Non—linear evolution & Gluon saturation In
QCD at high energy
Part Il

Edmond lancu
SPhT Saclay & CNRS

SCHOOL ON QCD, LOW X PHYSICS, SATURATION AND DIFFRACTION: Copanello (Calabria, Italy), July 1 - 14 2007 Non-linear evolution & Gluon saturation in QCD at high energy (I) — p. 1



- A brief reminder

A brief reminder

e Dipole factorization
e Gluon production
e Saturation line

e BK equation

Saturation line

Gluon evolution: Diagrammatics

Color Glass Condensate

= Previously on “Desperate Housewives”
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.« Dipole factorization for DIS

1
oep(z, Q%) = : dz/d2r . (2, 7;Q%)|* daipote(x, T)

A brief reminder

e Dipole factorization

e Gluon production F——————-=—-—-———-=
e Saturation line F————==—3 |

e BK equation |

| |
| I
Saturation line P!
| |
| I
L

Gluon evolution: Diagrammatics |

+ é i < gl t |
—-————— == | —— — = — = — =
Color Glass Condensate

= Unitarity bound on the dipole amplitude: T(z,r,b) < 1
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& -
.« Forward gluon production in H-H collisions

s

= ‘Dense—dilute’ scattering

0 pA collisions (RHIC, LHC)

0 pp collisions at forward rapidity (LHC)

e Saturation line

« BK equation = Only one parton from the dilute projectile gets involved

Saturation line /'y

Gluon evolution: Diagrammatics ypii @ 3 3

Color Glass Condensate % 0000000~
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A brief reminder

= The particles in the final state undergo multiple scattering
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Forward gluon production in H—H collisions

=

A brief reminder )

e Dipole factorization

e Gluon production

e Saturation line
e BK equation

Saturation line

Gluon evolution: Diagrammatics

Color Glass Condensate

®(p,y2) = /dzr e'PT V%ng(raw)

" Y = ln(l/ajz) where T1,2 = (]{'J_/\/g)ein
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The Saturation Line

Dilute parton gas at low energy/large Q>

A brief reminder

High gluon density at high energy/low Q?

e Dipole factorization
e Gluon production

= Energy—dependent boundary: Q3(Y) = Q2e'Y

e BK equation

Saturation line

Y =1n 1/x 4

Gluon evolution: Diagrammatics

black disk ,
InQ,(Y)=LY

Color Glass Condensate

color transparency

T <<1

>

In A2, In Q?
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a\ﬁ The Balitsky—Kovchegov equation

0 o O_és (m_y)Q
A brief reminder a_YT(w’y) o 27-‘-/2 ($—Z)2(y—2)2

e Dipole factorization

e {Tle.y) + T(w,2) + T(2,9) ~ T, 2)T(2,9) |
Saturation line BFKL (Ilnear) non—llnear

Gluon evolution: Diagrammatics

Color Glass Condensate

= Weak scattering 7' < 1 (low energy/small dipole) =— BFKL

0 T =0 : unstable fixed point of BK equation
0 unitarity violations, infrared diffusion

= Strong scattering 1" ~ 1 =— Non-linear effects

0 T =1 : stable fixed point of BK equation

= BK equation: a simple framework to study unitarization
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

b -dependence, initial conditions ...

L.
r
Ti

r~ 1/Q

= T(x,y)=T(r,b)
r = x —y (dipole size) and b = (x +y)/2 (impact parameter)

= Translational invariance of the ‘dipole kernel —-
the equation admits b—independent solutions: T'=T'(r,Y")
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b -dependence, initial conditions ...

A brief reminder

Saturation line l >
e Saturation front
e Pulled front r

e BFKL equation <
e BFKL solution T

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave r ~ 1 /Q
e Geometric scaling at HERA

e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

= Homogeneous initial conditions at Y = 0: ‘large nucleus’

r?Qs  for r < 1/Qo

T(r,Y =0) =
1 for r 2 1/Qo

= (o : saturation momentum in the initial conditions
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A brief reminder

Saturation line
[« Sawraiion font |
e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point

e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

i 1"':::'!_-;

The saturation front

= The BK solution: T(r,Y) = T(p,Y) with p = In(1/Q32r?)

a front interpolating between T'=0 and T =1

Y =In1/x%

Saturation
In Q%(Y)

Dilute system

2
In /\QCD

In Q2

T

1

1/2

R(y)

= The front position: the saturation scale p, = In(Q2?/Q3)
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The saturation front

= Increase Y : the front propagates towards larger values of p

A brief reminder

Saturation line Y=In1/x4

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Dilute system

1/2F- .

