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Cerenkov Trigger Counters

Octagon Multiplicity Detector
& Vertex Detector (Silicon)

Ring Multiplicity Detectors
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PHOBOS Research Program

l. Systematic study of charged hadron production in
p+p, d+Au, Cu+Cu, Au+Au

Il. Comprehensive study of correlations and fluctuations

All-inclusive count, incl. tests

2 " PHOBOS Run
E j Cu+Cu
Analyses are based on data sets W
collected during the first 5 RHIC runs, : Run 4
exploiting the large coverage in n and ¢. °'5_AU+AU Run3  JAutAu
- Run 2 -/CH‘AU

0 ' ' '
Qm’01 Qm’o2 Qm’04 Qm’os
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Systematic Studies

The study of global properties of charged particle production
in different collision systems is essentially completed.

arXiv:0709.4008 [nucl-ex]
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Systematic Studies: New Results

Charged particle production

N Tot

arXiv:O709.4008 [nucl-ex]
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Systematic Studies: New Results

UNIQUE PHOBOS measurements on
energy and centrality dependence of the low-p; spectra

Phys. Rev. C75, 024910 (2007) New data
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Systematic Studies: Summary

» Particle production in HI collisions is controlled by simple

scaling rules
N . Scaling of total N,; extended longitudinal scaling in the nucleus rest
frame; factorization of the energy and centrality dependencies

— The collision geometry determines the dynamical evolution
of the system

— To date no theory/model can consistently explain the
scaling rules

— The observations provide a tool for extrapolating RHIC data
to the LHC collisions
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Correlation & Fluctuation Studies

Exploit large n- ¢ coverage of the PHOBOS detector

PHOBOS Acceptance — by far the largest of all RHIC experiments
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Correlation & Fluctuation Studies

Insight into different stages of the system evolution

Initial state

Hydrodynamical evolution

Freeze-out

Fluctuations
of the
initial source
geometry

Elliptic flow
fluctuations

Barbara Wosiek for PHOBOS

Medium response to
high-p; partons
2> p-triggered correlations

Hadronization
- two-particle

correlations
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Correlation & Fluctuation Studies

New results from PHOBOS:

v" Fluctuations of the initial source geometry from the Glauber
Monte Carlo model

v Elliptic flow fluctuations corrected for non-flow effects

v Two-particle correlations with high-p+ trigger for Au+Au

v Two-particle correlations in (An,A¢) for pp, Cu+Cu, Au+Au
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v,/ (apart)

Initial Source Eccentricity

Monte Carlo Glauber (MCG) approach
arXiv:0711.3724 to be published in Phys. Rev. C

Robustness of <g,,>:
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v, Fluctuations and Initial Geometry Fluctuations

Quark Matter 2006 Highlight:

PHOBOS measured

large dynamical fluctuations of v,

o(vy) S(Epart)
<Vy> < Epap >

This result was corrected for non-flow
contribution estimated from the HIJING model
(negligible, <2%)

Quark Matter 2008:

- Non-flow contribution determined

from data
- Relative v, fluctuations

corrected for non-flow contribution ——»
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Determination of the Non-Flow Term o

Non-flow term: § = <CoS(2A0)> onsiows AO=04-0,

* Non-flow component is dominated by short-range correlations in An

* Flow component depends on n and is present at all An - all particles
are correlated with the reaction plane
-> This difference and the large PHOBOS acceptance in 1
allow us to disentangle the two effects

PHOBOS Preliminary
Au-Au 200GeV, 40-45%

For each n,; and n, measure the two-particle Vg
correlations in A¢:

AN
Rn (T]1 ) nz ’ A(I)) oC 2v2 (n1 ’ nz ) COS(ZA(I)) 0.002—_""""' = '?&7\\\\\“‘?‘:

17 5> TR .
N

v2(n1,m2) = Va(nq)- V2 (n2) + 8(ng,m2)
~ ~ e e 2., 2

flow component non-flow term W
flow © non-flow
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Determination of the Non-Flow Term o

* Assume that the non-flow component is small at large An
* Fit at large An (An > 2) to find the flow component of v5(ng,m2)
For large An:  Va(n4)-Va(n2) = V§(1”I1=112)

* Right-side was corrected for a small non-flow effect at An>2, estimated from HIJING

« Subtract the flow component from V§(n1mz) to get 6(n4,m,)

PHOBOS Preliminary

O |

0.0044 e

8(N1,M2) = V3(N1:M2) — V2(nq) - V2 (n2)

0.0021

* Average over dN/dn,, dN/dn,
<5>

non-flow
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Determination of the Non-Flow Term o

1. Determine v,(n,,n,)? from the
correlations in (n,,n,,A0)
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Elliptic Flow Fluctuations

