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OUTLINE

» Parton saturation in QCD at weak coupling

» Gravitational shockwaves and “nuclei” in “modified”
N =4 SYM

» DIS off “nuclei” at strong coupling

» Parton saturation at strong coupling



LOGARITHMIC PLANE IN QCD
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NUCLEUS PROPERTIES
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Energy density of a fast right mover along z7

Characteristic scale A
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» Energy conservation ~» " -independence
2 A2 A4 L. _ 242
T__ =~4"NA f(z A)=6(z7) = E=yNA°L
v

» N?Z constituents per unit volume to use AdS/CFT



GRAVITY DUAL

» Deform AdS5 metric <> vacuum

2
ds? = % [d22 — 2dztdz™ +dz? + h(z, 27, a:l)(dx_)ﬂ

Boundary gauge theory at z = 0
» Correspondence relates metric to energy momentum

tensor (nucleus)
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Need 7 _ to scale like Nf, otherwise perturbation

parametrically small



EINSTEIN EQUATIONS

» Solve Einstein eqns in transverse momentum space

h= 2 (ki2)? [er(e, k) Ka(kL2) + cale™, k) La(ki2)]

2
» Which solution to accept?
Choices in similar situations
> Janik, Peschanski: ¢; = 0, k; = 0 <> homogeneous
> Gubser et al. Sourced Einstein eqns — z* close to the
boundary, 1/22 deep in the bulk

» Beuf co = 0 to kill divergence at large z



PurTING THE CUTOFF

» Choose I solution with cutoff such that zk; <1

» h encodes momentum spectrum of quantum fluctuations
h — const as z — 0 means flat spectrum at high &

1/!@4L is not ideal, but seems better

» Back to transverse coordinate space with only I, part
h = 2n°yA*Lf(z, A)6(z™)2*

approximate solution for z < 1/A
f(x A) dim-less, vanishes for z; = 1/A

» Cutoff <> IR scale of gauge theory



DEEP INELASTIC SCATTERING

> Gauge theory: Left moving R-current or .J = 3(F},)? off

nucleus or plasma

» Lorentz invariants of kinematics x, )°

Q? > 0 virtuality of spacelike current

_Q* —2tq
T s 2 9A

T

» Structure function
F(z,Q%) = Imll(z, Q%) = FT(J(x)J(y))

» We shall be interested in the regime Q > A, = < 1.



EIKONAL GRAVITATIONAL SCATTERING

> For J ~ (F,)? solve EOM for dilaton field

» Shockwave structure allows iterative solution

What is meaning of d-function in scattering?

L 1
width ~ ; L teoh ~ Q2 = Qj’_A = AL K1

» |teration: Resum all multi-graviton exchanges

_ Q°AN?
- 32n2zL

/ dz 2K2(Qxz) / d*b, T (2,b,)

z ~ transverse size of fluctuation

Typically fluctuations of size 1/@) scatter off nucleus



FrRoOM EIKONAL BACK TO SINGLE

» Scattering described by

()

exponent ~ nucleus energy

» In OPE language: Multi graviton exchange <+ higher

twist from energy momentum tensor

» In single scattering approximation

N2AZQ?
(z,Q%) = BT

Real, structure function vanishes, no partons at high Q2.



UNITARITY (SATURATION)

» First contribution to Im part from 2-graviton exchange
Should keep all orders result when 7 ~ O(1)

7_(1) _ 772A3Lf<bJ_A)
Q*x
» Unitarity (saturation) line
2A3L
Qi(x,b1) = 5= f(b.A)

Energy dependence of single scattering —
x-dependence of saturation line

Nuclear energy profile — saturation profile



STRUCTURE FUNCTION AT SATURATION

» Similar for R-current DIS (closer to E/M current)
Consider homogeneous case
T exactly the same — Q% the same
(should not depend on the “probe”)
NzQ!
16m3AL

/ dz 2 [K3(Qz) + K3(Q2)] ImT

2:

» Unitarity ~ F} saturates for Q < Q)

N2 QQ Q2
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Similar to QCD result



PARTON SATURATION

» Gluon occupation number in QCD at saturation

1 dzG(z,Q?) 1 Q?

k
n@k) = N T agr e T3 PR

Saturates at O(1/)\) modulo mild logarithmic increase
» Occupation number at strong coupling?

Energy density in terms of structure function (sum rule)

1 1 dE 1 . dR @
oyA N2 @20, A%k, N2 dQ@2lo=k, T K2

n(x, k) ~

Saturation with maximal value of O(1)



CONCLUSIONS - OUTLOOK

Introduce cutoff to shockwaves solutions

v

v

How does cutoff affect shockwave scattering?

» Seems we can introduce the concept of parton

v

High energy ~~ parton saturation

Saturation momentum Q% ~ A®L/z

v



SMALL-z AND BFKL EQUATION

» Gluon emission from gluon or quark at high-energy

P p-k
%QQQQM 7 xP <P
k ra z z

. - aCrdk? dz
Emission probability d P =~ —R—;—
ki =
» One intermediate gluon
P p-k;
ky -k k <<k, <<p,
k

Relative factor from propagator integration aIn —
x



SMALL-z AND BFKL EQUATION

: . i NN
» n-intermediate gluon emissions ~~ factor <045 In —)
x

» Resum of (asIn1/x)™ terms of perturbation series
BFKL evolution equation (Balitsky, Fadin, Kuraev, Lipatov)
For unintegrated gluon distribution function

8fg(l’,ki) - / 2 9 9 2
Olnl/x =as [ 0 K(k7,00) fo(=, £1)

» Emitted partons can have same size
~ High partonic density f, ~ z=**

~+ Large cross section o ~ s*¥



DATA OF GLUON DISTRIBUTION FUNCTION

Fny QCD Fits ‘o
G20 M (H1+BCDMS) total uncertainty Zog E==1 H1PDF 2000
X M (H1+BCDMS) exp. + &, uncert. = Q%10 GeV?
\6 [J(H1+BCDMS) exp. uncertainty 08 E==3 ZEUSSPDF
x — (H1)
15 L o7 § xu,
Q*=20 GeV*
10 xg(x0.05)
S
5 8
3
s
3
[$)
0= = = — =
10* 10° 102 10"




SATURATION AND COLOR GLASS CONDENSATE

» Estimation of maximal allowed density in QCD
ala ~ AA~1/g% ~ 1/a
» Gluon emitted in presence of strong background field

Color Glass Condensate

» Coherent effects - saturation of emission rate
P(fy) ~1— e %o

Mild logarithmic, in 1/, increase of gluon distribution
» Evolution equations acquire nonlinear terms
~ —fa(z, k), ()

» Take elegant form in terms of specific observable



SUM RULE AND SATURATION MOMENTUM

» From single scattering approximation (high Q%)

Analyticity and contour integration

11

1
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Integral dominated by = < z,(Q?)
A3L
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