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Bass, Danielewicz, Pratt, Phys. Rev. Lett. 85, 2689 (2000)
The Balance Function - DefinitionThe Balance Function - Definition

The balance function is a new observable for heavy ion
collisions, it has been used for e+e- analysis, and pp
analysis.
All +  pairs are created at the same point

Interesting pair

+- + - ( y) = Count of the number of all
possible pairs for the event in a given
| y( +) - y( -) |. This histogram is
summed over all events, and plotted
B( y). Can use , K, p, or all charged
particles ( ) for a balance function.
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The Balance Function - PredictionsThe Balance Function - Predictions

Pythia (wide)

Bjorken
(narrow)

Pythia (wide)

Bjorken
(narrow)y

2 2 thermal
2

diffusion
2

Charge-anticharge pairs
created early separate
further in rapidity
Charge-anticharge pairs
created in a later stage
(hadronization of QGP)
will have less rapidity
separation
Simulations indicate
broader balance functions
for PYTHIA (pp) than a
Bjorken model (QGP)
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STAR, Summer 2000 DataSTAR, Summer 2000 Data

Use Au+Au
events from Year 1 running,
taken in August and
September
Physics events:

 Central trigger
 102k used in this analysis

 Minimum bias trigger
 150k used in this analysis

Good Events:
-75cm  vertexz  75cm
-1cm  vertexx  1cm
-1cm  vertexy  1cm
Full azimuthal coverage

Good TPC tracks:
|  | < 1.3
0.1 GeV/c  pt  2 GeV/c
DCA  1 cm (distance of
closest approach to the primary
vertex  choose tracks
originating from the vertex)
Fit points  15
Fit points/possible points > 0.52

 95k Central events

 32k Peripheral events

 Same cuts used for HIJING
run through GSTAR: 73k events

sNN 130 GeV
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Centrality CutCentrality Cut
August Minimum Bias events, nch=ntracks in TPC (all tracks)
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HIJING charged particle* pairsHIJING charged particle* pairs

*no
electrons

Error bars are statistical only
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Preliminary Data - Charged Particle PairsPreliminary Data - Charged Particle Pairs**

*No
electrons
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HIJING - HIJING -  Pairs Pairs
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Preliminary Data - Preliminary Data -  Pairs Pairs
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Mixed Events - Central dataMixed Events - Central data
Random tracks chosen from
central event sets of 100

Central events with charge
randomized

Central events with
 mixed within the

event, and other
information the

same

Charged
particle
pairs, no
electrons
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Mixed Events - Perfect DetectorMixed Events - Perfect Detector
The balance function for a perfect detector would not have the
"acceptance shape" for mixed  events

Use HIJING events with no cuts, then mix the  within them
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Summary of widthsSummary of widths
Charged particle pairs*
(first bin not in weighted average)

* no electrons

Pion pairs
(first two bins not in weighted average)
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Pseudorapidity Pseudorapidity cutscuts

Cut , and see how a smaller detector affects
the balance function

Know that the shape is affected by acceptance

Simple math: less particles to pair, less statistics

Physics: charge fluctuation measurement may
require a large rapidity window to obtain
enough information about the collision1

1 B. Muller, [nucl-th/0111008],

“Statistical Fluctuations as Probes of Dense Matter”
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Charged particles*, same scaleCharged particles*, same scale
different different  cuts cuts *no

electrons

| | < 0.5 | | < 1.25

STAR Preliminary

STAR Preliminary
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Charged particle pairs * Charged particle pairs *          | | | < 0.25| < 0.25

*no
electrons

different
scales

STAR Preliminary
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Charged particle pairs *  Charged particle pairs *         | | | < 0.5| < 0.5

*no
electrons

STAR Preliminary



17
Marguerite Belt Tonjes, 18th Winter Workshop, 2002

Charged particle pairs *    Charged particle pairs *       | | | < 0.75| < 0.75

*no
electrons

STAR Preliminary
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Charged particle pairs *    Charged particle pairs *       | | | < 1.0| < 1.0

*no
electrons

STAR Preliminary
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Charged particle pairs * Charged particle pairs *          | | | < 1.25| < 1.25

*no
electrons

STAR Preliminary
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Linear fit results for Linear fit results for  cuts cuts

STAR Preliminary
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ConclusionsConclusions
The width of the measured balance function is
similar to that of HIJING in peripheral
collisions, suggesting that peripheral collisions
are dominated by nucleon-nucleon collisions
The width of the measured balance function is
more narrow in central collisions consistent
with the idea that the observed particles result
from late hadronization
Future

See next talk (G. Westfall)
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HIJING charged particle* pairsHIJING charged particle* pairs

*no
electrons

So, sum over multiplicities for HIJING
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Mixed Mixed  in new normalization in new normalization
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all charged 
particle pairs, no identified

electrons

new normalization

Original method:
N+ = # positive
particles ( ,K, etc.) in
event.
New method: takes
into account the
changing  
acceptance of the
detector based upon
vertex. There is a
different denominator
for every  bin,
counting the particle
(with a remainder for
the edge of the
acceptance).

S. Jeon, S. Pratt, [hep-ph/0110043]
Extra slide
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Particle IdentificationParticle Identification

Compare
measured dE/dx
with Bethe-Bloch
calculation of
dE/dx for , K, p,
and e.
Particles within
2  of predicted
ionization are
tagged.

Extra slide
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More PID detailsMore PID details

 Zpid  = ln( Imeas/Ihyp( ))
Imeas = measured truncated mean for track
Ihyp( ) = expected ionization for  hypothesis

 : p 0.7 GeV/c, and |ZPid | 0.2

 K: p 0.8 GeV/c, |ZpidK| 0.2, |ZPid |>0.2, |ZPidp|>0.2

 p: p  1 GeV/c, |ZPidp| 0.2, |ZPid |>0.2, |ZPidK|>0.2

 e: |ZPide| 0.2, |ZPid |>0.2, |ZPidK|>0.2, |ZPidp|>0.2

Extra slide
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Balance Function - General FormBalance Function - General Form

B(p2 | p1)
1

2

(b, p2 | a, p1) (b, p2 |b, p1)

(a, p2 | b, p1) (a, p2 |a, p1)

(b, p2 | a, p1)
N (b, p2 | a, p1)

N (a, p1)

        is the conditional probability of
observing a particle of type b in bin p2 given the existence of
a particle of type a in bin p1

(b, p2 | a, p1)

Extra slide
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Statistical Error Analysis DetailsStatistical Error Analysis Details
Error in balance function:

Weighted average (for width):
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