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L Summary

= On the phenomenology side:

Nearly ‘total gluon shadowing’ in R, 4 at LHC, within a rather
Sl e 5t wide window at (relatively) high p |

Saturation (mean field)

Prediction (mean field) ]_

RpA(pJ_an) ~ A1/3

E.l., K. Itakura, D. N. Triantafyllopoulos, hep-ph/0403103

Pomeron loops

Conclusions

Backup

= On the conceptual side :

First (numerical) results for the evolution equations with
Pomeron loops and Running coupling

A. Dumitru, E.I., L. Portugal, G. Soyez, and D.N. Triantafyllopoulos,
in preparation

These results turn out to be quite surprising !
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= Increasing n <= Decreasing x; for the nucleus
0 RHIC:np ~3&+/s=200GeV: z; ~10~*forp, =2GeV

0 LHC:n~6& /s =88TeV: 1 ~ 107 %forp, = 10GeV
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= The picture above: ‘Semiclassical’ (MV model)
lon: “RHIC atn =0"

= Multiple scattering but no gluon evolution

> Cronin effect
= LHC: Quantum evolution should be important at all n
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Gluon production in  pA collisions
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Backup

= Quantum evolution in the ‘mean—field approximation’
(BK, JIMWLK) : BFKL + saturation effects
= Most studies of 12,4 are performed within this framework

See however the later talk by Misha Kozlov !
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.« Gluon productionin  pA collisions

Summary

Gluon production

e pA: physical picture
e pA: factorization
o RpA

Saturation (mean field)

Prediction (mean field)

Pomeron loops

Conclusions

Backup

= Quantum evolution in the ‘Pomeron loop approximation’
BFKL + saturation + gluon number fluctuations
0 A priori, fluctuations are important at low density
0 Even a nucleus has a low—density gluon tail at high &k !
0 This low—density gluon tail controls the evolution !
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.« Gluon production: Factorization

Summary

Gluon production
e pA: physical picture

e pA: factorization

o RpA

Saturation (mean field)

Prediction (mean field)
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do QO d%k
— = D — k k
dnd2p pi / (27)2 1(p , 1) p2(k, 12)

= Most interesting regime: p; 2 Qs(A,z1) > Q.(p, z2)

Y

do Qg
dnd?p — p?

(I)l(p, ZCl) $2Gp(x27p2)
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. The R,, ratio

1 dN,a/d?*pdn
A dN,,/d?p,dn

Summary Nuclear modification factor : R,4 =

Gluon production
e pA: physical picture
e pA: factorization

Saturation (mean field)

= "High-p." 1 p1 % Qs(A,21) > Qs(p,x2)

Prediction (mean field) R 1 (PA (‘CE 9 p J— )
Pomeron loops A ~

o P Al/3 (I)p(xapJ_)
Backup

= Fixed impact parameter & z =x, = (pL/v/s)e™"
below, I shalluse: Y =In(1/x) =Y.+

= Note for the experts: The different definitions for ® agree
with each other at such high p, .
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= Mean field: Saturation front

= Gluon occupation number ®(Y, k) as a function of p = In k%

Summary

Y =In1/x%

Gluon production CD A Saturation
Saturation (mean field)
T 1/0

e Geometric scaling

e Nuclear effects

Prediction (mean field) I ]
Pomeron loops Dilute system

Conclusions

Backup

Ry, P In \2

QCD

= ps(Y) =In{Q:(Y)/Acp} - “saturation momentum”

= ps(Y) increases with Y
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Gluon production

Saturation (mean field)

e Saturation front

e Geometric scaling
e Nuclear effects

Prediction (mean field)

Pomeron loops

Conclusions
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&

e-T,_, Mean field: Saturation front

= Gluon occupation number ®(Y, k) as a function of p = In k%

Y =In1/x%
Dy
1as Y, f--
T R
_________________________________ / Dilute system
& &
: ' >
%(Yl) %(YZ) P In A2,

= BK & Fixed coupling : ps(Y) ~ ApaY with \g = 4.88

= BK & Running coupling : ps(Y) >~ /G\oY with g = 2.78
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= Mean field: Geometric scaling

-

2v)\"
O(Y, k) ~ e prs(Y)) = (%) with v ~ 0.63
1

Summary

Gluon production

Y =In1/x}
Saturation (mean field) cD A
e Saturation front
o Nuclear effects ]_/(X s

Prediction (mean field)

Pomeron loops

Conclusions
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2
In /\QCD

= Fixed coupling : p, — ps o Y1/2
= Running coupling : p, — ps oc Y'1/6
= The running coupling evolution is considerably slower !
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= Nuclear effects

!

b A Y =In1/x} ps(P)
1/a

Summary

ps(A)

Gluon production

Saturation (mean field)
e Saturation front
e Geometric scaling

e Nuclear effects

Prediction (mean field)

