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PROLOGUE

• Scattering amplitude is the basic building block in QFT 

• Topic of interest for decades.

• More precise theoretical predictions are crying need at the LHC

• Necessary to reveal the underlying structures in QFT
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PROLOGUE

g(p1) + g(p2) + g(p3) + g(p4) ! 0
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• Scattering amplitude is the basic building block in QFT 

• Topic of interest for decades.

• We focus on a 4-gluon process involving on-shell partons in QCD

• More precise theoretical predictions are crying need at the LHC

• Necessary to reveal the underlying structures in QFT

Ellis, Sexton ‘86 1-loop:
Bern, Dixon, Kosower ’002-loop Helicity amplitude:

Glover, Oleari, Yeomans ’012-loop full amplitude:

• Ingredient for the di-jet production

• State-of-the-art
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PROLOGUE

g(p1) + g(p2) + g(p3) + g(p4) ! 0
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• Scattering amplitude is the basic building block in QFT 

• Topic of interest for decades.

• We focus on a 4-gluon process involving on-shell partons in QCD

• More precise theoretical predictions are crying need at the LHC

• Necessary to reveal the underlying structures in QFT

Ellis, Sexton ‘86 1-loop:
Bern, Dixon, Kosower ’002-loop Helicity amplitude:

Glover, Oleari, Yeomans ’012-loop full amplitude:

• Next challenging goal: go for 3-loop!

• Ingredient for the di-jet production

• State-of-the-art

• First attempt in N=4 by Henn, Mistlberger in ’16

• We address this at 3-loop for the first time in QCD
Our goal
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PLAN OF THE TALK

Tensor Structure & Projectors

Helicity Amplitude

Planar Limit

Details of Computation

Master Integrals in UT Basis

UV Renormalisation

IR Factorisation

A Glimpse at the Preliminary Result (Not completed yet)



PROCESS OF INTEREST

• We consider

g(p1) + g(p2) + g(p3) + g(p4) ! 0
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on-shell in QCD

with arbitrary number of light fermions in fund represent of SU(N) gauge group
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PROCESS OF INTEREST

• We consider

g(p1) + g(p2) + g(p3) + g(p4) ! 0
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on-shell in QCD

with arbitrary number of light fermions in fund represent of SU(N) gauge group

• Goal:  Compute the amplitude and helicity amplitudes in planar limit

• One approach: decompose the amplitude into linearly independent tensor structures
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PROCESS OF INTEREST

• We consider
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• Transversality Condition

✏i.pi = 0
<latexit sha1_base64="VK+V7aPR9dNhkkZ3C9M9qMdyl0s=">AAAB+HicbZC7TsMwFIZPyq2UW4ARBosKiSlKWIABqYKFsZUIrdRGkeM6rVUnsWynUhX1TVgYALEy8RxsbDwK7mWAll+y9Ok/5+gc/5HgTGnX/bJKK6tr6xvlzcrW9s7unr1/8KCyXBLqk4xnshVhRTlLqa+Z5rQlJMVJxGkzGtxO6s0hlYpl6b0eCRokuJeymBGsjRXadocKxbhB5oiQXbuhXXUddyq0DN4cqrXjj8Y3ANRD+7PTzUie0FQTjpVqe67QQYGlZoTTcaWTKyowGeAebRtMcUJVUEwvH6NT43RRnEnzUo2m7u+JAidKjZLIdCZY99VibWL+V2vnOr4MCpaKXNOUzBbFOUc6Q5MYUJdJSjQfGcBEMnMrIn0sMdEmrIoJwVv88jL4586V4zVMGDcwUxmO4ATOwIMLqMEd1MEHAkN4hGd4sQrryXq13matJWs+cwh/ZL3/AHlplVE=</latexit><latexit sha1_base64="vvjk1s06EhFfXSOgn2WyoCNtsIg=">AAAB+HicbZDLSsNAFIZPvNZ6i7pUJFgEVyFxoy6EohuXLRhbaEOYTKft0MlkmJkUSujSt3DjQsWtqz6HO5/Bl3B6WWjrDwMf/zmHc+aPBaNKe96XtbS8srq2Xtgobm5t7+zae/sPKs0kJgFOWSrrMVKEUU4CTTUjdSEJSmJGanHvdlyv9YlUNOX3eiBImKAOp22KkTZWZNtNIhRlBqkrInrtRXbJc72JnEXwZ1AqH42q34/Ho0pkfzZbKc4SwjVmSKmG7wkd5khqihkZFpuZIgLhHuqQhkGOEqLCfHL50Dk1Tstpp9I8rp2J+3siR4lSgyQ2nQnSXTVfG5v/1RqZbl+GOeUi04Tj6aJ2xhydOuMYnBaVBGs2MICwpOZWB3eRRFibsIomBH/+y4sQnLtXrl81YdzAVAU4hBM4Ax8uoAx3UIEAMPThCV7g1cqtZ+vNep+2LlmzmQP4I+vjB1ZIlrc=</latexit><latexit sha1_base64="vvjk1s06EhFfXSOgn2WyoCNtsIg=">AAAB+HicbZDLSsNAFIZPvNZ6i7pUJFgEVyFxoy6EohuXLRhbaEOYTKft0MlkmJkUSujSt3DjQsWtqz6HO5/Bl3B6WWjrDwMf/zmHc+aPBaNKe96XtbS8srq2Xtgobm5t7+zae/sPKs0kJgFOWSrrMVKEUU4CTTUjdSEJSmJGanHvdlyv9YlUNOX3eiBImKAOp22KkTZWZNtNIhRlBqkrInrtRXbJc72JnEXwZ1AqH42q34/Ho0pkfzZbKc4SwjVmSKmG7wkd5khqihkZFpuZIgLhHuqQhkGOEqLCfHL50Dk1Tstpp9I8rp2J+3siR4lSgyQ2nQnSXTVfG5v/1RqZbl+GOeUi04Tj6aJ2xhydOuMYnBaVBGs2MICwpOZWB3eRRFibsIomBH/+y4sQnLtXrl81YdzAVAU4hBM4Ax8uoAx3UIEAMPThCV7g1cqtZ+vNep+2LlmzmQP4I+vjB1ZIlrc=</latexit><latexit sha1_base64="vvjk1s06EhFfXSOgn2WyoCNtsIg=">AAAB+HicbZDLSsNAFIZPvNZ6i7pUJFgEVyFxoy6EohuXLRhbaEOYTKft0MlkmJkUSujSt3DjQsWtqz6HO5/Bl3B6WWjrDwMf/zmHc+aPBaNKe96XtbS8srq2Xtgobm5t7+zae/sPKs0kJgFOWSrrMVKEUU4CTTUjdSEJSmJGanHvdlyv9YlUNOX3eiBImKAOp22KkTZWZNtNIhRlBqkrInrtRXbJc72JnEXwZ1AqH42q34/Ho0pkfzZbKc4SwjVmSKmG7wkd5khqihkZFpuZIgLhHuqQhkGOEqLCfHL50Dk1Tstpp9I8rp2J+3siR4lSgyQ2nQnSXTVfG5v/1RqZbl+GOeUi04Tj6aJ2xhydOuMYnBaVBGs2MICwpOZWB3eRRFibsIomBH/+y4sQnLtXrl81YdzAVAU4hBM4Ax8uoAx3UIEAMPThCV7g1cqtZ+vNep+2LlmzmQP4I+vjB1ZIlrc=</latexit><latexit sha1_base64="GCquoE37JmVA5sJa8v8VU4yXl0I=">AAAB+HicbZDNSgMxFIUz9a/Wv1GXboJFcFVm3KgLoejGZQXHFtphyKR32tBMJiSZQhn6Jm5cqLj1Udz5NqbtLLT1QODj3Hu5NyeWnGnjed9OZW19Y3Orul3b2d3bP3APj550lisKAc14pjox0cCZgMAww6EjFZA05tCOR3ezensMSrNMPJqJhDAlA8ESRomxVuS6PZCacYusISN240Vu3Wt4c+FV8Euoo1KtyP3q9TOapyAM5UTrru9JExZEGUY5TGu9XIMkdEQG0LUoSAo6LOaXT/GZdfo4yZR9wuC5+3uiIKnWkzS2nSkxQ71cm5n/1bq5Sa7CggmZGxB0sSjJOTYZnsWA+0wBNXxigVDF7K2YDoki1NiwajYEf/nLqxBcNK4b/oNXb96WaVTRCTpF58hHl6iJ7lELBYiiMXpGr+jNKZwX5935WLRWnHLmGP2R8/kDa7STDA==</latexit>

Number of tensorial structures reduce to 43

on-shell in QCD

with arbitrary number of light fermions in fund represent of SU(N) gauge group

• General Tensor Structure

|M(p1, p2, p3)i = Sµ⌫⇢�({pi})✏µ1 (p1)✏⌫2(p2)✏
⇢
3(p3)✏

�
4 (p4)

<latexit sha1_base64="uV80R/TTe7ZjRRS5DQs+WDANyKw="></latexit><latexit sha1_base64="NIRL18z1X9YXaeO7/tivfXGTSes="></latexit><latexit sha1_base64="NIRL18z1X9YXaeO7/tivfXGTSes="></latexit><latexit sha1_base64="NIRL18z1X9YXaeO7/tivfXGTSes="></latexit><latexit sha1_base64="CK+0oFDpu5ShizK5NK1kct37ajM="></latexit>

Sµ⌫⇢� /
�
gµ⌫g⇢�, gµ⌫p⇢i1p

�
i2 , pµi1p

⌫
i2p

⇢
i3
p�i4

 
<latexit sha1_base64="e0sccEloMWgfTnrGHKBFp89AJ6o="></latexit><latexit sha1_base64="46yKYVNHS0RxIfLM3KZnhhc8j0Y="></latexit><latexit sha1_base64="46yKYVNHS0RxIfLM3KZnhhc8j0Y="></latexit><latexit sha1_base64="46yKYVNHS0RxIfLM3KZnhhc8j0Y="></latexit><latexit sha1_base64="fVuDR/XQCvru0PQvJWJzNWllckw="></latexit>

138 Tensorial Structures Not all of them contribute!

• Goal:  Compute the amplitude and helicity amplitudes in planar limit

• One approach: decompose the amplitude into linearly independent tensor structures
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PROJECTORS 
• Ward Identities

Sµ⌫⇢�({pi})pµ1 ✏⌫2(p2)✏
⇢
3(p3)✏

�
4 (p4) = 0

Sµ⌫⇢�({pi})✏µ1 (p1)p⌫2✏
⇢
3(p3)✏

�
4 (p4) = 0

Sµ⌫⇢�({pi})✏µ1 (p1)✏⌫2(p2)p
⇢
3✏

�
4 (p4) = 0

Sµ⌫⇢�({pi})✏µ1 (p1)✏⌫2(p2)✏
⇢
3(p3)p

�
4 = 0

<latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit>
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PROJECTORS 
• Ward Identities

Sµ⌫⇢�({pi})pµ1 ✏⌫2(p2)✏
⇢
3(p3)✏

�
4 (p4) = 0

Sµ⌫⇢�({pi})✏µ1 (p1)p⌫2✏
⇢
3(p3)✏

�
4 (p4) = 0

Sµ⌫⇢�({pi})✏µ1 (p1)✏⌫2(p2)p
⇢
3✏

�
4 (p4) = 0

Sµ⌫⇢�({pi})✏µ1 (p1)✏⌫2(p2)✏
⇢
3(p3)p

�
4 = 0

<latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit><latexit sha1_base64="4jh+BwuP5QIRWoA4pXYga6wj99c="></latexit>

Issue: Huge number of terms at intermediate steps

Make specific gauge choice of external gauge bosons

Unaffected final result due to gauge invariance

Not imposing gauge invariance on tensor structures, fix the gauge of external bosons

Number of tensorial structures reduce to 10
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PROJECTORS

Gauge Fixed Tensor

✏1.p2 = ✏2.p3 = ✏3.p4 = ✏4.p1 = 0
<latexit sha1_base64="K7jYcopRgBz4UBIci8W8MiAX5Y4=">AAACKHicbVBdSwJBFL1rX2ZfWz3Ww5AEPS27KlQPgtRLjwqZgorMjqMOzu4OM7OBiH+nl/5AP6KXggrfol/S+IGYdmDgnHPv5c49vuBMadcdWYm19Y3NreR2amd3b//APjx6UFEsCS2TiEey6mNFOQtpWTPNaVVIigOf04rfux3XK49UKhaF97ovaCPAnZC1GcHaWE27UKdCMW6o54hmBuXR3Mg4Iruos6Yhl5/LnJFe3m3aaddxJ0CrxJuRdOH0pfQNAMWm/V5vRSQOaKgJx0rVPFfoxgBLzQinw1Q9VlRg0sMdWjM0xAFVjcHk0iE6N04LtSNpXqjRxF2cGOBAqX7gm84A665aro3N/2q1WLevGgMWiljTkEwXtWOOdITGsaEWk5Ro3jcEE8nMXxHpYomJNuGmTAje8smrpJxxrh2vZMK4gSmScAJncAEeXEIB7qAIZSDwBK/wAZ/Ws/VmfVmjaWvCms0cwx9YP7+2Kabh</latexit><latexit sha1_base64="Ni29tkDCwLotrjHd67Ek5fHvS4o=">AAACKHicbVDLSgMxFM34rPVVdalIsAiuhpm2oC4KRTcuW7C20JYhk2ba0EwmJBmhlC79FTf+QD/CjYJKt279CdMHpbYeCJxz7r3c3OMLRpV2nKG1srq2vrGZ2Epu7+zu7acODh9UFEtMyjhikaz6SBFGOSlrqhmpCklQ6DNS8Tu3o3rlkUhFI36vu4I0QtTiNKAYaWN5qUKdCEWZoa4tvAzMw5mRsUV2XmdNQy4/kzkj3bzjpdKO7YwBl4k7JenCyaD083Q6KHqp93ozwnFIuMYMKVVzHaEbPSQ1xYz0k/VYEYFwB7VIzVCOQqIavfGlfXhunCYMImke13Dszk/0UKhUN/RNZ4h0Wy3WRuZ/tVqsg6tGj3IRa8LxZFEQM6gjOIoNNqkkWLOuIQhLav4KcRtJhLUJN2lCcBdPXibljH1tuyUTxg2YIAGOwRm4AC64BAVwB4qgDDB4Bq/gA3xaL9ab9WUNJ60r1nTmCPyB9f0LkwioRw==</latexit><latexit sha1_base64="Ni29tkDCwLotrjHd67Ek5fHvS4o=">AAACKHicbVDLSgMxFM34rPVVdalIsAiuhpm2oC4KRTcuW7C20JYhk2ba0EwmJBmhlC79FTf+QD/CjYJKt279CdMHpbYeCJxz7r3c3OMLRpV2nKG1srq2vrGZ2Epu7+zu7acODh9UFEtMyjhikaz6SBFGOSlrqhmpCklQ6DNS8Tu3o3rlkUhFI36vu4I0QtTiNKAYaWN5qUKdCEWZoa4tvAzMw5mRsUV2XmdNQy4/kzkj3bzjpdKO7YwBl4k7JenCyaD083Q6KHqp93ozwnFIuMYMKVVzHaEbPSQ1xYz0k/VYEYFwB7VIzVCOQqIavfGlfXhunCYMImke13Dszk/0UKhUN/RNZ4h0Wy3WRuZ/tVqsg6tGj3IRa8LxZFEQM6gjOIoNNqkkWLOuIQhLav4KcRtJhLUJN2lCcBdPXibljH1tuyUTxg2YIAGOwRm4AC64BAVwB4qgDDB4Bq/gA3xaL9ab9WUNJ60r1nTmCPyB9f0LkwioRw==</latexit><latexit sha1_base64="1o/8GnrxshDZ9aMpUYPJ9KnYPvY=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwFZK2oC4KRTcuKxhbaEOYTCft0EkyzEyEEvo7bvwVNwoq3folTttQauuBgXPOvZc79wScUalse2IUNja3tneKu6W9/YPDI/P45EkmqcDExQlLRDtAkjAaE1dRxUibC4KigJFWMLyb1lvPREiaxI9qxIkXoX5MQ4qR0pZvNrqES8o0dSzuV2AdLoyKxavLuqobavWFrGnp1G3fLNuWPQNcJ05OyiBH0zc/ur0EpxGJFWZIyo5jc+VlSCiKGRmXuqkkHOEh6pOOpjGKiPSy2aVjeKGdHgwToV+s4MxdnshQJOUoCnRnhNRArtam5n+1TqrCay+jMU8VifF8UZgyqBI4jQ32qCBYsZEmCAuq/wrxAAmElQ63pENwVk9eJ27FurGcB7vcuM3TKIIzcA4ugQOuQAPcgyZwAQYv4A18gi/j1Xg3vo3JvLVg5DOn4A+Mn1+odKSc</latexit><latexit sha1_base64="1o/8GnrxshDZ9aMpUYPJ9KnYPvY=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwFZK2oC4KRTcuKxhbaEOYTCft0EkyzEyEEvo7bvwVNwoq3folTttQauuBgXPOvZc79wScUalse2IUNja3tneKu6W9/YPDI/P45EkmqcDExQlLRDtAkjAaE1dRxUibC4KigJFWMLyb1lvPREiaxI9qxIkXoX5MQ4qR0pZvNrqES8o0dSzuV2AdLoyKxavLuqobavWFrGnp1G3fLNuWPQNcJ05OyiBH0zc/ur0EpxGJFWZIyo5jc+VlSCiKGRmXuqkkHOEh6pOOpjGKiPSy2aVjeKGdHgwToV+s4MxdnshQJOUoCnRnhNRArtam5n+1TqrCay+jMU8VifF8UZgyqBI4jQ32qCBYsZEmCAuq/wrxAAmElQ63pENwVk9eJ27FurGcB7vcuM3TKIIzcA4ugQOuQAPcgyZwAQYv4A18gi/j1Xg3vo3JvLVg5DOn4A+Mn1+odKSc</latexit><latexit sha1_base64="1o/8GnrxshDZ9aMpUYPJ9KnYPvY=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwFZK2oC4KRTcuKxhbaEOYTCft0EkyzEyEEvo7bvwVNwoq3folTttQauuBgXPOvZc79wScUalse2IUNja3tneKu6W9/YPDI/P45EkmqcDExQlLRDtAkjAaE1dRxUibC4KigJFWMLyb1lvPREiaxI9qxIkXoX5MQ4qR0pZvNrqES8o0dSzuV2AdLoyKxavLuqobavWFrGnp1G3fLNuWPQNcJ05OyiBH0zc/ur0EpxGJFWZIyo5jc+VlSCiKGRmXuqkkHOEh6pOOpjGKiPSy2aVjeKGdHgwToV+s4MxdnshQJOUoCnRnhNRArtam5n+1TqrCay+jMU8VifF8UZgyqBI4jQ32qCBYsZEmCAuq/wrxAAmElQ63pENwVk9eJ27FurGcB7vcuM3TKIIzcA4ugQOuQAPcgyZwAQYv4A18gi/j1Xg3vo3JvLVg5DOn4A+Mn1+odKSc</latexit><latexit sha1_base64="1o/8GnrxshDZ9aMpUYPJ9KnYPvY=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0VwFZK2oC4KRTcuKxhbaEOYTCft0EkyzEyEEvo7bvwVNwoq3folTttQauuBgXPOvZc79wScUalse2IUNja3tneKu6W9/YPDI/P45EkmqcDExQlLRDtAkjAaE1dRxUibC4KigJFWMLyb1lvPREiaxI9qxIkXoX5MQ4qR0pZvNrqES8o0dSzuV2AdLoyKxavLuqobavWFrGnp1G3fLNuWPQNcJ05OyiBH0zc/ur0EpxGJFWZIyo5jc+VlSCiKGRmXuqkkHOEh6pOOpjGKiPSy2aVjeKGdHgwToV+s4MxdnshQJOUoCnRnhNRArtam5n+1TqrCay+jMU8VifF8UZgyqBI4jQ32qCBYsZEmCAuq/wrxAAmElQ63pENwVk9eJ27FurGcB7vcuM3TKIIzcA4ugQOuQAPcgyZwAQYv4A18gi/j1Xg3vo3JvLVg5DOn4A+Mn1+odKSc</latexit>