Gluon evolution: Diagrammatics

Color Glass Condensate

In A2, inQ? %(Yl) %(Yz) P

s T=1 for pSps(Y) and T o e = 1% for p>> p,(Y)

T(p,Y) = 1/2  for  p = ps(Y)
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9
= Pulled front

e

T T

A brief reminder

1 !

Saturation line

e Saturation front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron 1/2
e Saturation saddle point

e Saturation line

1/2

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

I »
Gluon evolution: Diagrammatics p(Yl) p

Color Glass Condensate

= The front is driven by the linear (BFKL) growth in the tall
of the amplitude at large p > ps(Y), where T' < 1

= The position of the front can be inferred from a study of the
linearized (BFKL) equation

“How fast does a small perturbation become of O(1) ?”
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x‘& The BFKL equation

= BFKL equation: T(p,Y) < 1 <= p> ps(Y)

A brief reminder

0 Qs (w_y)2

Saturatiorll line _ T €T -
e Saturation front aY ( ) y) 27.‘. . (w_z>2(y_z)2

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point p— ICBFKL ® T(’r‘)

e BFKL Pomeron

e Saturation saddle point

e Saturation line . .
R —— = The powers of 72 are BFKL eigenfunctions:
e Geometric scaling

e Traveling wave

{_ T(x,y)+T(x,z)+T(z, y)}

e Geometric scaling at HERA ICBFKL ® ,'/.2’)/ — @S X(f}/) 7427

e Gluon distribution

Gluon evolution: Diagrammatics

with the eigenvalue x(v) (‘BFKL characteristic function’) :

xX(v) =2¢(1) —¥(y) =91 =),  Y(y)=dInl(y)/dy

= Mellin representation of the solution (ro = 1/Q)

T(r,Y) = /C & (f)7 T(7,Y)

2T \ 1§

Color Glass Condensate
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate
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= BFKL equation: T(p,Y) < 1 <= p> ps(Y)

0 P

Qs (z—y)?
21 [, (x—2)*(y—2)?

{_ T(x,y)+T(x,z)+T(z, y)}

= Kprkr ® T(r)
= The powers of r? are BFKL eigenfunctions:

Kerkr @ 727 = ag x(y)r??

with the eigenvalue x(v) (‘BFKL characteristic function’) :

xX(v) =2¢(1) —¥(y) =91 =),  Y(y)=dInl(y)/dy

= BFKL equation becomes local in Mellin space:

0

v T('% Y) = Qs X(/y) T('% Y)

oY = * XY To(v)

— T(v,Y)
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.

£ The BFKL solution

2\ 7
T(r,Y) = / dy (r ) =YX 75 () = ﬁ e 7P XN g (~)
C

27 \ 13 o 2T

A brief reminder

Saturation line
e Saturation front
e Pulled front

e BFKL equation u N Otatl ons.: A
e Saddle point J— 2 2 — N,

e BFKL Pomeron p — ln(TO /7/) )’ t — OKSY y

e Saturation saddle point
e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution A

Gluon evolution: Diagrammatics _2 _1 1 2

Color Glass Condensate

s (O)={0 < Rey < 1} (C)

e for p>1

To(y) = /dp e”? T(p,Y =0) with T(p,Y =0) =
1 for p S0
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e BFKL Pomeron

e Saturation saddle point

e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate
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The saddle point approximation

ith F t) = ¢ —
o wi (vlp,t) = tx(v) —vp

d
T(p,Y) = /C DY FOlon 7 ()

= Larget and p : integral dominated by the saddle point ~,
F'(y0) = 0

X(Y)

—  X'(n) = p/t

4.88

2TT freerereeeneesenes e T

0.5 0.628 1

= The formal high-energy limit: ¢t — oo atfixed p = ~p = 1/2
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The BFKL Pomeron: “High energy limit”

= Exercice: Using

A brief reminder D

1\ 2
Saturation line X(’Y) ~ Wp —‘l_ E( - 5) 3 wp = 41n2 ~ 277, D — 28C(3) ~ 3367

e BFKL solution S h OW th at

e Saddle point

e BFKL Pomeron

e Saturation saddle point

e Saturation line p2

Approaching saturation
e Geometric scaling T(p’ Y) ~ eth— %p 2Dt

e Traveling wave

e Geometric scaling at HERA \/ 27TDt

e Gluon distribution

} 7o(1/2)

cuenevuion Degennetes @ \More explicit notations: p = In(rg/r?) and t = a,Y

Color Glass Condensate

2

In?(r2 /r?)
T(p,Y) ~ o? wpdsY r2\"? « eXp{_ 2Da.Y }
P — s r2

anomalous dim. diffusion
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u.! Conceptual problems

