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Motivation

« QCD is approximately conformal at high energies, for very small probes with
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Motivation

* QCD is approximately conformal at high energies, for very small probes with
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» Regge limit of high center of mass energy with other kinematic invariants
fixed (s > —t. _1';‘;“--_“ ) corresponds to low Bjorken - x in DIS.

« Use conformal symmetry and AdS/CFT to make general predictions for
conformal limit of DIS in QCD.
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Deep Inelastic Scattering

» Electron interacts with proton via exchange of off-shell photon ™
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Deep Inelastic Scattering

» Electron interacts with proton via exchange of off-shell photon”

* Optical theorem
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» Hadronic tensor structure functions
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» Hadronic tensor structure functions

n 1
i) = = Im I,

» Simulate proton with scalar operator (J of dimension A and confinement
with off-shellness —p~ = Q~ ~ A5¢p
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Regge Kinematics in CFTs




Regge Kinematics in CFTs

* Consider correlator with EMG current and scalar operators in position space

A% (yi) = (3%(n1) O(y2) 5°(y3) O(ya))
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Deep Inelastic Scattering

» Electron interacts with proton via exchange of off-shell photon”
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Deep Inelastic Scattering

» Electron interacts with proton via exchange of off-shell photon”
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* Optical theorem
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e Bjorken I




Regge Kinematics in CFTs

» Consider correlator with EMG current and scalar operators in position space

A®(y;) = (3%(y1) O(y2) 5°(y3) O(ys))




Regge Kinematics in CFTs

» Consider correlator with EMG current and scalar operators in position space

A% (y;) = (§%(y1) Oy2) 3°(y3) O(ys))
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» Use different Poincareé patches to cover each operator




» Conformal transformation for each operator




» Conformal transformation for each operator

* In CFT Regge limit useful to consider correlator
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A" x;) = (3 (z1) Ox2) 17 (23) Oxy))

Regge limit z; — 0




e Cross ratios

Translations in P; . P, or Speciai Conformal in . P

o 4 — Ty + Ofa’

e | 7 P sy

Transiations in /% . P, or Special Conformal in /. P

- J". Ilr L I: jl I'i.I‘_ " 1" f 3 P { L B




e Cross ratios

Translations in P, . P; or Special Conformal in P . P,
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* Cross ratios

Translations in P; . P; or Special Conformal in /
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e Cross ratios
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Translations in P; . P; or Special Conformal in P . P,
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Regge Theory in CFTs

* Conformal symmetry restricts A™"(x;) to have the form
. AT ) - ;
AT = — — e P i — ) filo. p)ty " (x, F)
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. r) invarnant under scale invariance
and SO(3. 1) tensors, e.g.




» Single t-channel conformal partial :
wave gives in Regge limit m, S o e e,




e Single t-channel conformal partial
wave gives in Regge limit

« Sum over spins and dimensions gives for a Regge pole J|
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Overview




AdS Phase-shift
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AdS Phase-shift
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o Current conservation
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» Relation to amplitude in momentum space




Overview
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* Where is AdS?




AdS Phase-shift
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e Current conservation
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» Relation to amplitude in momentum space
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» Relation to amplitude in momentum space




» Relation to amplitude in momentum space

] S = rrs, AdS energy squared
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* Relation to amplitude in momentum space e o o vab

AdS scalar
wave function

| - Cdr dr

p3 i s

3t (S, L)

AdS gauge field
wave function

] = rrs ., AdS energy squared

=, Impact parameter




Summary so far

Up to now, results are valid at
any value of the ‘'t Hooft coupling

CFT Regge pole
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Summary so far

&

NN

Up to now, results are valid at
any value of the ‘'t Hooft coupling

CFT Regge pole

1 a
A" 2= Py E ] dire” "V ay (1) 'p;:” 2;.(p)
k=1

« CFT impact parameter representation (AdS phase shift)

e Can also derive Regge representation of structure functions




Graviton/Pomeron Regge trajectory [Brower Polchinski. Strassles

* Trajectory depends on t Hooft coupling Ty ] ar = apl v, a,




Graviton/Pomeron Regge trajectory [Brower Poichinski, Strassler, Tan 06]

e Trajectory depends on t Hooft coupling 7 = .o, e = apl V. a,

= Strong coupling
(N=4 graviton trajectory)




Graviton/Pomeron Regge trajectory [Brower Polchinski. Strassles

» Trajectory depends on t Hooft coupling e | 5 ap = aply, a,
e Strong coupling  Weak coupling
(N=4 graviton trajectory) (BFKL Pomeron trajectory)
} A = =1+ a, | 29 ] P 1 5 J W I'. 5 )
i real |
- @k imaginary

From now on
weak coupling




Graviton/Pomeron Regge trajectory [Brower Poichinski, Strassler. Tan 06]

* Trajectory depends on t Hooft coupling T =IO, ) ar = aplv. ag
» Strong coupling » Weak coupling
(N=4 graviton trajectory) (BFKL Pomeron trajectory)
: + - f "l | 3 i l
4 Ir/a s i e e e
vj. real =
A / ax imaginary
&0 From now on

: Py " weak couplin
= N _q | O ——»—— O piing
@ O .




