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| ntroduction

o .

We are interested in high-energy behaviour of the hadronic
Cross sections. Froissart - Martin bound gives:

23
S0

where 12 ~ m? is a hadronic scale.
Unitarity is a property of short+long distance QCD.

From pQCD in the limit s > ¢ > A? we know
o(s) ~ s

where \ = a,y being the LL(NLL) BFKL eigenvalue.



Perturbative satur ation

o .

Perturbative saturation takes into account gluon
recombination and reduces the growth of the cross section.
For example GLR equation in DLLA approximation:

InQ?/A?Inl/z > 1

0%xG(z, Q%)
O ln %811’1 %

402N,
3CrR*(Q)?

:}Mm

Gluon production and recombination. Fixed order expansion

(2G)?

— @S:EG -

+ density expansion.
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Approaches
-

Theory

# MclLerran, Venugopalan, Jalilian-Marian, Kovner,
Leonidov, Weigert, lancu: Color Glass Condensate

#» Mueller

# Balitsky, Kovchegov: nonlinear evolution equation —
# Bartels, Wusthoff: 2 — 4 gluon transition vertex
Models

® Golec-Biernat, Wusthoff
® Levin et al
o Kowalski, Teaney
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Balitsky-Kovchegov equation
B o

ONy(x,y)  _ d°z (x—y)?
oY — Oés/ 9 (X — Z)2(y — Z)2 [Ny(X, Z)

+NY(Y7 Z) o NY(X7 Y> o NY<X7 Z)NY<Y7 Z)]

Ny (x,y) forward amplitude for scattering of the ¢g dipole on a
nucleus target. Linear + rescattering term.

r

_ 1 _
Y = In() r=x-—-y (
— s Ne Xty
Qs = =& b == x



Symmetries

-

The kernel: T
12y (x — Y)2
(x —2)*(y — 2)?

has MoObius symmetry

\ ar + b
Cer 4 d

x = (21, x3) r =21+ 122 T

where ad — bc # 0.
translations, rotations, rescaling, inversions
Well studied are solutions with translational invariance:

X,¥,Z — X+cC,y+c,z+c Ny (x,y) = Ny (|x —y|) = Ny(r)

LApproximation of infinitely large nucleus. J



Solution without b dependence

12 e ® Nonlinearity tames the
j NCY.r) growth and the amplitude is
1-
f always N < 1.
08 | ® Generation of rapidity
04 ) dependent saturation scale
| ] Qs(Y) = QOeA@SY
04 Y= Y=1 | A\~ 2
0.2 ® |n the saturated regime the
j * amplitude depends only on
92wt 10 one variable - scaling:

Ny (r) = N(rQs(Y))

o -
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k @(k.y)
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Solution without b dependence

. BFKL
_ Kovchegov

/
’
/

=

K.Golec-Biernat, L.Motyka,A.S.

Momentum space.

Iy 4 Jo(kr) Ny (r)
Rapidities from Y = 1to
Y = 10.

The maximum of the k¢
distribution moves with

the saturation scale

Qs(Y).
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Predictionsfor LHC
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J. Kwiecinski, A.D. Martin, M. Kimber

Predictions for LHC energies. Gluon
density obtained from (modified) BK
equation.
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Predictionsfor UHE v's

— Unified BFKL/DGLAP |
1e31 | Unified BFKL/DGLAP+screening _
- --- GBW saturation model 7

occ[cmz]

1e-33

Lol L1 | L1 |
let+Q7 1let+08

1111 | 1111 | | IIIIII| | | IIIIII| | 1 11111l
1let+09 1le+10 let+ll let+12 le+13
E,[GeV]

K.Kutak, J.Kwiecinski
«““(E,) for the DIS v N interaction as a function of £, at high

Lenergies. Average ()* ~ M+, — rather small saturation. J
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| mpact parameter dependence from BK
B -

One would like to know the b dependence of Ny (r,b).
Amount of saturation depends on b:

o(s) = 2Re/d2b(1 — S(s,b))

where S Is scattering matrix.

Nontrivial problem in BK equation even numerically — 5
variables.

Cyllindrical symmetry of the target — 4 variables.
Take the initial condition of the Glauber-Mueller form:

No=1-— g F(b)

Lwhere F(b) = exp(—cpb?) J



-

Ny (r,b) vsimpact parameter b

Cos6=0.0
r=0.1

10

=

K. Golec-Biernat, A.S.

Input
Glauber-Mueller:

2
2 _—cpb
No=1—e crre

Evolution in Y:
saturation at small
b, power tails at

large b. J
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Origin of power tailsin b

o .

2 —Cbb2

Input Glauber-Mueller: No =1 —e™" ¢

d*z(x — y)?
(x —2)*(y — 2)°

0 0 0 0 0
® short — exponential behaviour, factorisation of initial profile at small b

® long — power behaviour, ~ 1/b* at large b

Emergence of power tails in b leads to the exponential increase of the cross

section and violation of unitarity despite the saturation.
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Short vslong distance contributions
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Satur ation without unitarisation

o .

Kovner, Wiedemann
Perturbative saturation does not lead to unitarisation.
Argument by Heisenberg

p(b) ~ ™™ — 5(s) ~1In?s

1 A
plb) ~ o — ols) ~ s

It Is not enough to start with the exponential profile in the
initial condition. Need to limit the range of the forces by In-
troducing the nonperturbative scale directly in the evolution

— break the conformal invariance.

o -
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Dependence on thedipolesize r
-

N(r,b,0,Y)

2 —cp b
Input Glauber-Mueller: Nog =1 —¢e—¢r" € b

Fixed impact parameter b = 0.2.

Amplitude saturates in the limited range:

1/Qs(Y,b) <r < Ry (b,Y)

b=0.2
Cos® =0.0

At large r: the big dipole misses the target.

-
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Conclusions and outlook

Impact parameter profile from BK equation.
Emergence of power-like tails ~ 1/57.
Violation of unitarity despite the saturation.
Decreasing amplitude for large dipole sizes r.

Modification of BK equation — scale in the evolution.

Phenomenology: ¢ dependence.
Running of the coupling etc.

-
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