Cuark Matter 2001,
Foar .. Eskola

Lniv. of Jyviskyla

On Predictions of the
First Results from RHIC

1. Charged Particle Multiplicity dN .y, /dn
o Prodictions ar QN9
o Prodictions and PHOBOS data

2. Centrality dependence of dN 4, /dn
o Hard 4 Soft or Saturation™
the sitnation after PHENIX data

3. Elliptic flow w9
e Frvolution: Hvdro or Cascade?
e STALR data <= Early Thermalization”
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roovE see [Armesto, Pajares, hep-ph /0002163



o HHLJING

fHeavy fon Jet Interaction Feent (Generator
MNOND Wang, M. Gyulassy

« ZPC
Zhang's Parton Cascade
I3, Zhiang

o ART
A Relativistic Transport Mode!
B.A.Li, CM Ko

o« HIJINGH+ZPC+ART
Lo Lin, CM ko, B-A L1 B Zhang

o ROMID
Relativistio Quwanfum Wolecuwlar Diygnamics
H. Sorpe ot al

o LirQNIDD
Ultrarelativistic Quantum Wolecwlar Dynamees
5 Bass, A Belkacem. M. Bleicher, M. Brandstetter, L. Bravina,
C Ernst, Lo Gerland, L. Neise, 5. 5off, O Spieles, H. Weler, H.

Suicker, W, Gretner
e VINI
I Winder-Cieiger

« H5D
Hadron String [hmamics
W, Classing, B L. Bratkovskava
o WEXTTS
H.-I. Direscher, M. Hladik, 5. Ostaptehenko, B Werner

« DPM
Dual Parton Model
Al Clapella, AL kaidalov, Tran Thanh Van



« DPMIET
J Hanft

s SEM
String Fusion Model
MoAmelin, N Armesto, O Pajares, [ Sousa
o LEXUS
Linear EXtrapolation of Ultrarelafivistic nucleon-nucleon

Seafterig fo nuclews-nuclens collisions
5. Jeon, . Kapusta

¢ EKHRT saturation model
kL Eskola, W Kajantie, PV, Rouskanen, K. Tuominen

o Hydro+UrQNMNID
5.0 Bass, AL Dumitr

s ireball Model

1. Stachel, P Braun-Aunzinger

¢ McolLerran-Venugopalan Model
AL Rrasnitz, B Venugopalan



LEXUS [Jeon & Kapusta, nucl-th/0009032]:
1) Fit all the parameters at nucleon-nneleon level
2} Linear extrapolation to URHIC
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o clearly overpredicts the RHIC data
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AMPT = HLIINGH+ZPC+ART
[Lin. Pal. Ko, Li. Zhang, nucl-th /001 10549]:
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Dual String Model + Fusion

Liwm s Falk

mitial conditions: HLJING
afterburners: ZPC — partonic

ALRT — hadronic

(some of | the parameters from
the SPS data
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HIJING [Wang & Gyvulassy, nucl-th/0008011];

Hard = pOQCD minijets
pr = py hxed, shadowing

4 R e
Soft = strings F 0 UAS
' & 7 & Fermilab =Y
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EKRT Saturation Model
Eskola. Kajantie Ruuskanen, Tuominen. hep-ph /9909456];

pQCD minets pr = g

+
Saturation of produced gluons = py = paarl s, Al
+

Hvdrodvnamical further evolution



Implications?

Lo TN
o within cach model, for ('}}}f.J‘:

Theor. uncertainties 3 Experimental (svst. )
errorhars

o [irst RHIC data

— Ubtain verv nnportant constraints for the models
Fasential further constraints from £ !
Iy more sensitive to the evolution than N,

= Eventuallv, hope to rule out models

o Coherence phenomena in particle production
mmportant at RHIC

o Bificient final state interactions needed
= pressure, thermalization Chow carlv? see sl

e Unset of pQJCD particle production



pQCD Minijets in URHIC

(Blaizor Muoeller 87, Kajantie, Landshoff, Lindfors 875
Eskola, lajante Lindfors "89: Wang, Gyulassy, HLIING, 01,
Getger Mitller, POM, 91

o [actorized approach:
iT_jE-t{P'!’ = py) =K ;’—j fxf‘l & fj;".fl & f}zj
Computable in LO but 4 uneertainties:

o /U ~ 27 now NLO development
Eskala, Tnominen hep-ph /0010319, Tuominen’s poster

Levtdov Ostrovsky, hep-ph /9811417
o nuclear PDFs: f (e, Q) = RMa, Q) e, Q%)
* 3 different parametrizations for B (fig)

* however: 2 constraints for R;f: R;],'l arnid H; from 1S
— ERS9% [fig)

— affect the determination of pg
HIJING: pp = 2 GeV, from ppodata
ERRT: dyvnamical py = poul /5. A)



dN_, /dn

HLIENG & =130 GeVin b=0-3 fm
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HILJNG prediction, from X.-N. Wang,



ERS958 — DGLADP + constraints from DIS & DY,
conservation of B & p

[Eskola, Kolhinen, Salgado, hep-ph /98072877
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On Gluon Saturation

(@)
or

e Saturation of N, when
Ny Q,AY ) % a,(Q) ~ TR
locally
dN, () N 1 N ()* QE )
d?sdy T, 6] T o)

= () = Quur.  1F Ny(€Q)) can be computed

e (). = -"1"-'!;!{.‘]3 at high -.,.,.-"'E-



A. Saturation in the initial state (wave f.)
[Gribov, Levin, Ryskin'®3; Mueller Qi 86; Blaizot Mueller 87|

. TN, .
2 . i e T Do
Q:-mL - m_'_l'ﬂ'.ﬁ I.LQ:-m'. _.|~LG|__~{-1 th | JII.-I |;5.|
N

