Conformal collider physics:
Energy correlation functions

Diego Hofman and Juan Maldacena



Produce a localized excitation in a CFT

Understand how it
decays.

How do we describe
the final state ?




QCD - conformal is simpler
Beyond the Standard Model Physics

Other conformal theories we might
encounter in nature

Understand this at strong coupling via the
AdS dual.



 Not convenient to talk about partons
e Inclusive observable (jet cross sections) sterman, weinberg 77
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Integrated flux of energy at infinity

Three point function

conformal
transformation
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One undetermined constant in the | | T three
point function.

In an N=1 SUSY theory
Take | = R-current
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Can we get a non-zero a, from AdS ?

Bulk couplings between an on shell graviton
and two on shell photons

Sgi ¢ » F2+ a2R101/§/4F1°F1/2°’/4

-Only two possible couplings in 5 dimensions

-First coupling determined in terms of the jj two point

function

- The second coupling 1s a higher derivative
correction 1n the bulk



Repeat with a state created by the stress
tensor.

2 coefficients In a general theory (+ one fixed
from the two point function)

Related to bulk higher derivative terms
Only one coefficient in an N=1 SCFT

Positivity -




Two point function

Two point function 1s a function of the angle
between the two detectors

Basham, Brown, Ellis, Love 78
+ ...
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very weak coupling:
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U Is a non-local light-ray operator of spin
] =3. (Spin = boost in [+,-] directions). t, IS ItS
twist.
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Non-local operator of spin 3

Balitsky Braun 89
Konishi, Ukawa, Veneziano 79




Since we 1ntegrate the stress

tensor =2 bulk graviton: shock wave
localized on the horizon.

R x H; subspace (SO(1,3) symmetry)

Energy correlations - taking
a snapshot” as the falling string
crosses the AdS horizon.




Falling string state




Energy is uniform with no fluctuations.

ME(py) CECE(Hn )1
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Very copious gluon emission,
rapid fragmentation at strong coupling



We have small fluctuations.

hE(pa) E(He)1 1+ T cog Hao + CCC
4 5

Computed using flat space and then transferring

the result to AdS.
There Is also a non-trivial three point function.

Fluctuations are not gaussian.
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The center of mass Is
at a definite point on H*

This point is given
by the direction of
the 4-momentum of
the inserted operator

Localized In
AdS =
Completely
uniform on the
boundary

Spread in AdS
More localized
on the
boundary



Light cone .
gauge gravitational shock

wave - localized in
y* = localized at one
particular worldsheet
time.




Worldsheet OPE =

Spacetime OPE

Unusual worlsheet
operators—->
non-local light ray
operators




2+ Cp, + CCC for
21:2 1=4 .
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Localized jets - Twist ~ 2
More uniform distribution - Large twist



Studied energy correlations in conformal field
theories

Small angle behavior is characterized by non-
local light-ray operators with definite spin

One point functions = three point functions Iin
the CFT - Few undetermined coefficients =
higher derivative corrections in gravity. Bounds
on the coefficients. Bounds on a and c.

Gravity prescription: Probe the string as it
crosses the horizon with gravitational shock
waves.

Gravity = completely uniform events
Stringy corrections - small fluctuations. OPE
Localized on the horizon = uniform on S2



Non-conformal theories
Small angle behavior in non-conformal theories

Hadronization corrections (Can be large or
small)

Non-conformal cases with gravity duals

More complicated initial states, (similar to
protons)






Related to deep inelastic scattering

It 1s related to a particular moment of the deep
inelastic amplitude of gravitons.
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