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Net charge fluctuations in Au+ Au collisions at ysyy= 130 GeV
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We present the results of charged particle fluctuations measurements in Au+Au coIIisiof@at
=130 GeV using the STAR detector. Dynamical fluctuations measurements are presented for inclusive charged
particle multiplicities as well as for identified charged pions, kaons, and protons. The net charge dynamical
fluctuations are found to be large and negative providing clear evidence that positive and negative charged
particle production is correlated within the pseudorapidity range investigated. Correlations are smaller than
expected based on model-dependent predictions for a resonance gas or a quark-gluon gas which undergoes fast
hadronization and freeze-out. Qualitative agreement is found with comparable pegdedeasurements and
a heavy ion jet interaction generation model calculation based on independent particle collisions, although a
small deviation from the N scaling dependence expected from this model is observed.

DOI: 10.1103/PhysRevC.68.044905 PACS nunmer25.75.Ld

A key question of the heavy ion program at the relativisticservables measured on a per collision basis, i.e., event by
heavy ion collider(RHIC) is to understand whether the hot event[1-4]. Most often discussed are mean transverse mo-
matter produced in the midst of heavy ion collisions under-mentum fluctuationgtemperature fluctuatiopysand particle
goes a transition to and from a quark-gluon plasgiQ&P) multiplicity fluctuations. For the latter, predictions range
phase before it hadronizes. One of the most striking signafrom enhanced multiplicity fluctuations connected to the pro-
tures of such a QGP-HGhadron gagphase transition could duction of QGP droplets and nucleation processes in a first
be a strong modification in the fluctuations of specific ob-grder QGP-HG phase transition, to a strong suppression of

fluctuations as a consequence of rapid freeze-out just after
the phase transitiofd,5]. In this case, final state values of
*URL: www.star.bnl.gov conserved quantities, such as net electric charge, baryon
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number, and strangeness would not be strongly modifiedn the basis of the total charged particle multiplicity mea-
from their values in the QGP stage. Due to the large differsured in the pseudorapidity rangg<0.75 in order to iden-
ence in the degrees of freedom in the QGP and HG phasesfy possible changes in the fluctuations with collision cen-
measured fluctuations, of the net electric charge, in particutrality.

lar, could be reduced by a factor ranging from 2 to 4 if a The magnitude of the variance,_, is determined by both
QGP is produce¥,5]. The frequency of production and size statistical and dynamical fluctuations. Statistical fluctuations
of QGP droplets may critically depend on the collision im- arise due to the finite number of particles measured, and can
pact parameter. Central collisions are generally expected toe readily calculated based on expectation values for Poisson
lead to larger and more frequent QGP droplet production. Ardistributions as follows:

increase in the size and production frequency of QGP drop-

lets with increasing collision centrality might then be sig- ” :i+i )
naled by a sudden change in the fluctuations of produced SETUNG) (N

particles such as antiprotons and ka@is as well as pions.

In this paper, we report on a measurement of chargea-he statistical fluctuations depend on the experimental ef-
particle multiplicity fluctuations as a function of collision ICi€ncy and analysis cuts used in the reconstruction of

centrality in Au+Au collisions at an energy oﬂﬁ charged particle trajectorig$racks. The intrinsic or dy-
=130 GeV. We study event-by-event fluctuations of con-Namical fluctuations are defined and evaluated as the dif-

served quantities at near-zero rapidity in the center-of-masgrence between the measured fluctuations and the statis-

rest frame(midrapidity). Specifically, we discuss fluctuations tcal limit

in the difference of the number of produced positively and v =y — (3)
negatively charged particlegnultiplicities) measured in a todyn™ Brm o P stat
fixed rapidity range, defined 4g] As shown in Ref.[7], the dynamical fluctuations,_ 4,
can be expressed as follows:
O Ne NC? -
=\ o) /) W Ve gyn=Res ¥ R 2R, @

whereN, and N_ are multiplicities of positive and nega- WhereR,, with a, b=+, — are the averages of the correla-
tive particles calculated in a specific pseudorapidity, andion functions often used in multiparticle production
transverse momentum range. The notatig®)” denotes analysis[8-10]:

an average of the quanti® over an ensemble of events.
The method used to calculate the averagds and(N_),

