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Motivation

e analytic ‘data” for amplitudes essential
catalyst for developing new methods

 N=4 super Yang-Mills pertfect laboratory
"QFT analog of hydrogen atom in QM

* Impressive progress, but mostly limited to
the planar sector of the theory

 intriguing insights into properties of non-
planar loop integrands

e very few analytic results for integrated answer

This talk: full 3-loop tour-particle amplitude



l00p INntegrands

many different representations available in literature

e form admitting BCJ duality

Bern, Carrasco, Dixon, Johansson, Roiban 2008]

 manifest UV properties
Bern, Carrasco, Dixon, Johansson, Roiban 2012]

e d-log forms, absence of ‘poles at infinity”

[Arkani-Hamed, Bourjaily, Cachazo, Trnka 2014]
[Bern, Herrmann, Litsey, Stankowicz, Trnka 2015+2016]

difficulty: non-planar 3-loop integrals unknown



3- loop Integrals
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» all planar integrals of type (a),(e) computed in

* non-planar sample integrals
e extended calculation to all non-planar families



Main points of the method

* use Integral basis that has unit

leading singularities
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* pboundary conditions from consistency and symmetry

* all constants expressed in terms of multiple zeta values

* solution in Laurent expansion



Integral reduction

 Feynman integrals satisty integration-by-parts identities
e public codes available for solving them

* we used a private implementation by Bernhard Mistlberger



Integral reduction

 Feynman integrals satisty integration-by-parts identities
e public codes available for solving them

* we used a private implementation by Bernhard Mistlberger

We got some additional
help from uO001

Many thanks to computing
department ZDV at Mainz university!




example

e unit leading singularities basis integral

I =s(s+t)¢[(I1 + pa)?]

e epsilon expansion
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e functions H: harmonic polylogarithms, uniform weight



Application to four-particle
scattering amplitude

. p
e Mandelstam variables ’
s = (p1 +p2)2 t = (p2 +p3)2
e dimension D =4 — 2¢
P1

2
* expansion in coupling a = f—z(me—m)é
s

A(pise) =K Z aLA(L)(S, t;€).

L=0



Color decomposition

e frace basis

tr(TT*?T43T*) = tr(1234).

C1 = tr(1234) + tr(1432) Cy = tr(12)tr(34)
Cy = tr(1243) + tr(1342 Cs = tr(13)tr(24
Cs = tr(1423) + tr(1324 Ce = tr(14)tr(23)




Independent components

A=1,2,3
e leading power of N A9
* subleading powers of N

422
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* related by color identities
e.g. U(1) decoupling identity
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Independent components

)\:1,2,3 )0:47576

e |leading power of N A0

 subleading powers of N AL

P

e related by color identities [Bern, Kosower; Naculich]

e.g. U(1) decoupling identity

iINndependent terms




Infrared structure (1)

infrared divergences controlled by RG equation for Wilson lines

A(pi,€) = Z(pi, €) A’ (pi, €)

1M dp
Z(p;,€) = Pexp {5/ N—'L;I‘(pz'a/iza CV(M2))}
0

in N=4 SYM integral can be done explicitly
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2 loops: dipole formula
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corrections at 3 loops



Infrared structure (

corrections at 3 loops
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H: harmonic polylogarithms
predicts infrared divergences of any massless 4-particle amplitude



finite part

« infrared-finite part H = lim A7 .

e—0

e planar contribution given by simple formula to all orders
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* Independent non-planar contributions

2 loops: H*?

3loops: H>? gy



independent function at 2 loops
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uniform weight 4; similarly, two new weight 6 functions at 3 loops



Regge limit
take s>t
useful to decompose into irreducible representations in t-channel
pt =t
in octet channel we find
11¢4 1

5 1
~ §W8a N3 |22 L 2 4 o
.Aga w8, | o3 c [ 1S ¢ 24C2C3 4C5 0(6)]

+ N, [@1 — %% — Z@CS + 0(6)]

also predictions for other channels

can be used to test Regge theory and determine parameters, in
particular 3-loop Regge trajectory



Regge limit

take s>t

Regge limit of finite part
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color operators S = (T;1 +T3)> T = (Ty+Ts)?



Conclusion

* milestone in perturbative QFT:
full 3-loop four-gluon scattering amplitude

* independent veritication of 3-loop soft
anomalous dimension matrix
predicts infrared divergences of any
massless four-particle amplitude

* non-trivial data point for the study of
non-planar scattering amplitudes



