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Correlations Studies with PHOBOS

Exploit large n- ¢ coverage of the PHOBOS detector

PHOBOS Acceptance — by far the largest of all RHIC experiments
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Goals

Insight into different stages of the system evolution

Initial state Hydrodynamical evolution Freeze-out

T

Medium response to initial
hard scatterings

|
Hadronization of ‘clusters’

Edward Wenger 4 2008-05-27 BNL




Two Measurements

1. Two-particle correlations with high-p trigger for Au+Au

2. Two-particle correlations in (An,A¢) for p+p, Cu+Cu, Au+Au
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Previous Triggered Correlation Data

Medium response to high-pt probes near mid-rapidity

PHENIX, arXiv:0705.3060v2

0.4 . ' ) STAR, arXiv:nucl-ex/0701074v2
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v broadening in A of away-side compared to p+p

v enhanced correlation (“ridge”) at A$d=0 and large An
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Experimental Setup

High pr trigger tracks Associated hits Octagon holes are

pr> 2.5 GeV/c Full ¢ coverage filled using hits from the

O <nNuig< 1.5 Broad n coverage (-3<n<3) first layers of the
Spectrometer and

Single layer of silicon
No pr information

pr>4 (n=3) - 35MeV/c (n=0)

Vertex detectors
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Flow Subtraction

1 Ny _ S(AG,AT)
N, G5 dAn] = B { pagan - 2 [ [1+2Van cos2a9) | ]}
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The scale factor, a, is calculated such that the yield after

subtraction is zero at its minimum (ZYAM)
Ajitanand et al. PRC 72, 011902(R) (2005)
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PYTHIA p+p reference

e PHOBOS is limited by statistics in p+p

e We will compare our Au+Au results to PYTHIA,
which reasonably reproduces STAR p+p data
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STAR, PRL 95, 152301 (2005)
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Comparison of Au+Au and p+p

prtrie > 2.5 GeV/c
prassec z 20 MeV/c

1 dzN ch
dA¢ dAn

p+p __AutAu 0-30%

(PYTHIA) T N

‘) ll»

0.5 o, ,
0L 2
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Ridge Extent in An

Correlated yield on near-side (1Al < 1):

1 I 1 I I 1 1 I I 1 I
-~ PHOBOS preliminary IAdl < T

- —®— Au+Au 0-10% 1 7]
1 | sesnnee PYTHIA v6.325 i ® M _|
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1 d Nch
Ntrig dAT]
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Ridge Extent in An

Correlated yield on near-side (1Al < 1):

1 I 1 I I 1 1 I I 1 I
-~ PHOBOS preliminary IAdl < T
- —®— Au+Au 0-10% T |

LI PYTHIA v6.325 . \ dINER _
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Long-range
ridge yield
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Triggered 2-particle correlations

Short-range
|An| <1

Edward Wenger
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Triggered 2-particle correlations

Short-range
|An| <1

Long-range
—4< An <-2
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Integrated ridge yield

Short-range
|An| <1
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Integrated ridge yield
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e Similar broadening of the away-side
correlation in A relative to p+p over the
full An range

® Correlation at Ap=0 and large An (‘ridge’)
persists to An=4

® Ridge yield at large An disappears as one
goes to peripheral collisions, similar to
excess Yyield over PYTHIA at small An
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Inclusive 2-particle correlations

multiplicity independent No high Pt trigger!
2-particle correlations (soft physics)

R(AN,Ad) =< (n-1) F"(A”’Aq’)-l)>

B,(An,Ad)

R(ANn,A¢)

Phys. Rev. C75(2007)054913
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Inclusive 2-particle correlations

multiplicity independent No high Pt trigger!
2-particle correlations (soft physics)

R(An,A0)

R(An,A¢)

Phys. Rev. C75(2007)054913

2008-05-27 BNL
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Inclusive 2-particle correlations

multiplicity independent No high Pt trigger!
2-particle correlations (soft physics)

R(An,A0)

R(An,A¢)

Pw’