R , dz.d
which vary with collision centrality, is described in the L,, 220 7er P12l 7P 7)1

following [see Eqs(6)—(10)]. We consider fluctuations in Ran = . 5
the production of all charged particleld, andN_ (mostly f pl,a(ﬂa)dnaj p1o(7)d 7
pions), as well as specific cases of proton and antiproton, Az Az

N, and N5, and positive and negative kaoré,, andNy_ _ _

p pr + K—» = _ -
fluctuations. The former amounts to a measurement of neiv:grﬁ (R;’abn ’))2_(33;1/7(’1%/[5}7’3( Z?)eplét)i(ngl)ezlz ];nlzjl(:]v)vodprg?'géle

H H 2V Tin) — aY’/b - -

gleocrzggatlocrnaergse :Lumcgunﬁgogf'nghggfasntrr]]e nLat)'t;(?rac;]%rrﬁ— seudorapidity densities, respectively. The integrals could

P urerm y 4 ost generally be taken over the full particle phase space
strangeness fluctuations. The m.etho.d used _to calcgla 3p) but are here restricte@vithout loss of generalityto
this and other observables used in this work is describe seudorapidity integrals to simplify the notation. In cases

" Tzigﬁc”lj)l\tm?ngﬁerent in the interpretation of measurementswhere the produced particles are totally uncorrelated, two-
y P particle densities can be factorized as products of two

of multiplicity fluctuations is the elimination of effects asso- " i -
ciated with uncertainties in the collision centrality, often re-Single-particle densities. The correlatoRy, shall then
ferred to as volume fluctuations. Event-by-event impact pa¥@nish, and the measured dynamical fluctuationsgy,
rameter variations, in particular, induce positive correlationsshould be identically zero. A deviation from zero thus
in particle production which do not depend on the intrinsicShould indicate correlations in particle production. If cor-
dynamical properties of the colliding system, but rather simf€lations are due to production via many subcollisions,
ply reflect changes in the number of collision participantslocalized sources, or clusters, one should further expect
Fluctuations in the difference of relative multiplicities._ th_e strength pf the correlation to be finite b_ut increasingly
defined in Eq(1), are however free from this problem. This dlluted_V\_nth increased number of production clusters or
analysis is thus restricted to the study of such relative muiSubcollisions(hereafter called “clusters” The correlators
tiplicities. As shown in Ref[7], v,_ can be readily translated R,, will be inversely proportional to the multiplicity of
into observablesD, and wqg, discussed by other authors clusters, and thus also inversely proportional to the total
[4-6]. Its relation to the two-particle density is discussedmeasured multiplicity ofcharged particles[7]. Measure-
below. We will additionally study the behavior of relative ments at the ISR and FNAL, have shown that charged
multiplicities »,_ and other quantities of interest defined in particles have long rang@ifferential) correlations domi-
this paper as a function of the collision centrality estimatedhated by a dependence on the relative rapidity of the cor-
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related particles. One thus expects, as shown in R@f. efficiency is estimated to 94+2%. The above fractions thus
that the functiongab and v,_ g, should vary slowly with corrqspond to a co_nstant.increase in the fraction of the_g_eo-
the detector acceptance as long as the rapidity width of tthtrlcaI cross section which is sampled by each multiplicity
acceptance is smaller or of the order of the long rangdin- _ o _ _ _
correlation width. This should however be experimentally ~Particle production is studied for both negative and posi-
verified by varying the acceptance used in the determinalive hadrons over a transverse momentum range extending
tion of v, gy from 0.1 to 5 QeV¢, and for pse_udorap|d|ty ranges from
Authors [11,17 have suggested that if the reaction dy- |7/<0.1 to 1.0 in steps of 0.1 unit of pseudorapidity. Good
namics do not change with collision centrality, the measurdrack quality is required by restricting the analysis to charge
=~ (Ne)vgy/8 (WhereNg, is the charged particle multiplic- particle tre_lcks produc_mg more than 15 hits within the TPC.
ity in the rapidity range considergdhould be independent One additionally requires that more than 50% of the hits be