.- g . 0.6 B I:| flow @ non-flow [nucl-ex/0702036] |
o(V,) — measured elliptic flow fluctuations ! _
i = | non-flow

(flow @ non-flow)

<®> — non-flow term determined from
the data

Contribution from non-flow to G(V,)
o;5(V,) = V<8>/2 (arXiv:07080800)
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Relative flow fluctuations I o —
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and compared | =1 o(v,)Av,) flow

to the eccentricity fluctuations

Within systematic errors the magnitude

of v, fluctuations 0.2}
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pr - Triggered Two-Particle Correlations

Motivation: medium response to high-p; partons
tests the presence of long-range An correlations
at near- and away-sides

pi?>25GeV/c 0<n" <15

passoc —no cut _ 3 < nassoc 3 Au+Au 200 GeV, 0-30%
T PHOBOS preliminary
For pions p; > 35 MeV/c at n~0 :

pr >4 MeV/c at n~4-5 1 d°N,,

Ntrig dA(I)dAn
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pr - Triggered Two-Particle Correlations

Short-range J=
|An| <1 s,
Iz

Long-range Sil= 1.3
—4<An<-2 TIT
I

0.5

Talk by Ed Wenger
Barbara Wosiek for PHOBOS
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Two-Particle Correlations

How are hadrons produced at freeze-out?

Multiplicity independent two-particle correlation function:

F,(An,A9)
R(An,Ad)=((n—-1 —
(An,Ad) = ( (n-1) B, (A, A0)
New
P PHOBOS preliminary ) PHOBOS preliminary - 0
PHOBOS p+p@200GeV ~10-10% 1 0-10%
e e Cu+Cu@200GeV Au+Au@200GeV

o'éo:o’o - ' LRI ‘
R - ;‘0 0 \ \\\
’u“;“;, 5 s - o‘t‘\‘ O

R(An,A9)

Phys. Rev. C75(2007)054913

J. Phys. G34(2007)s1005
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Two-Particle Correlations

7T
.  PHOBOS preliminary

pi i After averaging over A$, R(An) shows
[ Au+Au 200 GeV 0-10% | short-range correlations, which can be
N ) - explained in terms of clusters:
s - 4 4
E" o N ] K. : effective cluster size
i”ii ii' Tii iii” \Z §: -
- Mgt T L 2 o: cluster decay width
.2_— -
5 0 5 Z
An 3t +++ + + -
Effective cluster size in CusCuand AutAu £ g 'y b b

 Cluster size decreases with centrality

* All cluster sizes are larger than extracted
from models with resonances (~1.7)

* For the same N

-+ ® PHOBOS Cu+Cu 200 GeV
| ® PHOBOS Au+Au 200 GeV

part:
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Au+Au clusters > Cu+Cu clusters 0 100 200 300
part
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Comparison of Au+Au and Cu+ Cu

Two-Particle Correlations

for the same fraction of

the inelastic cross section /o,

| PHoBOS preliminary ' ']
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Size of the clusters in Au+Au

1 'GIGO

is similar to that in Cu+Cu

Talk by Wei Li
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Away-side clusters are smaller
and depend more strongly on
centrality than near-side ones.
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Correlation & Fluctuation Studies: Conclusions

0.6/ EI ol Cpﬂlrl)f(;:plarti i
[ ERetMvew ]
» Fluctuations of the initial source Tod o it
geometry are imprinted in |

Npart

the final distributions of particles
-> system thermalizes very rapidly

27 A<M <2 e purAu0-10% ]
< 1 5_ """" PYTHIA v6.325_;
» Ridge effect persists up to An =4 I
in central Au+Au collisions
» Effective cluster size shows
intriguing system size dependence
0.5 0.6 ill7clc(;: 0.9 1
India, Feb.4

Barbara Wosiek for PHOBOS Quark Matter'08 - Jaipur,



PHOBOS at Quark Matter 2008

« TALKS:

Ed Wenger — High-p; triggered correlations in Au+Au collisions

Tuesday, parallel session VIII, 16:10
Burak Alver — Measurement of non-flow correlations and elliptic flow fluctuations

in Au+Au collisions at RHIC

Friday, parallel session XII, 14:00
Tomasz Gburek — Energy and centrality dependence of particle production
at very low p;
Saturday, parallel session XVII, 14:40
Wei Li — System size dependence of two-particle correlations in p+p, d+Au,
Cu+Cu and Au+Au
Saturday, parallel session XIX, 15:20

« POSTERS (Wednesday) :
Gabor Veres — System size, energy, centrality and pseudorapidity dependence of

charged-particle density in Au+Au and Cu+Cu collisions at RHIC
Vasu Chetluru — Antiparticle to particle ratios using the PHOBOS detector

