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Critical energy - coherence length
Space-time picture of nuclear interactions |

Feynman, Gribov...

@ a fast-moving hadron or
nucleus can be considered as
a complicated fluctuation of
quarks and gluons with long
lifetimes

L~1/p*x

@ content of the state is
Lorentz-frame dependent

@ fast parton components of the
wave function are
Lorentz-contracted, while soft
ones are not
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Critical energy - coherence length
Space-time picture of nuclear interactions Il

When the coherence length (“longitudinal size”) of the fluctuation
becomes as large as the target nucleus, the space-time picture of
particle production changes. For typical processes:

Critical energy J

4

x < 1/(myRa) |
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Critical energy - coherence length
Space-time picture of nuclear interactions Il

When the coherence length (“longitudinal size”) of the fluctuation
becomes as large as the target nucleus, the space-time picture of
particle production changes. For typical processes:

Critical energy J

4

x < 1/(myRa) |

When x > 1/(myRa), the space-time picture is that of final state
reinteractions of produced particles with formation time (Iongltudlnal \
structure).
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Critical energy - coherence length
Space-time picture of nuclear interactions Il

Mandelstam Nuov. Cim. 30 (1963) 1113, 1127,1148; Gribov JETP 56 (1959) 982

h h h i;kt,lh h

“Planar” diagram

@ low energy scattering - longitudinal ordering
— Glauber multiple scattering
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Critical energy - coherence length
Space-time picture of nuclear interactions Il

Mandelstam Nuov. Cim. 30 (1963) 1113, 1127,1148; Gribov JETP 56 (1959) 982
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“Planar” diagram “Non-planar” diagram
@ low energy scattering - longitudinal ordering
— Glauber multiple scattering
@ high energy scattering - change in initial condition
— planar diagrams ~ 1/E
— fluctuation prepared long before the collision
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“Planar” diagram “Non-planar” diagram

@ low energy scattering - longitudinal ordering
— Glauber multiple scattering
@ high energy scattering - change in initial condition
— planar diagrams ~ 1/E
— fluctuation prepared long before the collision
@ discontinuities of non-planar diagrams determined by
AGK cutting rules
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bl 2o iz ey
Gribov inelastic shadowing

Correction to Glauber model

We need to sum up all possible planar and non-planar diagrams, how...
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bl 2o iz ey
Gribov inelastic shadowing

Correction to Glauber model
We need to sum up all possible planar and non-planar diagrams, how...

@ Glauber model is still ok, but...

@ take into account inelastic
intermediate states, but..

@ space-time picture does not
correspond to successive
rescatterings!
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bl 2o iz ey
Gribov inelastic shadowing

Correction to Glauber model
We need to sum up all possible planar and non-planar diagrams, how...

@ Glauber model is still ok, but...

@ take into account inelastic
intermediate states, but..

@ space-time picture does not
correspond to successive
rescatterings!

@ AGK cuttings 1+ (-4)+2=-1

Gribov Sov.Phys.JETP 29 (1969) 483; Sov.Phys.JETP 30 (1970) 709
Abramovsky, Gribov, Kancheli Sov.J.Nucl.Phys 18 (1974) 308
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bl 2o iz ey
Multiple scattering series

@ The contribution from 1, 2... scatterings can be expanded in

op = U'(Al) + U'(B\Z)—f—. ce

Ugl) = A-on,

2 do2. (% xp,
of) = —4rA(A - 1) [ d®TZ(b) [y dM? {W] FA(tn)
-

Armesto et al. Eur.Phys.J.C 29 (2003) 531
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Introduction Nuclear shadowing

Second order rescattering
Relation to diffractive DIS

0@ = —anA(A—1) / d?bT2(b) /

M2

min

Mﬁ‘ax dO—D* (Q27X|Pa/6)
szl YT Fa(trin)
t=0

@ FA: nuclear form factor

@ Ta(b): nuclear density profile

@ dM?: integration over the diffractively produced hadronic system
e M2 : minimal mass of produced system

min*

e M2, large rapidity gap is required (xI® < 1).
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Inclusive and diffractive parton densities
Parameterization of parton densities in proton

Inclusive cross-section

ZEUS
6 Qrcevt | | 25 Gev?
Wb ; ZEUS ONLY fit N ‘ -
F s oyn = 5o (X, QP)
2B . 2 . . L . .
rew | I = | @ Q2 evolution given by pQCD DGLAP
2 8T i @ several parameterizations on the
N . market
e @ Online:
Wk et b et http://durpdg.dur.ac.uk/hepdata
wh 3 @ we use CTEQ6
10 X8 I X

ZEUS Collaboration, PRD 67 (2003) 012007

K. Tywoniuk (UiO) Nuclear shadowing in heavy ion collisions Spaatind 2008 9/17



Inclusive and diffractive parton densities
Parameterization of parton densities in the Pomeron

Diffractive cross-section

H1 preliminary

NA - 2
0_ Gluon [?Sevz]
N 1
S A 6.5
N v
o
| ep collisions
I 15
N
0 Diffractive
r 90
t
02 04 06 08 1
z
dol.\ _ 4r%0emB woE @)
dm2dt tfoi Q2(Q2 + M?) P2p

