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Correlations and Fluctuations: Talks

|. Event-by-Event Fluctuations from PHENIX (Tomoaki Nakamura)

2. Event-by-event Fluctuations from PHOBOS (Zhengwei Chai)

Event-by-Event fluctuations from STAR (Claude Pruneau)
Correlations in Transport Models (Denes Molnar)
Trigger particle correlations PHENIX (Paul Constantin)
Trigger particle correlations STAR (Jason Ulery)
Correlations and Recombination (Steffen Bass)
Correlation and Fluctuation measures (Tom Trainor)

9. Auto correlations and event structure (Lanny Ray)

0. Correlations/fluctuations from SPS (Georgios Tsiledakis)

| 1. Correlations and Parton Saturation (Kirill Tuchin)
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Correlations and Fluctuations: Talks

Event-by-Event Fluctuations from PHENIX (Tomoaki Nakamura)
Event-by-event Fluctuations from PHOBOS (Zhengwei Chai)

Event-by-Event fluctuations from STAR (Claude Pruneau) M any n eW res u ItS !

Correlations in Transport Models (Denes Molnar)

Trigger particle correlations PHENIX (Paul Constantin) M any n ew id eas!

Trigger particle correlations STAR (Jason Ulery)

Correlations and Recombination (Steffen Bass) ; |tt| e |
OO IlIttie tiIme.

Correlation and Fluctuation measures (Tom Trainor)

Auto correlations and event structure (Lanny Ray)

Correlations/fluctuations from SPS (Georgios Tsiledakis) S ¢ e
ummarize main

Correlations and Parton Saturation (Kirill Tuchin)

new directions
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Eve Nnt- b)" Eve Nt Ph)’S'CS (last century)
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XE-by-E

Hadron Gas
Enhanced Fluctuations

near Critical Point
Matter Density ug (GeV)

“Event-by-event Physics:
Search for critical phenomena
induced near phase transition/critical point
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Classic Example: <p1> Fluctuations

e PT - simple observable (supposedly...) NA49, Phys Lett B459 (1999) 679

o High statistical precision: OPT/<pT>inC<
0.1%

e Sensitive to many interesting scenarios

0.4 0.5
M(py) (GeVie)

Event-by-event <p+> compared to

stochastic reference (mixed events)
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Classic Example: <p1> Fluctuations

e PT -simple observable (supposedly...)

=
ke

o High statistical precision: OPT/<pT>inC<
0.1%

e Sensitive to many interesting scenarios

dN/dM_[(GeVic) |
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Mp_‘ (Gevic)

PHENIX: Au+Au 200GeV

-
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p1 Fluctuations vs Vs
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Strangeness Fluctuations vs Vs

NA49 (QM’04)

(K" + K/t + 1)
» Data
« UrQMD v1.3

/H\_‘/l <
- i
INA49 preliminary

5 10 15 20
sqri(s)

Fluctuations in
K/pi ratio
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An Evolving Paradigm

* Event-by-Event Physics

e Critical phenomena?
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An Evolving Paradigm

* Event-by-Event Physics

e Critical phenomena?

e Fluctuations of conserved quantities (2000)
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Net Charge Fluctuations - Smoking Gun?

P
220

"I
e X

Net Charge N+_- N

* Net Charge/Ay Fluctuations <->
Charge/DoF

— Jeon, Koch hep-ph/0003168
— Asakawa, Heinz, Mueller hep/ph/0003169

— Change from (0

« Fluctuations frozen b/c charge
conservation
— Diffusion vs Expansion timescale

VTR VPR S | e Fluctuations of NT/N~ or NT- N~

Ratio NT/N™

vs statistical reference
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Net Charge Fluctuations vs Vs

I
5% Central Au+Au JRAR Preliminary
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Is this a Problem?

e Basic argument still appears valid

* Possible Explanations

e Diffusion in long-lived hadronic phase? AR

na

Resonances!?

A feature of hadronization?

N=2 mT=0.40 N=4 —y—
Ne=0 N=4 —l—
MN=0 MN=8 —a—

Quark Coalescence!?