of the collision centrality. Conversely, a significant collision included in the final fit of the track. .
centrality dependence ob or related observables should _One uses the particle energy lati¥dx measured with the
hint at a change in the collision dynamics. We shall thusTPC to identify the particles as pions, kaons, and protons

study the collision centrality dependence of beth g, and (and their antiparticlgs Particle identification proceeds on
- ’ the basis of a parametrization of the mégp.y) and widtho

O(fe the average energy loss expected for electrons, pions, ka-
%ns, and protons as a function of their momentum. The
analyses for pions, kaons, and protons are performed using

thus does not require explicit efficiency corrections. Secondnomentum ranges  0<1p<0.6, 0.15<p<0.6, and
order corrections are, in principle, needed to account foP-29<P<0.7 GeVt, respectively. Lower bounds are set
variations of the detection efficiency through the fiducial ac-"€&r or below detection threshold to maximize particle
ceptance. In the present study, we verified that the relativ¥i€lds. Upper bounds are used to minimize cross species
variation of the detection efficienagbout 10% in the trans- contamination. The inclusive analysis of all charged species
verse momentum region under stidgsults in a systematic is performed within the range 0<1p<5.0 GeVt. Limiting
uncertainty less than or equal to the statistical error of théhe particle momenta for this analysis to less than 5 GeV/
measured values. insured that particle charge was not misassigned while allow-

The data presented are from minimum bias and centrahg for a fully inclusive measurement of the soft particle
trigger samples of Au+Au afsy=130 GeV acquired by the spectra. Given that the bulk of the particle production is be-
STAR experiment during the first operation of the relativisticlow 2 GeVk, the inclusive analysis is rather insensitive to
heavy ion collider(summer 2000 Detailed descriptions of the exact value of the upper bound which is used. The detec-
the experiment and the time projection champePC) can  tion efficiency rises from zero to roughly 85% within an
be found elsewherg¢l3]. In minimum-bias mode, events interval of 0.1 GeW above detection thresholds, remaining
were triggered by a coincidence between the two zero degremnstant for larger momenta. Measured particles are tagged
calorimeters located +/-18 m from the interaction center ands pions if their measured energy loss deviates by less than
a minimum signal in the central trigger bar(€lTB), which  two standard deviation§€0) from the expected mean for
consists of scintillator slats surrounding the TPC. The centrapions of the same momentum, while deviating by more than
trigger sample was acquired by requiring a higher multiplic-20 for kaons of that same momentum. Similarly particles are
ity cut with the CTB corresponding to 15% of the total had- identified as kaongprotong if the deviation from the kaon
ronic cross section. (proton) mean energy is less thamwr2vhile being larger than

In order to minimize the need for corrections to account2s from the pion and protoxkaon mean energy loss. Con-
for dependence of the detector acceptance and reconstructitamination of the kaons and protons by pions is negligible at
efficiency on the vertex position, the analysis reported heréow momentum, and estimated to be less than 5% at the
was restricted to events produced within +0.70 m of the cenhighest momenta accepted for those particles. For cross-
ter of the STAR TPC along the beam axis. In this range, thespecies contamination at this level, it was verified that the
vertex finding efficiency is 100% for collisions which result measurement is insensitive to the actual value of the momen-
in charged particle multiplicities larger than 50 tracks in thetum cuts.
TPC acceptance. It decreases to 60% for events with fewer To reduce contamination from secondary electron tracks,
than five tracks from the primary vertex. We verified that theand focus this analysis on primary tracks, i.e., particles pro-
measurement of,_ 4, is insensitive to the vertex position by duced at the Au+Au collision vertex, only tracks which
comparing values measured for different vertex cut rangegassed within 3 cm of the collision vertex were accepted. We
About 180 000 minimum bias and 80 000 central triggerverified electron(positror) contamination has a negligible
events were used in this analysis after cuts. impact on our measurements @f_g , by repeating the