H1 Collaboration, paper 980 at ICHEP2002
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Inclusive and diffractive parton densities
Parameterization of parton densities in the Pomeron

Diffractive cross-section

H1 preliminary H1 Diffractive D’

o L Gluon Q? ™ Enf St
c [GeV?] £ on
. I L
2t : S SR e F e
0 i = o S log;ax‘
; ep collisions FE: |
I 15 sk
i i pdd i
0 I I =3 as ,llngmﬂ
1 H H H1 Diffractive DIS Dijets
10 D Iffractlve e H1 Preliminary H1 2002 fit (prel.)
i 920 3 correl. uncert. DISENT NLO*(1+,,,)
[ —_ - RAPGAP
b o @ E ?l, a
02 04 06 08 1 % £
z © £
D 2 T s =
dary*N _ 4 aemB X I:(3) B
R =_— """y,
dMZdt o QZ(QZ + M2) 2D
01 02 03 04 05 06 07 08 0% 23 22 21 2 -10 18 -17 16 -15

) 7 10g104)
H1 Collaboration, paper 980 at ICHEP2002
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Molel of multple scatiring
Enhanced diagrams

Interactions between parton ladders/Pomerons

i

@ soft partons from different ladders overlap and start to interact
@ 3IP and 4IP vertexes are rather small

@ become important for hA (A/3) and AB (A1l/3 + B1/3) collisions
and at high energies

@ related to saturation of (gluon) densities in ultrarelativistic nucle@; i
reactions - gluon fusion, Pomeron loops
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Molel of multple scatiring
Schwimmer summation of fan diagrams

Schwimmer Nucl.Phys.B 94 (1975) 445

@ splittings of Pomerons

@ exact solution of Regge field
theory

@ similar results as with
guasi-eikonal model

@ works for hA scattering

@ describes a "saturation" of the
Cross section

Sch  _ 2 ATa(b)
Oha = O'hN/d b1+(A—1)f(x,Q2)TA(b) ;
Xg]ax F(3)(X|P7Q27ﬁ)
f(x,Q%) = 477/X dX|PB(X|P)2?:2(X—Q2)FA2(tmin.)
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Gluon and sea quark shadowing
Details - PLB 657 (2007) 170

1T @Q%=8.5GeV? H gos E
ook < <08 E
05; 08 o7 E
T ~ 06 E
............... 08 X
""" os Q°=5.0GeV?
E - od Xg = 1.06-03
Foovnd vl vl “ —— H1NOQCD 2005, AT A 03F o 1NLOQCD 3006, ATA ]
r H1 KLO QCD 2008, 7IT B E H1NLO QCD 2006, FITE o
17 02 ) 2 FGS shadowing ] 0.2] £GShgh
=50GeV? . Esen v
[ @?=20Gev? @ R i ot <eee S E
Eo'aj o ! | | | | | |
B ost 10¢ 10 102 10? . K 2 4 5 b[fm‘]
06— L]
£
m"h.aj -= Hi NLO QCD 2002 (QF = 6.5 GeV?)
F H1 NLO QCD 2006, FIT A B OhA
02 H1 NLO QCD 2006, FIT B R (A/B) = - —
E L I | A OhB
1=
sl O%=90Gev?
@ strong shadowing obtained
oaf- _ I
i @ no fitting or free parameters!
bl il vl
10 )y )

0 7 i
10 10 10 Xg 10
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Gluon and sea quark shadowing
Details - PLB 657 (2007) 170

Gluon shadowing
Seaquark shadowing

1+ Q2=8.5 GeV?

[ Q?=20Gev?

08|
S
L os Socs o001 0001 001 o1 f
o
~ =
m"h.aj =eeeeeees H{ NLO QCD 2002 (QF = 6.5 GeV?)
F H1 NLO QCD 2006, FIT A B OhA

0z H1 NLO QCD 2006, FIT B R(A/B) = — —
£ 1 | | ( / ) A O’hB

7 Q2 =90 GeV?
@ strong shadowing obtained
@ no fitting or free parameters!

Covvvvd vl v vl v
10° 10° 10° 107 X, 10
9
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Relation to heavy ion experiment
Nuclear interactions at high energies

Corrections to the Glauber formula

Due to AGK all rescatterings cancel at mid-rapidity and s — oc!

Density of charged particles

dndg(b) _ Tas(b) ol dnd

dy ol dy
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Relation to heavy ion experiment
Nuclear interactions at high energies

Corrections to the Glauber formula

Due to AGK all rescatterings cancel at mid-rapidity and s — oc!

Density of charged particles

dnag(b)  Tag(b) ol dndy
dy ol dy
4
Shadowing correction!
dn2, (b Tag(b) o dna
ﬁ/;() _ ABO.iAnglapp al R(A/N)R(B/N)
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Relation to heavy ion experiment
Nuclear interactions at high energies

Corrections to the Glauber formula

Due to AGK all rescatterings cancel at mid-rapidity and s — oc!