Pomeron loops

Conclusions

Backup %( p) % (A) p In A2

" QI(A) ~ AVPQI(p) at Y =Yy ~3

Fixed coupling : ps(A,Y) — ps(p,Y) = const. ~ In A/3

Running coupling : p,(A,Y) — ps(p,Y) o (In AY/3)2//Y
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x‘& R, 4 In the ‘double scaling’ window

1 (QIAY)
1 (Gom

Summary RpA (k‘J_, 77) ~

Gluon production

.
) for Qs(A,Y) <k, <Q,(p,Y)

Saturation (mean field)

= Very robust prediction ! (at mean—field level, at least)

Prediction (mean field)

e RpA: double scaling
e RpA at LHC

= ‘Fixed coupling’-like scenarios :

Pomeron loops

Conclusions Qg (A, Y) _ A1/3 Qg (p’ Y)’ Qg (p’ Y) — Q% eA(Y—YO)

Backup

> Most models assume such a behaviour with A ~ 0.3

1 1 :

= The maximal suppression one cangetatk;, > Qs(A,Y)
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. R,4inthe ‘double scaling’ window

Q3(A,Y)

1
Summary Rpa(ky,n) =~ A1/3 (

Gluon production

Saturation (mean field)

Prediction (mean field)

e RpA: double scaling

e RpA at LHC

Pomeron loops

Conclusions

= Running coupling :

N
20, Y)) for Qs(A,Y) <k <Q4p,Y)

= Very robust prediction ! (at mean—field level, at least)

the A—dependence goes away at large Y

Backup Qg(A’ Y) — AéCD e\/pi"i_)\(y—yo) Wlth ,OA ~ lnAl/S
1 P2
1

OE . ‘total shadowing’

= Running coupling leads to a much stronger suppression
E.l., K. Itakura, D. N. Triantafyllopoulos, hep-ph/0403103 (87 pages !!)
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- ‘s."; R,4 atthe LHC (prediction)

= Should we expect this phenomenon at the LHC ?

Summary Q2
Gluon production B *
30/ -
Saturation (mean field) i ) . ¢ Qg (A, Y) ) N .
Prediction (mean field) 25 ~ R . ‘ . ‘
e RpA: double scaling i . ¢
L P . 2
- *
Pomeron loops 20 L .Y .t ‘ Qg (p1Y)
i .’ P
Conclusions L L ‘ e
15 r .* o
Backup i ‘

Realistic initial conditions (A = 208, Yy = 4)
= Analytic approximations to BK with running coupling
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&S R,4 atthe LHC (prediction)

QZ(A.Y)/Q:(p,Y)

Summary
Gluon production 6 q; -------------------------------------------------
Saturation (mean field) FIXEd O“/S
Prediction (mean field) 5
e RpA: double scaling
Pomeron loops 4
Conclusions
Backup 3

5 i Running ax

I | | | | | | | | | | | | | | | | | | Y

= Decrease by afactorof2atyY = 10
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- ‘s."; R,4 atthe LHC (prediction)

. 0.5
ummary T T i e e e mmEmEEmEssmE=E===®=®82%288%82%82"82%82222"22222=2==2==28=&a#=
Gluon production I [A |n(A1/3)] -1-9/3
Saturation (mean field) 04 0
Prediction (mean field) L
e RpA: double scaling =
0.3
I Y=10
Pomeron loops |
Conclusions 02 ;
Backup -
A—1/3
0.1~
| | | | | | | | | | | | | | | | | | I | | | | QZ
8 9 10 11 12

Significant discrepancy from ‘fixed coupling’ scenario

Close to total gluon shadowing for Y 2 10

Flat behaviour within a quite large window in k|
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E R,4 atthe LHC (prediction)

. 0.5
ummary T T i e e e mmEmEEmEssmE=E===®=®82%288%82%82"82%82222"22222=2==2==28=&a#=
Gluon production I [A |n(A1/3)] -1-9/3
Saturation (mean field) 04 B
Prediction (mean field) L
e RpA: double scaling =
0.3
I Y=10
Pomeron loops |
Conclusions 02 ;
Backup -
A—1/3
0.1~
| | | | | | | | | | | | | | | | | | I | | | | QZ
8 9 10 11 12

= Will this whole analysis survive to fluctuations ??
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= The saturation momentum p, = In Q2 becomes a random
Summary Varlable <pS(Y>>7 0-2 (Y) = <10§> o <p5>2

Gluon production

1

Saturation (mean field)

Prediction (mean field) 08

Pomeron loops

[« Frontdifuson | 0.6

e Dispersion: FC

e Dispersion: RC &
* Way ? 0.4
Conclusions

0.2
Backup

0

)

log(rg/r?)