Hard Pomeron & Transverse conformal symmetry [Balitsky, Fadin, Kuraev, Lipatov]

* Reduced amplitude can also be written in BFKL form
Hrs Invariants
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= Trajectory depends on t Hooft coupling T, ar = aplv. a;

» Strong coupling
(N=4 graviton trajectory)




Graviton/Pomeron Regge trajectory [Brower. Polchinski. Strassles

* Trajectory depends on t Hooft coupling 7] = UV, QL) ar = aplv. ag
e Strong coupling  Weak coupling
(N=4 graviton trajectory) (BFKL Pomeron trajectory)
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Hard Pomeron & Transverse conformal symmetry [Balitsky, Fadin. Kuraev. Lipatov]

 Reduced amplitude can also be written in BFKL form

1 Invariants
o o -
- el ** shp=———
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Hard Pomeron & Transverse conformal symmetry [Balitsky, Fadin. Kuraev. Lipatov]

 Reduced amplitude can also be written in BFKL form

O, Invariants
A <h gt T
'l
I Izydzy dzadz ,
ATz F) = — Li/ e et T za) Flzy.23. 20, 23) V(& 20, 25)
N= 13 |‘1|="_J- (Z2g)
* Transverse conformal symmetry SO(3,1) manifest
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BFKL propagator

e F(z1. 23, 22. z4) transforms as 4pt-function of scalar primaries of zero dimension.
For two gluons

. 1324 Z G
T e = - q = ety 3 . 1=s 2o
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BFKL propagator

e F

21 =3, z2. z¢) transforms as 4pt-function of scalar primaries of zero dimension.
For two gluons

 Decomposition in transverse conformal partial waves of spin n and dimension
E=14+(nxl

L = - \_‘ ¥ fl-,':'

(spin.dimension)




Impact factors

* Conformal symmetry = V™"(r, z;. z3) homogeneous of weight 0




Impact factors

e Conformal symmetry = V™"(r, z,. z3) homogeneous of weight 0
. . . . 74
* A single conformal invariant cross ratio S \—Z%)z13
(—2x-z; (—2& - 23)

* Five possible tensor structures




» Basis with definite transverse spin (n=0 and n=2)
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» Basis with definite transverse spin (n=0 and n=2)




Back to Regge theory
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Back to Regge theory

[ T] 2= 7
/ II - :_.#'r.
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Obtain general Regge form =0 = a=0 2> o=

A" = 2 Z] dv o' " ey (v) D™ Qi (p) e P i
k=1 i

transverse spin n=2 drops out




Impact factor in QCD (massless quark)




Impact factor in QCD (massless quark)

P, N\ parameterize 1, with

Simple resulit
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Transverse spin 0 and spin 2 - a conjecture for N=4 SYM




Transverse spin 0 and spin 2 - a conjecture for N=4 SYM
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Transverse spin 0 and spin 2 - a conjecture for N=4 SYM
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Weyl fermion Complex scalar
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Saturation




Saturation

Showed in conformal limit ]
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Saturation

Showed in conformal limit

st = [ G R -
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Write as integral in L
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» Cross section grows for small x

Gluons ,_J.’

dominate at | - Fale, Q7)) ~ Qolz. Q"

small




» Cross section grows for small x

Gluons —J-b

dominate at | ' Flr, Q) ~ Q aolz.Q
small =

e Saturation starts forwhen ImA(S. L)~ 1.Can
understand growth from single pomeron exchange.
Saturation line

L = I. H‘ :I e -.A.r- 111 H

From DIS geometnc

scaling «




Deep Saturation

ImA(S,L) > 1 ===fp Black disk in AdS (or in conformal QCD)




Deep Saturation

ImA(S.L) > 1 =—fp Black disk in AdS (or in conformal QCD)
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Deep Saturation

ImA(S.L) > 1 =iy Black disk in AdS (or in conformal QCD)

-

oz, Q%) ~ — / dL sinh L. -0
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Black disk

T
i

e [tis all AdS (or CFT) kinematics. Only dynamical information is the on-set of
black disk region.




Compare with Data
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Deep Saturation

ImnA(S.L) > 1 =l Black disk in AdS (or in conformal QCD)

a(x. Q") ~ / dL sinh L. -§

Black disk

T
L.

e [tis all AdS (or CFT) kinematics. Only dynamical information is the on-set of
black disk region.
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Deep Saturation

ImA(S.L) > 1 ==p Black disk in AdS (or in conformal QCD)
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Final Comments




Final Comments

* |s deeply saturated DIS showing us a black disk in AdS (or in conformal QCD)?

(Extend saturation analysis to include polarization. Non-conformal extension to holographic QCD models)

» Understand AdS unitarization.




Final Comments

* |s deeply saturated DIS showing us a black disk in AdS (or in conformal QCD)?

(Extend saturation analysis to include polarization. Non-conformal extension to holographic QCD models)
e Understand AdS unitarization.

» Impact factors at next-to-leading order and at strong coupling. Integrability
of impact factors.