= Unitarity violation :

A brief reminder 1 1
T(r~r0,Y) 21 when Y 2 Y, ~ — In—

Saturation line Oés CU]P) Oég
e Saturation front . .
* Pulld front = Infrared diffusion :

e BFKL equation
e BFKL solution

e Saddle point Y =In 1/X$

e BFKL Pomeron

e Saturation saddle point

e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

>

2
In /\QCD pO p=In Q2
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

Saturation saddle point

= Non-linear terms in BK forbid the evolution in the region

where T' > 1

Y =In1/x%}

black disk

InQ3(Y)=2Y

color transparency

T<<1

2
In /\QCD

>

In Q?

= Saturation line : a line of constant amplitude 7' =1

= Y & p are simultaneously increased = new saddle point
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A brief reminder

Saturation line
e Saturation front

Saturation saddle point

= F'(vs) =0 (saddle point) & F(vys) =0 (T = const)

X(7s)
X/(VS)

= 0.627..., % = \(7,) = 4.883... = ),

Vs =

e Pulled front

e BFKL equation
e BFKL solution X(y)
e Saddle point

e BFKL Pomeron

e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave

e Geometric scaling at HERA

e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

QT froveeerrrresee e

4.88

0.5 0.628

= v, : the point where a straight line drawn from the origin

IS tangent to the y function
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St
"s..! Saturation line

!

IOS(Y) = A\s0gY QE(Y) = Q% ersQsY

A brief reminder

Saturation ine = The saturation line is a straight line, as anticipated !

e Saturation front
e Pulled front

e BFKL equation
e BFKL solution Y =In1/x 1
e Saddle point

e BFKL Pomeron

e Saturation saddle point

e Saturation line

e Approaching saturation

In Q%(Y)

e Geometric scaling
e Traveling wave
e Geometric scaling at HERA

-’

7

-7 -7
e
. . . / /

e Gluon distribution Pid

7

7
4 7
Gluon evolution: Diagrammatics
Color Glass Condensate L P
Ve
7

In /\SCD In Q2

= \What about the shape of the amplitude near saturation ?
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The approach towards saturation

= p > pg, but not much bigger

Abriefreminder — expansion around the saturation saddle point

Saturation line

o = Exercice: Show that :
e BFKL equation

e BFKL solution

e Saddle point t /! 2
£ FOlp.Y) = == pa)(7 = 7:) + 537 () (y =)
e Saturation line

» Geometic scaing and therefore (with D = x"'(vs) = 48.518...) :

e Traveling wave
e Geometric scaling at HERA

e Gluon distribution

o (p —Ps ) §
Gluon evolution: Diagrammatics T Y N — s (P —ps ) eXp { 2D& s Y
Color Glass Condensate (p’ ) = © \/2 D "V Y
Tl o

validfor: 1 < p—ps <€ 2vsDagY

ln2(r2Q§)
eXp{_ D&Y }

V2rDaY

T(p,Y) =~ (r?Q3)™

anomalous dim.

diffusion
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate
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ﬁ"'_ . Geometric scaling

= The ‘diffusion’ can be ignored within the ‘scaling window’:

T(p,Y)

T(r,Y)

~ 6_78 (p_ps)

2

(r?Q3)

T(p,Y)

Y =1n 1/x4

In A2 In Q2

QCD

T(p—ps(Y)) = T(r*Q(Y))
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation

e Geometric scaling

e Traveling wave
e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

Y =1In1/x4

In /\CZJCD In Q2

= p— ps(Y) = const.: Aline of constant gluon occupancy
n(Y,Q?) = const < 1/a, (dilute!)