Choice is arbitrary

Number of tensorial structures reduce to 10

Total number is same as earlier: consistent

T1 = ✏1 · ✏2 ✏3 · ✏4 , T2 = ✏1 · ✏3 ✏2 · ✏4 ,
T3 = ✏1 · ✏4 ✏2 · ✏3 , T4 = ✏1 · ✏2 p1 · ✏3 p3 · ✏4 ,
T5 = ✏1 · ✏3 p1 · ✏2 p3 · ✏4 , T6 = ✏1 · ✏4 p1 · ✏2 p1 · ✏3 ,
T7 = ✏2 · ✏3 p3 · ✏1 p3 · ✏4 , T8 = ✏2 · ✏4 p3 · ✏1 p1 · ✏3 ,
T9 = ✏3 · ✏4 p1 · ✏2 p3 · ✏1 , T10 = p3 · ✏1 p1 · ✏2 p1 · ✏3 p3 · ✏4

<latexit sha1_base64="HIYXKf46DKZAeEQ3aFoy04DgTi4="></latexit><latexit sha1_base64="HIYXKf46DKZAeEQ3aFoy04DgTi4="></latexit><latexit sha1_base64="HIYXKf46DKZAeEQ3aFoy04DgTi4="></latexit><latexit sha1_base64="HIYXKf46DKZAeEQ3aFoy04DgTi4="></latexit><latexit sha1_base64="HIYXKf46DKZAeEQ3aFoy04DgTi4="></latexit>

Matrix element

Goal: calculate {Ai}
<latexit sha1_base64="VmvvLGdj2M7RNXuUGLsZCrCYSXY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CS2CIJRdL9Vb1YvHCq6tdJeSTbNtaJJdkqxQlv4KLx5UevXvePPfmH4ctPXBwOO9GWbmRSln2rjut1NYW9/Y3Cpul3Z29/YPyodHjzrJFKE+SXii2hHWlDNJfcMMp+1UUSwiTlvR8Hbqt56p0iyRD2aU0lDgvmQxI9hY6SnI0XWXoWDcLVfdmjsDWiXeglQbleB8AgDNbvkr6CUkE1QawrHWHc9NTZhjZRjhdFwKMk1TTIa4TzuWSiyoDvPZwWN0apUeihNlSxo0U39P5FhoPRKR7RTYDPSyNxX/8zqZiS/DnMk0M1SS+aI448gkaPo96jFFieEjSzBRzN6KyAArTIzNqGRD8JZfXiX+Re2q5t3bMG5gjiKcQAXOwIM6NOAOmuADAQEv8AbvjnJenQ9nMm8tOIuZY/gD5/MHYIiRJg==</latexit><latexit sha1_base64="4BjBbkIEVKbKntc+owiamHCLNxA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CS2CIJRdL+qt6sVjBddWukvJpmkbmmSXJCssS3+FHjyoePXveOu/Mf04aOuDgcd7M8zMixLOtHHdsVNYWV1b3yhulra2d3b3yvsHDzpOFaE+iXmsWhHWlDNJfcMMp61EUSwiTpvR8GbiN5+o0iyW9yZLaChwX7IeI9hY6THI0VWHoWDUKVfdmjsFWibenFTrleD0ZVzPGp3yd9CNSSqoNIRjrduem5gwx8owwumoFKSaJpgMcZ+2LZVYUB3m04NH6NgqXdSLlS1p0FT9PZFjoXUmItspsBnoRW8i/ue1U9O7CHMmk9RQSWaLeilHJkaT71GXKUoMzyzBRDF7KyIDrDAxNqOSDcFbfHmZ+Ge1y5p3Z8O4hhmKcAQVOAEPzqEOt9AAHwgIeIY3eHeU8+p8OJ+z1oIznzmEP3C+fgBobJKs</latexit><latexit sha1_base64="4BjBbkIEVKbKntc+owiamHCLNxA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CS2CIJRdL+qt6sVjBddWukvJpmkbmmSXJCssS3+FHjyoePXveOu/Mf04aOuDgcd7M8zMixLOtHHdsVNYWV1b3yhulra2d3b3yvsHDzpOFaE+iXmsWhHWlDNJfcMMp61EUSwiTpvR8GbiN5+o0iyW9yZLaChwX7IeI9hY6THI0VWHoWDUKVfdmjsFWibenFTrleD0ZVzPGp3yd9CNSSqoNIRjrduem5gwx8owwumoFKSaJpgMcZ+2LZVYUB3m04NH6NgqXdSLlS1p0FT9PZFjoXUmItspsBnoRW8i/ue1U9O7CHMmk9RQSWaLeilHJkaT71GXKUoMzyzBRDF7KyIDrDAxNqOSDcFbfHmZ+Ge1y5p3Z8O4hhmKcAQVOAEPzqEOt9AAHwgIeIY3eHeU8+p8OJ+z1oIznzmEP3C+fgBobJKs</latexit><latexit sha1_base64="4BjBbkIEVKbKntc+owiamHCLNxA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CS2CIJRdL+qt6sVjBddWukvJpmkbmmSXJCssS3+FHjyoePXveOu/Mf04aOuDgcd7M8zMixLOtHHdsVNYWV1b3yhulra2d3b3yvsHDzpOFaE+iXmsWhHWlDNJfcMMp61EUSwiTpvR8GbiN5+o0iyW9yZLaChwX7IeI9hY6THI0VWHoWDUKVfdmjsFWibenFTrleD0ZVzPGp3yd9CNSSqoNIRjrduem5gwx8owwumoFKSaJpgMcZ+2LZVYUB3m04NH6NgqXdSLlS1p0FT9PZFjoXUmItspsBnoRW8i/ue1U9O7CHMmk9RQSWaLeilHJkaT71GXKUoMzyzBRDF7KyIDrDAxNqOSDcFbfHmZ+Ge1y5p3Z8O4hhmKcAQVOAEPzqEOt9AAHwgIeIY3eHeU8+p8OJ+z1oIznzmEP3C+fgBobJKs</latexit><latexit sha1_base64="ixSO+JGkx5YNtgpZ0oKIXUGK4Hs=">AAAB73icbVA9T8MwEL2Ur1K+CowsFhUSU5WwAFuBhbFIhBY1UeW4TmvVdiLbQaqi/AoWBkCs/B02/g1umwFannTS03t3ursXpZxp47rfTmVldW19o7pZ29re2d2r7x886CRThPok4YnqRlhTziT1DTOcdlNFsYg47UTjm6nfeaJKs0Tem0lKQ4GHksWMYGOlxyBHV32GgqJfb7hNdwa0TLySNKBEu1//CgYJyQSVhnCsdc9zUxPmWBlGOC1qQaZpiskYD2nPUokF1WE+O7hAJ1YZoDhRtqRBM/X3RI6F1hMR2U6BzUgvelPxP6+XmfgizJlMM0MlmS+KM45MgqbfowFTlBg+sQQTxeytiIywwsTYjGo2BG/x5WXinzUvm96d22hdl2lU4QiO4RQ8OIcW3EIbfCAg4Ble4c1Rzovz7nzMWytOOXMIf+B8/gBPko+d</latexit>

for i = 1, 2, · · · , 10
<latexit sha1_base64="uRPBRXiCCrhbGx/QJ1VvbvChTmw=">AAACBXicbVA9SwNBEJ2LXzF+RS1VWAyCRQh3aVRECNpYJmBMIBfC3maTLNn7YHdODEcqG/+KjYWK2Pkf7Oz8KW4SC018MPB4b4aZeV4khUbb/rRSc/MLi0vp5czK6tr6RnZz61qHsWK8ykIZqrpHNZci4FUUKHk9Upz6nuQ1r38x8ms3XGkRBlc4iHjTp91AdASjaKRWds9FfotJJ1RD95SIMydfzLusHaLOE8duZXN2wR6DzBLnh+RKu2+VLwAot7Ifbjtksc8DZJJq3XDsCJsJVSiY5MOMG2seUdanXd4wNKA+181k/MaQHBilTcwppgIkY/X3REJ9rQe+Zzp9ij097Y3E/7xGjJ3jZiKCKEYesMmiTiwJhmSUCWkLxRnKgSGUKWFuJaxHFWVoksuYEJzpl2dJtVg4KTgVE8Y5TJCGHdiHQ3DgCEpwCWWoAoM7eIAneLburUfrxXqdtKasn5lt+APr/RtQ7pmA</latexit><latexit sha1_base64="vqXNvqsv51xNY6BSRHdB31fxTg0=">AAACBXicbVDJSgNBEO2JW4xb1KMLjUHwEMJMLioiBL14TMAxgcwQejqdpEnPQneNGIacRPBXvHhQkdz8B29+gz9hZzlo4oOCx3tVVNXzIsEVmOaXkZqbX1hcSi9nVlbX1jeym1s3KowlZTYNRShrHlFM8IDZwEGwWiQZ8T3Bql73cuhXb5lUPAyuoRcx1yftgLc4JaClRnbPAXYHSSuUfecM83MrX8w7tBmCymPLbGRzZsEcAc8Sa0Jypd1B5fthf1BuZD+dZkhjnwVABVGqbpkRuAmRwKlg/YwTKxYR2iVtVtc0ID5TbjJ6o48PtdLE+hRdAeCR+nsiIb5SPd/TnT6Bjpr2huJ/Xj2G1omb8CCKgQV0vKgVCwwhHmaCm1wyCqKnCaGS61sx7RBJKOjkMjoEa/rlWWIXC6cFq6LDuEBjpNEOOkBHyELHqISuUBnZiKJ79IRe0KvxaDwbb8b7uDVlTGa20R8YHz8tzZrm</latexit><latexit sha1_base64="vqXNvqsv51xNY6BSRHdB31fxTg0=">AAACBXicbVDJSgNBEO2JW4xb1KMLjUHwEMJMLioiBL14TMAxgcwQejqdpEnPQneNGIacRPBXvHhQkdz8B29+gz9hZzlo4oOCx3tVVNXzIsEVmOaXkZqbX1hcSi9nVlbX1jeym1s3KowlZTYNRShrHlFM8IDZwEGwWiQZ8T3Bql73cuhXb5lUPAyuoRcx1yftgLc4JaClRnbPAXYHSSuUfecM83MrX8w7tBmCymPLbGRzZsEcAc8Sa0Jypd1B5fthf1BuZD+dZkhjnwVABVGqbpkRuAmRwKlg/YwTKxYR2iVtVtc0ID5TbjJ6o48PtdLE+hRdAeCR+nsiIb5SPd/TnT6Bjpr2huJ/Xj2G1omb8CCKgQV0vKgVCwwhHmaCm1wyCqKnCaGS61sx7RBJKOjkMjoEa/rlWWIXC6cFq6LDuEBjpNEOOkBHyELHqISuUBnZiKJ79IRe0KvxaDwbb8b7uDVlTGa20R8YHz8tzZrm</latexit><latexit sha1_base64="vqXNvqsv51xNY6BSRHdB31fxTg0=">AAACBXicbVDJSgNBEO2JW4xb1KMLjUHwEMJMLioiBL14TMAxgcwQejqdpEnPQneNGIacRPBXvHhQkdz8B29+gz9hZzlo4oOCx3tVVNXzIsEVmOaXkZqbX1hcSi9nVlbX1jeym1s3KowlZTYNRShrHlFM8IDZwEGwWiQZ8T3Bql73cuhXb5lUPAyuoRcx1yftgLc4JaClRnbPAXYHSSuUfecM83MrX8w7tBmCymPLbGRzZsEcAc8Sa0Jypd1B5fthf1BuZD+dZkhjnwVABVGqbpkRuAmRwKlg/YwTKxYR2iVtVtc0ID5TbjJ6o48PtdLE+hRdAeCR+nsiIb5SPd/TnT6Bjpr2huJ/Xj2G1omb8CCKgQV0vKgVCwwhHmaCm1wyCqKnCaGS61sx7RBJKOjkMjoEa/rlWWIXC6cFq6LDuEBjpNEOOkBHyELHqISuUBnZiKJ79IRe0KvxaDwbb8b7uDVlTGa20R8YHz8tzZrm</latexit><latexit sha1_base64="y4wi/NvU211ns+bSQALV+SFS7Ow=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwUErSi4oIRS8eKxhbaELZbDbt0s0HuxOxhJ68+Fe8eFDx6n/w5r9x2+agrQ8GHu/NMDPPTwVXYFnfxsLi0vLKammtvL6xubVt7uzeqSSTlDk0EYls+0QxwWPmAAfB2qlkJPIFa/mDq7HfumdS8SS+hWHKvIj0Yh5ySkBLXfPABfYAeZjIkXuO+YVdrVddGiSgqti2umbFqlkT4HliF6SCCjS75pcbJDSLWAxUEKU6tpWClxMJnAo2KruZYimhA9JjHU1jEjHl5ZM3RvhIKwHWp+iKAU/U3xM5iZQaRr7ujAj01aw3Fv/zOhmEp17O4zQDFtPpojATGBI8zgQHXDIKYqgJoZLrWzHtE0ko6OTKOgR79uV54tRrZzX7xqo0Los0SmgfHaJjZKMT1EDXqIkcRNEjekav6M14Ml6Md+Nj2rpgFDN76A+Mzx9DOZc7</latexit>

|Mi =
10X

i=1

Ai({sij})Ti with sij = (pi + pj)
2

<latexit sha1_base64="VPWfe4MU+Tgve0EuSj0j9or3seA="></latexit><latexit sha1_base64="VPWfe4MU+Tgve0EuSj0j9or3seA="></latexit><latexit sha1_base64="VPWfe4MU+Tgve0EuSj0j9or3seA="></latexit><latexit sha1_base64="VPWfe4MU+Tgve0EuSj0j9or3seA="></latexit><latexit sha1_base64="VPWfe4MU+Tgve0EuSj0j9or3seA="></latexit>
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PROJECTORS