AL

Phys. Rev. C75(2007)054913

In p+p, particles tend to be produced in correlated fashion
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2-particle correlations

multiplicity independent R(AN,A) =< (n-1) F (An,Ad) _1
2-particle correlations ik B (An,Ad)
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Phys. Rev. C75 (2007) 054913 J. Phys. G34 (2007) 1005

v, component: <2(n-1)v,2>
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Parameterize Cluster Properties

" PHOBOS preliminary |
- p+tp@200GeV 7
p— a— ]
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Phys. Rev. C75(2007)054913
focus on short-range An correlations

Edward Wenger 17 2008-05-27 BNL




Cluster Size and Decay Width

LN

1

[ phys. Rev. C75(2007)054913
" PHOBOS
" p+p@200GeV

-

K. . effective cluster size
V2 &: cluster decay width
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2-particle correlations in Cu+Cu and Au+Au
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Extracting Cluster Parameters

Extracting cluster parameters from
two-particle An correlation function
(scale errors are shown as grey bands)

e Cu+Cu@200GeV
e AutAu@200GeV

30%-40% 20%-30%

10%-20%

4r 40%-50% 0%-10%
2 A » » - &
R(AmN)
or
b= !
4ar | PHOBOS ;;reliminary ' | | 1 | 1 | N | ':' |
2 * * s @ "
R(An) :
or %
| L L
-2pg \
5 An 55 An 55 An 55 An 55 An s
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Comparing Cu+Cu to Au+Au

Keff

Edward Wenger

For the same Npart

| PHOBOS preliminary '

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

L l L L L L l L L L L l L L

0 100 200 300
part

For the same fraction of
inelastic cross-section

Keff

| PHOBOS prefiminary’ '

® PHOBOS Cu+Cu 200 GeV .
® PHOBOS Au+Au 200 GeV

0.5

0.6 0.7 0.8 0.9 1
1-cslcs0

® (luster size decreases with centrality in A+A
® (luster size scales with geometry!
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Centrality dependence of clusters

| PHOBOS preliminary’ =

!
= - ‘f -
o [ ] Model comparison:
! i (_5 * | p
2 O n e Intriguingly, AMPT shows similar
® PHOBOS CutCu 200 GeV ] geometry scaling of cluster size.
® PHOBOS Au+Au 200 GeV , ,
O AMPT Cu+Cu 200 GeV - * The decrease of cluster size with
Ratio r© ‘I‘MPT AutAu200GeV: I centrality in AMPT is related to

hadronic re-scattering processes.

AuAu ]
e
0.8 ® PHOBOS 200 GeV

[ O AMPT 200 GeV
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Near- and away-side clusters

Study cluster properties differentially in A¢
Au+Au@200GeV, 0-10%

PHOBOS preliminary PHOBOS preliminary
N

RO
SO

Near-side clusters: Away-side clusters:
e 0°<A$<90° e 90°<A$p<180°
e higher p;  lower p;

Elliptic flow is averaged out by construction.
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Near- and away-side clusters

'PHOBOS preliminary’ '

(Cluster size)
w

N .
| Near-side clusters

=
!0
2
I ' Away-side clusters
B Cu+Cu 200 GeV, near-side

- A Cu+Cu 200 GeV, away-side -
| W AutAu 200 GeV, near-side ]

. A A|u+Au ZOP GeV, av}lay-side : .

Ratio e ® Away-side clusters are smaller

AuA X :
C”C”)1 e e and depend more strongly on
uCu/ [ 2 . .
0.8 m PHOBOS 200 GeV, near-side g centrality than near-side ones
[ A PHOBOS 200 GeV, away-side ]

1-clo, ' ® Splitting between near- and away-
side is more pronounced for Au
+Au than Cu+Cu collisions
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Near- and away-side clusters

(Cluster size)
w

Keff

'PHOBOS preliminary’ '

Cu+Cu 200 GeV, near-side
Cu+Cu 200 GeV, away-side .
Au+Au 200 GeV, near-side

Atu+Au ZOP GeV, av\llay-side :

