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INTRODUCTION GUTENRERG,.

2 Understanding the structure of infrared singularities in gauge theory
amplitude has been a long standing issue.

2 Recently, it has been shown that they can be mapped onto UV
divergences of n-jet operators in SCET. (Becher,Neubert, 2009)

o This means they can be described by means of an anomalous

dimension, whose structure is constrained by:  (Becher,Neubert, 2009;
y Gardi, Magnea 2009)

soft-collinear factorization,
color conservation,

non-abelian exponentiation,
collinear limit.

0 A conjecture has been formulated, which has an extremely simple form
and it should hold to all order in perturbation theory. °
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MOTIVATION GUTENHERG,.. I

Important phenomenological applications in higher order log
resummation for n-jet processes.

Interesting for the understanding of the deeper structure of QCD: the
anomalous dimension predicts only pairwise interactions among
different partons.

It implies Casimir scaling of the cusp anomalous dimension, in contrast
with results obtained using the AdS/CFT correspondence in the strong-
coupling behavior.

This does not tell if and at which order a violation of the Casimir scaling
could arise in perturbation theory. A diagrammatic analysis excluded it

up to 3 loop, and at 4 loops in terms with higher Casimir invariants.
(Becher, Neubert 2009; Gardi, Magnea 2009)

Our aim is to complete the diagrammatic analysis at four loop.
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INFRARED DIVERGENCES OF GAUGE

GUTE A
THEORY AMPLITUDES REES R

Given a UV renormalized, on-shell n-parton scattering amplitude with IR
divergences regularized ind = 4 — 2e dimensions, one obtains the finite
remainder free from IR divergences from

M, ({p}, 1)) =imZ (e, p}, ) M, (e, p})).

The multiplicative renormalization factor Z derives from an anomalous
dimension T :

Z(e.(p).w)=Pexp| [ T(p).po|

The anomalous dimension is conjectured to be very simple:

11, 1 -
T({phw=> Vo (@) ——+ Z ¥ (@,).  (Becher, Neubert 2009;

n 2 S, Gardi, Magnea 2009)

Semiclassical origin of IR singularities: completely determined by color
charges and momenta of external partons; only color dipole
correlations.
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CONSTRAINT ONI': SOFT-COLLINEAR

GUTE R
FACTORIZATION B Sar P
The conjecture is driven by the identification of on-shell amplitudes with
Wilson coefficients of n-jet operators in SCET: (Becher, Neubert 2009)

M, ({p}, ) =1C,{p}, 1))

X [on-shell spinors and polarization vectors]|

Amplitudes of n-jet operators in SCET
factorizes into

A hard function H = C,) which
depends on large momentum
transfer s, =(p, £ p;)’*

n-jets depending on the collinear
momenta of each collinear sector

p. with p} <l S; |

A soft functionS depending on the
soft scales

_pip

Sy L. Vernazza, EPS HEP-2011
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CONSTRAINT ON I": SOFT-COLLINEAR .
GUTENRERG.., I8
FACTORIZATION oh 5

The identificationl M, ) = C ) allows to use properties of the soft-
collinear factorization to constrain I'. First r=r

Then, invariance under the renormalization group assure that
1_1h — l_‘c+s
Soft-collinear factorization gives then T, (s,;) =T (A,)+ > T.(p))1

o )
Vv

p? dependence must cancel

2

Given that T%(L) ——F’Cusp (&)L +7.(e,) with L =1n H —, one obtains

— D,
or,({L}) _ 7 o LT
1ﬂcusp( ) |:> Fs({é}nu):_z : cusp ij
aLi (i,)) 2
(Becher, Neubert 2009; _Su'u =B = +L _ln'u_z
Gardi,Magnea 2009) y _
((p)(p) / S\hardlog

soft log collinear log
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CONSTRAINT ON I": NON-ABELIAN .
GUTENRERG.. =
EXPONENTIATION oh 5

The soft function is a matrix element of Wilson lines:
S({n}, 1) =(018,(0)...S,(0)10) = exp(S({n}, 1))

The exponent S receives contributions only from Feynman diagrams
whose color weights are color-connected (“maximally non-abelian”)

(Gatheral 1983; Frenkel and Taylor 1984)

Color structures can be simplified using the Lie commutation relation:
TaTb . TbTa _ if-abcTc

Use this to decompose color structures into a sum over products of
connected webs

KT SR S 1

Only single connected webs contribute to the exponent S.
L. Vernazza, EPS HEP-2011




CONSTRAINT ONI': CONSISTENCY .
GUTENRERG,., =
WITH THE COLLINEAR LIMIT P 1

When two partons become collinear, an n-point amplitudes reduces to a

(n-1)-parton amplitude times a splitting function:

(Berends, Giele 1989; Mangano, Parke 1991; Kosower
1999; Catani,De Florian, Rodrigo 2003)

I M, ({p;» Pys P35 2, 1)) =SPUPL P IM (P, sy p, D)+

121

C— 1+2

T, (P oo ) =LA Prsees P I ~TUP, prvees Yo D by o,

(Becher, Neubert 2009)

'y, must be independent of momenta and colors of partons 3,...n.
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DIAGRAMMATIC ANALYSIS:
GUTE "
ONE, TWO AND THREE LOOPS RIS |

One loop S\ NANNAN\N\e
oneleg: T’ =C,
two legs: T.-T,

Three loops

Three new structures compatible with soft-
collinear factorization:

S e v v o AN Ty S
(D) 4 ( Sy (=5 )

_ conformal

— f2 (CZ ) Z fadxfbcx (r[wiafrib )+ TJCTIEZ ﬂCfOSS ratio

Two loops j_fl and ]72 are not compatible with collinear
one leg:  —if T TVT* = one limit: the splitting function depends on
C2 colors and momenta of additional partons.
. s aberparpbrpe _ A .
two legs: —if bTi Til:rj Ty T-T, An exceptionis F(f,,, By, — By ) if it
three legs:—if T T, T, vanishes in all collinear limits. It is pOSSIble
| tible with soft that such a function exists.
ncompatibie with sott- (Becher, Neubert 2009; Dixon,Gardi,Magnea,2009)

collinear factorization.
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DIAGRAMMATIC ANALYSIS:
GUTE :
FOUR LOOPS | b ,

o B0

At four loops structures involving

higher Casimir invariants appears:

Dy =dy (T, di* =ul(Ty .. Ty),]
There are possible new structures
compatible with soft-collinear

factorization:

AL, o< Z IBij I:Diijj g (a,)+ Diiij g,(, ):I + Z IBij Dijkk g;(@,),
(,)) (i,),k)

AL, , = Z I:Diijj 8,(x)+D;; 85 (as):l + Z Dy, G, (:Bijkl’ :Biklj _ﬂiljk)'
()] (i,j,k,1)

Again, they are not compatible with
the collinear limit, except G,(L,,» By — B )
if it vanishes in all collinear limits.
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DIAGRAMMATIC ANALYSIS: |
GUTE B3
FOUR LOOPS Il RS B

The two webs have color structure

ijlm = fadxfbcyfexy (T,-aTJI-)TkCTldT,; ), -

There are two structures compatible with soft-collinear factorization:

AFs,4 — Z szkk g (as)ﬂij + Z ijzm Gz (ﬁijkm’ﬂikmj _:Bimjk’ﬂzjmzvﬂimzj _:Biz]'m)’
(i,j,k) (i,j,k,l,m)

The first function is incompatible with the collinear limit, the second

function cannot be excluded, if it vanishes in all collinear limits.

Applied to the two-jet case, it means that the Casimir scaling of the
cusp anomalous dimension is still preserved:
L) 1o, ()

cusp cusp

Cr Cy

7/0usp (as )
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CONCLUSION GUTENHERG,. Zoo)

Infrared singularities in gauge theory amplitude can be
mapped onto UV divergences of n-jet operators in SCET.

They can be described by means of an anomalous
dimension, whose structure is constrained by soft-collinear
factorization, non-abelian exponentiation, and two-parton
collinear limit.

The anomalous dimension is expected to have a very simple
structure. It should hold to all order in perturbation theory.

We have completed a diagrammatic analysis up to four loop,
showing that only new structures proportional to functions
vanishing in all collinear limits can appear.

No violation of Casimir scaling of the cusp anomalous
dimension arise.
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BACKUP GUTENRERG... I

The formal solution for Z up to four loops in perturbation theory reads

' 2 . |
InZ = & (FO +F0j+(&j (_3ﬁ01—‘0 +F1 _4180F0 +r1j
47

A\ de* Qe 16¢° 16¢* 4de
+ a, 3 1113021_‘0 | _ Sﬁorl + 8181Fo '—12,3()2F0 + I, - 6:Bol_‘l — 61811_‘0 + I,
A 72¢* 726 36¢> 6¢
(@ )'(_25AL, 3BT, +405AT, - 1T,
4 192¢° 192¢*
_ 7:80F2 + 9131F1 + 15:821_‘0 — 2413()2F1 — 48,50,31F0
192¢°
+F3 - Sﬁorz _8181F1 _Sﬂzro + r3 j+ O(CZ 5)
64¢* 8¢ ’
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