X

pol

P (Ai)|Mi = Ai

<latexit sha1_base64="xtr5Tdy9tKqYDmHNB7EZaAU59To=">AAACEHicbVA9SwNBEJ3zM8avqKXNYhBiE+5s1EKI2mghRDAmkDuOvc0mWbK3d+zuBcJ5f8HGv2JjoWJraeePEdx8FJr4YODx3gwz84KYM6Vt+8uam19YXFrOreRX19Y3Ngtb23cqSiShNRLxSDYCrChngtY005w2YklxGHBaD3oXQ7/ep1KxSNzqQUy9EHcEazOCtZH8QslVSeinccQzVC2d+ewA3acuwRxdZ67EosMpOkVG9wtFu2yPgGaJMyHFytV3vwIAVb/w6bYikoRUaMKxUk3HjrWXYqkZ4TTLu4miMSY93KFNQwUOqfLS0UcZ2jdKC7UjaUpoNFJ/T6Q4VGoQBqYzxLqrpr2h+J/XTHT72EuZiBNNBRkvaicc6QgN40EtJinRfGAIJpKZWxHpYomJNiHmTQjO9MuzpHZYPik7NyaMcxgjB7uwByVw4AgqcAlVqAGBB3iCF3i1Hq1n6816H7fOWZOZHfgD6+MHD+GeTA==</latexit><latexit sha1_base64="3xrtSvI3pWFk9UQRRGUkHvZa1RM=">AAACEHicbVDLSsNAFJ34rPUVdelmsAh1UxI36kKpulFBqGBsoQlhMp22YyeTMDMplJhfcOOvuHFhxa1Ld36M4PSx0NYDFw7n3Mu99wQxo1JZ1pcxMzs3v7CYW8ovr6yurZsbm3cySgQmDo5YJGoBkoRRThxFFSO1WBAUBoxUg875wK92iZA04reqFxMvRC1OmxQjpSXfLLoyCf00jlgGK8VTn+7Bh9TFiMHrzBWItxiBx1DrvlmwStYQcJrYY1IoX353T6769xXf/HQbEU5CwhVmSMq6bcXKS5FQFDOS5d1EkhjhDmqRuqYchUR66fCjDO5qpQGbkdDFFRyqvydSFErZCwPdGSLVlpPeQPzPqyeqeeillMeJIhyPFjUTBlUEB/HABhUEK9bTBGFB9a0Qt5FAWOkQ8zoEe/LlaeLsl45K9o0O4wyMkAPbYAcUgQ0OQBlcgApwAAaP4Bm8gr7xZLwYb8b7qHXGGM9sgT8wPn4A+fyfvA==</latexit><latexit sha1_base64="3xrtSvI3pWFk9UQRRGUkHvZa1RM=">AAACEHicbVDLSsNAFJ34rPUVdelmsAh1UxI36kKpulFBqGBsoQlhMp22YyeTMDMplJhfcOOvuHFhxa1Ld36M4PSx0NYDFw7n3Mu99wQxo1JZ1pcxMzs3v7CYW8ovr6yurZsbm3cySgQmDo5YJGoBkoRRThxFFSO1WBAUBoxUg875wK92iZA04reqFxMvRC1OmxQjpSXfLLoyCf00jlgGK8VTn+7Bh9TFiMHrzBWItxiBx1DrvlmwStYQcJrYY1IoX353T6769xXf/HQbEU5CwhVmSMq6bcXKS5FQFDOS5d1EkhjhDmqRuqYchUR66fCjDO5qpQGbkdDFFRyqvydSFErZCwPdGSLVlpPeQPzPqyeqeeillMeJIhyPFjUTBlUEB/HABhUEK9bTBGFB9a0Qt5FAWOkQ8zoEe/LlaeLsl45K9o0O4wyMkAPbYAcUgQ0OQBlcgApwAAaP4Bm8gr7xZLwYb8b7qHXGGM9sgT8wPn4A+fyfvA==</latexit><latexit sha1_base64="3xrtSvI3pWFk9UQRRGUkHvZa1RM=">AAACEHicbVDLSsNAFJ34rPUVdelmsAh1UxI36kKpulFBqGBsoQlhMp22YyeTMDMplJhfcOOvuHFhxa1Ld36M4PSx0NYDFw7n3Mu99wQxo1JZ1pcxMzs3v7CYW8ovr6yurZsbm3cySgQmDo5YJGoBkoRRThxFFSO1WBAUBoxUg875wK92iZA04reqFxMvRC1OmxQjpSXfLLoyCf00jlgGK8VTn+7Bh9TFiMHrzBWItxiBx1DrvlmwStYQcJrYY1IoX353T6769xXf/HQbEU5CwhVmSMq6bcXKS5FQFDOS5d1EkhjhDmqRuqYchUR66fCjDO5qpQGbkdDFFRyqvydSFErZCwPdGSLVlpPeQPzPqyeqeeillMeJIhyPFjUTBlUEB/HABhUEK9bTBGFB9a0Qt5FAWOkQ8zoEe/LlaeLsl45K9o0O4wyMkAPbYAcUgQ0OQBlcgApwAAaP4Bm8gr7xZLwYb8b7qHXGGM9sgT8wPn4A+fyfvA==</latexit><latexit sha1_base64="YE71UM2QHmfJ4Q50YjLWiwFL2+k=">AAACEHicbVA9T8MwEHXKVylfAUYWiwqpLFXCAgxIBRYWpCIRWqmpIsd1Wqu2E9kOUhXyF1j4KywMgFgZ2fg3uG0GaHnSSU/v3enuXpgwqrTjfFulhcWl5ZXyamVtfWNzy97euVNxKjHxcMxi2Q6RIowK4mmqGWknkiAeMtIKh5djv3VPpKKxuNWjhHQ56gsaUYy0kQK75quUB1kSsxw2a+cBPYQPmY8Rg9e5L5HoMwLPoNEDu+rUnQngPHELUgUFmoH95fdinHIiNGZIqY7rJLqbIakpZiSv+KkiCcJD1CcdQwXiRHWzyUc5PDBKD0axNCU0nKi/JzLElRrx0HRypAdq1huL/3mdVEcn3YyKJNVE4OmiKGVQx3AcD+xRSbBmI0MQltTcCvEASYS1CbFiQnBnX54n3lH9tO7eONXGRZFGGeyBfVADLjgGDXAFmsADGDyCZ/AK3qwn68V6tz6mrSWrmNkFf2B9/gANBZwQ</latexit>

Projection must be done in d-dimensions

Polarisation sum must be consistent with gauge choice 
X

pol

✏⇤µ1 (p1) ✏
⌫
1(p1) = �gµ⌫ +

pµ1 p
⌫
2 + p⌫1 p

µ
2

p1 · p2
<latexit sha1_base64="O9ze7YficpmL9DgYZCPyiqGq3l0="></latexit><latexit sha1_base64="O9ze7YficpmL9DgYZCPyiqGq3l0="></latexit><latexit sha1_base64="O9ze7YficpmL9DgYZCPyiqGq3l0="></latexit><latexit sha1_base64="O9ze7YficpmL9DgYZCPyiqGq3l0="></latexit><latexit sha1_base64="O9ze7YficpmL9DgYZCPyiqGq3l0="></latexit>

Projectors themselves can be decomposed in tensor basis: P (Ai) =
10X

j=1

XijT
⇤
j

<latexit sha1_base64="2rZgEiUEJ8pcKf1A8dgx0+fB+0s=">AAACDXicbVC7SgNBFL3rM8bXqqXNYAhEi7BroxaBqI12ERITyGOZnUySSWYfzMwKYdkvsBH8EhsLFVt7O8GPcfIoNPHAhcM593LvPW7ImVSW9WUsLC4tr6ym1tLrG5tb2+bO7q0MIkFohQQ8EDUXS8qZTyuKKU5roaDYczmtuoPLkV+9o0KywC+rYUibHu76rMMIVlpyzGwpd+6wQ1RADRl5Ttwv2Ekrtq0E1ZyY9RNUdvqtI8fMWHlrDDRP7CnJFK8fv4sAUHLMz0Y7IJFHfUU4lrJuW6FqxlgoRjhN0o1I0hCTAe7SuqY+9qhsxuN3EpTVSht1AqHLV2is/p6IsSfl0HN1p4dVT856I/E/rx6pzmkzZn4YKeqTyaJOxJEK0Cgb1GaCEsWHmmAimL4VkR4WmCidYFqHYM++PE8qx/mzvH2jw7iACVKwDweQAxtOoAhXUIIKELiHJ3iBV+PBeDbejPdJ64IxndmDPzA+fgB5yJxK</latexit><latexit sha1_base64="A8pgpvQ9H3VFGoyh5t0pNj4emF4=">AAACDXicbVC7SgNBFJ31lRijrlraDIZAtAi7NmoRiNpoFyFrAslmmZ3MJpPMPpiZFcKyX2Aj+CU2Fiq29naCH+PkUWjigQuHc+7l3nvciFEhDeNLW1peWV3LZNdzG/nNrW19Z/dWhDHHxMIhC3nTRYIwGhBLUslIM+IE+S4jDXd4OfYbd4QLGgZ1OYqI7aNeQD2KkVSSoxdrpXOHHsIKbIvYd5JBxUw7iWmksOkkdJDCujPoHDl6wSgbE8BFYs5IoXr9+F3NNPI1R/9sd0Mc+ySQmCEhWqYRSTtBXFLMSJprx4JECA9Rj7QUDZBPhJ1M3klhUSld6IVcVSDhRP09kSBfiJHvqk4fyb6Y98bif14rlt6pndAgiiUJ8HSRFzMoQzjOBnYpJ1iykSIIc6puhbiPOMJSJZhTIZjzLy8S67h8VjZvVBgXYIos2AcHoARMcAKq4ArUgAUwuAdP4AW8ag/as/amvU9bl7TZzB74A+3jBwcEnLQ=</latexit><latexit sha1_base64="A8pgpvQ9H3VFGoyh5t0pNj4emF4=">AAACDXicbVC7SgNBFJ31lRijrlraDIZAtAi7NmoRiNpoFyFrAslmmZ3MJpPMPpiZFcKyX2Aj+CU2Fiq29naCH+PkUWjigQuHc+7l3nvciFEhDeNLW1peWV3LZNdzG/nNrW19Z/dWhDHHxMIhC3nTRYIwGhBLUslIM+IE+S4jDXd4OfYbd4QLGgZ1OYqI7aNeQD2KkVSSoxdrpXOHHsIKbIvYd5JBxUw7iWmksOkkdJDCujPoHDl6wSgbE8BFYs5IoXr9+F3NNPI1R/9sd0Mc+ySQmCEhWqYRSTtBXFLMSJprx4JECA9Rj7QUDZBPhJ1M3klhUSld6IVcVSDhRP09kSBfiJHvqk4fyb6Y98bif14rlt6pndAgiiUJ8HSRFzMoQzjOBnYpJ1iykSIIc6puhbiPOMJSJZhTIZjzLy8S67h8VjZvVBgXYIos2AcHoARMcAKq4ArUgAUwuAdP4AW8ag/as/amvU9bl7TZzB74A+3jBwcEnLQ=</latexit><latexit sha1_base64="A8pgpvQ9H3VFGoyh5t0pNj4emF4=">AAACDXicbVC7SgNBFJ31lRijrlraDIZAtAi7NmoRiNpoFyFrAslmmZ3MJpPMPpiZFcKyX2Aj+CU2Fiq29naCH+PkUWjigQuHc+7l3nvciFEhDeNLW1peWV3LZNdzG/nNrW19Z/dWhDHHxMIhC3nTRYIwGhBLUslIM+IE+S4jDXd4OfYbd4QLGgZ1OYqI7aNeQD2KkVSSoxdrpXOHHsIKbIvYd5JBxUw7iWmksOkkdJDCujPoHDl6wSgbE8BFYs5IoXr9+F3NNPI1R/9sd0Mc+ySQmCEhWqYRSTtBXFLMSJprx4JECA9Rj7QUDZBPhJ1M3klhUSld6IVcVSDhRP09kSBfiJHvqk4fyb6Y98bif14rlt6pndAgiiUJ8HSRFzMoQzjOBnYpJ1iykSIIc6puhbiPOMJSJZhTIZjzLy8S67h8VjZvVBgXYIos2AcHoARMcAKq4ArUgAUwuAdP4AW8ag/as/amvU9bl7TZzB74A+3jBwcEnLQ=</latexit><latexit sha1_base64="RJczMdocOevAePffoBFza06YV5A=">AAACDXicbVBNT8JAEN3iF+JX1aOXjYQEPZDWi3ogQb14xIQKCZRmuyywsNs2u1sT0vQXePGvePGgxqt3b/4bF+hBwZdM8vLeTGbm+RGjUlnWt5FbWV1b38hvFra2d3b3zP2DexnGAhMHhywULR9JwmhAHEUVI61IEMR9Rpr++GbqNx+IkDQMGmoSEZejQUD7FCOlJc8s1ctXHj2BVdiRMfeSUdVOu4ltpbDlJXSUwoY36p56ZtGqWDPAZWJnpAgy1D3zq9MLccxJoDBDUrZtK1JugoSimJG00IkliRAeowFpaxogTqSbzN5JYUkrPdgPha5AwZn6eyJBXMoJ93UnR2ooF72p+J/XjlX/wk1oEMWKBHi+qB8zqEI4zQb2qCBYsYkmCAuqb4V4iATCSidY0CHYiy8vE+esclmx76xi7TpLIw+OwDEoAxucgxq4BXXgAAwewTN4BW/Gk/FivBsf89ackc0cgj8wPn8AfLaaEg==</latexit>

X

pol

10X

j=1

XijT
⇤
j Tk = �ik

<latexit sha1_base64="8WvgvHsAPW/zmgg5SeDgHRaT4Go="></latexit><latexit sha1_base64="yu70Hjc6zM5cgSLD7jusTwXp6sU="></latexit><latexit sha1_base64="yu70Hjc6zM5cgSLD7jusTwXp6sU="></latexit><latexit sha1_base64="yu70Hjc6zM5cgSLD7jusTwXp6sU="></latexit><latexit sha1_base64="3VNnOj+iwCglCl4oiN+JDuN61uw=">AAACIHicbZC7TsMwFIYdrqXcAowsFhUSYqgSFspQqYKFsUgNrdSkkeM4rRvnIttBqqK8CguvwsIACDZ4Gtw2A7Qcydan/z9H9vm9lFEhDeNLW1ldW9/YrGxVt3d29/b1g8N7kWQcEwsnLOE9DwnCaEwsSSUjvZQTFHmMdL3wZup3HwgXNIk7cpISJ0LDmAYUI6kkV2/YIovcPE1YMadx0ywGuWkUsOfmdFzAjjsenKs7hE1o+4RJpPSwcPWaUTdmBZfBLKEGymq7+qftJziLSCwxQ0L0TSOVTo64pJiRompngqQIh2hI+gpjFBHh5LMNC3iqFB8GCVcnlnCm/p7IUSTEJPJUZ4TkSCx6U/E/r5/JoOHkNE4zSWI8fyjIGJQJnMYFfcoJlmyiAGFO1V8hHiGOsFShVlUI5uLKy2Bd1K/q5p1Ra12XaVTAMTgBZ8AEl6AFbkEbWACDR/AMXsGb9qS9aO/ax7x1RStnjsCf0r5/AId6o0g=</latexit>

Solve for
<latexit sha1_base64="LZUcFhqltvB3tFZocq1jfI0EWzE=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahQimJCOqt6MVjBWMLbSibzaZdu9nE3UmhhP4OLx5UvPpnvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYWV1b3yhulra2d3b3yvsHDzpOFWUujUWs2j7RTHDJXOAgWDtRjES+YC1/eDP1WyOmNI/lPYwT5kWkL3nIKQEjee1exh8n1aCma3DaK1fsuj0DXiZOTiooR7NX/uoGMU0jJoEKonXHsRPwMqKAU8EmpW6qWULokPRZx1BJIqa9bHb0BJ8YJcBhrExJwDP190RGIq3HkW86IwIDvehNxf+8TgrhpZdxmaTAJJ0vClOBIcbTBHDAFaMgxoYQqri5FdMBUYSCyalkQnAWX14m7ln9qu7cnVca13kaRXSEjlEVOegCNdAtaiIXUfSEntErerNG1ov1bn3MWwtWPnOI/sD6/AE2YZFG</latexit>
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HELICITY AMPLITUDES

• Specify the helicities of external gluons

|M++++i =
10X

i=1

AiTi,++++ =
1

4h12ih23ih34ih41i

n
� 4(A1 +A3)st� 4A2u

2 � 2A4stu+ 2A5su
2 � 2A6stu

�2A7stu+ 2A8tu
2 � 2A9stu�A10stu

2
o

<latexit sha1_base64="uOaQsz81XP4g8Lid7owIKLJy9IA="></latexit><latexit sha1_base64="uOaQsz81XP4g8Lid7owIKLJy9IA="></latexit><latexit sha1_base64="uOaQsz81XP4g8Lid7owIKLJy9IA="></latexit><latexit sha1_base64="uOaQsz81XP4g8Lid7owIKLJy9IA="></latexit><latexit sha1_base64="uOaQsz81XP4g8Lid7owIKLJy9IA="></latexit>

