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CURRENT FRONTIER OF OCD AMPLITUDES

Scattering amplitudes NN LO and beyond are needed to match

experimental precision

The current frontier is set at

Massless 5 parton Scattering NNCO

2015 2018i Feynman Integrals
Gehrmann et al 15 chicherin etal 18 Abrevetal 18

Iii Scattering amplitudes 2020 2021

Abreu et al 20 Abreu et al 21 Badger etal 21

iii do pp 38 Pp rightarrow2rj pprightarrow3j 20202 o 21

Kallweitetal 20 Chowdhry et al 121 Czakon etal 21
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CURRENT FRONTIER OF OCD AMPLITUDES

Scattering amplitudes NN LO and beyond are needed to match

experimental precision

The current frontier is set at

Massless 5 parton Scattering NNCO

2015 2018i Feynman Integrals
Gehrmann et al 15 chicherin etal 18 Abrevetal 18

Iii Scattering amplitudes 2020 2021

Abreu et al 20 Abreu et al 21 Badger etal 21

iii do pp 38 Pp rightarrow2rj pprightarrow3j 2020 2021

Kallweitetal 20 Chowdhry et al 121 Czakon etal 21

OUR GOAL m0 6 parton Scattering NN LO
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THE SKELETON OF QCD AMPLITUDES

GRADED TRANSCENDENTAL
FUNCTION w weightCoefficients rational numbers

fnleftLrightsum_omega02Lsum_ijCijleftomegarightRileftomegarightIjleftomegaright

Basis of

Transcendental functions
Rational Kinematic

prefactorsChallenge:Complicated
multivariate

transcendentalfunctionsProliferationin

number and Size

jumpscare
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RATIONAL PREFACTOR PROBLEM

usual way

NisumnioverrightarrowalphaleftprodSijalphaijrightDisumdioverrightharpoonalphaleftprodSijalphaijright
Ansatz RiNiDi

5 gluonamolitudesComputeRi numerically
From unitarity

Problems
RuntimesUnknownsSolve

linear System
for ni di

De Laurentis Ita
Klinkert Sotrikov 23







































































RATIONAL PREFACTOR PROBLEM_

In the end they look like Split MHV

From 5 Parton NO amps Abreu Dorman Febres Cordero Ita Page Sotrikov 19

Hope for Gpt v40
Need better understanding of their structure

Foreshadowing CAN COMPUTE THEM USING ON SHELL DIAGRAMS
























































































































SETUP AND SIMPLIFICATIONS

6 particle QCD amplitudes 2 loops in the

planar limit with Large number of flavours

Coloursfixed
finite

NCrightarrowinfty

flavours Nfrightarrowinfty lambdagYM2NcNfNc
withExample

Aleft1pmldots6pmrightsimsum_sigmaTrleftTasigma1Tasigma2ldotsTasigma6rightAleftsigmaleft1rightldotssigmaleft6rightrightldotsA6left2rightA6left2right0fracNfNcA6left2right1leftfracNfNcright2A6left2right2
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SETUP AND SIMPLIFICATIONS

6 particle QCD amplitudes 2 loops in the

planar limit with Large number of flavours

Colours Ncrightarrowinfty fixed
fixedlambdagYM2NcNfNc

1
withflavoursNfrightarrowinfty

A6left2rightA6left2right0fracNfNcA6left2right1leftfracNfNcright2A6left2right2
Maximal Transcendental weight

A6left2rightsupsetsum_ijCijRiIj Transe functions of omega42
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MAXIMAL TRANSCENDENTAL WEIGHT

In this approximation we capture

A6left2rightsupsetsum_ijCijleft4rightRileft4rightIjleftomega4right
How to think of Rileft4right Henn Torres Bobadilla 21

Aleft2rightintwleft2right Integrand for the Amplitude 8
integrationsSimplepoles

Iileft4rightsum_jbijdlogleftalphaij1rightwedgeldotswedgedlogleftalphaijrightomegaleft2right is decomposed into
t

Double poles in l

Maximal weight Projection Forget about double poles

Pleftwleft2rightrightsumciIileft4right
Prefactors are related to the maximal 8 residues of the integrand
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MAXIMAL TRANSCENDENTAL WEIGHT

44 2varepsilon

How to think of Rileft4right Henn Torres Bobadilla 21

Aleft2rightintwleft2right Integrand for the Amplitude

Should uplift to D42varepsilon Deal with divergences

Ri would get contributions from pure D dim information

But appropriate IR Subtraction removes beyond GD effects weight 4

HARD FUNCTION

Hleft2rightAleft2rightIleft1rightAleft1rightIleft2rightAleft0right

Ileft1rightfrac1varepsilon2sum_ileftfracSii1mu2rightvarepsilon and Ileft2rightfrac12leftIleft1rightright2

Successful bootstrap confirms completeness of Ri Hindsight



SETUP AND SIMPLIFICATIONS

6 particle QCD amplitudes 2 loops in the

planar limit with Large number of flavours

Colours Ncrightarrowinfty fixed
fixedlambdagYM2NcNfNc

1
withflavoursNfrightarrowinfty

A6left2rightA6left2right0fracNfNcA6left2right1leftfracNfNcright2A6left2right2
Maximal Transcendental weight