Bound states!?

zRenormalized Polyakov loop

6. The renormalized Polyakov loop in full QCT compared to the quenched results"’ .

e Need connection to other data and QCD
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An Evolving Paradigm

* Event-by-Event Physics
e Critical phenomena

e Fluctuations of conserved quantities (2000)
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An Evolving Paradigm

* Event-by-Event Physics

e Critical phenomena

e Fluctuations of conserved quantities (2000)
* Fluctuations and Correlations

e Use correlations to study transport properties
of the medium
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Correlation Probes of the Medium
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Correlation Probes of the Medium
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Analogy: Cosmic Microwave Background

Use scale-dependent analysis of correlations in frozen-out
final state to constrain dynamics of early stage expansion
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Correlations at ‘high’ PT

Inl < 0.7, 4 GeV/c < PTtrig < 6 GeV/¢, 2 < PTasso < PTtrig

e d+Au FTPC-Au 0-20%

k- —— p+p min. bias i;jhn

* Au+Au Central

1/Np e AN/A(40)

Leading Particle

STAR PRL (2003)

Relative to trigger particle:
- Jet-like near-side correlations visible in Aut+Au
- Away-side correlations disappear for central Au+Au
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Jet-like Correlations in p+p

—=— h-h"20<p, _<25GeVlc
—e— n°-h"20<p,__ <45GeVic
—s— m-h25<p,_ <50GeVic

<(ksz,,,)> (GeV/c)

PHENIX Preliminary :  PHENIX Preliminary d}

PHENIX Ns=200 GeV
CCOR Ns=62.4 GeV

-
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d+Au Back-to-back Correlations

* Disappearance of back-to-back correlations in dAu collisions
predicted by KLM seems to be observed in preliminary STAR data.

=° + h* correlations, preliminary STAR data
Vs =200 GeV, [(n )| = 4.0, |n,| < 0.75
p+p d+ Au
- S=11+1Y¥ - S=2+11VY

 B=504+1Y  B=88.1+1.6Y¥
2- 64=1.13+0.07 0.2- o, =0.54 +0.27 (prp=1.1GeVic

Ogawa at DIS2004

o
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|dentified Trigger Particles

0.15<P7Assoc<3.0 GeV/c 2.0<PTAssoc<3.0 GeV/c

# 75% Proton 5 2 « 75% Proton/PBar

& 75% PBar ! :
« 95% PiPlus 2 + 95% Pion

< 985% PiMinus

STAR Preliminary

3<PTTrig<4 GeV/c AutAu Central Year 2
Trigger particle v2 is obtained by

© V2paryon/V2meson=3/2
& Vzbaryon*)’ieldbaryon *+ V2meson™Yieldmeson = Vzcharged*)’ieldcharged

Correlation functions look similar between different trigger particle
species.
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|dentified Trigger Particles

g | NeasSid - 14 2 grray

T 0 . .12 (ii) soft + F-F ¢, = 0

3 | ] 0.2 %.}-2:\“‘ A (i) soft+F-Fc,=008 A

5 005 i % i Z 06 ® (iv) soft + F-F ¢, scaled

3 % _ - R i gl % (v) F-SH only

byl _i@ ~~~~~ ] 0.2 —— lncl. soft and F-F corr < PHENIX A
R S i 0.15 0.0 0.2 0.4 o.sa%s 10 1.2 14 O O A

A

¢ meson tnggers, AuAu

z ; o . |
- = baryon triggers, AuAu 4 A {( :{( _
E""“_}::::::::'}:"--::::;:::-::::::I:::::_ ! 8 % P % ? % {(O ‘
.8 ol Away Side o meson tnggers, dAu b ¢ ¢ * +
= - o baryon tnggers, dAu - * *
3 L . . - o0 ———— . 1 O O W& .
s charged hadron (nggers. pP 1 0 50 100150 200 250 300
> 0,05 -
%) 0 i i 1

“Recombination can accommodate
correlations, given the ‘right’ input”

Predicti ?
“Away side: partner rate S ta LN S

as in pp/dAu confirms jet

source of baryons!”
nucl-ex/0408007
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Correlations at not-so-high pT

AuAU Sy = 200 GeV; 1<py (., <2.5<p], <4 GeVic
(a) 0-5% 5 (b) 5-10%

(c) 10-20% - : Cone-
Structure!

Sonic shock waves
Stoecker, nucl-th0406018
(e) 40-60% 1 (f) 60-90% g Casalderrey,Shuryak, Teaney,
1 N A hep-ph/0411315
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Conical Flow
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Correlation Probes of the Medium
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Multiplicity Fluctuations

particles

Multiplicity Fluctuations from
forward/backward correlations

iﬂﬂﬁa‘\l AwAu MC dynamic fluctuations (40-80%: pm‘iphnralil
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Multiplicity Fluctuations