Richard Hollis — The importance of correlations and fluctuations on the initial
source eccentricity in high energy nucleus-nucleus collisions.
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Backups
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Initial Source Eccentricity

Monte Carlo Glauber (MCG) approach
arXiv:0711.3724 to be published in Phys. Rev. C

Study of the robustness of <¢, >:

Binary collisions vs. participants Local matter distributions

]_ | L L L L L AL B B I I I L I 1 L I ) B O B B o B I I I I B B 3
B — — Binaries (x=1) Ratio to Participants /' — - Hard-sphere (Rh =0.6fm) .k Ratio to Participants ]
B s F — T e e
TR ---- Mixture (x=0.13) ™[ 7 ] - . Gaussian (c,= 0.3fm) i ]
g -
0.81» o [ _- 0.8 0ol E
B \ Participants (x=0) s j / - h —— Participants (point-like) ]
~ o6l \\ Nt “~ o6 *°F E
~06— W\ = [icmem===-""" h + 0. F 3
RN P 5 | ]
o N\ X \\ 050 100 150 200 250 800 350 | o 0 50 100 150 200 250 300 350 |
\ \ e S~ Number of participants W Number of participants
~~ 04— s \\ ~~ 0.4
- N T~ ] ]
= S S~— 4
L S o | |
02 A =AutAu 0z AutAu ]
L s~ i i
- Cu+Cu ~Sm B :
O B 111 l 11 l | I I - l N N - l 111 l 11 l 11 l 11 ] 0 B | I - l 11 l 11 l ) I I - l 11 l ) l 11 l 11 ]
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Number of participants Number of participants

Participant eccentricity is robust to the Glauber model assumptions
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Fluctuations of the Initial Source Eccentricity

Full MCG approach: includes spatial correlations among participants
arXiv:0711.3724 to be published in Phys. Rev. C

1/ o higher order cumulants
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0 as a function of centrality

* Average 6(n,,1;) over all hit pairs

—
'%|PHOBOS -

0.021- . : + Hijing

© " .
. [

* Non-flow in data is 0.0 L ’
larger than in HIJING - e .
. - Au+Au A
* These values are valid - PHOBOS Preliminary 200GeV -

for PHOBOS geometry Og— 100 200 300

N
part
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Model Comparison

* Results are in agreement with both Glauber

and CGC calculations within errors

Barbara Wosiek for PHOBOS

- I I I I l I I I I I I I I
0sl T U(Epa!rt)!{e%m} Glauber j
| [ ofv, )y, flow
i o(e)/{e) CGC
0.4 .
0.2 .
B Au+Au
" PHOBOS Preliminary I200GeV 7
0o 100 200 300
N
part CGC: arXiv:0707.0249
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Comparison to Total Fluctuations

= I ' ' ' ! | ! T T T |
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Comparison to STAR

| 1 1 T 1 | 1 1 1
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PYTHIA p+p Reference

 PHOBOS is limited by statistics in p+p

« Compare our AutAu results to PYTHIA,
which reasonably reproduces STAR p+p
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2;""""""' 4 < prriz < 6 GeV/e II””I”I,IE.II;}ISI:
B - 1 . ; = . ]
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STAR,PRL 95, 152301 (2005)
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Comparison to Predictions

0-10% central |A¢|<1rad

C.Y. Wong, private communication

T T T I T T T I
PHOBOS preliminary
- —®— Au+Au 0-10%

1 mommmnen PYTHIA v6.325
— Momentum Kick Model

C.Y. Wong PRC76, 054908 (2007)
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Keff

Clusters in Cu+Cu and Au+Au

T T T T I T T T
PHOBOS preliminary

- ® PHOBOS Cu+Cu 200 GeV -
® PHOBOS Au+Au 200 GeV

0 100

200 300
part

e Cluster size decreases with N
e Enhancement of cluster from p+p to peripheral A+A.

* No strong dependence on N
Barbara Wosiek for PHOBOS

par

part
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PHOBOS preliminary

- ® PHOBOS Cu+Cu 200 GeV
® PHOBOS Au+Au 200 GeV

200
part

for cluster decay width.
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Near- and Away-Side Clusters
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PHOBOS preliminary
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Cluster Model

K. Eggert et al.,
Nucl. Phys. B 86:201, 1975

correlations between particles
from one cluster

Two-particle rapidity correlation function: ()« expE_ (A 77)2}
465°

Decay width:v/2 8
R(An) = aLF(A ) _ 1J

/ B(A7)
k: cluster size
\

. 2
Keff:a+1:<k(k 1)>+1:<k>+ .
<k> <k>
Keff : effective cluster size B(A7): background distribution

Barbara Wosiek for PHOBOS Quark Matter'08 - Jaipur, India, Feb.4 37