The centrality of the collisions is estimated from the totalanalysis with and without an electron/positron exclusion cut
charged particle track multiplicity detected within the TPC inbased on the track energy loss measured in the TPC, i.e.,
the pseudorapidity rangey|<0.75. We use eight contiguous accepting tracks with dE/dx more than two standard devia-
centrality bins based on the fraction of triggered events: 6%tions away from the expected value for an electron of the
11%, 18%, 26%, 34%, 45%, 58%, and 84%. The triggermeasured momentum.

(Ncwvi—gyn The correlatorRy, and v,_ 4, are robust vari-
ables: their measurements are independent of the avera
(global) detection efficiencies involved in the determination
of multiplicities N, andN_ [7]. The measurement of,_ 4,
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As already mentioned, the measurement.afy,, is inde- Vi dyrMiow < M < Myigh)
pendent of the average detector efficiency. It is therefore also
insensitive to particle losses, e.g., antiprotons, due to scatter- =i D N.(N, - 1)+ N-(N- - 1)_ LN+N-
ing through the detector. It is however sensitive, in principle, Nev eents WEM N_EM N, uN_ ’
to the generation of background particles within the detector. ’ ’ R
The effect of such background particlesg., protons scat- 9

tgred off the beam pipeis minimized by using the 3 cm where the sum is taken over tiN,, events in the multi-
distance of closest approach cut mentioned above. Also, Blicity bin Mgy =M < Mpigp,
ow igh

was consu_jered whether f|n_|te track splitting, p055|bly €N The quantity\N)v,_ 4, is determined in a similar fashion
countered in the reconstruction of charged particle tracks in ; .
) using the following expression:
the TPC, may produce measurable effectsany,, We veri-
fied that, within statistical errors, the same value is obtained (NYDs— g Migw < M < Mpcp)
when the pseudorapidity regions used to count positive and dymow 9

negative tracks were separated by a=0.25 gap. 1 S Noyy+ Ny N, (N, — 1)+ N_(N- - 1)
Since finite width multiplicity bins were used for this " Nep oamis MM N2 N2
analysis, values of,._g4y, are multiplicity-bin averaged ac- +M -M
cording to the following expression: N, N
- L—] . (10)
N+,MN—,M
2 V+—,dyn(M)P(M) . ] )
Vi dydMiow < M < Mpigr) = , (6) To study the effect of this method of bin averaging, a
> P(M) simulation was performed using HIJINGieavy ion jet

interaction generatgrevents, comparing the results of
where P(M) is the probability of having a total charge Eds. (10) and (3) in the limit of large statistics. The
multiplicity M and v,_ g,(M) is given by HIJING model does not incorporate rescattering and
should not therefore exhibit a significant centrality depen-
dence. The results showed that for all bins except the

(NL(N, = 1))y +<N—(N‘_1)>M lowest multiplicity bin used for this analysis, the two

V+—,dyn( M ) =

(N (NOY equations gave the same result within the quoted system-
(NN atics. In the first multiplicity bin, Eq(10) yielded a result
-2——. (7) ~15% larger than Eq(3).
(N2 M (N Figure Xa) shows the dynamical fluctuations._ 4, of the

net charge measured in the pseudorapidity ramge0.5, as
The notation(O) is used to indicate the average of the a function of the total multiplicityM measured in the pseu-
quantity O for all events with a charged particle multiplic- dorapidity rangd#/=<0.75. The horizontal bars on the data
ity M in the pseudorapidity range;|<0.75. Ouranalysis  points reflect the width of the multiplicity bins used in this
proceeds in two passes. The first pass involves the detegnalysis while the vertical bars reflect statistical errors. We
mination of the average®\.)y as a function of the mul- estimate the systematic errors based on data taken and ana-
tiplicity M using unity bin width inM while the second lyzed with different trigger and analysis cuts, to be of the
pass uses these averages as coefficients in the above &fder of 2%. An additional systematic uncertainty of the or-
pression ofv,_4,(M). The averagesN.)y are determined der of 3% is derived by a separate analysis of different data

