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Gluon production at small x

e The Interaction is instantaneous:

< Gluon production time &, /&3
“ Interaction time ~ Ra

e Gluon production can be written in a

/dzq qbp(g, Yy _ y) ¢A(E —q, y) .kT—factor.lzed form even if the evolution
IS taken into account.

doPA4 - 2a
Pkdy  Crk?

Kovchegoy, A. Mueller; Kovchegoy, K.T. _ . .
e ¢ is not Weizsacker-Williams

Cr | distribution; its factorization cannot be
oz, k*) = Sy /dzb d?z e % 2V2Ng(2,b,y)  tracked in individual graphs in any
@s(27) known gauge.




KKT model (l)

1
* Gluon dipole scattering amplitude N(r,y) =1 —exp {—Z(ﬁQg)W}

| =

1 £(T,y) >
2( " |£<r,y>|+\/2|5<r,y>|+14c<<3>) v

e Anomalous dimension ~(r,y) = {

1 Yy < Yo ,
Y
22 1.
it g - B
Y — Yo 0-8///// y=1 (RHIC)
0.6 y=3
e This function satisfies limits: 02

0 2 4 6 g PT

X v~1-+1/(2€) double log approximation (r—0, y fixed)

1
ol 614§<(3) leading log, BFKL saddle point (y— 0, r fixed)




KKT model (II)

® Gluon saturation momentum Q3(y) = A2AY3 eV = 0.13GeVZ e Nooy

with A=600 MeV, A=0.3 from DIS
1
® Quark dipole scattering amplitude Ng(r,y) =1 —exp {—1(7“2@?/2)7(“9)}

- Quark saturation momentum is Cr Qs2/Nc =~ Qs2/2

e The cross section for inclusive gluon production

dO’G OJSCF SA Y 4 > 1
Phdy =3 (1—m,) /O dz7 Jo(krzr) lna 0. |21 0., Na(21,y)]  Kovchegov, KT
e For inclusive valence quark production ‘Z;]‘j — i‘;‘/ dzr 21 Jo(krzr) [2 — No(zr, )]
0

Dumitru, Jalilian-Marian



KKT model (lI)

e Quark distribution is weighted with zgv(z) = 1.09 (1 — 2,)° x,°

e Hadron cross section

do™ / dz dog

_ dz dog
Ckdy | 22 &Pkdy

2 A2k

(k/2) Da(z, k) F(k/2,y)+ (k/2) xqv(y, k/2) Do(2, kr) F(k/2,y).

* This model works fine @ RHIC for hadron spectra, Rqau, Rcp
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Plon NMF's
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The amount of suppression is R,4 ~ 1/A/3 ~ 1/N 7

Dependence on pr and n is weak
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Quark-antiquark production (l)

S e Since the coherence length ~
S 1/x, for high enough Vs and/

B or y we can use the dipole
model.

) e Exact result: Kovchegov, KT
M a > ~ (2006) - includes rescattering
W ¢ D (¢ of the g, anti-qg, gluon and
é) é} 6&) valence quark and quantum
evolution at all rapidity
intervals.

L\,\/\/\’V\/\/( e Factorization approximation:

i < m® KT, 2004

Kapeliovich, Tarasov(2002), Blaizot,Gelis,Venugopalan (2003-04), Kharzeev,KT(2003)
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Quark-antiquark production (l)

* The lightcone “wave function”

2 92
Ol m Lio Y
Dy (2, 29;y,, Y, 0) = 4CF (—W ) {2 = =12 [(1—a?)+a?] Ki(z12m) K1(ylgm)+K0(:U12m)K0(y12m)}

uv L12Y12

* The scattering amplitude

— e —i(z1—y, )% (Q3/2) +oe 50%(z12-y,,)%(Q%/2)

_6_1@12_‘1212) (Q3/2) e 411042 y?(Q3/2) _ 6_1(a§12_g12)2(Qg/2) 6—%042 215 (Q3/2)

5@127 ng; )

e Quark cross section ]
0)

&2k dyd?b

L1p-Y =
v, {2 ; y_12 (1 = a®) + o] Ki(z12m) K (y12m) + Ko(xmm)KO(lem)} =212, 9,5 @)
1212

C Oé m —ik-(x
il / da/d T1od? Y19 € (21279y,) In(1/p|xy — 912’)

o Hadronization:  9“hadron / / 2L

"z do(p/z)
Fo S(p— =) D(:) = [ D(:)

d2k dy 22 d*kdy



Open charm NMF’s
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e NMF for charm shows the same suppression pattern as NMF for pions.



Open charm NMF’s vs
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Open beauty NMF’s
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When does the geometric scaling fails?

Vs=5500 GeV, y=2, k =0.5 GeV

In this figure

x<0.01

i

HH‘ [ lHH‘

1 10

10°
m GeV)

e Fxtended geometric scaling was
observed in DIS for x<0.01, Q2<450
GeV? (Stasto, Golec-Biernat, Kwiecinski, 2001)

e This is a property of the BK equation
(Levin, KT, 2001)

e |tis predicted to break down when
DGLAP logs take over BFKL logs

(lancu, Itakura, McLerran, 2002)
oy log (k1 /Qs) 2 agy = aylog(Qs/A)

ki > #Q%/A
™5
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When does the geometric scaling fails?

e Fxtended geometric scaling was
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< 06 e This is a property of the BK equation
o™ (Levin, KT, 2001)

04 —

0.2 3 e |t is predicted to break down when

- Inthis figure x<0.01 DGLAP logs take over BFKL logs
0 %_1 ] N A AT S R - (lancu, Itakura, McLerran, 2002)
10 1 10 10
m GeV)

oF log(kJ_/Qs) Z Y = A log(Qs/A)

ki z #QE/A =5 GeV @ y=2 (LHC)
N~ n  =27GeV@y=0
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Factorization vs Recombination in AA (T=0) wan«, 2007

%} s W}?ﬁ M

L@ U ©
~U 3
g pr P ~ 1 Qg Pt Pp ~ Qs o prpp ~ 1/

Recall, that aZp ~ aZAY? ~ 1
® gg—gg is proportional to Tr(Tv) which acquires non-zero value due to the
scale anomaly => Low Energy Theorems imply JdM prr.)(M)/M = 8|e.]|.

- This sum rule allows to match the chiral Lagrangian at low M onto pQCD at high M.

e At small invariant masses vertex gg—gg becomes gg—nn ~O(xs?).

e On the other hand (a) is a sub-leading twist (Qs/kT)? h &

R

TT

e Thus (a) dominates at kr< Qs/Vois ~3 GeV (RHIC)
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Factorization vs Recombination in AA (T=0) wan«, 2007
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“Baryons to Mesons” puzzle

e Breakdown of factorization of fragmentation functions => strong
dependence of fragmentation on energy and centrality.

(do/dM?*)(M? /o)

04
03"
02"

01"

e P to x ratio increases with energy and when Qs>>m it tends to a constant.

Li, Kharzeev and KT, in preparation



Summary

-5 0 3.3 5

RHIC _ — -~ Gluon
. saturation
LHC : - b <k
-8 -3.3 0 1.7 8
® \\Ve examined inclusive production ® Non-factorable hadronization
of n’s, D’s and B’s and found a channels are important in AA
strong Gluon Saturation effect. collisions even at T=0.
® The amount of suppression of Rpa ® |t is absolutely necessary for
depends on centrality and is almost success of heavy ion program at
independent of y and pr. LHC to have inclusive

measurements in pA

® Geometric scaling seems to hold
for n>1 at RHIC. It is not clear when
it fails at LHC (if it does ©).
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