= With increasing energy, the fronts spread from each other
— geometric scaling is progressively washed out !

= 02(Y) 2 1 = atotally new picture : ‘diffusive scaling’
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= The saturation momentum p, = In Q2 becomes a random
Summary Varlable <pS(Y>>7 0-2 (Y) = <10§> o <p5>2

Gluon production

1

Saturation (mean field)

Prediction (mean field) 08

Pomeron loops

[« Frontdifuson | 0.6

e Dispersion: FC

e Dispersion: RC &
* Way ? 0.4
Conclusions

0.2
Backup

0

)

log(rg/r?)

= With increasing energy, the fronts spread from each other
— geometric scaling is progressively washed out !

= Wil this new picture be visible at LHC ?
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= Dispersion: Fixed coupling

s 02(Y) ~ Da,Y with D ~ O(1)

Summary 25 | | | |
Gluon production GS=O'2 _—
0.=0.5
Saturation (mean field) 20 —
Prediction (mean field)
Pomeron loops 15 - -
e Front diffusion V|
o
e Dispersion: RC 10 B i
e Way ?
Conclusions
Backup S -
O | | | |
0 10 20 30 40 50

Y

= Fluctuations effects are clearly important (¢ > 1 for Y =10)

= ... and lead to ‘total shadowing’ in 1,4 at fixed coupling !
(cf. the talk by Misha Kozlov)
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Summary

Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops
e Front diffusion
e Dispersion: FC

e Dispersion: RC

e Way ?

Conclusions

Backup

RS Dispersion: Running coupling

= The dispersion keeps rising with Y ...

0.6
0.5
0.4
“b 0.3
0.2

0.1

= ... but now it is tremendously smaller !
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Saturation (mean field)

Prediction (mean field)

Pomeron loops
e Front diffusion
e Dispersion: FC

e Dispersion: RC

e Way ?

Conclusions

Backup

RS Dispersion: Running coupling

= The dispersion keeps rising with Y ...

= ... but now it is tremendously smaller ! (by a factor ~ 100)
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Summary

Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops
e Front diffusion
e Dispersion: FC
e Dispersion: RC

Conclusions

Backup

= The naive answer: “Because the coupling is smaller.”

= The smallest value of the coupling reached in the
‘running—coupling’ simulation is about 0.1 !
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Summary

Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops
e Front diffusion
e Dispersion: FC
e Dispersion: RC

Conclusions

Backup

= The correct answer: Because the evolution is much slower.

= ‘Formation time’ Y;,.., ~ 10 for fixed coupling ooy, = 0.1, but
about Yio.m ~ 103 = 1000 for running coupling !
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¢ Conclusions

= Running—coupling effects are truly essential within

Summary the high—energy evolution

Gluon production guantitatively and qualitatively

Saturtion (mean fie)

Predicton (mean field) = Nearly total gluon shadowing in R, 4 In a kinematical
Pomeron loops range accessible at LHC

(based on analytic estimates;
to be checked against fully numerical calculations)

Backup

= Pomeron loop effects are negligible at LHC
(and most likely at all but trans—Planckian energies)
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.« Gluon productionin  pA collisions: Kinematics

N=0
n<0 n>0 p

Gluon production ,/\ ’\
Saturation (mean field)
Prediction (mean field) O

Pomeron loops ‘ ’
—_——_——_— e - - - - - = - - - = 4— —————————
Conclusions P P

Backup

e pA: kinematics A
e Saturation momentum r] —_ |n tg 9

e Geometric scaling

e Qsat at NLO 2
e RpA - no log
e d-Au collisions

e Peak flattening . pJ_ —n _ pJ— n
r1 = ——==¢ , Lo = —=¢€

Vs Vs
= Increasing n <= Decreasing x; for the nucleus
0 RHIC: ~3& /s =200GeV: x; ~107* forp, = 2GeV
0 LHC:n~6& /s =88TeV: x; ~ 107 % forp, = 10GeV
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Summary

Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops

Conclusions

Backup

e pA: kinematics

e Geometric scaling
e Qsat at NLO

e RpA - no log

e d-Au collisions
e Peak flattening

The Saturation Momentum

= Parametrization:

Q2(A,Y) = A?exp \/B(Y —Yo) + 0%
with: A =0.2GeV, B =225, Yy =4, Q%(A,Y,) = 1.5GeV~

= Proton: ps — p, suchthat Q?(p,Y;) = 0.25GeV?