• All plus amplitude

Goal: calculate all plus helicity amplitudes

Calculate {Ai}
<latexit sha1_base64="UfaTF7ciSxZb8x12jmf8Ho97Y5c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LC2CIJTEi3qrevFYwdpCE8pmu2mXbjZhdyKU0B/hxYOKePP/ePPfuP04aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC4c3Ebz1ybUSi7nGU8iCmfSUiwShaqeXnV13hj7vlqltzpyDLxJuTar3in34AQKNb/vJ7CctirpBJakzHc1MMcqpRMMnHJT8zPKVsSPu8Y6miMTdBPj13TI6t0iNRom0pJFP190ROY2NGcWg7Y4oDs+hNxP+8TobRRZALlWbIFZstijJJMCGT30lPaM5QjiyhTAt7K2EDqilDm1DJhuAtvrxMmme1y5p3Z8O4hhmKcAQVOAEPzqEOt9CAJjAYwhO8wKuTOs/Om/M+ay0485lD+APn8weyIpDS</latexit><latexit sha1_base64="cY0MEOmGovAwYVcjS8PfUIhMcUE=">AAAB7XicbVBNS8NAEJ34WetX1aOXpUUQhJJ4UW9VLx4rGFtoQtlsN+3SzW7Y3Qgh9EcI4kHFq//HW/+N24+Dtj4YeLw3w8y8KOVMG9cdOyura+sbm6Wt8vbO7t5+5eDwUctMEeoTyaVqR1hTzgT1DTOctlNFcRJx2oqGtxO/9USVZlI8mDylYYL7gsWMYGOlVlBcd1kw6lZqbt2dAi0Tb05qjWpw9jJu5M1u5TvoSZIlVBjCsdYdz01NWGBlGOF0VA4yTVNMhrhPO5YKnFAdFtNzR+jEKj0US2VLGDRVf08UONE6TyLbmWAz0IveRPzP62QmvgwLJtLMUEFmi+KMIyPR5HfUY4oSw3NLMFHM3orIACtMjE2obEPwFl9eJv55/aru3dswbmCGEhxDFU7BgwtowB00wQcCQ3iGN3h3UufV+XA+Z60rznzmCP7A+foBugaSWA==</latexit><latexit sha1_base64="cY0MEOmGovAwYVcjS8PfUIhMcUE=">AAAB7XicbVBNS8NAEJ34WetX1aOXpUUQhJJ4UW9VLx4rGFtoQtlsN+3SzW7Y3Qgh9EcI4kHFq//HW/+N24+Dtj4YeLw3w8y8KOVMG9cdOyura+sbm6Wt8vbO7t5+5eDwUctMEeoTyaVqR1hTzgT1DTOctlNFcRJx2oqGtxO/9USVZlI8mDylYYL7gsWMYGOlVlBcd1kw6lZqbt2dAi0Tb05qjWpw9jJu5M1u5TvoSZIlVBjCsdYdz01NWGBlGOF0VA4yTVNMhrhPO5YKnFAdFtNzR+jEKj0US2VLGDRVf08UONE6TyLbmWAz0IveRPzP62QmvgwLJtLMUEFmi+KMIyPR5HfUY4oSw3NLMFHM3orIACtMjE2obEPwFl9eJv55/aru3dswbmCGEhxDFU7BgwtowB00wQcCQ3iGN3h3UufV+XA+Z60rznzmCP7A+foBugaSWA==</latexit><latexit sha1_base64="cY0MEOmGovAwYVcjS8PfUIhMcUE=">AAAB7XicbVBNS8NAEJ34WetX1aOXpUUQhJJ4UW9VLx4rGFtoQtlsN+3SzW7Y3Qgh9EcI4kHFq//HW/+N24+Dtj4YeLw3w8y8KOVMG9cdOyura+sbm6Wt8vbO7t5+5eDwUctMEeoTyaVqR1hTzgT1DTOctlNFcRJx2oqGtxO/9USVZlI8mDylYYL7gsWMYGOlVlBcd1kw6lZqbt2dAi0Tb05qjWpw9jJu5M1u5TvoSZIlVBjCsdYdz01NWGBlGOF0VA4yTVNMhrhPO5YKnFAdFtNzR+jEKj0US2VLGDRVf08UONE6TyLbmWAz0IveRPzP62QmvgwLJtLMUEFmi+KMIyPR5HfUY4oSw3NLMFHM3orIACtMjE2obEPwFl9eJv55/aru3dswbmCGEhxDFU7BgwtowB00wQcCQ3iGN3h3UufV+XA+Z60rznzmCP7A+foBugaSWA==</latexit><latexit sha1_base64="2W78mWT9T98seCzEwmE8yNawKpk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qLeqF48VjC00oWy2k3bpZhN2N0IJ/RFePKh49f9489+4bXPQ6oOBx3szzMyLMsG1cd0vp7Kyura+Ud2sbW3v7O7V9w8edJorhj5LRaq6EdUouETfcCOwmymkSSSwE41vZn7nEZXmqbw3kwzDhA4ljzmjxkqdoLjq82DarzfcpjsH+Uu8kjSgRLtf/wwGKcsTlIYJqnXPczMTFlQZzgROa0GuMaNsTIfYs1TSBHVYzM+dkhOrDEicKlvSkLn6c6KgidaTJLKdCTUjvezNxP+8Xm7ii7DgMssNSrZYFOeCmJTMficDrpAZMbGEMsXtrYSNqKLM2IRqNgRv+eW/xD9rXja9O7fRui7TqMIRHMMpeHAOLbiFNvjAYAxP8AKvTuY8O2/O+6K14pQzh/ALzsc3oSyPSQ==</latexit>

• Choice of reference momentum must be consistent with gauge choice

<latexit sha1_base64="NgLsB9eRdd2nK4f2o5EsoTKuHrg=">AAACA3icbVDLSsNAFJ34rPUVddlNsAgVS8mIoO6KblxWMLbQxDCZTtqhk5k4MxFK6MKNv+LGhYpbf8Kdf+P0sdDWAxcO59zLvfdEKaNKu+63tbC4tLyyWlgrrm9sbm3bO7u3SmQSEw8LJmQrQoowyomnqWaklUqCkoiRZtS/HPnNByIVFfxGD1ISJKjLaUwx0kYK7ZJPUkWZ4Hf5UdVPsmEIK2kIq/chPAztsltzx3DmCZySMpiiEdpffkfgLCFcY4aUakM31UGOpKaYkWHRzxRJEe6jLmkbylFCVJCPnxg6B0bpOLGQprh2xurviRwlSg2SyHQmSPfUrDcS//PamY7PgpzyNNOE48miOGOOFs4oEadDJcGaDQxBWFJzq4N7SCKsTW5FEwKcfXmeeMe18xq8PinXL6ZpFEAJ7IMKgOAU1MEVaAAPYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w9xbZbc</latexit>

: Reference momentum
<latexit sha1_base64="1rJesG4V710yVaKe4yR/Iyq+zK8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoB6EohePFYwttCFstpt26Waz7m6EEvojvHhQ8er/8ea/cdvmoK0PBh7vzTAzL5KcaeO6305pZXVtfaO8Wdna3tndq+4fPOg0U4T6JOWp6kRYU84E9Q0znHakojiJOG1Ho5up336iSrNU3JuxpEGCB4LFjGBjpfZj6F3JsBFWa27dnQEtE68gNSjQCqtfvX5KsoQKQzjWuuu50gQ5VoYRTieVXqapxGSEB7RrqcAJ1UE+O3eCTqzSR3GqbAmDZurviRwnWo+TyHYm2Az1ojcV//O6mYkvgpwJmRkqyHxRnHFkUjT9HfWZosTwsSWYKGZvRWSIFSbGJlSxIXiLLy8Tv1G/rHt3Z7XmdZFGGY7gGE7Bg3Nowi20wAcCI3iGV3hzpPPivDsf89aSU8wcwh84nz/pTI7T</latexit>
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PERTURBATIVE EXPANSION

Can be expanded in powers of strong coupling constantAi
<latexit sha1_base64="n6WHUnrIUKEoVknoHhp1kdWEvoQ=">AAAB6XicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7G7WL2lgm6JlAcsS9zSZZsrd37M4J4chPsLFQsfUf2dn4W9x8FJr4YODx3gwz88JECoOu++XklpZXVtfy64WNza3tneLu3r2JU824z2IZ60ZIDZdCcR8FSt5INKdRKHk9HFyP/foj10bE6g6HCQ8i2lOiKxhFK91etkW7WHLL7gRkkXgzUqoc1L4fAKDaLn62OjFLI66QSWpM03MTDDKqUTDJR4VWanhC2YD2eNNSRSNugmxy6ogcW6VDurG2pZBM1N8TGY2MGUah7Ywo9s28Nxb/85opds+DTKgkRa7YdFE3lQRjMv6bdITmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi8Q/LV+UvZoN4wqmyMMhHMEJeHAGFbiBKvjAoAdP8AKvjnSenTfnfdqac2Yz+/AHzscPBgyPVg==</latexit><latexit sha1_base64="Euj/AJpg/Tauyod2r+GnTtIYS/k=">AAAB6XicbVC7SgNBFL0bXzG+ooKNzWAQrMKujdrF2Fgm6JpAsoTZyWwyZHZmmZkVwpJPsLFQsbX2L/wCOxu/xcmj0MQDFw7n3Mu994QJZ9q47peTW1peWV3Lrxc2Nre2d4q7e3dapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLga+417qjST4tYMExrEuCdYxAg2Vrq57LBOseSW3QnQIvFmpFQ5qH+z9+pHrVP8bHclSWMqDOFY65bnJibIsDKMcDoqtFNNE0wGuEdblgocUx1kk1NH6NgqXRRJZUsYNFF/T2Q41noYh7Yzxqav572x+J/XSk10HmRMJKmhgkwXRSlHRqLx36jLFCWGDy3BRDF7KyJ9rDAxNp2CDcGbf3mR+Kfli7JXt2FUYYo8HMIRnIAHZ1CBa6iBDwR68ABP8Oxw59F5cV6nrTlnNrMPf+C8/QBVkZES</latexit><latexit sha1_base64="Euj/AJpg/Tauyod2r+GnTtIYS/k=">AAAB6XicbVC7SgNBFL0bXzG+ooKNzWAQrMKujdrF2Fgm6JpAsoTZyWwyZHZmmZkVwpJPsLFQsbX2L/wCOxu/xcmj0MQDFw7n3Mu994QJZ9q47peTW1peWV3Lrxc2Nre2d4q7e3dapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLga+417qjST4tYMExrEuCdYxAg2Vrq57LBOseSW3QnQIvFmpFQ5qH+z9+pHrVP8bHclSWMqDOFY65bnJibIsDKMcDoqtFNNE0wGuEdblgocUx1kk1NH6NgqXRRJZUsYNFF/T2Q41noYh7Yzxqav572x+J/XSk10HmRMJKmhgkwXRSlHRqLx36jLFCWGDy3BRDF7KyJ9rDAxNp2CDcGbf3mR+Kfli7JXt2FUYYo8HMIRnIAHZ1CBa6iBDwR68ABP8Oxw59F5cV6nrTlnNrMPf+C8/QBVkZES</latexit><latexit sha1_base64="Euj/AJpg/Tauyod2r+GnTtIYS/k=">AAAB6XicbVC7SgNBFL0bXzG+ooKNzWAQrMKujdrF2Fgm6JpAsoTZyWwyZHZmmZkVwpJPsLFQsbX2L/wCOxu/xcmj0MQDFw7n3Mu994QJZ9q47peTW1peWV3Lrxc2Nre2d4q7e3dapopQn0guVTPEmnImqG+Y4bSZKIrjkNNGOLga+417qjST4tYMExrEuCdYxAg2Vrq57LBOseSW3QnQIvFmpFQ5qH+z9+pHrVP8bHclSWMqDOFY65bnJibIsDKMcDoqtFNNE0wGuEdblgocUx1kk1NH6NgqXRRJZUsYNFF/T2Q41noYh7Yzxqav572x+J/XSk10HmRMJKmhgkwXRSlHRqLx36jLFCWGDy3BRDF7KyJ9rDAxNp2CDcGbf3mR+Kfli7JXt2FUYYo8HMIRnIAHZ1CBa6iBDwR68ABP8Oxw59F5cV6nrTlnNrMPf+C8/QBVkZES</latexit><latexit sha1_base64="Hpg7O7jkWPAOdPHqL46AQQZRnf0=">AAAB6XicbVBNT8JAEJ3iF+IX6tHLRmLiibRe1BvqxSNGKyTQkO0yhQ3bbbO7NSENP8GLBzVe/Ufe/Dcu0IOCL5nk5b2ZzMwLU8G1cd1vp7Syura+Ud6sbG3v7O5V9w8edZIphj5LRKLaIdUouETfcCOwnSqkcSiwFY5upn7rCZXmiXww4xSDmA4kjzijxkr3Vz3eq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEF0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9a9O7fWuC7SKMMRHMMpeHAODbiFJvjAYADP8ApvjnBenHfnY95acoqZQ/gD5/MHeUqNcQ==</latexit>

Goal: Calculate the three loop contribution A(3)
i

<latexit sha1_base64="eQQ1KNsf4BpobcVtYTXC0rOLCLQ=">AAAB73icbVC7TgMxENwLrxBeAUoai4AUmugOCqAL0FAGiSNByRH5HF9ixfadbB9SdMpX0FAAouV36PgI/gHnUUDCSCuNZna1uxMmnGnjul9ObmFxaXklv1pYW9/Y3Cpu79zpOFWE+iTmsWqEWFPOJPUNM5w2EkWxCDmth/2rkV9/pEqzWN6aQUIDgbuSRYxgY6X7izZ7yMonR8N2seRW3DHQPPGmpFQ9EN9VAKi1i5+tTkxSQaUhHGvd9NzEBBlWhhFOh4VWqmmCSR93adNSiQXVQTY+eIgOrdJBUaxsSYPG6u+JDAutByK0nQKbnp71RuJ/XjM10VmQMZmkhkoyWRSlHJkYjb5HHaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/rpxXvBsbxiVMkIc92IcyeHAKVbiGGvhAQMATvMCro5xn5815n7TmnOnMLvyB8/ED3T6RhQ==</latexit><latexit sha1_base64="xfXb4eimK+qzfgbLEjY3jQo67ok=">AAAB73icbVDLSgNBEOyNrxhfUW96WYxCvIRdPai3qAjiKYJrIskaZiezyZCZ2WVmVghLvsKLBxWv/o4HwY/wH5w8DppY0FBUddPdFcSMKu04X1ZmZnZufiG7mFtaXlldy69v3KookZh4OGKRrAVIEUYF8TTVjNRiSRAPGKkG3fOBX30gUtFI3OheTHyO2oKGFCNtpLvTJr1Pi4f7/Wa+4JScIexp4o5JobzLv6+2Pi8qzfxHoxXhhBOhMUNK1V0n1n6KpKaYkX6ukSgSI9xFbVI3VCBOlJ8OD+7be0Zp2WEkTQltD9XfEyniSvV4YDo50h016Q3E/7x6osNjP6UiTjQReLQoTJitI3vwvd2ikmDNeoYgLKm51cYdJBHWJqOcCcGdfHmaeAelk5J7bcI4gxGysA07UAQXjqAMl1ABDzBweIRneLGk9WS9Wm+j1ow1ntmEP7DefwCGMJLE</latexit><latexit sha1_base64="xfXb4eimK+qzfgbLEjY3jQo67ok=">AAAB73icbVDLSgNBEOyNrxhfUW96WYxCvIRdPai3qAjiKYJrIskaZiezyZCZ2WVmVghLvsKLBxWv/o4HwY/wH5w8DppY0FBUddPdFcSMKu04X1ZmZnZufiG7mFtaXlldy69v3KookZh4OGKRrAVIEUYF8TTVjNRiSRAPGKkG3fOBX30gUtFI3OheTHyO2oKGFCNtpLvTJr1Pi4f7/Wa+4JScIexp4o5JobzLv6+2Pi8qzfxHoxXhhBOhMUNK1V0n1n6KpKaYkX6ukSgSI9xFbVI3VCBOlJ8OD+7be0Zp2WEkTQltD9XfEyniSvV4YDo50h016Q3E/7x6osNjP6UiTjQReLQoTJitI3vwvd2ikmDNeoYgLKm51cYdJBHWJqOcCcGdfHmaeAelk5J7bcI4gxGysA07UAQXjqAMl1ABDzBweIRneLGk9WS9Wm+j1ow1ntmEP7DefwCGMJLE</latexit><latexit sha1_base64="xfXb4eimK+qzfgbLEjY3jQo67ok=">AAAB73icbVDLSgNBEOyNrxhfUW96WYxCvIRdPai3qAjiKYJrIskaZiezyZCZ2WVmVghLvsKLBxWv/o4HwY/wH5w8DppY0FBUddPdFcSMKu04X1ZmZnZufiG7mFtaXlldy69v3KookZh4OGKRrAVIEUYF8TTVjNRiSRAPGKkG3fOBX30gUtFI3OheTHyO2oKGFCNtpLvTJr1Pi4f7/Wa+4JScIexp4o5JobzLv6+2Pi8qzfxHoxXhhBOhMUNK1V0n1n6KpKaYkX6ukSgSI9xFbVI3VCBOlJ8OD+7be0Zp2WEkTQltD9XfEyniSvV4YDo50h016Q3E/7x6osNjP6UiTjQReLQoTJitI3vwvd2ikmDNeoYgLKm51cYdJBHWJqOcCcGdfHmaeAelk5J7bcI4gxGysA07UAQXjqAMl1ABDzBweIRneLGk9WS9Wm+j1ow1ntmEP7DefwCGMJLE</latexit><latexit sha1_base64="vA+xxmpAWdrGxqSmVsZbuAb+a/U=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzHBhtxpoXaojSUmnmDgJHvLHmzY3bvs7pmQC7/CxkKNrX/Hzn/jAlco+JJJXt6bycy8MOFMG9f9dgpLyyura8X10sbm1vZOeXfvXsepItQnMY9VK8Saciapb5jhtJUoikXIaTMcXk/85hNVmsXyzowSGgjclyxiBBsrPVx22WNWPT0ed8sVt+ZOgRaJl5MK5Gh0y1+dXkxSQaUhHGvd9tzEBBlWhhFOx6VOqmmCyRD3adtSiQXVQTY9eIyOrNJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xjs10XmQMZmkhkoyWxSlHJkYTb5HPaYoMXxkCSaK2VsRGWCFibEZlWwI3vzLi8Q/qV3UvFu3Ur/K0yjCARxCFTw4gzrcQAN8ICDgGV7hzVHOi/PufMxaC04+sw9/4Hz+AC6bj4c=</latexit>

First time in QCD!

in the planar limit

Ai(s, t, ✏) = as

1X

L=0

aLs A
(L)
i (s, t, ✏) , as = g2s/(16⇡)

2

<latexit sha1_base64="za4fQsToa49NrJK7Ny/fJHYBeFg="></latexit><latexit sha1_base64="JRhbOmMMSWMs5yWpDioZKc7CjPA="></latexit><latexit sha1_base64="JRhbOmMMSWMs5yWpDioZKc7CjPA="></latexit><latexit sha1_base64="JRhbOmMMSWMs5yWpDioZKc7CjPA="></latexit><latexit sha1_base64="bo3l58da/piZpkd82nYofC9xKQs="></latexit>

d = 4� 2✏
<latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit>
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LARGE N LIMIT

• Amplitude is a tensor in Color space

• Can be decomposed in terms of traces of fundamental color generators of SU(N)

• Pure gauge amplitude can be expressed in terms of six color structures

C1 = tr(1234) + tr(1432)

C2 = tr(1243) + tr(1342)

C3 = tr(1423) + tr(1324)
<latexit sha1_base64="aORh7fPwPTK+8oAAVGNw4h0ct/Y="></latexit><latexit sha1_base64="aORh7fPwPTK+8oAAVGNw4h0ct/Y="></latexit><latexit sha1_base64="aORh7fPwPTK+8oAAVGNw4h0ct/Y="></latexit><latexit sha1_base64="aORh7fPwPTK+8oAAVGNw4h0ct/Y="></latexit><latexit sha1_base64="aORh7fPwPTK+8oAAVGNw4h0ct/Y="></latexit>

C4 = tr(12)tr(34)

C5 = tr(13)tr(24)