Density of charged particles

dn2; (b) Tas(b) ol dnd
dy T T oher Tdy
4
Shadowing correction!
dnfj‘\A(b) _ TAB(b) Upp dnd

gy R(A/N)R(B/N)

dy O',Tel

For RHIC a decrease of particle denisities by a factor ~ 2, for LHC ~ 4
- agrees with experiment! =

Capella, Kaidalov, Van; Heavy lon Phys. 9 (1999) 169
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Relation to heavy ion experiment
Example: J/i) production in hA @ RHIC and LHC

arXiv:0711.4672 [hep-ph] , arXiv:0708.3801 [hep-ph]

s — shadowing in agreement with data at
N 1= RHIC
E |
ok e — first signal of coherent HQ production?
osf- y=-17

,_.:ﬂm? L L 1
b ; -l- a4 [T T T T T T e e e
e e T AT T B ]
= —T— 1 N ) [ iin bias|
n.sjy=0

-
Ll
04— cea @ - 200 Gev T — GEEEE- 200 GV b
y 02} = «ceEEE-55TeV T = =GGE@E-55TeV 1 A\
s b b b Lo L Lo Laaa 1 2
2 4 6 8 10 12 14,16 A VR PUTTY PETURTTIN PP PRRTI SRTRLTRETRRT: 11 PRTTE PYRTS PYTTL FPTEE POV FRTT SRTTL SYPTI Y, El
coll 4 3 2 4 3 1 2 3 4 4 3 2 4 1‘: 1 2 3 14 /
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Relation to heavy ion experiment
Example: J/1) production in hA @ RHIC and LHC

arXiv:0711.4672 [hep-ph] , arXiv:0708.3801 [hep-ph]
s — shadowing in agreement with data at
41 —i- RHIC
- . , . :
ok A — first signal of coherent HQ production?
i . @ at LHC - strong IS effect!

—y=-35
155 Y |

—y=35 —ey=35 3

PR SRR N
2 4 6 8 10 12 1416 bbb b b b b DT b b b b L L L

coll 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
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Relation to heavy ion experiment
Example: J/i) production in hA @ RHIC and LHC

arXiv:0711.4672 [hep-ph] , arXiv:0708.3801 [hep-ph]
s — shadowing in agreement with data at
1 - RHIC
E
ok e — first signal of coherent HQ production?
B A . @ at LHC - strong IS effect!
Fral
27 l l
e e
£ N\i—\_[_
T
n.s:—y=0 —
v i R Y R ]
ol e e e Lo b L b — - —y=385
2 4 & 8 10 12 146 M T T P SR SR B I
coll 0 50 100 150 200 250 300 350 400

part
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Relation to heavy ion experiment
Example: Predictios for LHC

Rapidity and pr spectra of charged particles

dNi/dy, HYDJET1.4, PbPb (biO) dNi/dpY (Im1<2.5), HYDJET 1.4, PbPb (b=0)

3 <N(soft)>=30000
B <N(soft)>=30000 10
2400 . (_so 1)0 o/ ptmin=10 GeV/c
ptmin=10 GeV/c

2200 102 ____ with quenching, with shadowing
I with quenching, w/o shadowing
2000 10 <iereeen w/0 quenching, with shadowing
i /o quenching, w/o shadowing
1800} 1
1 —1
600 10
1400} — with quenching, with shodowing —2
| with quenching, w/o shadowing 10
1200[iF - w/o quenching, with shadowing _3
I .. w/o quenching, w/o shadowing 10 :
. Ll Lo b L { " - . T - . L . I
10000 4l Lo i 2 s s s 5 10 15 20 25 30
y P, GeV/c

Rapidity and pt spectra of charged hadrons in Pb+Pb collisions at
LHC energy /s = 5.5 TeV. Quenching and shadowing is only for tl}e
hard part, < N(soft) > is a free parameter.
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Summary

@ Nuclear shadowing was calculated in the Gribov approach

@ Large shadowing corrections both for gluons and sea quarks are
found from diffractive data

@ No parameters were fitted in the model
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Summary

@ Nuclear shadowing was calculated in the Gribov approach

@ Large shadowing corrections both for gluons and sea quarks are
found from diffractive data

@ No parameters were fitted in the model
@ Shadowing leads to a substantial drop of particle densities in
heavy-ion collisions compared to the simple Glauber model

— visible e.g. in d+Au collisions at RHIC (J /%, high-p, production)
— crucial in nucleus-nucleus collisions at RHIC and LHC!
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Summary

@ Nuclear shadowing was calculated in the Gribov approach

@ Large shadowing corrections both for gluons and sea quarks are
found from diffractive data

@ No parameters were fitted in the model

@ Shadowing leads to a substantial drop of particle densities in
heavy-ion collisions compared to the simple Glauber model
— visible e.g. in d+Au collisions at RHIC (3 /+, high-p production)
— crucial in nucleus-nucleus collisions at RHIC and LHC!
@ Essential tool for the study of hadronic matter at extreme
conditions
— high density quark-gluon systems in deconfined phase
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