200 GeV Au-Au ¢(C) vs An for n=2 A 1<0.7, A ®<mrad, 0.2<p7<2.0 GeV/c
— 1.8
g E W Phobos Prelim. Data A T T T T T . T L !. T T T
5 175 o unGsGLANT 2 | PH ENI)(é Prellmgmary :
1.65— O HIJING(half $) :_:-"'-‘h'l '5 L ....... ....... ................. ]
- . T 'ﬁ'i" o0 H |
1.5 . . S [ - e e . ®
LS o R R ]
135 i : : : i
- o & 8 624 GeV Au+du i
12 o i § ® 200 GeV Au+Au .
11 ) ? 050 ... L A 200 GeV d+Au ]
£ - : ¥ 200 GeV pip T
E | \ L \ | Y E E ]
5 [ il
u | | | | | | | | 1 | 1 1 | 1 | | 1 | |
0 100 200 3?.‘0 400
Large non-statistical Multiplicity participants
Fluctuations

Many detailed studies by PHENIX
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Jets and <p+> Fluctuations

“PYTHIA based simulation, which contains scaled hard-scattering probability factor (Sprob)
by the nuclear modification factor (RAA), well agree with the measured FPT It might

indicate that jet suppression might contribute to the average pT fluctuation.”

[ ] PHEMIX Z00 GaV Au+Au, 20-25% ceniralily |

== mm e PYTHIA-based Simulaton

FHEMIX 200 GeV Aus+Au
FHENIX 200 GeV min. bias prp

Shmulation, min. bias prp. FYTHLA
Semulation, Ausdu R, -scaled 5 (N )
b pan

Senulation, Au+Au, consternt S (N
ot pant

5 100 150 200 250 300 350 400 . ) . ) . . 18 2 2.2
N ot pT™ (GeVic)

(=]
cﬂ
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Energy Dependence?

AR preliminary Claude Pruneau (STAR)
A 20 GeV

A 62GeV
O 130 GeV
e 200 GeV
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Correlations in p+p

Seeing partons at high pT

N

{ :

/\
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Correlations in p+p

Soft Look at Partons

Two-particle angular correlations show rich

m structure at low to moderate p+ (~GeV/c)
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From p+p to AutAu

Evolution of Structure
from p+p to
central Aut+Au

RPN EY o — N SFR PN EN Y T

0 T2
J. Adams et al. (ST%R),
@ yucl-ex/0411003.
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From p+p to AutAu

Evolution of Structure
from p+p to
central Aut+Au
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Momentum Correlations at SPS

All pairs Z p; (%)

CERES
158 AGeV/c Pb-Au
Preliminary

6T~
5 .
4 Lo
3 .
2
1
0
1
-2
0’

D 2 ’ o
N 03 9

Yy 04 1201
0513016515013 =

=pT = 100 * (<Apy i Apt,>)1/2 / p<incl> (%)

Angular Structure of Momentum

Correlations seen at SPS
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Momentum Correlations at RHIC

Subtract fragmentation peak to

70-80% .
look at medium

parton fragments

0.0
0.

-1 N4

centrality

~
Py
L2
>
2
2
X
2
S
~
[o%
<

bulk medium

Ap I Pp,, (GeVie)

STAR preliminary
“Minijets: velocity/temperature correlation structures on (1,$)”
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Correlations in Transport Models
Molnar’s Parton Cascade (MPC)

Elementary processes: clastic . 1 processes +

Equation for f{x. @)

5 (7R

(=, 1) initial conditions

with shaorthands:

advantage of transport approach :

bulk dynamics (v2) and jets in same framework

HERE: study jet correlations on parton level (before hadronization)

initial conditions: back-to-back dijets above pr > 2 GeV
uncorrelated soft partons below pr < 2 GeV
Au+Au @ 200 GeV, b = 8 fin - same as for
charm study DM '04




Correlations in Transport Models

cut on initial parton py
23 [ | | pTit, [:.I.|2::- 2GeV
2 | f\ = 4GeV
= BGeV

dM/d delta phi

2 3 4
delta phi [rad]

e This is the first study of jet correlations that treats the bulk sector and
jets in the same framework. The results are encouraging but need several
improvements:

- add soft partons (“push” effect will contribute)

- study centrality, particle type dependence (higher statistics)
- include hadronization (coalescence, fragmentation)

- extend to radiative processes, coherence

- could also study other correlations, e.g., Mach cone ...
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Analogy: Cosmic Microwave Background

Cosmic microwave background

WMAP l.
Penzias, Wilson 2003 gta
1964

<T>=3K

R—pnlarized CMB

ey

: f t.‘"l:"‘” "lll--'-_..-—
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Analogy: Cosmic Microwave Background

Cosmic microwave background

WMAP

WMAP et al.
Penzias, Wilson COBE 1992 LA

1964

We are about here -
a long way to go!
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