C6 = tr(14)tr(23)
<latexit sha1_base64="TcIIHEgp6teizCBG1uIHLTuLnjM=">AAACHnicbZDLSsNAFIYnXmu8RV26CRah3ZSkjVUXQrEblxWMLTQhTKbTdujkwsxEKKFv4sZXceNCRXClb+MkzUJbD8zw8/3nMHN+P6aEC8P4VlZW19Y3Nktb6vbO7t6+dnB4z6OEIWyjiEas50OOKQmxLYiguBczDAOf4q4/aWd+9wEzTqLwTkxj7AZwFJIhQVBI5GnNtmddCVYx61V5N6yq46ht7yxHjQzVC9TMkZWjRtXTykbNyEtfFmYhyqCojqd9OoMIJQEOBaKQ875pxMJNIRMEUTxTnYTjGKIJHOG+lCEMMHfTfL+ZfirJQB9GTJ5Q6Dn9PZHCgPNp4MvOAIoxX/Qy+J/XT8Twwk1JGCcCh2j+0DChuoj0LCx9QBhGgk6lgIgR+VcdjSGDSMhIVRmCubjysrDrtcuaeWuVW9dFGiVwDE5ABZjgHLTADegAGyDwCJ7BK3hTnpQX5V35mLeuKMXMEfhTytcPF3CdAw==</latexit><latexit sha1_base64="TcIIHEgp6teizCBG1uIHLTuLnjM=">AAACHnicbZDLSsNAFIYnXmu8RV26CRah3ZSkjVUXQrEblxWMLTQhTKbTdujkwsxEKKFv4sZXceNCRXClb+MkzUJbD8zw8/3nMHN+P6aEC8P4VlZW19Y3Nktb6vbO7t6+dnB4z6OEIWyjiEas50OOKQmxLYiguBczDAOf4q4/aWd+9wEzTqLwTkxj7AZwFJIhQVBI5GnNtmddCVYx61V5N6yq46ht7yxHjQzVC9TMkZWjRtXTykbNyEtfFmYhyqCojqd9OoMIJQEOBaKQ875pxMJNIRMEUTxTnYTjGKIJHOG+lCEMMHfTfL+ZfirJQB9GTJ5Q6Dn9PZHCgPNp4MvOAIoxX/Qy+J/XT8Twwk1JGCcCh2j+0DChuoj0LCx9QBhGgk6lgIgR+VcdjSGDSMhIVRmCubjysrDrtcuaeWuVW9dFGiVwDE5ABZjgHLTADegAGyDwCJ7BK3hTnpQX5V35mLeuKMXMEfhTytcPF3CdAw==</latexit><latexit sha1_base64="TcIIHEgp6teizCBG1uIHLTuLnjM=">AAACHnicbZDLSsNAFIYnXmu8RV26CRah3ZSkjVUXQrEblxWMLTQhTKbTdujkwsxEKKFv4sZXceNCRXClb+MkzUJbD8zw8/3nMHN+P6aEC8P4VlZW19Y3Nktb6vbO7t6+dnB4z6OEIWyjiEas50OOKQmxLYiguBczDAOf4q4/aWd+9wEzTqLwTkxj7AZwFJIhQVBI5GnNtmddCVYx61V5N6yq46ht7yxHjQzVC9TMkZWjRtXTykbNyEtfFmYhyqCojqd9OoMIJQEOBaKQ875pxMJNIRMEUTxTnYTjGKIJHOG+lCEMMHfTfL+ZfirJQB9GTJ5Q6Dn9PZHCgPNp4MvOAIoxX/Qy+J/XT8Twwk1JGCcCh2j+0DChuoj0LCx9QBhGgk6lgIgR+VcdjSGDSMhIVRmCubjysrDrtcuaeWuVW9dFGiVwDE5ABZjgHLTADegAGyDwCJ7BK3hTnpQX5V35mLeuKMXMEfhTytcPF3CdAw==</latexit><latexit sha1_base64="TcIIHEgp6teizCBG1uIHLTuLnjM=">AAACHnicbZDLSsNAFIYnXmu8RV26CRah3ZSkjVUXQrEblxWMLTQhTKbTdujkwsxEKKFv4sZXceNCRXClb+MkzUJbD8zw8/3nMHN+P6aEC8P4VlZW19Y3Nktb6vbO7t6+dnB4z6OEIWyjiEas50OOKQmxLYiguBczDAOf4q4/aWd+9wEzTqLwTkxj7AZwFJIhQVBI5GnNtmddCVYx61V5N6yq46ht7yxHjQzVC9TMkZWjRtXTykbNyEtfFmYhyqCojqd9OoMIJQEOBaKQ875pxMJNIRMEUTxTnYTjGKIJHOG+lCEMMHfTfL+ZfirJQB9GTJ5Q6Dn9PZHCgPNp4MvOAIoxX/Qy+J/XT8Twwk1JGCcCh2j+0DChuoj0LCx9QBhGgk6lgIgR+VcdjSGDSMhIVRmCubjysrDrtcuaeWuVW9dFGiVwDE5ABZjgHLTADegAGyDwCJ7BK3hTnpQX5V35mLeuKMXMEfhTytcPF3CdAw==</latexit><latexit sha1_base64="TcIIHEgp6teizCBG1uIHLTuLnjM=">AAACHnicbZDLSsNAFIYnXmu8RV26CRah3ZSkjVUXQrEblxWMLTQhTKbTdujkwsxEKKFv4sZXceNCRXClb+MkzUJbD8zw8/3nMHN+P6aEC8P4VlZW19Y3Nktb6vbO7t6+dnB4z6OEIWyjiEas50OOKQmxLYiguBczDAOf4q4/aWd+9wEzTqLwTkxj7AZwFJIhQVBI5GnNtmddCVYx61V5N6yq46ht7yxHjQzVC9TMkZWjRtXTykbNyEtfFmYhyqCojqd9OoMIJQEOBaKQ875pxMJNIRMEUTxTnYTjGKIJHOG+lCEMMHfTfL+ZfirJQB9GTJ5Q6Dn9PZHCgPNp4MvOAIoxX/Qy+J/XT8Twwk1JGCcCh2j+0DChuoj0LCx9QBhGgk6lgIgR+VcdjSGDSMhIVRmCubjysrDrtcuaeWuVW9dFGiVwDE5ABZjgHLTADegAGyDwCJ7BK3hTnpQX5V35mLeuKMXMEfhTytcPF3CdAw==</latexit>

tr(T a1T a2T a3T a4) = tr(1234)
<latexit sha1_base64="7gNvTMV9lc3D9H3AZisQKRUdK4E=">AAACEXicbVBNS0JBFL3Pvsy+rJZtBiVQAnlPhWoRSG1aGmgK+nrMG0cdnPfBzLxAHv6GNv2A/kSbFhVt27Xr3zT6XJR2YTiHc8/lzj1uyJlUpvltpFZW19Y30puZre2d3b3s/sGtDCJBaJMEPBBtF0vKmU+biilO26Gg2HM5bbmjq2m/dU+FZIHfUOOQ2h4e+KzPCFZacrJFJQqNuxg71mQG5QQqCVQnxQttsMqVatHJ5s2SOSu0TKw5yddy3ZMnAKg72a9uLyCRR31FOJayY5mhsmMsFCOcTjLdSNIQkxEe0I6mPvaotOPZSRN0rJUe6gdCP1+hmfp7IsaelGPP1U4Pq6Fc7E3F/3qdSPXP7Jj5YaSoT5JF/YgjFaBpPqjHBCWKjzXBRDD9V0SGWGCidIoZHYK1ePIyaZZL5yXrRodxCUml4QhyUAALTqEG11CHJhB4gGd4hTfj0Xgx3o2PxJoy5jOH8KeMzx8joZ2F</latexit><latexit sha1_base64="0rnT/x4c7FNVaeXN7I+BTOzc2E0=">AAACEXicbVDLSsNAFJ34rPUVdekmtAgtQknagroQim5cVmhsoY1hMp20QycPZiZCCPkGN/0VNy5U3Lpz179xmnShrReGczj3XO7c44SUcKHrM2VtfWNza7uwU9zd2z84VI+OH3gQMYRNFNCA9RzIMSU+NgURFPdChqHnUNx1JrfzfvcJM04CvyPiEFseHPnEJQgKKdlqVbBK5zGBtpFmUM+hkUMzrV5Lg1FvNKu2WtZrelbaKjEWpNwqDc6ns1bcttXvwTBAkYd9gSjkvG/oobASyARBFKfFQcRxCNEEjnBfUh96mFtJdlKqnUllqLkBk88XWqb+nkigx3nsOdLpQTHmy725+F+vHwn30kqIH0YC+yhf5EZUE4E2z0cbEoaRoLEkEDEi/6qhMWQQCZliUYZgLJ+8Ssx67apm3MswbkBeBXAKSqACDHABWuAOtIEJEHgGL+ANvCtT5VX5UD5z65qymDkBf0r5+gErhZ8L</latexit><latexit sha1_base64="0rnT/x4c7FNVaeXN7I+BTOzc2E0=">AAACEXicbVDLSsNAFJ34rPUVdekmtAgtQknagroQim5cVmhsoY1hMp20QycPZiZCCPkGN/0VNy5U3Lpz179xmnShrReGczj3XO7c44SUcKHrM2VtfWNza7uwU9zd2z84VI+OH3gQMYRNFNCA9RzIMSU+NgURFPdChqHnUNx1JrfzfvcJM04CvyPiEFseHPnEJQgKKdlqVbBK5zGBtpFmUM+hkUMzrV5Lg1FvNKu2WtZrelbaKjEWpNwqDc6ns1bcttXvwTBAkYd9gSjkvG/oobASyARBFKfFQcRxCNEEjnBfUh96mFtJdlKqnUllqLkBk88XWqb+nkigx3nsOdLpQTHmy725+F+vHwn30kqIH0YC+yhf5EZUE4E2z0cbEoaRoLEkEDEi/6qhMWQQCZliUYZgLJ+8Ssx67apm3MswbkBeBXAKSqACDHABWuAOtIEJEHgGL+ANvCtT5VX5UD5z65qymDkBf0r5+gErhZ8L</latexit><latexit sha1_base64="0rnT/x4c7FNVaeXN7I+BTOzc2E0=">AAACEXicbVDLSsNAFJ34rPUVdekmtAgtQknagroQim5cVmhsoY1hMp20QycPZiZCCPkGN/0VNy5U3Lpz179xmnShrReGczj3XO7c44SUcKHrM2VtfWNza7uwU9zd2z84VI+OH3gQMYRNFNCA9RzIMSU+NgURFPdChqHnUNx1JrfzfvcJM04CvyPiEFseHPnEJQgKKdlqVbBK5zGBtpFmUM+hkUMzrV5Lg1FvNKu2WtZrelbaKjEWpNwqDc6ns1bcttXvwTBAkYd9gSjkvG/oobASyARBFKfFQcRxCNEEjnBfUh96mFtJdlKqnUllqLkBk88XWqb+nkigx3nsOdLpQTHmy725+F+vHwn30kqIH0YC+yhf5EZUE4E2z0cbEoaRoLEkEDEi/6qhMWQQCZliUYZgLJ+8Ssx67apm3MswbkBeBXAKSqACDHABWuAOtIEJEHgGL+ANvCtT5VX5UD5z65qymDkBf0r5+gErhZ8L</latexit><latexit sha1_base64="0zC2mmkVIJzLXQJ4cblqdhvzPsw=">AAACEXicbVDLSsNAFJ34rPUVdekmWIR2U5K2oC6EohuXFRpbaGOYTCft0MkkzEyEEvINbvwVNy5U3Lpz5984TbLQ1gvDOZx7Lnfu8SJKhDTNb21ldW19Y7O0Vd7e2d3b1w8O70QYc4RtFNKQ9z0oMCUM25JIivsRxzDwKO550+t5v/eAuSAh68pZhJ0AjhnxCYJSSa5ek7zavU+ga6UZNHJo5tBKa5fKYDWarZqrV8y6mZWxTKyCVEBRHVf/Go5CFAeYSUShEAPLjKSTQC4JojgtD2OBI4imcIwHijIYYOEk2UmpcaqUkeGHXD0mjUz9PZHAQIhZ4ClnAOVELPbm4n+9QSz9cychLIolZihf5MfUkKExz8cYEY6RpDNFIOJE/dVAE8ghkirFsgrBWjx5mdiN+kXdujUr7asijRI4BiegCixwBtrgBnSADRB4BM/gFbxpT9qL9q595NYVrZg5An9K+/wBEqub/A==</latexit>

It can be written as

A(L)
i =

3X

�=1

( bL
2 cX

k=0

NL�2kA(L),2k
i,�

)
C� +

6X

�=4

( bL�1
2 cX

k=0

NL�2k�1A(L),2k+1
i,�

)
C�

<latexit sha1_base64="IhdiFVZYlYeZV/YnMB5pTN9NueM="></latexit><latexit sha1_base64="IhdiFVZYlYeZV/YnMB5pTN9NueM="></latexit><latexit sha1_base64="IhdiFVZYlYeZV/YnMB5pTN9NueM="></latexit><latexit sha1_base64="IhdiFVZYlYeZV/YnMB5pTN9NueM="></latexit><latexit sha1_base64="IhdiFVZYlYeZV/YnMB5pTN9NueM="></latexit>

are leading order in N. Others are sub-leading

Only A(L),0
i,�

<latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit>

contributes in the large N-limit Our goal

A(L),0
i,�

<latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit><latexit sha1_base64="WA5+3VIAACE1t25xRYtt+WV4TkY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IRKpSSiKDeql48eKhgbKGNYbPZtEs3m7C7EUoI+CpePKh49T28+TZu2xy0dWBhmPmG79vxE0alsqxvo7SwuLS8Ul6trK1vbG6Z2zv3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h1dhvPxIhaczv1CghboT6nIYUI6Ulz9y78DJa7zGdCFD+kNVujupW7plVq2FNAOeJXZAqKNDyzK9eEOM0IlxhhqTs2lai3AwJRTEjeaWXSpIgPER90tWUo4hIN5ucn8NDrQQwjIV+XMGJ+juRoUjKUeTryQipgZz1xuJ/XjdV4ZmbUZ6kinA8XRSmDKoYjruAARUEKzbSBGFB9a0QD5BAWOnGKroEe/bL88Q5bpw37NuTavOyaKMM9sEBqAEbnIImuAYt4AAMMvAMXsGb8WS8GO/Gx3S0ZBSZXfAHxucPMm+Uig==</latexit>

Only planar diagrams contribute: Planar limit  15



LARGE N LIMIT

• In presence of light fermions: planar diagrams involving fermions should be included 

•         should be counted same as Nnf
<latexit sha1_base64="Fe8c7PTrQ0AXITM4tnjHsXa7XNE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpXvWiXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fumKNnw==</latexit><latexit sha1_base64="Fe8c7PTrQ0AXITM4tnjHsXa7XNE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpXvWiXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fumKNnw==</latexit><latexit sha1_base64="Fe8c7PTrQ0AXITM4tnjHsXa7XNE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpXvWiXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fumKNnw==</latexit><latexit sha1_base64="Fe8c7PTrQ0AXITM4tnjHsXa7XNE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpXvWiXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fumKNnw==</latexit><latexit sha1_base64="Fe8c7PTrQ0AXITM4tnjHsXa7XNE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpXvWiXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fumKNnw==</latexit>

