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Charge Balance Function

Sensitive to the charge formation
time and relative diffusion

A probe for charge production
mechanism
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Observable - Fluctuations

ROur observable is Vg, k,, Which measures how
correlated the event-by-event distributions are
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@ With enough statistics and large denominator
Gdyn = den,Kyz
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K /1 Fluctuations
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(K+K)/ (rt+1m)

STAR results are calculated
via Vg kp using the most
central events (0 - 5%)

STAR data show no
significant energy
dependence

There appears to be a

disagreement between
STAR and NA49 results
below 19.6 GeV

& The UrQMD model shows

little energy dependence
and over-predicts the
fluctuations



p/ 1 Fluctuations
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p/ K Fluctuations
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Scaling properties of tluctuation
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Scaling Properties of Fluctuations
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Charge Dependent K/ Fluctuation
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STAR results are
calculated via vy,

K*/1mr is strongly negative
due to decays, possible
candidate is

K"(892) > K* + 7

K*/m" is also negative,
needs further study to
investigate the origin

UrQMD qualitatively
agrees with the data



Charge Dependent p/n Fluctuation
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STAR results are calculated
ViV,

Both same and opposite
sign fluctuations are
negative

Unstable particle decays
like A might introduce more
correlations for opposite
signs

UrQMD over-predicts the
fluctuations
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Charge Dependent p/K Fluctuations
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Observable - Balance Function

«® The balance function is a conditional probability that a
particle a in the bin p; will be accompanied by a particle b
of opposite charge in the bin p,

1
B(p, | p.)=={p(b P, 1 p)=p(b P, 1b. p)+p(a, ;b )~ p(a P, |2, )}

R It can be written as

B(A7) = %{ N (AU)I\T N..(An) N, (An)l\T N(An)}

—+ —

«® The width of balance function is calculated via weighted
average

Z B(Aﬂi)AUi
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Z B(Anl ) = <A77>shufﬂed

all An
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Balance Function




Weighted Average
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R

Most central (0-5%) events only

Remove lowest bin when

calculating <An> to reduce
HBT/Coulomb effects

Both data and UrQMD show a
smooth decrease with increasing
collision energy, indicating
stronger correlations at small An)

Shuffled event widths also
change with energy due to
acceptance

Balance function width is
sensitive to flow and breakup
temperature

14



W Parameter
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W Parameter
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The NA49 results agree well with
STAR (|n|<0.7) at low energies

Data show a smooth increase of
W with increasing beam energy,
which is consistent with the
<An> results

UrQMD reproduces the observed
trend in W but predicts a much
smaller value of W,
corresponding to a much larger
width 16



Summary

«r Particle Ratio Fluctuations

«® K/m fluctuations show no energy dependence, while p/mand p/K
tfluctuations show a smooth decrease with energy. Overall, no non-
monotonic behavior with energy is observed

«® Simple multiplicity scaling doesn’t hold for p/m and p/K fluctuation

@ Opposite sign fluctuations are more negative due to resonance decay
contribution

R Balance Function

«r Balance functions for An narrow at higher collision energies, which is
related to delayed hadronization

« The W parameter has a trivial acceptance dependence
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Back Up
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UrOMD Model

ID nucleon | ID delta | ID lambda | ID sigma |ID xi |ID omega
1 *"\'FQSB 17 A1232 27 Alllﬁ 40 X:11!5'2 49 51317 55 Q1(372
2 *N144D ]- 8 AltSDIJ 28 -A 1405 41 E 1385 50 E1530
3 *NISQO 19 AIG‘ED 29 A1520 42 EIGGO 51 E1690
4 +N1535 20 AITOD 30 AIGOO 43 21670 52 E1820
5 *Nl 650 2 1 A1‘5![)0 31 -A 1670 44 Z 1775 53 EIQSD
6 *Nl 675 22 AIQOJ 32 A 1690 45 E 1790 54 52025
7 *NIGSO 23 AIQID 33 AISOO 46 E1915
8 *NITDO 24 AIQQD 34 AISIO 47 E1940
9 J-N1710 25 A1‘5!30 35 -A 1820 4‘8 E2!]3!]
10 *Nl'i’?[) 26 A1‘:'!50 36 AISSO
11 Ny 37 Aiseo
12 ;Nl 090 38 AZ 100
13 J.NQUS[] 39 AEI]D
14 Nao ID o*| ID 1| ID ot | ID 1*F
o N 1 114
16 Nopsg 101 = [ 104 p |11 ag a,
106 K |108 K* | 110 K; 113 K;
102 »n | 103 w |105 fo 115 fi
107 #" 109 ¢ |112 o 116 fi
ID 1* | ID 2| ID (1) | ID (1)
122 b]_ 118 as 126 P1450 130 L1700
121 K, [ 117 K; | 125 Ki | 129 Kig,
123 h-]_ 1].9 f2 127 Wi420 131 Wiee2
124 B, [120 £} | 128  ueso | 132 iooo
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Hadronic transport model that
include resonance/unstable
particle decay

Could stabilize one or more
particle types from decay

UrQMD does not include weak

interactions thus no weak decays

of particles

By default the system would
interact for 200 fm/c
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Sum-sign fluctuation
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«® Original = default setting (200 fm/c)
R No A - stablize all A
® No K*-> stablize K*

® No @ -> stablize ¢

Hui Wang
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Blast Wave Model

+

RSTAR o

parameterization
(STAR,PRC,72,14904(2005))

RLocal charge ﬁ ﬁ
xr Py

conservation
R,/R,

S. Schlichting and S. Pratt
Phys. Rev. C 83, 014913 (2011)
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Blast Wave Model
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® Extract the initial separation of
balancing charges at time of
freeze out by fitting the observed
charge balance functions

T 1 1T 1T 1T Tl

. 0.6
1 200 GeV z
] 05 0¢/ﬂ: —a—
S. Schlichting and S. Pratt 0.4
Phys. Rev. C 83, 014913 (2011)
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«® The narrowing of balance
function at central collision can’t 0.2
be explained by changing of

B 0.1 o
kinetic freeze-out temperature g ek
Phys. Rev. C 83, 014913 (2011)
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