from the events with multiplicityM: subsets. The dynamical fluctuations of the 5% most central
collisions then amount to,_g,,=—0.002 36+0.000 OBtay
1 +0.000 1Zsysh. The dynamical fluctuations are finite and
(Ne)m = No (M) 2N, (8)  negative: a clear indication that positive and negative particle
ev

production are correlated within the pseudorapidity range
i o consideredsee Eq.(4)]. One observes the strength of the
The sum is taken over thi¥, (M) events of multiplicityM  gynamical fluctuations decreases monotonically with in-
present in our sample. The averadé)y thus obtained ¢reasing collision centrality. This can be understood from the
display a scatter determined by the finite statistics about gt that more central Au+Au collisions involve an increas-
monotonically increasing trentwith M). If uncorrected, jng number of “subcollisionste.g., nucleon-nucleon colli-
this scatter, may induce an artificial change of the value okjong: the two-particle correlations are thus increasingly di-
v+-ayr(M) in each bin. To minimize this effect, we model jyteq and the magnitude of._ gy, is effectively reduced.

(fit) the averageéN.)y dependence on the multiplicityl We compare our results, for the most central collisions, to
with a polynomial optimized to_ reproduce t_he shape of thepgse recently reported by the PHENIX Collaboratid]
dependence. We then determing q,,(M) using the aver-  \yhich measured net charge fluctuations in terms of the rela-
ages(N.)im=N. v predicted by the fit rather than the tive variancewq=(AQ?/Ngy, in the rapidity ranges/<0.35,
actual averages. The calculationmf 4 ,in a finite width  and the angular rangaé®=m/2, for p, >200 MeVk. They
multiplicity bin then proceeds with the following expres- reported a valuesy=0.965+0.007sta)—-0.019sys) for the
sion: 10% most central collisions. Th@nidirectiona) systematic
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FIG. 1. (Color onling (a) Dynamical fluctuations,_ 4, mea-
sured in|7|<0.5 as a function of the collision centrality estimated particle multiplicity N is corrected for finite detection effi-

with the total (uncorrecteyl multiplicity M in |7<0.75. Error
shown are statistical only. Systematic error estimated to @o.
(N)v,_ gyn measured in7=<0.5 vsM (opened circlescompared to
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It is important to consider the effects of charge conserva-
tion on the net charge fluctuations since they are expected to
be non-negligible even for small finite rapidity coverd@e
The contribution is estimated to be <M),,., where(N),,, is
the total number of charged particles produced by the colli-
sions. The PHOBOS Collaboration has repoites| that the
total charged particle multiplicity amounts to 4200+470 in
the 6% most central Au+Au collisions a=130 GeV.
The charge conservation contribution to the measured dy-
namical fluctuations is thus of the order of
—0.000 95+0.0001, i.e., 40% of the observed dynamical fluc-
tuations.

We next discuss the centrality dependence of the fluctua-
tions. In central collisions, the measured dynamical fluctua-
tions v,_ 4, are expected to be reduced due to dilution of the
two-particle correlations. One expects the magnitude of
v, q4yn Should scale inversely to the number of subcollisions
producing particles. Assuming the average number of par-
ticles produced by such subcollisions is independent of the
collision centrality, one then expects the fluctuations to scale
inversely as the charged particle multiplicity. The quantity
(N)v,_ gyn Should therefore be independent of collision cen-
trality if no significant variation in the mechanism of the
particle production arises with collision centrality. This no-
tion was suggested by Gazdzi¢ki2] and Mrowczynski11]
in terms of the fluctuation measure which, as shown in
Ref. [7], is equal to(N)v,_g4,,/8 for (N,)=(N_). Figure 1b)
shows the measured centrality dependencg\Np#, _ 4, cal-
culated with Eq.(10), for all charged particles produced in
the pseudorapidity randey|<0.5. In this figure, the charged