na1
f Na2aa3

s with a1 + a2 = a3
<latexit sha1_base64="aNGpm63e5r+0Oi4QA39CNhnNOTE=">AAACJnicbVDLSgMxFM34tr6qLt0EiyAIZUYFdaGIblyJglWhrcOdNGODmcyY3FHLMH/jxl9xI/hA3PkpZtoufB0IOZxzLsk9QSKFQdf9cAYGh4ZHRsfGSxOTU9Mz5dm5UxOnmvEai2WszwMwXArFayhQ8vNEc4gCyc+Cq/3CP7vh2ohYnWAn4c0ILpUIBQO0kl/eUX54kYHv5fSwuFdzCr4p2FpOG9cptGgD+R1mtwLbeU+w6RWb3LYZv1xxq24X9C/x+qRC+jjyy8+NVszSiCtkEoype26CzQw0CiZ5XmqkhifAruCS1y1VEHHTzLp75nTJKi0axtoehbSrfp/IIDKmEwU2GQG2zW+vEP/z6imGm81MqCRFrljvoTCVFGNalEZbQnOGsmMJMC3sXylrgwaGttqSLcH7vfJfUlutblW94/XK7l6/jTGyQBbJMvHIBtklB+SI1Agj9+SRvJBX58F5ct6c9150wOnPzJMfcD6/AGNLpTg=</latexit><latexit sha1_base64="aNGpm63e5r+0Oi4QA39CNhnNOTE=">AAACJnicbVDLSgMxFM34tr6qLt0EiyAIZUYFdaGIblyJglWhrcOdNGODmcyY3FHLMH/jxl9xI/hA3PkpZtoufB0IOZxzLsk9QSKFQdf9cAYGh4ZHRsfGSxOTU9Mz5dm5UxOnmvEai2WszwMwXArFayhQ8vNEc4gCyc+Cq/3CP7vh2ohYnWAn4c0ILpUIBQO0kl/eUX54kYHv5fSwuFdzCr4p2FpOG9cptGgD+R1mtwLbeU+w6RWb3LYZv1xxq24X9C/x+qRC+jjyy8+NVszSiCtkEoype26CzQw0CiZ5XmqkhifAruCS1y1VEHHTzLp75nTJKi0axtoehbSrfp/IIDKmEwU2GQG2zW+vEP/z6imGm81MqCRFrljvoTCVFGNalEZbQnOGsmMJMC3sXylrgwaGttqSLcH7vfJfUlutblW94/XK7l6/jTGyQBbJMvHIBtklB+SI1Agj9+SRvJBX58F5ct6c9150wOnPzJMfcD6/AGNLpTg=</latexit><latexit sha1_base64="aNGpm63e5r+0Oi4QA39CNhnNOTE=">AAACJnicbVDLSgMxFM34tr6qLt0EiyAIZUYFdaGIblyJglWhrcOdNGODmcyY3FHLMH/jxl9xI/hA3PkpZtoufB0IOZxzLsk9QSKFQdf9cAYGh4ZHRsfGSxOTU9Mz5dm5UxOnmvEai2WszwMwXArFayhQ8vNEc4gCyc+Cq/3CP7vh2ohYnWAn4c0ILpUIBQO0kl/eUX54kYHv5fSwuFdzCr4p2FpOG9cptGgD+R1mtwLbeU+w6RWb3LYZv1xxq24X9C/x+qRC+jjyy8+NVszSiCtkEoype26CzQw0CiZ5XmqkhifAruCS1y1VEHHTzLp75nTJKi0axtoehbSrfp/IIDKmEwU2GQG2zW+vEP/z6imGm81MqCRFrljvoTCVFGNalEZbQnOGsmMJMC3sXylrgwaGttqSLcH7vfJfUlutblW94/XK7l6/jTGyQBbJMvHIBtklB+SI1Agj9+SRvJBX58F5ct6c9150wOnPzJMfcD6/AGNLpTg=</latexit><latexit sha1_base64="aNGpm63e5r+0Oi4QA39CNhnNOTE=">AAACJnicbVDLSgMxFM34tr6qLt0EiyAIZUYFdaGIblyJglWhrcOdNGODmcyY3FHLMH/jxl9xI/hA3PkpZtoufB0IOZxzLsk9QSKFQdf9cAYGh4ZHRsfGSxOTU9Mz5dm5UxOnmvEai2WszwMwXArFayhQ8vNEc4gCyc+Cq/3CP7vh2ohYnWAn4c0ILpUIBQO0kl/eUX54kYHv5fSwuFdzCr4p2FpOG9cptGgD+R1mtwLbeU+w6RWb3LYZv1xxq24X9C/x+qRC+jjyy8+NVszSiCtkEoype26CzQw0CiZ5XmqkhifAruCS1y1VEHHTzLp75nTJKi0axtoehbSrfp/IIDKmEwU2GQG2zW+vEP/z6imGm81MqCRFrljvoTCVFGNalEZbQnOGsmMJMC3sXylrgwaGttqSLcH7vfJfUlutblW94/XK7l6/jTGyQBbJMvHIBtklB+SI1Agj9+SRvJBX58F5ct6c9150wOnPzJMfcD6/AGNLpTg=</latexit><latexit sha1_base64="aNGpm63e5r+0Oi4QA39CNhnNOTE=">AAACJnicbVDLSgMxFM34tr6qLt0EiyAIZUYFdaGIblyJglWhrcOdNGODmcyY3FHLMH/jxl9xI/hA3PkpZtoufB0IOZxzLsk9QSKFQdf9cAYGh4ZHRsfGSxOTU9Mz5dm5UxOnmvEai2WszwMwXArFayhQ8vNEc4gCyc+Cq/3CP7vh2ohYnWAn4c0ILpUIBQO0kl/eUX54kYHv5fSwuFdzCr4p2FpOG9cptGgD+R1mtwLbeU+w6RWb3LYZv1xxq24X9C/x+qRC+jjyy8+NVszSiCtkEoype26CzQw0CiZ5XmqkhifAruCS1y1VEHHTzLp75nTJKi0axtoehbSrfp/IIDKmEwU2GQG2zW+vEP/z6imGm81MqCRFrljvoTCVFGNalEZbQnOGsmMJMC3sXylrgwaGttqSLcH7vfJfUlutblW94/XK7l6/jTGyQBbJMvHIBtklB+SI1Agj9+SRvJBX58F5ct6c9150wOnPzJMfcD6/AGNLpTg=</latexit>

• Include all the terms satisfying

• Symmetry of the process: one particular color ordered amplitude is sufficient
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COMPUTATION

• Feynman diagrams using Qgraf: 48723 three-loop, 39k planar topologies

• Age-old Feynman diagrammatic approach, however, lots of challenges!

• Huge expressions, complicated reductions!

• Discard non-planar diagrams by removing sub-leading colors. 

• Cross-checked using REDUZE2 using the liberty of shifting loop momenta

• In-house FORM code: convert Qgraf raw output to FORM

SU(N) color simplification

Lorentz algebra

Dirac algebra } in d-spacetime dimensions

Monteuffel, Studerus ’12

Vermaseren

Noguira ’06
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COMPUTATION

• Removing unphysical DOF of gluons: Internal: ghost loops

External: pol sum in axial gauge

• Millions of 3-loop integrals with very high power of numerators: highest 6!

J [a1, a2, · · · , a15] =
Z Y

L=1,2,3

"
ddkL
(2⇡)d

#
1

Da1
1 Da2

2 · · ·Da15
15

<latexit sha1_base64="HoMeivqlcDGqJyjNXCvm1apHNDo="></latexit><latexit sha1_base64="HoMeivqlcDGqJyjNXCvm1apHNDo="></latexit><latexit sha1_base64="HoMeivqlcDGqJyjNXCvm1apHNDo="></latexit><latexit sha1_base64="HoMeivqlcDGqJyjNXCvm1apHNDo="></latexit><latexit sha1_base64="HoMeivqlcDGqJyjNXCvm1apHNDo="></latexit>

X
|ai| = 16

<latexit sha1_base64="zyhlpSfuctNlgU/nAVCK/dlRCMs=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5KI+FgIRTcuKxhbaEOYTCft0JlJmIdQ036JGxcqbv0Vd/6N0zYLrR64cDjnXu69J84YVdrzvpzS0vLK6lp5vbKxubVddXd271VqJCYBTlkq2zFShFFBAk01I+1MEsRjRlrx8Hrqtx6IVDQVd3qUkZCjvqAJxUhbKXKrXWU4HKOIjuEl9E8jt+bVvRngX+IXpAYKNCP3s9tLseFEaMyQUh3fy3SYI6kpZmRS6RpFMoSHqE86lgrEiQrz2eETeGiVHkxSaUtoOFN/TuSIKzXise3kSA/UojcV//M6RifnYU5FZjQReL4oMQzqFE5TgD0qCdZsZAnCktpbIR4gibC2WVVsCP7iy39JcFy/qPu3J7XGVZFGGeyDA3AEfHAGGuAGNEEAMDDgCbyAV+fReXbenPd5a8kpZvbALzgf35LHkes=</latexit><latexit sha1_base64="zyhlpSfuctNlgU/nAVCK/dlRCMs=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5KI+FgIRTcuKxhbaEOYTCft0JlJmIdQ036JGxcqbv0Vd/6N0zYLrR64cDjnXu69J84YVdrzvpzS0vLK6lp5vbKxubVddXd271VqJCYBTlkq2zFShFFBAk01I+1MEsRjRlrx8Hrqtx6IVDQVd3qUkZCjvqAJxUhbKXKrXWU4HKOIjuEl9E8jt+bVvRngX+IXpAYKNCP3s9tLseFEaMyQUh3fy3SYI6kpZmRS6RpFMoSHqE86lgrEiQrz2eETeGiVHkxSaUtoOFN/TuSIKzXise3kSA/UojcV//M6RifnYU5FZjQReL4oMQzqFE5TgD0qCdZsZAnCktpbIR4gibC2WVVsCP7iy39JcFy/qPu3J7XGVZFGGeyDA3AEfHAGGuAGNEEAMDDgCbyAV+fReXbenPd5a8kpZvbALzgf35LHkes=</latexit><latexit sha1_base64="zyhlpSfuctNlgU/nAVCK/dlRCMs=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5KI+FgIRTcuKxhbaEOYTCft0JlJmIdQ036JGxcqbv0Vd/6N0zYLrR64cDjnXu69J84YVdrzvpzS0vLK6lp5vbKxubVddXd271VqJCYBTlkq2zFShFFBAk01I+1MEsRjRlrx8Hrqtx6IVDQVd3qUkZCjvqAJxUhbKXKrXWU4HKOIjuEl9E8jt+bVvRngX+IXpAYKNCP3s9tLseFEaMyQUh3fy3SYI6kpZmRS6RpFMoSHqE86lgrEiQrz2eETeGiVHkxSaUtoOFN/TuSIKzXise3kSA/UojcV//M6RifnYU5FZjQReL4oMQzqFE5TgD0qCdZsZAnCktpbIR4gibC2WVVsCP7iy39JcFy/qPu3J7XGVZFGGeyDA3AEfHAGGuAGNEEAMDDgCbyAV+fReXbenPd5a8kpZvbALzgf35LHkes=</latexit><latexit sha1_base64="zyhlpSfuctNlgU/nAVCK/dlRCMs=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5KI+FgIRTcuKxhbaEOYTCft0JlJmIdQ036JGxcqbv0Vd/6N0zYLrR64cDjnXu69J84YVdrzvpzS0vLK6lp5vbKxubVddXd271VqJCYBTlkq2zFShFFBAk01I+1MEsRjRlrx8Hrqtx6IVDQVd3qUkZCjvqAJxUhbKXKrXWU4HKOIjuEl9E8jt+bVvRngX+IXpAYKNCP3s9tLseFEaMyQUh3fy3SYI6kpZmRS6RpFMoSHqE86lgrEiQrz2eETeGiVHkxSaUtoOFN/TuSIKzXise3kSA/UojcV//M6RifnYU5FZjQReL4oMQzqFE5TgD0qCdZsZAnCktpbIR4gibC2WVVsCP7iy39JcFy/qPu3J7XGVZFGGeyDA3AEfHAGGuAGNEEAMDDgCbyAV+fReXbenPd5a8kpZvbALzgf35LHkes=</latexit><latexit sha1_base64="zyhlpSfuctNlgU/nAVCK/dlRCMs=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCq5KI+FgIRTcuKxhbaEOYTCft0JlJmIdQ036JGxcqbv0Vd/6N0zYLrR64cDjnXu69J84YVdrzvpzS0vLK6lp5vbKxubVddXd271VqJCYBTlkq2zFShFFBAk01I+1MEsRjRlrx8Hrqtx6IVDQVd3qUkZCjvqAJxUhbKXKrXWU4HKOIjuEl9E8jt+bVvRngX+IXpAYKNCP3s9tLseFEaMyQUh3fy3SYI6kpZmRS6RpFMoSHqE86lgrEiQrz2eETeGiVHkxSaUtoOFN/TuSIKzXise3kSA/UojcV//M6RifnYU5FZjQReL4oMQzqFE5TgD0qCdZsZAnCktpbIR4gibC2WVVsCP7iy39JcFy/qPu3J7XGVZFGGeyDA3AEfHAGGuAGNEEAMDDgCbyAV+fReXbenPd5a8kpZvbALzgf35LHkes=</latexit>

Most complicated

Tennis court Tripple ladder

D are the inverse of propagators
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COMPUTATION

Advantage: substantial improvement of total reduction time

• IBP Reduction 

FIRE5.2 C++ along with LiteRed1.82

2-step reductions:

1. LiteRed along with Mint: symbolic rules & 89 MIs

3. Reduce again using FIRE c++: 81 MIs

2. Non-minimal set : Huge reduction file!

4. Minimal set: reduction file size reduced 1/10

Comments: Non-minimal set of MIs is inefficient

• 21 MIs with one double prop

• 2 MIs with one numerator

 19
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MIS IN UT-BASIS

Henn, Smirnov, Smirnov ’13

With Bubble Sub-diagrams

 20



MIS IN UT-BASIS

Henn, Smirnov, Smirnov ’13

MIs without Bubble sub-integrals

• Remaining integrals are obtained by interchanging s & t
 21



UV RENORMALISATION

• Dimensional regularisation: d = 4� 2✏
<latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit>

• UV structures of amplitude and all plus amplitude are different 

<latexit sha1_base64="F40FTyOBQ/HEtCMBWChYZddQ0Xo="></latexit>

All plus amplitude vanishes at tree level UV Finite 1-loop 

UV divergent 1-loop
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UV RENORMALISATION

• UV Renormalisation is done in           Scheme MS
<latexit sha1_base64="piDXd5Kg8CEywJJrmagZSGi5tvk=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VvXgRKhpbaELZbDft0s0m7L6IJebgX/HiQcWrv8Ob/8ZNm4O2DiwMM294bydIOFNg29/G3PzC4tJyZaW6ura+sWlubd+pOJWEuiTmsWwHWFHOBHWBAaftRFIcBZy2guFF4bfuqVQsFrcwSqgf4b5gISMYtNQ1dzMv1n4RzzygD5Bd3eR53jVrdt0ew5olTklqqESza355vZikERVAOFaq49gJ+BmWwAinedVLFU0wGeI+7WgqcESVn43vz60DrfSsMJb6CbDG6u9EhiOlRlGgJyMMAzXtFeJ/XieF8NTPmEhSoIJMFoUptyC2ijKsHpOUAB9pgolk+laLDLDEBHRlVV2CM/3lWeIe1c/qzvVxrXFetlFBe2gfHSIHnaAGukRN5CKCHtEzekVvxpPxYrwbH5PROaPM7KA/MD5/ALzUlsQ=</latexit><latexit sha1_base64="piDXd5Kg8CEywJJrmagZSGi5tvk=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VvXgRKhpbaELZbDft0s0m7L6IJebgX/HiQcWrv8Ob/8ZNm4O2DiwMM294bydIOFNg29/G3PzC4tJyZaW6ura+sWlubd+pOJWEuiTmsWwHWFHOBHWBAaftRFIcBZy2guFF4bfuqVQsFrcwSqgf4b5gISMYtNQ1dzMv1n4RzzygD5Bd3eR53jVrdt0ew5olTklqqESza355vZikERVAOFaq49gJ+BmWwAinedVLFU0wGeI+7WgqcESVn43vz60DrfSsMJb6CbDG6u9EhiOlRlGgJyMMAzXtFeJ/XieF8NTPmEhSoIJMFoUptyC2ijKsHpOUAB9pgolk+laLDLDEBHRlVV2CM/3lWeIe1c/qzvVxrXFetlFBe2gfHSIHnaAGukRN5CKCHtEzekVvxpPxYrwbH5PROaPM7KA/MD5/ALzUlsQ=</latexit><latexit sha1_base64="piDXd5Kg8CEywJJrmagZSGi5tvk=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VvXgRKhpbaELZbDft0s0m7L6IJebgX/HiQcWrv8Ob/8ZNm4O2DiwMM294bydIOFNg29/G3PzC4tJyZaW6ura+sWlubd+pOJWEuiTmsWwHWFHOBHWBAaftRFIcBZy2guFF4bfuqVQsFrcwSqgf4b5gISMYtNQ1dzMv1n4RzzygD5Bd3eR53jVrdt0ew5olTklqqESza355vZikERVAOFaq49gJ+BmWwAinedVLFU0wGeI+7WgqcESVn43vz60DrfSsMJb6CbDG6u9EhiOlRlGgJyMMAzXtFeJ/XieF8NTPmEhSoIJMFoUptyC2ijKsHpOUAB9pgolk+laLDLDEBHRlVV2CM/3lWeIe1c/qzvVxrXFetlFBe2gfHSIHnaAGukRN5CKCHtEzekVvxpPxYrwbH5PROaPM7KA/MD5/ALzUlsQ=</latexit><latexit sha1_base64="piDXd5Kg8CEywJJrmagZSGi5tvk=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VvXgRKhpbaELZbDft0s0m7L6IJebgX/HiQcWrv8Ob/8ZNm4O2DiwMM294bydIOFNg29/G3PzC4tJyZaW6ura+sWlubd+pOJWEuiTmsWwHWFHOBHWBAaftRFIcBZy2guFF4bfuqVQsFrcwSqgf4b5gISMYtNQ1dzMv1n4RzzygD5Bd3eR53jVrdt0ew5olTklqqESza355vZikERVAOFaq49gJ+BmWwAinedVLFU0wGeI+7WgqcESVn43vz60DrfSsMJb6CbDG6u9EhiOlRlGgJyMMAzXtFeJ/XieF8NTPmEhSoIJMFoUptyC2ijKsHpOUAB9pgolk+laLDLDEBHRlVV2CM/3lWeIe1c/qzvVxrXFetlFBe2gfHSIHnaAGukRN5CKCHtEzekVvxpPxYrwbH5PROaPM7KA/MD5/ALzUlsQ=</latexit><latexit sha1_base64="piDXd5Kg8CEywJJrmagZSGi5tvk=">AAAB/nicbVBNS8NAFNz4WetXVPDiJVgETyURQb0VvXgRKhpbaELZbDft0s0m7L6IJebgX/HiQcWrv8Ob/8ZNm4O2DiwMM294bydIOFNg29/G3PzC4tJyZaW6ura+sWlubd+pOJWEuiTmsWwHWFHOBHWBAaftRFIcBZy2guFF4bfuqVQsFrcwSqgf4b5gISMYtNQ1dzMv1n4RzzygD5Bd3eR53jVrdt0ew5olTklqqESza355vZikERVAOFaq49gJ+BmWwAinedVLFU0wGeI+7WgqcESVn43vz60DrfSsMJb6CbDG6u9EhiOlRlGgJyMMAzXtFeJ/XieF8NTPmEhSoIJMFoUptyC2ijKsHpOUAB9pgolk+laLDLDEBHRlVV2CM/3lWeIe1c/qzvVxrXFetlFBe2gfHSIHnaAGukRN5CKCHtEzekVvxpPxYrwbH5PROaPM7KA/MD5/ALzUlsQ=</latexit>
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<latexit sha1_base64="60mJieL4Yg225ujO1EuNNWfJrxU="></latexit><latexit sha1_base64="60mJieL4Yg225ujO1EuNNWfJrxU="></latexit><latexit sha1_base64="60mJieL4Yg225ujO1EuNNWfJrxU="></latexit><latexit sha1_base64="60mJieL4Yg225ujO1EuNNWfJrxU="></latexit><latexit sha1_base64="60mJieL4Yg225ujO1EuNNWfJrxU="></latexit>
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<latexit sha1_base64="SsKyEa/mDuI6aGk7c2MjUXNN6Eo="></latexit><latexit sha1_base64="SsKyEa/mDuI6aGk7c2MjUXNN6Eo="></latexit><latexit sha1_base64="SsKyEa/mDuI6aGk7c2MjUXNN6Eo="></latexit><latexit sha1_base64="SsKyEa/mDuI6aGk7c2MjUXNN6Eo="></latexit><latexit sha1_base64="SsKyEa/mDuI6aGk7c2MjUXNN6Eo="></latexit>

