N=4 Super-Yang-Mills Theory
QCD and Collider Physics
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Why N=4 super-Yang-Mills theory?

1
1 supersymmetry
2 4-d conformal field theory

1 weak/strong
coupling duality
1

— Anomalous dimensions of composite, gauge invariant operators (Thursday afternoon)
— Regulated scattering amplitudes for plane-wave elementary field excitations (today)

# Perturbative N=4 SYM amplitudes
colliders

1 CD

2 “the simplest pieces” -- in terms of which types of loop integrals appear

i “the most complicated pieces” — contain highest “degree of transcendentality” of
polylogarithms that appear




Why QCD and Collider Physics?

—signals & backgrounds - CD
i LO qualitative
2 NLO quantitative

_ reliably NNLO --
need 2-loop amplitudes and integrals




QCD Factorization at Colliders

“hard” (short distance) process

factors out, confined to
parton distribution functions £ (X, ug) — matrix elements of

leading-twist operators, e.g.:
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Inputs for NNLO Predictions

ll Experimental values for (m; ) and their evolution
- 3-loop leading-twist anomalous dimensions

# NNLO terms in expansion of partonic cross section

— C only now becoming available for selected processes




Example of Error Reduction at NNLO

8 100 million Ws, 10 million Zs per year at LHC.
pdfs

Rapidity Distribution of Z Bosons at the LHC
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vary arbitrary scale u: M/2 < u < 2M

2 0 2
Rapidity Y




Ingredients for NNLO o,

e real x real:
e virtual x real:

e virtual x virtual: X

e doubly-virtual x real: mx
#l Severe

1 (breaking conformal invariance)

2 Poles cancel short-distance
collinear singularities pdfs




N=4 SYM as testing ground for pQCD

equivalent CD
more removed

symmetries enormous
unitarity




N=4 SYM as testing ground (cont.)




Generic form of result

» For all-massless kinematics (e.g. for gg — ¢g, 7 — qq, etc.),
all you need is polylogarithms, Li,,(x), n = 2. 3. 4,

Li, () = T — = / — L1, (), — In(1-—1)
—irfy t Jo t

J ()
where —x € {s/t. t/s,s/u,u/s.t/u,u/t}.
“transcendentality”:

* N=4 SYM results always homogeneous,
with maximum transcendentality

fo(X) f1(x) fo(X) f3(x)




Higher-loop N=4 SYM
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Higher-loop N=4 SYM (cont.

v v & & B = = -

I.e Mondrian




Iterative Property of
Planar N=4 SYM Amplitudes

4-point N=4 SYM amplitude

8 Planar (leading-color)




Iterative Property (cont.)




Iterative Property (cont.)

s >>t limit
In(s/t)

S/t

i
i -- special to
1

special to planar limit

L identical relation for n > 4 (at
least for some helicity configurations) collinear limits




Collinear Limits

2-loop analysis
CD

leading-twist anomalous dimensions,

Altarelli-Parisi kernels Kosower, Uwer

Bl Tree amplit =T
Stringy derivation: Mangano, Parke




Loop-level Collinear Limits




Iterative Behavior for Splitting Amplitudes

twistor-string diff. egns.




Test at Three Loops Soon?

N=4 planar

2 3
- 3 2 2
1 4

1
2 Works




Significance of Iterative Behavior?

| strongly-coupled
weakly-coupled supergravity?

1 4-point correlation functions of
chiral primary (BPS) composite operators

summed to all orders

i scattering amplitudes of
color non-singlet states quite different




Aside: Anomalous Dimensions

N=4 SYM CD

“‘most complicated” “maximum transcendentality”
CD N=4 SYM
virtual

N=4 SYM
j=4




Conclusions & Outlook

8 N=4 super-Yang-Mills theory
CD scattering amplitudes