(B

| PHOBOS 200 GeV, near-side *
[ A PHOBOS 200 GeV, away-side

Edward Wenger

AMPT model ']
3 - —
£ 8, _
¥ | i
2 A =]
[ [0 Cu+Cu 200 GeV, near-side L# ’
-/ Cu+Cu 200 GeV, away-side .
| OO Au+Au 200 GeV, near-side i

. FAY Atu+Au ZOP GeV, avyay-side ,
Ratio —+—+—+4++——++
AuA L ]
Ayt B R ——
CuCul | g ]
0.8 F 0 AMPT 200 GeV, near-side 7]
f 4 AMPT200CeV,swayside @~ &= . ]
0.5 0.6 0.7 0.8 0.9 1

1-c/c,
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Near- and away-side clusters

1'.3 | PHOBOS prefiminary’ ~ © | f
= /OO
- &
+« 3
0
>
) > Near
= |
!0
2
) Awa (f/'o
B Cu+Cu 200 GeV, near-side y O
4 Cu+Cu 200 GeV, away-side . O/
B Au+Au 200 GeV, near-side ]
. A Atu+Au ZOP GeV, a\»\llay-sideI
Ratio

CuCu ¢ 4 + + .
08 m PHOBOS 200 GeV, near-side - . .
[ A PHOBOS200GeV,awayside ., : One possible explanation:
0.5 0.6 0.7 0.8 0.9 1 .
1-c/c, Absorption of cluster

decay products?
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® Particles in heavy ion collisions are
created in clusters close in size to those
in p+p collisions

® (Cluster size decreases with centrality,
appears to depend on fraction of cross-
SeCtiOn, nOt Npart

® Significant differences between near- and
away-side clusters
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Final Summary

® PHOBOS can measure correlations
at large An

® ‘Ridge’ correlation extends over
very large pseudorapidity range

® Hadrons are not produced

independently but rather in o
‘clusters’ whose properties scale &= s
with collision geometry | § piosscmonmmow |
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Estimating the Flow Term

e Parameterize published PHOBOS measurements
dS v2(Npart,pT,m) = A(Nypare) B(pr) C(1)

0.I———— T 0.25[ )

! ® hitbased POy Bins 0<n<15 ] 0.08:— o® 3.15% _:
0.08[ O track-based | §_ 0-2:_ :?0120/, - §_ ©® 15-25% i
I 1 £ P * 1 £ 0.06 ©® 2550% -
,0.06r *>~ 0.15 . L0500 1 - *>~ ]
> x X {1 X
i -~ - g 1 = 0.04
0.04[ ~ 0.1¢ f{ + T 4 =
CON A =
0.02 ,_ _, > 0.05F ¢ 1 > 0.02
C PHO1BIOS: PRC '|72, 05190|1 ) E”” PHOBOS preliminary i PHOBOS: PR|C 7‘2, 0:51991 |-
0 100 200 300 400 0o 1 2 3 4 0 2 4
Noart P, n

o (Correct va2(Npart,<prttie>,nuig) fOr occupancy and
V2(Npart,<pTaSSOC>,“ass()c) for Secondarles

1+2V(AN) cos(2Ad)

V — <V2trig><VZaSSOC>

Edward Wenger 30 2008-05-27 BNL




vZ2 Subtraction Systematics

1'“;_.' | PHCI)BOS 'pr'el;m'in'ar'y'
10-30% central
I : . . 1.03
¢ The dominant systematic error in this 05<Bn<00
analysis is the uncertainty on the .

maghitude of v,trig y,assoc

e ~14% error on vtrig yyassoc (n=0)

e ~20% error on vatrig yyassoc (n=3)

:+ PHOBOS preliminary
- 0-6% central
-0.5<An<0.0

e |n the most central collision --
where flow is small compared to the
correlation -- the error on vtrig yj,assoc
can exceed 50%.
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More centrality bins

- PHOBOS preliminary
2 & Au+Au 0-10%
- === PYTHIA v6.325

1 chh

]