= Physics must be invariant along any such a line !
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave

e Geometric scaling at HERA
e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

Traveling wave

= The shape of the front is not altered by the evolution

1 | | | |
0.8 - =
0.6 |- i
0.4 =

0.2 F -

0 | |
-5 0 5 10 15 20 25

log(rg/r?)
T(p,Y) = T(p—ps(Y)) = T(r’Q(Y))

= BFKL equation + saturation boundary
E.l., Itakura, McLerran (02) ; Mueller, Triantafyllopoulos (02)

= Saturation exponent at NLO (NLO BFKL + saturation) :
A =~ 0.3 (Triantafyllopoulos, 02)

= Relation with the FKPP equation : Munier, Peschanski (03)
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Geometric Scaling at HERA: Inclusive

(Stasto, Golec-Biernat and Kwiecinski, 2000)

bt reminder o(x,Q%) ~o(r) with 7= Q%/Q*(x), Q%*(z)= (x0/x)*GeV?, X\ ~0.3

Saturation line

e Saturation front
e Pulled front

e BFKL equation
e BFKL solution
e Saddle point [ 7
e BFKL Pomeron

e Saturation saddle point

e Saturation line €T § 0 . 0 ].

e Approaching saturation

10 T T T TTTTT T T T TTTTT T T T TTTTT T T T TTTTT T T T TTTTT T T TTTT

Oy¥P [Hb]

e Geometric scaling

e Traveling wave Q2 S 450 GeV2

e Gluon distribution

2 2
- | Q- ~1GeV
Gluon evolution: Diagrammatics S

Color Glass Condensate fOf €r r~ 1 O N 4

ZEUSBPT 97

i ZEUSBPC 95
H1low Q%95
ZEUS+H1 high Q% 94-95

E665
x<0.01 %

al Q?

T
4 OD> % OO

-1
10 Il Il \\\\H‘ Il Il \\\\H‘ Il Il \\\\H‘ Il Il \\\\H‘ Il Il \\\\H‘ Il [
107® 10 107 1 10 10° 10°

T
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave

e Geometric scaling at HERA

e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate

. Geometric Scaling at HERA: Diffraction

(Marquet and Schoeffel 2006)

yk
Bdo diﬁp/dB (ub)

10

10

10

10

10"

10°

£=0.04 for Q*in (5—90) GeV?

[m}
E%.l':ln:l
=

O H1daa(LRG)
O ZEUSdata(Mx) *0.85
& ZEUSdata(LPS) *1.23

£=0.1 for @*in (5-90) GeV*

¢§$¢
?

Ll L I Lol L L
| 6=0.2 for @®in (5—90) GeV?

Ll Lol L I L
| $=0.4for Q®in (5—90) GeV?

ol

S

B

Ll Ll L L
| B=0.65 for Q%in (5—90) GeV*

:F%ﬂ

-]

Ll Lol Ll
| £=0.90 for Q*in (5-90) GeV?

i

i,

1 10 102
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A brief reminder

Saturation line

e Saturation front

e Pulled front

e BFKL equation

e BFKL solution

e Saddle point

e BFKL Pomeron

e Saturation saddle point
e Saturation line

e Approaching saturation
e Geometric scaling

e Traveling wave

e Geometric scaling at HERA

e Gluon distribution

Gluon evolution: Diagrammatics

Color Glass Condensate
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¢ Gluon occupation number

Gz, Q%) = /d2b/Qdkkn(:c,k)

10 T T T T T 3 1000

i T T ]

b Y =10 — 1
- Y =15 — 100

01k ]
i i = 10

0.01 3 5 =

I 1 =< 1

0.001 F 1
le-04 :— —: 0.1
legpb—1—1 11 10 v )N 0.01

-10 -5 0 5 10 15 20 25 30 35

log(k*/k3)

-10 0 10 20 30 40 50 60

log(k*/kg)

= (YY) : the typical transverse momentum of the gluons

= Fork, S QS(Y)

Gluon saturation
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Saturation line

e Saturation front

e Pulled front

e BFKL equation
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e Saddle point

e BFKL Pomeron

e Saturation saddle point
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e Geometric scaling
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Color Glass Condensate
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¢ Gluon occupation number

Gz, Q%) = /d2b/Qdkkn(:c,k)

10 T T T T T 3 1000
F T T ]
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3 Y =15 ——7 100
0.1k 4
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= (YY) : the typical transverse momentum

log(k*/kg)

of the gluons

= Unitarization in DIS teaches us about gluon saturation
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&
*&‘; Non-linear gluon evolution

= By changing frame, the evolution step can be associated
P with either the projectile, or the target