A6left2rightsupsetsum_ijCijRiIj Transe functions of omega42

SYMBOL LEVEL

3 SleftA6left2rightrightsumCijRiSleftIjright Ssimalpha1otimesalpha2otimesalpha3otimesalpha4

Goncharov Spradlin verguvolovich 10



HEXAGON FUNCTIONS 2 LOOPS

Abreu Manni Page Usovitsch 24 Henn Matigabiá MiczajkaPeraro Xu Zhang 25

Features

2 loop m0 6 particle processes
Answers are iterated dlog integrals with 167 4dimensional letter

alphabetFor

our

purposes:Function

Space is bigger than pure 2 loops
because of mathbbR subtraction

Hleft2rightAleft2rightIleft1rightAleft1rightIleft2rightAleft0right
Need these too 10



LEADING SINGULARITIES ON SHELL DIAGRAMS

Pre factors Riin Span maximal cuts

maximal cuts Glue trees Arkani Hamed Bourjaily Cachazo Goncharov Postrikov Trnka 12

21
1 213 left23right484leftPright

leftlangle13rightrangle4leftlangle12rightrangleleft23rightleftlangle34rightrangleleftlangle41rightrangle2
1 3leftlangle23rightrangle4delta4leftPright x3

sum_hIintleftfrac11timesfracIQrightd3L IPSleftIright
4PI iParke Taylor

Tree level amp

But also Diagrams with helicity cycles
22 l1

leftlangle13rightrangle4leftlangle12rightrangleleftlangle23rightrangleleftlangle34rightrangleleftlangle41rightrangleTP leftleftbeginmatrixleftlangle12rightrangleleft34rightrangleleftlangle13rightrangleleft24rightendmatrixright4leftbeginmatrixleftlangle14rightrangleleft23rightleftlangle13rightrangleleft24rightendmatrixright4right
I New pre factor 1 loop

3434



LEADING SINGULARITIES AT TWO LOOPS

For MHV amplitudes we only need 3 topologies

ldots
ldots 1

spddot

vdots

ldots

ldots therefore

All Conformal invariant sum_i1nfracpartial2partiallambdaipartialwidetildelambdai Witten 03 HennPower Zoia 19

Major Simplification

Conformal

invariance12



THE BOOTSTRAP V2.0 PRESCRIPTIVE UNITARITY EDITION

Usual Bootstrap approach is Naive

H6left2rightsum_iiCijRiIjCij ALL Ri are Paired w ALL Ij
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THE BOOTSTRAP V2.0 PRESCRIPTIVE UNITARITY EDITION

Usual Bootstrap approach is Naive

H6left2rightsum_ijCijRiIj Cij ALL Ri are Paired w ALL Ij

Prescriptive Unitarity Partially Solves this Bourgaily Hermann Trnka 177

GammaiX
1 2 loop Leading Singularities hatRioint_Gammaiomegaleft2right x X

2 Prescriptive Basis Gi is Diagonal in Gammai

3 Improved Ansatz

H6left2rightsum_L01CijRileftLrightIjsumRileft2rightGi

13



THE BOOTSTRAP V2.0 PRESCRIPTIVE UNITARITY EDITION

Usual Bootstrap approach is Naive

H6left2rightsum_ijCijRiIj Cij ALL Ri are Paired w ALL Ij

Prescriptive Unitarity Partially Solves this Bourgaily Hermann Trnka 177

Improved Ansatz

H6left2rightsum_L01CijRileftLrightIjsumRileft2rightGi

2 Loop MHV Basis Gi Bourgaily Hermann Langer Mcleod Trnka 19

Penta boxesDoubleboxesKissingboxes
r

ldots
beta

betac 1 propto

ar f beta

f7 C v7 b xegf Lrb gbg ca dtherefore

delta
proptoα
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STRUCTURE OF THE RESULTS

Prescriptive Unitarity gives a good organizing principle

But it's not enough Still need to bootstrap the remaining Cij

The final result looks like

HleftrightPTf0
HleftrightPTg0Rileft1rightgi sumRdbGdbsumRpbGpbsumRdbGdbHleftrightPTh0sumRileft1righthisumRkbGkbRpbGpbsumRdbGdb

In N4SYM no poles infty

NoIndeed
Ralphaneqdbrightarrow1Rdbrightarrow0 HN4left2rightHYMleft2right

I Generalization of the maximal transcendentality principle

15



SUMMARY AND OUTLOOK

Take home messages

1 Not a usual Symbol bootstrap because we have the function space

2 Rational prefactors maximal weight On shell diagrams

3 Prescriptive unitarity dramatically Simplifies our result
Highlights a general

structureFuture

Other helicity Sectors NMHV

lower weight prefactors Rational terms

Uplift of symbol function level Nice positive properties

MHV for all multiplicity
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3mmBACK UP SLIDES ME



FUNCTION SPACE BOOTSTRAP

Working example 123456 in pure Yang Mills

Recall Sleftfrightsum_ijCijtimesRitimesIj
7different DOUBLE BOX
Leading Singularities
1

945 hexagon functions

from DifferentialEgsUNKNOWNS
2412

Naive Counting 7k

2

AFix

them by imposing Physical
constraints1

S56 2p5 p6 X 5 36
64

1
4

4s6
41516 P Z4Xs6

6
3I UNIQUELY FIXED



SINGULARITIES OF BOOT STRAPPED RESULT

Ij have a 167 letter alphabet H6left2rightleftright has 137
lettersAmong

137 we have 48 rational letters Coming from two loop

topologiesCome

from Landau analysis of Conjecture It's the Complete
6 pt 2 loop HHV

alphabet for

OCDT cluster algebraic interpretation
Bossinger Li 24

Pokraka Spradlin Volovich Weng 257

Bossinger Drummond Glen Girdogan wright 25

Aliaj Dian Papathanasiou 26
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