- PHOBOS preliminary
~ ®Au+Au 10-20%
[ ==*PYTHIA v6.325

[ PHOBOS preliminary
~ -®Au+Au 20-30%
: - PYTHIA v6.325

Edward Wenger
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Pair acceptance

S(AQ,AT) 15-20% central b(A¢,A1)

= W T . :.1 3mm < Vz < 4mm 5 e :!’
100 _: —l0.8 100:‘ _: %8
" 1 —fos E 1 e
0 ' W o N
1 —oa - 4 —o.a
-100 1, -100F _:Io.z
L ——— . 1 R ¥ il B o SR
4 -2 0 2 -4 2 0
An An
= .1.03
1.025
|
100 A l i t 1.02
I!IIII:II I II‘I :llll III lr 1.015
S(Aq),An) 0 rl " |" ILI"‘A*W‘I{M“ III rlhl il ::(1]5
b(Aq)’AT]) t [twen !
[ -I lllI I||II : |f|'"| J |'| III III || 'ri 0.995
100f4] M lo.00 averaged over
| 0% -15cm < vz < 10cm
L - z 3 0.98
An
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Cluster Width

:+++

-—

6 (Cluster width)

=
(3]

| -

PHOBOS preliminary

- ® PHOBOS Cu+Cu 200 GeV
® PHOBOS Au+Au 200 GeV
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| PHOBOS prefiminary’ |
! | | | 1
Lt b * |
[t 1 b
o | "
0.5 -
[ ®  Cu+Cu 200 GeV, near-side |
- A Cu+Cu 200 GeV, away-side .
| B Au+Au 200 GeV, near-side _

A A}u-!-Au 20? GeV, avyay-side :
0.5 0.6 0.7 0.8 0.9 1

1-clc,
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Methodology

Two-particle correlation function:

R(AN,A) =< (n—1) F"(A”’A‘I’)-l)>

Event 1
Foreground:
F,(AN, A0)~ 0, (M »01,0) =—— Lo
L (AN, P, M:MN,,P,,0, n(n—l)On dnldnzd(i)ld(i)z
Background: cvent 2

1 d’e, 1 d’
B (An,Ad)~ p'(M,,0)p.M,,9,) = e -
(AT, 801 0, 01,009, () = o mie o ©




Cluster Model Details

correlations between particles
from one cluster

Two-particle rapidity correlation function: T(An) o exp(_ (An)z)
45°
_F(A | - Decay width: 6§
RAN) = o —211 4
. _B(AT]) - K. Eggert et al.,
k: cluster size Nucl. Phys. B 86:201, 1975
\ :
Ky=a+l= <k(k_l)>+1=<k>+ !
< > < >
Keit . effective cluster size B(An): background distribution
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Separating flow and non-flow

0,03;— DATA n,=1.9501,=1.950 ]

Small An |

R, (Ag)=2v]cos(RAp)

In general:

N ) = va(m) %7, () + 81

0 100 200

Large An -

0 100 200

Ad

flow non-flow

flow on-flo

NN PHOBOSPrell inary
0.0044
0007
ol
2
7’ 0
2
© 2
“’\
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Separating flow and non-flow

Edward Wenger

L B S A L =
n,=1.950 1, =1.950

- DATA Small An |

. PHOBOS Preliminary |

e
200

0 100
Ad
_D ATA ~ n=1.9501=-1.950 -

Large An |

. PHOBOS Preliminary |

PR R T T
0 100 200

Ad

R, (Ap) =2v;cos(Ap)

In general:
V3 (m:m,) = va (1) x v, (n,) + 607,.m,)

T~

flow @ non-flo

flow non-flow

NN PHOBOS Prel' i
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Estimating o for large An

We use: 5dam (771,772) =1.0x 6hijing (771»772) ‘Tll - TIZ‘ >2

Values of\/@ change by at most 12%
if the coefficient is changed to 0 or 3.2

| PHOBOS Preliminary
0o 100 200 300
Npart
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