Saturation line

T Non-linear evolution of the dipoles amplitudes
ot — Non-linear evolution of the gluons in the target

e BK equation
e Fan diagrams
e Correlations

Color Glass Condensate a . @3 (m_y>2
R

<_T(a3, y) +T(z,2) + T(z,y) — T(z, 2)T(z, y)>

BFKL (linear) non-linear

2 S S S = - - > 2
> D
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*&‘; Non-linear gluon evolution

= By changing frame, the evolution step can be associated
P with either the projectile, or the target

Saturation line

T Non-linear evolution of the dipoles amplitudes
ot — Non-linear evolution of the gluons in the target

e BK equation
e Fan diagrams
e Correlations

Color Glass Condensate a . @3 (m_y>2
R

<_T(a3, y) +T(z,2) + T(z,y) — T(z, 2)T(z, y)>

BFKL (linear) non-linear
S S 2 S S S
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The mean field approximation (BK)

Iz, 2)T(z,9)y = (T'(x,2)y (T(z,y))y

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

e Gluon evolution 8 S
e Fan diagrams

e Correlations

Color Glass Condensate

o
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The mean field approximation (BK)

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

e Gluon evolution

e Fan diagrams
e Correlations

Color Glass Condensate

A

= Through iterations (several steps in the evolution)

0 Two ‘Pomerons’ (color—singlets) evolve independently
from each other, before melting into one Pomeron

0 2 — 1 ‘triple Pomeron vertex’ = Dipole kernel
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DIS in the MFA: ‘Fan diagrams’

»Y*

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

eJoJoJoYoleToJoo10I0IONY
<
*

e Gluon evolution
e BK equation

e Correlations

Color Glass Condensate

(-,
-

;

proton . ‘

= BFKL evolution + gluon recombination at large N,

SCHOOL ON QCD, LOW X PHYSICS, SATURATION AND DIFFRACTION: Copanello (Calabria, Italy), July 1 - 14 2007 Non-linear evolution & Gluon saturation in QCD at high energy (1) — p. 30




-
& Gluon correlations

= There are several mechanisms for generating correlations

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

e Gluon evolution
e BK equation
e Fan diagrams

e Correlations

Color Glass Condensate

= Color exchanges:
0 Linear evolution (3 — 3,4 — 4, n — n) : BKP equation

0 Non-linear evolution (n — 2 with n > 2) : JIMWLK eq

= Gluon splitting 2 — 4 (generally, 2 — n)
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Gluon correlations

= There are several mechanisms for generating correlations

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

e Gluon evolution
e BK equation
e Fan diagrams

e Correlations

Color Glass Condensate

= Color exchanges

= Gluon splitting 2 — 4 (generally, 2 — n)

0 The 4 child gluons can be probed by 2 external dipoles
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& Gluon correlations

= There are several mechanisms for generating correlations

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

e Gluon evolution
e BK equation
e Fan diagrams

e Correlations

Color Glass Condensate

= Color exchanges
= Gluon splitting 2 — 4 (generally, 2 — n)

0 ... or by a single one, after one additional recombination

splitting + merging = ‘IPomeron loop’
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Are such correlations important ?

A brief reminder

Saturation line

Gluon evolution: Diagrammatics

e Gluon evolution
e BK equation
e Fan diagrams

e Correlations

Color Glass Condensate

= Color exchanges are suppressed at large N, !

... but they are inherent in the theory of gluon saturation
(CGC), which is built in terms of color fields

= Gluon splitting 2 — n is negligible at high density !

... but what is dense at some rapidity has started by being
dilute at some earlier one !
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ﬁ Reminder: Pulled front

A brief reminder

Saturation line 1 ]

Gluon evolution: Diagrammatics

e Gluon evolution
e BK equation
e Fan diagrams

e Correlations

Color Glass Condensate

17— , 1/2

pCYy 3

= The front is driven by the linear (BFKL) growth in the tall
of the amplitude at large p > ps(Y), where T' < 1
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The Color Glass Condensate

(McLerran, Venugopalan, 1994; E.I., Leonidov, McLerran, 2000)

= An effective theory for the small—x gluons in the
high—density environment characteristic of saturation

A brief reminder

Saturation line

Gluon evolution: Diagrammatics u Large OCCU patlon numbers (n ~Y 1/&8)

Color Glass Condensate

= 0 The gluons can be described as classical color fields v

0 No fluctuations in the gluon number (2 — n splitting)/

= Separation of scales (longitudinal momentum/time)
0 The smaller z, the shorter the lifetime of the gluon

h 2xp
At ~ — = ——
AE K2

0 The gluons with 2’ > x are ‘frozen’ over the typical time
scale for the dynamics at x
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