= Consistent with ‘geometric scaling’ fits to HERA

Gelis, Peschanski, Soyez, Schoeffel, hep-ph/0610435

= Gluon distribution in the geometric scaling window :

o (5] (gt )

with: v =0.63, ¢=1/y
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Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops
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Backup

e pA: kinematics

e Saturation momentum
e Qsat at NLO

e RpA - no log

e d-Au collisions

e Peak flattening

Heavy lon Collisions at the LHC — Last Call for Predictions — May 29, 2007

Gelis, Peschanski, Soyez, Schoeffel, hep-ph/0610435
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m Left: 7

log Q2 —\Y, with A = 0.32

Lol
'P (mb)

= Right: 7 =log Q? —\VY, with A = 1.62

- ﬁ Geometric Scaling in DIS at small  «
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The energy dependence of (),

D.N. Triantafyllopoulos, 2002

1 T T T T T
All with running coupling

Gluon production a. brown : L BFKL with Yo=0

b. green L BFKL

c. blue : L BFKL + boundary

d. magenta: L RG BFKL + boundary

e. black  : NL RG BFKL + boundary

Summary

a
Saturation (mean field) 0.8

Prediction (mean field)

Pomeron loops 0.6

Conclusions

Backup c

e pA: kinematics 04 F d .
e Saturation momentum
e Geometric scaling

e RpA - no log
e d-Au collisions 0.2 r _
e Peak flattening

_ dlnQZ(Y)
a dY
= NLO BFKL + Collinear resummation + Saturation Boundary

A(Y)
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'i“": R, 4 without the log

= Without the logarithm in the gluon distribution :

Summary
Gluon production O 5 _

--------------------------------------------------

[A |n(A1/3)]—(1—7)/3

Saturation (mean field)

Prediction (mean field) O 4

Pomeron loops

Conclusions

0.3 _

Backup [ Y 10
e pA: kinematics i
e Saturation momentum

e Geometric scaling O i 2
e Qsat at NLO

f
e d-Au collisions i A—1/3
e Peak flattening O 1

Ll N2
8 9 10 11 12Q

= The suppression remains substantial.
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Summary

Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops

Conclusions

Backup

e pA: kinematics

e Saturation momentum
e Geometric scaling

e Qsat at NLO

e RpA - no log

e d-Au collisions

e Peak flattening

High—p, suppression in d+Au at RHIC

1 de+Au/d2pJ_d7]
2A  dNyp/d?p,dn

Nuclear modification factor : Rgiay, =

R4+ Ay Would be one if nucleus = incoherent superposition of A nucleons

2

Rd+Au
o P
ol = ol
l|||.|||||||||
L] .
I\
L%
o
| ——
II:IIII;IIIIIIIII
\'Ei
»
»-
—»—
_>:_
.
: |
-
; T

A

o

6 - 1 2 3 4 5 6 12 3 4 5 6 RN
p; [GeV/c] p; [GeV/c] p; [GeV/c] p; [GeVic]

N
N
w
N
ul

= One finds (BRAHMS [arXiv:nucl-ex/0403005]) :

0 n=0:Cronin peak (R4 A, > 1 for intermediate p )
0 n o~ 3: Suppression (Rq s, < 1forallp))
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Cronin peak ( n = 0)

= Non-linear effects (stronger at low p ) ‘push’ the gluons in
the nucleus towards larger values of p |

Summary

Gluon production

ba Rpa
Saturation (mean field) 100 +

2,

Prediction (mean field)

10t
Pomeron loops 15+

Conclusions

Backup

e pA: kinematics
e Saturation momentum 0.1t
e Geometric scaling 05
e Qsat at NLO
e RpA - no log

- 0.01¢
|

e Peak flattening 0.01 0.1 1 1 2 3 4

Roa(kl) ~ pa ~InAY3  for ki~ Q.(A)
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& The flattening of the Cronin peak

Summary

Gluon production

Saturation (mean field) 1.5 7

Prediction (mean field)

Pomeron loops

Conclusions

Backup

e pA: kinematics
e Saturation momentum 05 H e e

e Geometric scaling H _______
e Qsat at NLO
e RpA - no log
e d-Au collisions

Peak flattening e 1 s . »E ;

s kL ~Qs(AY) with Y =Y. +7n:
0 n=0: Rya ~ pa ~ InA/3 > 1

dm=mno: Bpa =1 = no ~Inpa < pa ~ 1/as
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Summary

Gluon production

Saturation (mean field)

Prediction (mean field)

Pomeron loops

Conclusions

Backup

e pA: kinematics

e Saturation momentum
e Geometric scaling

e Qsat at NLO

e RpA - no log

e d-Au collisions

e Peak flattening

.-

High—p, suppression

S 2
Nucleus O l > ¢
0
AVAN &
< )

proton

= With increasing 7 (i.e., decreasing x1), the gluon distribution

In the target evolves as a CGC

N.B. : ‘target’ = Au for d+Au, but ‘target’ = p for p+p

= The proton evolves faster than the nucleus since

Qs(A4) > Qs(p)

R4 Ay decreases since the denominator (the proton)
evolves faster than the numerator (the nucleus) !
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