    : coefficients of QCD-beta function�i
<latexit sha1_base64="3pzUdh/1VWkiWdkNQd7YGqs03ws=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy203bpZhN2J0IJ/RFePKh49f9489+4bXPQ6oOBx3szzMyLUikMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0x4AnMtHtiBmUQmFAgiS2U40sjiS2ovHNzG89ojYiUfc0STGM2VCJgeCMrNTqRkisJ3rVmlf35nD/Er8gNSjQ7FU/u/2EZzEq4pIZ0/G9lMKcaRJc4rTSzQymjI/ZEDuWKhajCfP5uVP3xCp9d5BoW4rcufpzImexMZM4sp0xo5FZ9mbif14no8FlmAuVZoSKLxYNMulS4s5+d/tCIyc5sYRxLeytLh8xzTjZhCo2BH/55b8kOKtf1f2781rjukijDEdwDKfgwwU04BaaEACHMTzBC7w6qfPsvDnvi9aSU8wcwi84H9+tRo9U</latexit><latexit sha1_base64="3pzUdh/1VWkiWdkNQd7YGqs03ws=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy203bpZhN2J0IJ/RFePKh49f9489+4bXPQ6oOBx3szzMyLUikMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0x4AnMtHtiBmUQmFAgiS2U40sjiS2ovHNzG89ojYiUfc0STGM2VCJgeCMrNTqRkisJ3rVmlf35nD/Er8gNSjQ7FU/u/2EZzEq4pIZ0/G9lMKcaRJc4rTSzQymjI/ZEDuWKhajCfP5uVP3xCp9d5BoW4rcufpzImexMZM4sp0xo5FZ9mbif14no8FlmAuVZoSKLxYNMulS4s5+d/tCIyc5sYRxLeytLh8xzTjZhCo2BH/55b8kOKtf1f2781rjukijDEdwDKfgwwU04BaaEACHMTzBC7w6qfPsvDnvi9aSU8wcwi84H9+tRo9U</latexit><latexit sha1_base64="3pzUdh/1VWkiWdkNQd7YGqs03ws=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy203bpZhN2J0IJ/RFePKh49f9489+4bXPQ6oOBx3szzMyLUikMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0x4AnMtHtiBmUQmFAgiS2U40sjiS2ovHNzG89ojYiUfc0STGM2VCJgeCMrNTqRkisJ3rVmlf35nD/Er8gNSjQ7FU/u/2EZzEq4pIZ0/G9lMKcaRJc4rTSzQymjI/ZEDuWKhajCfP5uVP3xCp9d5BoW4rcufpzImexMZM4sp0xo5FZ9mbif14no8FlmAuVZoSKLxYNMulS4s5+d/tCIyc5sYRxLeytLh8xzTjZhCo2BH/55b8kOKtf1f2781rjukijDEdwDKfgwwU04BaaEACHMTzBC7w6qfPsvDnvi9aSU8wcwi84H9+tRo9U</latexit><latexit sha1_base64="3pzUdh/1VWkiWdkNQd7YGqs03ws=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy203bpZhN2J0IJ/RFePKh49f9489+4bXPQ6oOBx3szzMyLUikMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0x4AnMtHtiBmUQmFAgiS2U40sjiS2ovHNzG89ojYiUfc0STGM2VCJgeCMrNTqRkisJ3rVmlf35nD/Er8gNSjQ7FU/u/2EZzEq4pIZ0/G9lMKcaRJc4rTSzQymjI/ZEDuWKhajCfP5uVP3xCp9d5BoW4rcufpzImexMZM4sp0xo5FZ9mbif14no8FlmAuVZoSKLxYNMulS4s5+d/tCIyc5sYRxLeytLh8xzTjZhCo2BH/55b8kOKtf1f2781rjukijDEdwDKfgwwU04BaaEACHMTzBC7w6qfPsvDnvi9aSU8wcwi84H9+tRo9U</latexit><latexit sha1_base64="3pzUdh/1VWkiWdkNQd7YGqs03ws=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy203bpZhN2J0IJ/RFePKh49f9489+4bXPQ6oOBx3szzMyLUikMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0x4AnMtHtiBmUQmFAgiS2U40sjiS2ovHNzG89ojYiUfc0STGM2VCJgeCMrNTqRkisJ3rVmlf35nD/Er8gNSjQ7FU/u/2EZzEq4pIZ0/G9lMKcaRJc4rTSzQymjI/ZEDuWKhajCfP5uVP3xCp9d5BoW4rcufpzImexMZM4sp0xo5FZ9mbif14no8FlmAuVZoSKLxYNMulS4s5+d/tCIyc5sYRxLeytLh8xzTjZhCo2BH/55b8kOKtf1f2781rjukijDEdwDKfgwwU04BaaEACHMTzBC7w6qfPsvDnvi9aSU8wcwi84H9+tRo9U</latexit>  23

• Dimensional regularisation: d = 4� 2✏
<latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit><latexit sha1_base64="JBZwa/C5JAIjfnDk8QlFOPyYBnM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyWgnoQil48VnBtoV1KNpttQ7PJmmQLpfR3ePGg4tU/481/Y9ruQVsfDDzem2FmXphypo3rfjsrq2vrG5uFreL2zu7efung8FHLTBHqE8mlaoVYU84E9Q0znLZSRXESctoMB7dTvzmkSjMpHswopUGCe4LFjGBjpSC6rp1XOzTVjEvRLZXdijsDWiZeTsqQo9EtfXUiSbKECkM41rrtuakJxlgZRjidFDuZpikmA9yjbUsFTqgOxrOjJ+jUKhGKpbIlDJqpvyfGONF6lIS2M8Gmrxe9qfif185MfBmMmUgzQwWZL4ozjoxE0wRQxBQlho8swUQxeysifawwMTanog3BW3x5mfjVylXFu6+V6zd5GgU4hhM4Aw8uoA530AAfCDzBM7zCmzN0Xpx352PeuuLkM0fwB87nD09RkVo=</latexit>

âs = ↵̂s/(4⇡) = ĝ2s/(16⇡)
2

<latexit sha1_base64="fpVDjH3jsveyre5do0QRxIjnZg4=">AAACIHicbZDLTgIxFIY7eEO8jbp000hMcAMzhCguTIhuXGIiQsIAOVMKNHQuaTsmZMKruPFV3LhQozt9GjswCwX/pMnf75yT9vxuyJlUlvVlZFZW19Y3spu5re2d3T1z/+BeBpEgtEECHoiWC5Jy5tOGYorTVigoeC6nTXd8ndSbD1RIFvh3ahLSjgdDnw0YAaVRz6zGzggUhmlPXs6tAzwcJfdSoeKE7DTFQ0265VLBPktgt9wz81bRmgkvGzs1eZSq3jM/nX5AIo/6inCQsm1boerEIBQjnE5zTiRpCGQMQ9rW1gePyk4823CKTzTp40Eg9PEVntHfEzF4Uk48V3d6oEZysZbA/2rtSA2qnZj5YaSoT+YPDSKOVYCTuHCfCUoUn2gDRDD9V0xGIIAoHWpOh2AvrrxsGuXiRdG+reRrV2kaWXSEjlEB2egc1dANqqMGIugRPaNX9GY8GS/Gu/Exb80Y6cwh+iPj+wd7vKIB</latexit><latexit sha1_base64="fpVDjH3jsveyre5do0QRxIjnZg4=">AAACIHicbZDLTgIxFIY7eEO8jbp000hMcAMzhCguTIhuXGIiQsIAOVMKNHQuaTsmZMKruPFV3LhQozt9GjswCwX/pMnf75yT9vxuyJlUlvVlZFZW19Y3spu5re2d3T1z/+BeBpEgtEECHoiWC5Jy5tOGYorTVigoeC6nTXd8ndSbD1RIFvh3ahLSjgdDnw0YAaVRz6zGzggUhmlPXs6tAzwcJfdSoeKE7DTFQ0265VLBPktgt9wz81bRmgkvGzs1eZSq3jM/nX5AIo/6inCQsm1boerEIBQjnE5zTiRpCGQMQ9rW1gePyk4823CKTzTp40Eg9PEVntHfEzF4Uk48V3d6oEZysZbA/2rtSA2qnZj5YaSoT+YPDSKOVYCTuHCfCUoUn2gDRDD9V0xGIIAoHWpOh2AvrrxsGuXiRdG+reRrV2kaWXSEjlEB2egc1dANqqMGIugRPaNX9GY8GS/Gu/Exb80Y6cwh+iPj+wd7vKIB</latexit><latexit sha1_base64="fpVDjH3jsveyre5do0QRxIjnZg4=">AAACIHicbZDLTgIxFIY7eEO8jbp000hMcAMzhCguTIhuXGIiQsIAOVMKNHQuaTsmZMKruPFV3LhQozt9GjswCwX/pMnf75yT9vxuyJlUlvVlZFZW19Y3spu5re2d3T1z/+BeBpEgtEECHoiWC5Jy5tOGYorTVigoeC6nTXd8ndSbD1RIFvh3ahLSjgdDnw0YAaVRz6zGzggUhmlPXs6tAzwcJfdSoeKE7DTFQ0265VLBPktgt9wz81bRmgkvGzs1eZSq3jM/nX5AIo/6inCQsm1boerEIBQjnE5zTiRpCGQMQ9rW1gePyk4823CKTzTp40Eg9PEVntHfEzF4Uk48V3d6oEZysZbA/2rtSA2qnZj5YaSoT+YPDSKOVYCTuHCfCUoUn2gDRDD9V0xGIIAoHWpOh2AvrrxsGuXiRdG+reRrV2kaWXSEjlEB2egc1dANqqMGIugRPaNX9GY8GS/Gu/Exb80Y6cwh+iPj+wd7vKIB</latexit><latexit sha1_base64="fpVDjH3jsveyre5do0QRxIjnZg4=">AAACIHicbZDLTgIxFIY7eEO8jbp000hMcAMzhCguTIhuXGIiQsIAOVMKNHQuaTsmZMKruPFV3LhQozt9GjswCwX/pMnf75yT9vxuyJlUlvVlZFZW19Y3spu5re2d3T1z/+BeBpEgtEECHoiWC5Jy5tOGYorTVigoeC6nTXd8ndSbD1RIFvh3ahLSjgdDnw0YAaVRz6zGzggUhmlPXs6tAzwcJfdSoeKE7DTFQ0265VLBPktgt9wz81bRmgkvGzs1eZSq3jM/nX5AIo/6inCQsm1boerEIBQjnE5zTiRpCGQMQ9rW1gePyk4823CKTzTp40Eg9PEVntHfEzF4Uk48V3d6oEZysZbA/2rtSA2qnZj5YaSoT+YPDSKOVYCTuHCfCUoUn2gDRDD9V0xGIIAoHWpOh2AvrrxsGuXiRdG+reRrV2kaWXSEjlEB2egc1dANqqMGIugRPaNX9GY8GS/Gu/Exb80Y6cwh+iPj+wd7vKIB</latexit><latexit sha1_base64="fpVDjH3jsveyre5do0QRxIjnZg4=">AAACIHicbZDLTgIxFIY7eEO8jbp000hMcAMzhCguTIhuXGIiQsIAOVMKNHQuaTsmZMKruPFV3LhQozt9GjswCwX/pMnf75yT9vxuyJlUlvVlZFZW19Y3spu5re2d3T1z/+BeBpEgtEECHoiWC5Jy5tOGYorTVigoeC6nTXd8ndSbD1RIFvh3ahLSjgdDnw0YAaVRz6zGzggUhmlPXs6tAzwcJfdSoeKE7DTFQ0265VLBPktgt9wz81bRmgkvGzs1eZSq3jM/nX5AIo/6inCQsm1boerEIBQjnE5zTiRpCGQMQ9rW1gePyk4823CKTzTp40Eg9PEVntHfEzF4Uk48V3d6oEZysZbA/2rtSA2qnZj5YaSoT+YPDSKOVYCTuHCfCUoUn2gDRDD9V0xGIIAoHWpOh2AvrrxsGuXiRdG+reRrV2kaWXSEjlEB2egc1dANqqMGIugRPaNX9GY8GS/Gu/Exb80Y6cwh+iPj+wd7vKIB</latexit>

Bare strong coupling constant:

<latexit sha1_base64="OyJ/qArEEBjj0HOZw17o31SQwwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpnvZMr1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPukiNnw==</latexit>

Renormalised:

     : introduced to maintain the dimensionless of coupling in d-dimensions
<latexit sha1_base64="4gKXeKCsX1vyOKbp7bFqnAUjKkk=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPyu2Nqg==</latexit>

         : renormalisation scale
<latexit sha1_base64="ibrzxi6FL84rPoBPPbVpIcUhJDc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcU0gWcLsZDYZMjO7zEMIS77BiwcVr/6QN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Dgp7Arbu+9Va37dnwEtk6AgNSjQ7FW/uv2UWEGlIRxr3Qn8zEQ5VoYRTieVrtU0w2SEB7TjqMSC6iifHTtBJ07poyRVrqRBM/X3RI6F1mMRu06BzVAvelPxP69jTXIZ5Uxm1lBJ5osSy5FJ0fRz1GeKEsPHjmCimLsVkSFWmBiXT8WFECy+vEzCs/pVPbg7rzWuizTKcATHcAoBXEADbqEJIRBg8Ayv8OZJ78V79z7mrSWvmDmEP/A+fwAjSY5v</latexit>

• UV structures of amplitude and all plus amplitude are different 

<latexit sha1_base64="F40FTyOBQ/HEtCMBWChYZddQ0Xo="></latexit>

All plus amplitude vanishes at tree level UV Finite 1-loop 

UV divergent 1-loop

Tarasov, Vladimirov, Zharkov ’80



IR FACTORISATION

• UV Renormalised amplitude contains soft & collinear divergences

• IR structures for the amplitude and all plus amplitude for the same reason

<latexit sha1_base64="xTMi6Jz6hwTtODJQ2+EkbAaYJdg="></latexit>
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IR FACTORISATION

• UV Renormalised amplitude contains soft & collinear divergences

• IR structures for the amplitude and all plus amplitude for the same reason

<latexit sha1_base64="xTMi6Jz6hwTtODJQ2+EkbAaYJdg="></latexit>

• These poles are universal and were first predicted by Catani  up to 2-loop (except single 
pole)

Catani ‘98

Sterman, Yeomans  ‘03
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IR FACTORISATION

• UV Renormalised amplitude contains soft & collinear divergences

• IR structures for the amplitude and all plus amplitude for the same reason

<latexit sha1_base64="xTMi6Jz6hwTtODJQ2+EkbAaYJdg="></latexit>

• These poles are universal and were first predicted by Catani  up to 2-loop (except single 
pole)

Catani ‘98

Sterman, Yeomans  ‘03
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• Using SCET, Becher & Neubert derived an exact formula for IR divergences for any 
     loops & legs in massless QCD involving the single pole. ‘09

• Using Wilson lines for hard partons and soft-eikonal jet functions, Gardi & Magnea
    Also arrived at similar result ‘09



IR FACTORISATION

• From SCET

UV finite
<latexit sha1_base64="6+cm7aMfFILhQIxJesP9rYgUgHs="></latexit>

All the IR divergences are governed by the matrix Z 
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IR FACTORISATION

• From SCET

UV finite

The all order solution:

<latexit sha1_base64="aATxgDowKHlLD5LFuCp17Y0Lacs="></latexit>

<latexit sha1_base64="6+cm7aMfFILhQIxJesP9rYgUgHs="></latexit>

All the IR divergences are governed by the matrix Z 

Anomalous dimension matrix

 28

<latexit sha1_base64="V3XZVLHZvJfIFe8nyyyBAWOmttk="></latexit>

<latexit sha1_base64="EFm9r00LlFMBB8wuqASQ9+tRg7w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuiG5cVGltoQplMJ+3QySTMQyihv+HGhYpbv8adf+OkzUJbDwwczrmXe+ZEGWdKu+63U1lb39jcqm7Xdnb39g/qh0ePKjWSUJ+kPJW9CCvKmaC+ZprTXiYpTiJOu9HkrvC7T1QqloqOnmY0TPBIsJgRrK0UBAnW4yjOO7MBG9QbbtOdA60SryQNKNEe1L+CYUpMQoUmHCvV99xMhzmWmhFOZ7XAKJphMsEj2rdU4ISqMJ9nnqEzqwxRnEr7hEZz9fdGjhOlpklkJ4uMatkrxP+8vtHxdZgzkRlNBVkcig1HOkVFAWjIJCWaTy3BRDKbFZExlphoW1PNluAtf3mV+BfNm6b3cNlo3ZZtVOEETuEcPLiCFtxDG3wgkMEzvMKbY5wX5935WIxWnHLnGP7A+fwBsiaRqA==</latexit>

Color generator matrix associated with i-th Parton

Becher & Neubert ’09

<latexit sha1_base64="4wLPZcv0EOkR69AH0G9F8H49is8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjBbaUCbbTbt0dxN3N4US+ju8eFDx6p/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T940EmmCA1IwhPVilBTziQNDDOctlJFUUScPkbDm6n/OKJKs0Tem3FKQ4F9yWJG0Fgp7PRRCOzmJNPppFuteXVvBneZ+AWpQYFmt/rV6SUkE1QawlHrtu+lJsxRGUY4nVQ6maYpkiH2adtSiYLqMJ8dPXFPrNJz40TZksadqb8nchRaj0VkOwWagV70puJ/Xjsz8WWYM5lmhkoyXxRn3DWJO03A7TFFieFjS5AoZm91yQAVEmNzqtgQ/MWXl0lwVr+q+3fntcZ1kUYZjuAYTsGHC2jALTQhAAJP8Ayv8OaMnBfn3fmYt5acYuYQ/sD5/AG0BpJB</latexit>