ciencies using correction factors which depend linearly on
the charged particle multiplicityTPC detector occupanty
with values ranging from 85% to 70% for peripheral and

the charge conservation limitiotted line, resonance gas expecta- central collisions, respectivelyl6]. The measured values
tion based on Ref{5] (solid line), and HIJING calculation(solid

squares Errors shown are statistical only. Systematic error esti-|arger than the charge conservation limit, shown as a dotted
mated to 10%. )

range from -1 to —1.4 and are approximately a factor of 2

line, in Fig. Ib). This indicates dynamical fluctuations are
not only finite but in fact rather large. As discussed in detail

error i_s reported to correspond to the net effects of detecto(5e|ow, the values measured )y, g, however fall short
inefficiencies and background tracks not assigned the corregf predictions for a resonance gaé in equilibrigrm-1.7;

charge. In order to compare the PHENIX result with thegqig |ine) and for a scenario involving a quark-gluon gas
present study, we use the expression in RR&f.

(0o~ 1). (11)

Vi e —
TN, + N

undergoing fast hadronizatiop=-3.5; not shown in Fig.
1(b)] [5]. The measured values are in qualitative agreement
with a calculation based on HIJINGsolid squares[17].
Indeed, the values predicted by HIJING are within 20% of
the measured values at all centralities. While the HIJING

The charged particle multiplicity in the PHENIX detector calculation is independent of collision centrality, the experi-
acceptance is 79+5 for the 10% most central collisionsmental data exhibit a small but finite centrality dependence

This comparison

gives v,_ 4,,=—0.0018+0.000éta)

—0.0009sysy in agreement with the value ob,_g,

=-0.002 63+0.000 08tah+0.000 1Zsysh) we measure for

which is significant above the first bin in Fig(d. The
HIJING calculation does not feature rescattering, and is
therefore not expected to exhibit a significant centrality de-

11% central collisions. The agreement is best if one conpendence. The observed centrality dependence may then sug-
siders the low bound of the PHENIX measurement whichgest there are rescattering effects, or other dynamical effects
is maximally corrected for finite efficiencywhich is re-
flected in the systematic errprThe difference between gation.

the two results might be due, in part, to dependence of the The magnitude of the net charge dynamical fluctuations is
multiplicity fluctuations on rapidity and azimuthal angle determined by the strength of the two-particle correlations in
as well as acceptance effects.

with centrality, and its interpretation requires further investi-

the integrated rapidity range. Measurements frphp colli-
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< oF charged correlation integrd&®..=(R,,+R__+2R,_)/4 is thus
?;_0_0005:_ R..~0.66 (see Ref[7]). Furthermore, assuming equal mul-
> E tiplicities of positively and negatively charged particles, one
S0.00 [T finds for the charged-charged correlatilp~1.5R,,, which
_0_00155_ o we use to estimate the correlation measured in this work as
- o R.,+R_-2R,_=-2R,,~=4R./3~0.88. The pseudorapidity
-0.002 - o ° densities are very different ip+p and A+A collisions. Un-
-0.0025— + * o o ° ¢ der assumption that the correlations are due to production in
= a finite number of sourcegclustery, they should be in-
0003 versely proportional to the particle density. In the 5% most
-0.00350- central Au+Au collisions, the pseudorapidity charged par-
E ticle density (dN/d7n) is about 526+sta)+36(sys) [16]
-0.004—— 0'2 e 0'4 — 016 — 0'8 e compared to=2.06 in pp collisions. Such a dilution would

|T'|ma1x| give for the correlation function a value of 0.82.06/526
~0.0034, in qualitative agreement with the measured values
FIG. 2. (Color onling Fluctuationsy,_ 4, for the 6% most cen-  for Au+Au collisions presented in this paper. We stress that
tral collisions as a function of the range of integrated pseudorapidivaluable insight can be gained by comparing the current
ties. Errors shown are statistical only. Systematic errors are estit30-GeV data and upcoming 200-GeV Au+Au analysis with
mated to range from 5% ¢&b/>0.4 to 20% at7|=0.1. The expected explicit measurements made pp collisions rather than
limit due to charge conservation is shown as a dotted line. using the above first order approximation.

