Balance Function and p, Fluctuations at RHIC
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The Balance Function

1)N,_(Ay)-N,,(4y)  N_(4y)-N_(4y)
2 N N

+ —

B(Ay)=

Bass, Danielewicz, and Pratt, PRL 85, 2689 (2000)

Theoretical expectations for B(Ay)

PYTHIA representing p+p collisions
shows a characteristic width of about
1 unit of Ay

Bjorken thermal model representing
delayed hadronization shows
narrower balance function width

Nucleon-nucleon — wide
Delayed hadronization — narrow

Experimental considerations
Use An, Ay, Gjn,» Ad

Centrality dependence for Au+Au and
d+Au at 200 GeV

All centralities for p+p at 200 GeV

Ay s=200GeV
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Delayed Hadronization

* A new observable has been proposed by Bass,
Danielewicz, and Pratt [Phys. Rev. Lett. 85, 2689 (2000)]
called the balance function

« The basic premise is that charge/anti-charge pairs are
created close together in space-time

 If these pairs are created early in the collision, they will be
pulled apart in rapidity by longitudinal expansion and will
suffer scattering for the duration of the collision, losing
their correlation in rapidity

 If instead, the system exists in a deconfined phase for a
substantial time, and then the pairs are formed at
hadronization, they will experience less expansion and
fewer collisions, retaining more of their correlation in

rapidity
Gary Westfall for STAR ﬁ
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Delayed Hadronization
Suppose we =1 fm/c <_I_._I_>
could idgntify
balancing
charges 2 fm/c I‘I
‘ B
, o = — Small gn
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After Scott Pratt
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Balance Function for Au+Au at 200 GeV
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Balance Function
for p+p and d+Au
at 200 GeV

0.5
0.45
0.4
0.35
0.3

0.25

B(An)

0.2

0.15

IIIIIIIIIIIIIII IIII IIII | I!‘IIIIIIII

0.1

0.05

1.8 2

IllillliillilllilllillliIllilllill
00 02 04 06 08 1 1.2 14 16

An

d+AY, .

0.4F

0.2F

0.4F

0.2F

Gary Westfall for STAR

0.8 < Centrality < 1.0
Central

0.6 < Centrality < 0.8

0.0 < Centrality < 0.6
Peripheral




Bal?nce Function Widths

Width is defined 0'665—.‘—& _
as weighted R A~ i A i :
average of An for E A Ax A —h— —A—- - ‘
0.1 <A <2.0 o 064 : A
g 0.62 |- ’
- — : h‘-l
"g 06 *
= E E
L 0.58 |- -®-
8 - Swy =200GeV ~O-
% 0.56 |— @ Au+Au '
[iiad I p+p ._._.
S L —f— Au+Au HIJING ' ¥ 6_
0.54 |~ W pipHUNG ) STAR Preliminary 1 ‘
— —e-d+Au l
0 52 a 1 1 ] | | 1 1 ] | | 1 1 | | | 1 [ 1 1 [ | 1 1 1 I 1 1 1 ] | 1 1 1 | | 1 1 1 1
70 50 100 150 200 250 300 350
Npart

Balance function for Au+Au narrows in central collisions
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Balance Function for Pions using q.,,
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Narrowing of B(An) may be caused by transverse flow
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Allow more direct comparison with thermal models
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Balance Function for Kaons using q;,,

Identified charged kaon pairs (K*,K") p < 0.8 GeV, no electrons
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Width of Balance Function using q,,
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Balance function B(q;,,) for pions and kaons narrows in central
collisions even when using Lorentz invariant observable
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Balance Function for All Charged Particles, B(Ad)
no electrons
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A2|muthal Width
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B (Aq)) at H I g h p’[ iﬁi‘T\i\n Preliminary
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Quark Coalescence Narrows Balance Function

Balance R
Function 130>
Width
: PION CLUSTERS
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0.6

Shows that measured
narrow width in central 05—+
collisions can be
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Central
Au+Au 130 GeV
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Theoretical Predictions for the Balance Function

Cheng, Petriconi, Pratt,
and Skoby, nucl-
th/0401008

Includes HBT R U S R I

(?c():ul:orerllsb, resé)nances, ' STAR PRELIMINARY -

strong interactions, 0.3 AutAu200GeV [ peripheral _|

r?dslal flgw, conservation I A mid—centrdl |

TSR £ = o central

1EiJltgeers. STAR acceptance 3 0.2 — BLAST WAVE —
m B

The agreement with the
measured narrow 0.1 +
balance function in
central collisions

suggests that charge 0.0

conservation remains '

highly localized at 0.0 0.5 1.0 1.5 2.0
breakup Ay
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p, Fluctuations

e Search for dynamical fluctuations motivated
by predictions

Fluctuations in energy density due to localized
deconfinement

Increased fluctuations in energy density due to
long range correlations

Proximity to tri-critical and critical points would
lead to changes in fluctuation patterns

Production of DCCs
Fluctuations from jet production

Gary Westfall for STAR
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Definition of <4p,; 4p, ;>

As afunction of centrality and acceptance

N event

<<pt>>=(2<pt>kj/'\'evem where (p,), (Zpt.}

k=1

_ 1 S C,
<Apt,iApt,j>_ N__ E Nk(Nk—l)

N N

Ce=2 2. (P~ {(P) NP ~((R))

i=1 j=1i ]
N, = humber of events

<I0t>i = averagep, for i" event
N, = number of tracks for k™ event
p, = p, fori" track in event
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<4p,; 4p;;> as a Function of Incident Energy
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<4p,; 4p,>'?/<<p>> as a Function of Incident Energy
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Effects of Short Range Correlations
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Estimate Contribution of Resonances
Ratio of <Ap,; Ap,;> using
Negative Particles Only to All Particles
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Comparison to F,, at 200 GeV

_O7 . = Wr real — @Dr mixed _ OT real — OT mixed

Iy @r .mixed % ,mixed

200 GeV Au+Au
STAR Cuts

|7 < 1.0
Ap=360°
0.1<p,<2GeV

200 GeV Au+Au

STAR with
PHENIX Cuts
|7 <0.35
Ap=2x90°
0.2< P; < 2 GeV @® PHENKX ————
[ STAR with PHENIX Cuts
: : A STAR

1 I U \ ' . wit uts oo i
Acceptance | SRRy 5 SO
ma‘tters ||’|||||||||||||||||||||||||||l||||l||||

0 50 100 150 N 200 250 300 350

- part
Gary Westfall for STAR




Conclusions

 Balance functions

B(An), B(Ay), B(q;,,), and B(Ao¢) narrow in central Au+Au
collisions

Narrowing of B(An) in central collisions consistent with
trends of models incorporating late hadronization
* p, correlations

Dynamic correlations observed at Au+Au collisions at 20,
130, and 200 GeV

Correlations/particle increase with incident energy

Correlations/pair show little incident energy dependence
* May show onset of equilibration in central Au+Au collisions

Gary Westfall for STAR ﬁ
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Comparison to F,; at 130 GeV
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Dynamical Net Charge Fluctuations

ININD) (NIN-D) (NN

dyn™ <N+>2 <N_>2 <N+>< N_>

Key Propertl es. V+—,dyn: R+ + R_ _ZR_ Sensitive to two-particle correlations

Measurement: V,_

V+—,dyn =(C Independent Particle Production

Nsour céb) ijg;m(b — Vf:gyn Independent N+N Collisions
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Net Charge Fluctuations - Centrality Dependence
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Net Charge Fluctuations - Dependence on n Acceptance
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Net Charge Fluctuations - Scaling
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