Cusp anomalous dimensions

<latexit sha1_base64="Urp4efL6hRcCqpVmTKFhxliXPJg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl26m8TdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRM8Jj5hhvBWqliKEPBmuHweuI3n5jSPInvzChlgcR+zCNO0Vip1emjlPjAu5WqW3OnIIvEK0gVCjS6la9OL6GZZLGhArVue25qghyV4VSwcbmTaZYiHWKftS2NUTId5NN7x+TYKj0SJcpWbMhU/T2Ro9R6JEPbKdEM9Lw3Ef/z2pmJLoKcx2lmWExni6JMEJOQyfOkxxWjRowsQaq4vZXQASqkxkZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPFAQ8wyu8OY/Oi/PufMxal5xi5gD+wPn8AW9Bj8Q=</latexit>

Anomalous dimensions for partons



IR FACTORISATION

Explicit solution up to 3-loop

<latexit sha1_base64="OyJ/qArEEBjj0HOZw17o31SQwwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpnvZMr1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPukiNnw==</latexit>

<latexit sha1_base64="m4gZCYJlR9O8Q5/OkNFXxF1GzOM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY5lsN+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmKPNpIhLVDlEzwSXzDTeCtVPFMA4FewhH11P/4YkpzRN5Z8YpC2IcSB5xisZKPvb0Y6NXrbl1dwayTLyC1KBAq1f96vYTmsVMGipQ647npibIURlOBZtUuplmKdIRDljHUokx00E+O3ZCTqzSJ1GibElDZurviRxjrcdxaDtjNEO96E3F/7xOZqKLIOcyzQyTdL4oygQxCZl+TvpcMWrE2BKkittbCR2iQmpsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfKDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gDgm45D</latexit>

<latexit sha1_base64="/6e6fDRsv7U/gqTWNmxdkiWJxtQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxko+7erHs26l6tbcKcgi8QpShQKNbuWr00tYFqM0TFCt256bmiCnynAmcFzuZBpTyoa0j21LJY1RB/n02DE5tkqPRImyJQ2Zqr8nchprPYpD2xlTM9Dz3kT8z2tnJroMci7TzKBks0VRJohJyORz0uMKmREjSyhT3N5K2IAqyozNp2xD8OZfXiT+ae2q5t2dV+vXRRolOIQjOAEPLqAOt9AAHxhweIZXeHOk8+K8Ox+z1iWnmDmAP3A+fwDiHo5E</latexit>

<latexit sha1_base64="feuRo/x10KA0oE8Gjua1dZ0W24o=">AAACG3icbZDNSsNAFIUn/lv/oi7dDBaxLiyJCupCEF3osoJVoanhZjppB2eSMDMRSsiDuPFV3LhQcSW48G2ctFlo9cDAx7n3MveeIOFMacf5ssbGJyanpmdmK3PzC4tL9vLKlYpTSWiTxDyWNwEoyllEm5ppTm8SSUEEnF4Hd6dF/fqeSsXi6FL3E9oW0I1YyAhoY/n2rncGQsAmPsLbXrdAPyOpSvIa+GoLeyoVPsOeAN0Lwuwy99ntjm9XnbozEP4LbglVVKrh2x9eJyapoJEmHJRquU6i2xlIzQinecVLFU2A3EGXtgxGIKhqZ4PjcrxhnA4OY2lepPHA/TmRgVCqLwLTWWypRmuF+V+tlerwoJ2xKEk1jcjwozDlWMe4SAp3mKRE874BIJKZXTHpgQSiTZ4VE4I7evJfaO7UD+vuxV71+KRMYwatoXVUQy7aR8foHDVQExH0gJ7QC3q1Hq1n6816H7aOWeXMKvol6/MbkU+grQ==</latexit>

Where
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IR FACTORISATION

Explicit solution up to 3-loop

<latexit sha1_base64="OyJ/qArEEBjj0HOZw17o31SQwwI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpnvZMr1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmpE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZ/k36QnOGcmwJZVrYWwkbUk0Z2nQqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBwQCe4RXeHOm8OO/Ox7y15BQzh/AHzucPukiNnw==</latexit>

<latexit sha1_base64="m4gZCYJlR9O8Q5/OkNFXxF1GzOM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjxWMFpoY5lsN+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmKPNpIhLVDlEzwSXzDTeCtVPFMA4FewhH11P/4YkpzRN5Z8YpC2IcSB5xisZKPvb0Y6NXrbl1dwayTLyC1KBAq1f96vYTmsVMGipQ647npibIURlOBZtUuplmKdIRDljHUokx00E+O3ZCTqzSJ1GibElDZurviRxjrcdxaDtjNEO96E3F/7xOZqKLIOcyzQyTdL4oygQxCZl+TvpcMWrE2BKkittbCR2iQmpsPhUbgrf48jLxG/XLund7VmteFWmU4QiO4RQ8OIcm3EALfKDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gDgm45D</latexit>

<latexit sha1_base64="/6e6fDRsv7U/gqTWNmxdkiWJxtQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxko+7erHs26l6tbcKcgi8QpShQKNbuWr00tYFqM0TFCt256bmiCnynAmcFzuZBpTyoa0j21LJY1RB/n02DE5tkqPRImyJQ2Zqr8nchprPYpD2xlTM9Dz3kT8z2tnJroMci7TzKBks0VRJohJyORz0uMKmREjSyhT3N5K2IAqyozNp2xD8OZfXiT+ae2q5t2dV+vXRRolOIQjOAEPLqAOt9AAHxhweIZXeHOk8+K8Ox+z1iWnmDmAP3A+fwDiHo5E</latexit>

<latexit sha1_base64="feuRo/x10KA0oE8Gjua1dZ0W24o=">AAACG3icbZDNSsNAFIUn/lv/oi7dDBaxLiyJCupCEF3osoJVoanhZjppB2eSMDMRSsiDuPFV3LhQcSW48G2ctFlo9cDAx7n3MveeIOFMacf5ssbGJyanpmdmK3PzC4tL9vLKlYpTSWiTxDyWNwEoyllEm5ppTm8SSUEEnF4Hd6dF/fqeSsXi6FL3E9oW0I1YyAhoY/n2rncGQsAmPsLbXrdAPyOpSvIa+GoLeyoVPsOeAN0Lwuwy99ntjm9XnbozEP4LbglVVKrh2x9eJyapoJEmHJRquU6i2xlIzQinecVLFU2A3EGXtgxGIKhqZ4PjcrxhnA4OY2lepPHA/TmRgVCqLwLTWWypRmuF+V+tlerwoJ2xKEk1jcjwozDlWMe4SAp3mKRE874BIJKZXTHpgQSiTZ4VE4I7evJfaO7UD+vuxV71+KRMYwatoXVUQy7aR8foHDVQExH0gJ7QC3q1Hq1n6816H7aOWeXMKvol6/MbkU+grQ==</latexit>

Where

For 3-loop all ++++ amplitude,  
<latexit sha1_base64="3saDnh1bAYDEbaJScQPvN+eNA7g=">AAAB93icbVBNT8JAEJ3iF+IHVY9eNhITvJCWmKg3ohdvYiJCArXZLlvYsN02u1sTbPglXjyo8epf8ea/cYEeFHzJJC/vzWRmXpBwprTjfFuFldW19Y3iZmlre2e3bO/t36s4lYS2SMxj2QmwopwJ2tJMc9pJJMVRwGk7GF1N/fYjlYrF4k6PE+pFeCBYyAjWRvLtctYjmKObSRX76qF+4tsVp+bMgJaJm5MK5Gj69levH5M0okITjpXquk6ivQxLzQink1IvVTTBZIQHtGuowBFVXjY7fIKOjdJHYSxNCY1m6u+JDEdKjaPAdEZYD9WiNxX/87qpDs+9jIkk1VSQ+aIw5UjHaJoC6jNJieZjQzCRzNyKyBBLTLTJqmRCcBdfXiateu2i5t6eVhqXeRpFOIQjqIILZ9CAa2hCCwik8Ayv8GY9WS/Wu/Uxby1Y+cwB/IH1+QPcEZIc</latexit>

we need up to 

However, for the full amplitude we need up to 
<latexit sha1_base64="lXLOVtB/9kxAd4GHna/1bkM9/+Y=">AAAB93icbVBNT8JAEJ3iF+IHVY9eNhITvJBWTdQb0Ys3MbFCArXZLgts2G6b3a0JNvwSLx7UePWvePPfuEAPCr5kkpf3ZjIzL0w4U9pxvq3C0vLK6lpxvbSxubVdtnd271WcSkI9EvNYtkKsKGeCepppTluJpDgKOW2Gw6uJ33ykUrFY3OlRQv0I9wXrMYK1kQK7nHUI5uhmXMWBejg5CuyKU3OmQIvEzUkFcjQC+6vTjUkaUaEJx0q1XSfRfoalZoTTcamTKppgMsR92jZU4IgqP5sePkaHRumiXixNCY2m6u+JDEdKjaLQdEZYD9S8NxH/89qp7p37GRNJqqkgs0W9lCMdo0kKqMskJZqPDMFEMnMrIgMsMdEmq5IJwZ1/eZF4x7WLmnt7Wqlf5mkUYR8OoAounEEdrqEBHhBI4Rle4c16sl6sd+tj1lqw8pk9+APr8wfdlZId</latexit>
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IR FACTORISATION: IN PLANAR LIMIT

In the planar limit, the IR factorisation simplifies

<latexit sha1_base64="37S0YSD3/WOWOl/W38jBYQFZQJM=">AAACLXicbVDLSgMxFM3UV62vqks3wSK0UMuMCOpCKIrgsoK1xbaWTJppQzOZIbkj1GG+yI2/ogvBB279DdPHQlsPBA7n3MvNOW4ouAbbfrNSc/MLi0vp5czK6tr6RnZz60YHkaKsSgMRqLpLNBNcsipwEKweKkZ8V7Ca2z8f+rV7pjQP5DUMQtbySVdyj1MCRmpnL5o+gZ7rxbfJXbzvJPkmCzUXgSzqIhTwKX6YlgszEhTa2ZxdskfAs8SZkByaoNLOvjQ7AY18JoEKonXDsUNoxUQBp4IlmWakWUhon3RZw1BJfKZb8ShugveM0sFeoMyTgEfq742Y+FoPfNdMDsPpaW8o/uc1IvCOWzGXYQRM0vEhLxIYAjzsDne4YhTEwBBCFTd/xbRHFKFgGs6YEpzpyLOkelA6KTlXh7ny2aSNNNpBuyiPHHSEyugSVVAVUfSIntE7+rCerFfr0/oaj6asyc42+gPr+wfv+6dx</latexit>

z are simple scalar functions

<latexit sha1_base64="ofvzAaeGK2wSIPjlAY2DoZnqC28="></latexit>

<latexit sha1_base64="q5g/YuFlSHGVYCPFOdbCFkATzmU="></latexit>

Almelid, Duhr & Gardi ’15

<latexit sha1_base64="/n8JbnhmfVY/QhczpvoxSNTq1RY=">AAACBXicbVBNS8NAEN34WetX1KMIi0VoLyURQT0IRUE8eKhgbKWNYbPdtEs32bC7EUrMyYt/xYsHFa/+B2/+G7dtDtr6YODx3gwz8/yYUaks69uYmZ2bX1gsLBWXV1bX1s2NzRvJE4GJgznjoukjSRiNiKOoYqQZC4JCn5GG3z8b+o17IiTl0bUaxMQNUTeiAcVIackzd27v0vJlJYMnsM14F5bPvW7lwUtjzojMPLNkVa0R4DSxc1ICOeqe+dXucJyEJFKYISlbthUrN0VCUcxIVmwnksQI91GXtDSNUEikm47eyOCeVjow4EJXpOBI/T2RolDKQejrzhCpnpz0huJ/XitRwZGb0ihOFInweFGQMKg4HGYCO1QQrNhAE4QF1bdC3EMCYaWTK+oQ7MmXp4mzXz2u2lcHpdppnkYBbINdUAY2OAQ1cAHqwAEYPIJn8ArejCfjxXg3PsatM0Y+swX+wPj8AYhQl3s=</latexit>

where

These are Gluon form factor

and so on
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RESULTS

• Our 1 and 2-loop results agree with the universal IR structure. 

• They exhibit the necessary symmetry between s & t

• We have checked the amplitude as well as ++++ amplitude

• We have extended the 2-loop results to        order
<latexit sha1_base64="OtKK4dWuwp+MrMol050rWbsSJTo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUW9FLx4rGFtsY9lsp+3SzSbsboQS+i+8eFDx6s/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8nviNJ1Sax/LOjBIMItqXvMcZNVZ6aGOiuYjl41mnXHGr7hRkkXg5qUCOeqf81e7GLI1QGiao1i3PTUyQUWU4EzgutVONCWVD2seWpZJGqINsevGYHFmlS3qxsiUNmaq/JzIaaT2KQtsZUTPQ895E/M9rpaZ3EWRcJqlByWaLeqkgJiaT90mXK2RGjCyhTHF7K2EDqigzNqSSDcGbf3mR+CfVy6p3e1qpXeVpFOEADuEYPDiHGtxAHXxgIOEZXuHN0c6L8+58zFoLTj6zD3/gfP4A53mQmw==</latexit>

• 3-loop reduction is done!

• Result in terms of Master integrals is at hand.

• Just waiting for the final result! Will be available soon!
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CONCLUDING REMARKS

• First ever attempt in QCD!

• We have computed the 4-gluon 3-loop amplitude in QCD in the planar limit

• Results will be available soon

• First step towards the full computation

• This result will be used as a first check-up for the full computation 

• Will be used to compute the di-jet production
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CONCLUDING REMARKS

• First ever attempt in QCD!

• We have computed the 4-gluon 3-loop amplitude in QCD in the planar limit

• Results will be available soon

• First step towards the full computation

• This result will be used as a first check-up for the full computation 

• Will be used to compute the di-jet production

Thank you!



PRELIMINARY RESULT (PARTIAL OF COURSE)

<latexit sha1_base64="XWpdHhTZ1cvz67eBYLJEK/QXVIw="></latexit>

Coefficient of.                                             of the Amplitude (Unrenormalised) 
<latexit sha1_base64="47XJWuPqHqZr3cVHye24kQfs/1w=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokK6q3oxWMFYwttLJvtpF262YTdjVBCf4MXDype/UPe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJn7zCZXmibw3oxSDmPYljzijxkq+7EaPZ91K1a25U5BF4hWkCgUa3cpXp5ewLEZpmKBatz03NUFOleFM4LjcyTSmlA1pH9uWShqjDvLpsWNybJUeiRJlSxoyVX9P5DTWehSHtjOmZqDnvYn4n9fOTHQZ5FymmUHJZouiTBCTkMnnpMcVMiNGllCmuL2VsAFVlBmbT9mG4M2/vEj809pVzbs7r9avizRKcAhHcAIeXEAdbqEBPjDg8Ayv8OZI58V5dz5mrUtOMXMAf+B8/gDiOI5E</latexit>

Absolutely no check has been performed! Will be done soon!

<latexit sha1_base64="Al13x8kQABNd26jnzYMRIfJjXgQ=">AAACC3icbVDLTsJAFL3FF+ILdelmIjHBDWmRRN0R3bjEhAoJVDIdpjBh+sjM1IQ0/QA3/oobF2rc+gPu/BuH0oWCN5mck3PPzZ173IgzqUzz2yisrK6tbxQ3S1vbO7t75f2DOxnGglCbhDwUXRdLyllAbcUUp91IUOy7nHbcyfWs33mgQrIwaKtpRB0fjwLmMYKVlgblSltU2/cJHlgpyvAsx0aO9fRUu8yamRVaJlZOKpBXa1D+6g9DEvs0UIRjKXuWGSknwUIxwmla6seSRphM8Ij2NA2wT6WTZMek6EQrQ+SFQr9AoUz9PZFgX8qp72qnj9VYLvZm4n+9Xqy8CydhQRQrGpD5Ii/mSIVolgwaMkGJ4lNNMBFM/xWRMRaYKJ1fSYdgLZ68TOx67bJm3TYqzas8jSIcwTFUwYJzaMINtMAGAo/wDK/wZjwZL8a78TG3Fox85hD+lPH5A9IfmcY=</latexit>

<latexit sha1_base64="fFWJTjsazcyW5g9bI5VGsafZqPM=">AAACE3icbVDLSsNAFJ34rPVVdelmsAiCpSRVUBeFohuXFYwtNCVMppN26OTBzI1YQj/Cjb/ixoWKWzfu/BsnbRbaemDg3HPu5c49Xiy4AtP8NhYWl5ZXVgtrxfWNza3t0s7unYoSSZlNIxHJtkcUEzxkNnAQrB1LRgJPsJY3vMr81j2TikfhLYxi1g1IP+Q+pwS05JaOH+qOLwlNk3EKY6dSwVCv4di1qrF7UsEJruOsrGWlWyqbVXMCPE+snJRRjqZb+nJ6EU0CFgIVRKmOZcbQTYkETgUbF51EsZjQIemzjqYhCZjqppOjxvhQKz3sR1K/EPBE/T2RkkCpUeDpzoDAQM16mfif10nAP++mPIwTYCGdLvITgSHCWUK4xyWjIEaaECq5/iumA6IzAp1jUYdgzZ48T+xa9aJq3ZyWG5d5GgW0jw7QEbLQGWqga9RENqLoET2jV/RmPBkvxrvxMW1dMPKZPfQHxucPgJKbew==</latexit>

Up to an overall normalisation factor

<latexit sha1_base64="TPIqeZRdodXtPaTiGlacaWLPWnM="></latexit>