We next compare our measurement of the dynamical fluc-
sions at the ISR anp+p collisions at FNAL indicate that the tuations to predictions of net charge fluctuations based on
relevant rapidity interval for two-particle correlations is ap- thermal models[4,5,21-23. To this end, we express our
proximately one unit. One thus expects the dynamical flucmeasurement of,_ 4, in the rangd»|<0.5 in terms of théD
tuations to exhibit a mild dependence on the rapidity rangevariable introduced in Ref5], using
used for the measuremejt]. Figure 2 shows the measured
dynamical fluctuationgfilled circleg as a function of the D=4 +(N)v,_gyn (12
pseudorapidity range. The pseudorapidity integration range
is varied from -0.K9<0.1 to -1.0<%<1.0 in discrete valid for N,=N_ [7]. We find using data shown in Fig.
steps of 0.1 units of pseudorapidity. Error bars shown aré(b) thatD decreases from 3.10:05(statistical error only
statistical only. Focusing on the region in Fig. 2 where sys{for the most peripheral collisions measured to 2083 in
tematic effects due to finite multiplicities are expected to becentral collisions. However, a comparison to thermal
small, we examine the data faj>0.4. One observes the model predictions requires the data to be corrected for
absolute value of the dynamical fluctuations is largest in thicharge conservation effects. One must subtract the charge
range for|7/=0.4, and that it decreases monotonically forconservation contribution which amounts ta\D
larger acceptance without, however, reaching the charge cor—0.000 95< 526=-0.50+£0.06. Theorrected values oD
servation limit. One findgwyy,| decreases by 35%-40% thus range from 3.6+0.1 to 3.2#1. According to the dis-
while the integrated pseudorapidity range is increased by aussion of Refs[4,5,21-23, these values approach that
factor of 5 from 0.4 to 2 pseudorapidity units. The depen-(D=2.8) expected for a resonance gas. They are signifi-
dence of dynamical fluctuations on the experimental accepcantly larger than expected in the above referenced work
tance is rather modest. In contrast, themeasure increases [21,5,23,22 for a quark-gluon gas undergoing fast had-
approximately by a factor of 10 from -0<1»<0.1 to ronization and freeze-outD=~1). It is not possible to
-1.0< < 1.0 due to its explicit dependence on the pseudodraw a firm conclusion concerning the existence or non-
rapidity bin size. existence of a deconfined phase during the collisions from

We next consider the above results in the light of correlathese results since, as the above authors have pointed out,
tion functions measured ip+p andp+p collisions at CERN  incomplete thermalization could lead to larger fluctuations
and FNAL[18,19,8 with the use of Eq(4). To account for than expected for a QGP. Other wo[R4] has also sug-
the unavailability ofp+p comparison data at the same energygested that the prediction &= 1 for a quark-gluon gas is
as RHIC, an interpolation was made using results obtained ahodel dependent, and that other effects such as gluon
lower and higher collision energieg@arametrization from fragmentation prior to hadronization could increase the
Ref. [20]). Based on results published in Ref$8,19,8, we  fluctuations expected even if a quark-gluon plasma were
also note that the correlation function for oppositely chargegroduced.
particles,R,_(y,=y_), is found to be approximately twice as  We extend the study of net charge fluctuations to identi-
strong as the same sign particles correlatiGhs=R__[8,9], fied particles and consider measurements of the net charge
and that it is independent of the collision energy. The CERNfluctuations of pions, kaons, and protons/antiprotons. Mea-
and FNAL measurementd8,19,8 find the single charged surement of the&k*, K~ and p, p net charge are of particular
particle and two-particlgcharged-charggdpseudorapidity interest as they address, respectively, fluctuations of net
densities to be, respectively,(7=0)=2.06 and C,0,0 strangeness and baryon number which might be more sensi-
=po(m1=0, 7,=0)—p1(7,=0)p1(7,=0)=2.8. The charged- tive to the details of the collision process. The results are
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TABLE I. 100(_)V+_,dyn for charged piC_Jn_s, kaons, and protons, as  We have measured event-by-event net charge dynamical
a function of the integrated pseudorapidity range. Errors shown arfiyctuations for inclusive nonidentified charged particles, as