MeLerran, Venugopalan, 94, PRD49,50,59;
NMueller hf*[]—[}lll.-"".ii'.[mﬂﬂ}_}ff] Venugopalan's talk

. .""u_l;,'i saturates = g huninosity reduced = ?frf"l finite

AN NG CrQl

e e

d* sddy N disdy 27

o ¢ ~ 1 [Mueller, hep-ph /9906322

e o — 139 analvtically! [Kovchegov, hep-ph,/0011252]
PHOBOS data = Q7 =21 GeV? cevehenas!s btk

o o — 1.20 4+ (1L09 based on SL7(2] lattice cale.!
Irasnitz, Venugopalan, hep-ph /0007 108]

o o = .25 £ 0,20 fromm PHOBOYS data
Tharzeey, Nardi, nucl-th/0012025)



B. Saturation of produced gluons, EKRT

[Eskola, lajantie, Runskanen, Tnominen, hep-ph /9909456

® Saturation

- T 4 , .
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; X fa ) L .'..; AT i N ;
.f'j"fl.ll.j'}[]_l Tt P-:_I - = I,I;m o 1] 3 = "\II"-':l-'Ell-.ln::hl.' e _"'1l
o Full caleulation: xglx, per) ~ 7% EKS9% shadowing

= Nyalpat) = L3834 #22] f5)0.383



e [nitial state thermalized:
.E.'-J;ll!-l _..:" 'E_| _.:" .]__I _.:" J:.Hi.-r m .:\I'r.-__!'__‘l [IPH."I.[ :l

o Expansion stage = [3) hvdro with minnet 10
at 7y = 1/ Pt

e Lnfropy conserving expansion
— OGN, == 5 = 5 = AN

ANy 2 2 0 . o
= = TN = TL20AM ) e PHOBOS
cly . 3
e More detailed L hyvdro with saturated minijet [C
[Ruuskanen et al.’-

11 T T T TTITI T I
& A1) i b
A A a=]TT1T7E — By Y
m R e
T W Ag=1RE L0
0 Phaoinor daca -
W
= o
— 2 T e
e S
e o
-
E_.. __.-'-::-'i-.
t 1 = .-":_.,.-"-F.
L s B i
= - o
— B .-i:.'::_‘-".. i
“ - -:_'__':-' i




2. Centrality dependence of N

e HLIING [Wang, Gyulassy, nucl th /0003014
da"ll"rr"n
1)

x T ; A4
— -'1""|mr1 Teuft + f*\" 'Hiﬂﬂ-jt'l \Pn)

e ERRT saturation [Eskola, Kajantie, Tuominen.
hep-ph/0009246: need a local saturation criterion

d...n'l‘:;-'h :-'_} I'i_'ﬁllr__] A i N ) |
= 0. ) 0! (5 A b.s)
oy JEI'::} dyy 0 ngd s Pi (s, A bs)

o |Kharzeev Nardi, nucl-th/0012025);
. “Soft + Hard”

I:.n!r_'ﬂlll::_-h ; d l r y
rf-.u,r = (1 — .?:_.]".!;:-,r:--]i."i']mn + In.l'".l""'\.]"i“

it a from PHODBOS = predict centrality dep.

2. Initial state saturation
ANg 2
Ii'u!r]']' : E{-ﬂi‘\']}:ar'r:"-{-"lzr:- E‘d);ar )

fit ¢ trom PHOBOS = “predict” centrality dep,
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Implications?

e Data = Important constraints for the models!

- HLJING: jet quenching, shadowing

- Saturation models: the exact form of the
saluration criteron
ladd o pest ) n that of EKRTY)

¢ Hard to rule out models based on
d N, dNy,
b (b alone,
dry (]

most {all?}) models can be tuned to reproduce the data

o Eyowill be more efficient model-killer !



2 %, . Transverse energy

e Problems in the mitial Fp prodoction:

* Classical fields Krasnitz Venugopalan -

5
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3. Elliptic flow

Physics [Ollitrault 92
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o Parton cascade [ZPC)
[Zhang Guvulassv. Ko, nuel th/9902016]
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see also [ Molnar, QM99
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e UMD [Bleicher, Stocker, hep ph/000G147]
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o Hvdrodyvnamics (Huminen's talk)
[kolb Sollfrank, Heinz, hep-ph/0006129)«—prediction !
[Kolb, Huovinen, Heinz, Heiselberg, hep-ph /0012137
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o [Dvidro to Hadrons

Ttn I.t_l:llj, Hl-h.

(Teanev, Lauret. Shurvak, nel-th /0011055

OGP & AMixed phase:s Hydrodynamies

* Hadronie Phazed: Freeze-ont: ROMDw2 4
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Implications of

o STADR data = very important constraints for the
cdifferent models of the evolution of the dense system!

o Hadronie cascades: underpredict s

o Partonic cascades: need large re-interaction cross
sections — Hydrodvnamie hmat?

o Hadronic and partonic cascades:
linear rise of valpr) Ol at pr = 500 Mel
but fatlure at pyp 2 500 Mel

o Huvidrodvnamics:
* rompatible with data on e, v pyp) !
* to constrain the remaining uncertainties [EoS),
necd single particle pr spectra
" also Ny, reproduced (saturation init cond. + hvdro) !
* augeests early thermalization!

Thanks for help:
Fomume Tuominen, keijo Kajantie, Nestor Armesto, Pasi Hoovinen,
Hell Honkanen, Vesa hoolhinen, Vesa Ruuskanen, Ain-MNan Wang



