sn0kdQ61srA8kOpS4A1VX9PJDhQahJ4ujM7Vs17mfif143Bv+onTEQxUEFmi/yYWxBaWSrWgElKgE80wUQyfatFRlhiAjq7kg7BmX95kbTOq85FtXZXK9ev8ziK6AAdoQpy0CWqo1vUQE1E0CN6Rq/ozXgyXox342PWWjDymX30B8bnD6CamRo=</latexit>

V (tn�1,pn�1, tn)

<latexit sha1_base64="WtVVLkveaRULEg9uOn1W52LVtO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACbo2h</latexit>p1

<latexit sha1_base64="lfjEq2ZVlSJMUvqhpQemAs6Nhh4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcD8o2i</latexit>p2
<latexit sha1_base64="TnFXd0WF2keaW9dpfuXYmDfv4Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdI/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsFdo2j</latexit>p3

<latexit sha1_base64="5qqAjw1YTtZ9L4PvUnzbaUEklQQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEG+o2k</latexit>p4

<latexit sha1_base64="Q0ZbrXQlCdH3CedgMBPNgBy3qDE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Rsmm1Ds0lIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3ImwoZ4I2LbOcdpSmOIk4bUfju5nffqLaMCke7UTRMMFDwWJGsHVSW/UzcRFM++WKX/XnQKskyEkFcjT65a/eQJI0ocISjo3pBr6yYYa1ZYTTaamXGqowGeMh7ToqcEJNmM3PnaIzpwxQLLUrYdFc/T2R4cSYSRK5zgTbkVn2ZuJ/Xje18U2YMaFSSwVZLIpTjqxEs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmldVoOrau2hVqnf5nEU4QRO4RwCuIY63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8wcAEI9c</latexit>pn�1

<latexit sha1_base64="/tBr7vbkxkg2g3EnlRi7bM1nRSM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJT/u5mvarNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3Vb98uKw1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AI7SO6g==</latexit>pn

Thank You!
• Necessary ingredients fae n-leg amplitudes in MRK 

up to NLL can be found from only            and


• Define also NNLL parameters, three-loop Regge 
trajectory, two-loop impact factors and Lipatov 
vertex


• Need tae take into account multiple Reggeons


• Regge poles and Regge cuts in perturbative QCD


• Framework allows for calculations in different colour 
channels


• Different avenues to explore:


• Higher loop orders, higher leg orders


• Can you achieve the same in Next-to-MRK?


• Connect to integrability, resum amplitudes
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Formulating highly energetic partons as Wilson lines
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[Caron-Huot ’13; Caron-Huot, Gardi, Vernazza ’17]
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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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n�3
3!3

⇥
⇣
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36

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
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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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