statistical only. Systematic errors are estimated to be of the order qf,e|| as for identified pions, kaons, and protons and their

9 i 9 . . . . . —
10% for chargeq pions and kaons, and of the order of 20% forantlpartlcles in Au+Au collisions at'sy=130 GeV. Dy-
protons and antiprotons.

namical fluctuations measured for inclusive nonidentified

|7 Al +- g Kt 0,p charged _particles are finite and exceed by nearly a factor of 2
expectations based on charge conservation. We find the mag-
05 —2.36+0.06 —2.4+0.1 —5%3 —-3%7  nitude of the net charge dynamical fluctuations to be in quali-
0.6 —2.27+0.04 —2.4+0.1 —5%2 53 tative agreement with expectations based on measurements
0.7 -2.11£0.04 -2.18+0.08 —4+2 ~7£5  of charged particle correlation functions pp collisions
0.8 -1.98£0.03 -2.12+0.07 —6+2 -8+3  measured at the ISR. We however find that although the fluc-
0.9 -1.90£0.03 -2.02+0.06 —6+2 -9+2  tuations roughly scale in proportion to the reciprocal of the
1.0 -1.75£0.02 -1.92+0.06 -7+l -8+2  produced charged particle multiplicity, the scaling is not per-

fect, and the quantityN)v,_ 4, exhibits a small dependence
o . . on collision centrality, which suggests the two-particle cor-
compiled in Table | for all charged species, pions, kaons, angg|ations may be modified in central collisions relative to
p, p. The results indicate that the dynamical fluctuations forperipheral collisions.
pions are approximately of the same magnitude as for inclu- a comparison of our measurement with thermal model
sive nonidentified charged particles. One however discerns Bredictions[21,5,23 appear to indicate fluctuations at a level
small but finite difference, especially for integrated pseudoypat might be expected if the Au+Au system behaved like a
ra+p|dlty ranges|7|<0.7 and larger. The measurement of resonance gas. Although the size of the fluctuations is sig-
K*, K™ andp, p fluctuations is hampered by the smaller mul- pificantly larger than expected in that work for a quark-gluon
tiplicities and finite detection efficiencies for kaons and Pro-gas, limitations of the model used prevent a conclusion on
tons an_d their antiparticles. Our measurement, which IS Préthe existence or nonexistence of a quark-gluon plasma phase
sented in Table | for acceptances from<0.5to|7/<1.0is  pased on these results.
thus Iimiteq toa centr.aI. collision trigger s_ample. The effect Finally, we report the first measurement of net charge dy-
of the variation of efficiency near detection threshold washamical fluctuations of identified pions, kaons, and protons.
studied by changing the transverse momentum thresholgjons exhibit dynamical fluctuations slightly larger than the
used in the determination of,_ gy, It was found that for y4)yes obtained with our inclusive measurement. Kaons and
inclusive nonidentified particles, 4, changed by less than protons are found to exhibit dynamical fluctuations that are 2
3% while varying the transverse momentum cutoff for par-ty 4 times larger than those observed for all charged par-
ticle detection from 0.1 to 0.2 Gev/The same study using tjcles. However, the lower production multiplicities of these
HIJING events led to a 10% change il gy particles may imply the dynamical fluctuations are domi-
The systematic error for protortantiprotong is difficult  nateqd py charge conservation effects. Further data are needed
to assess, since GEANT studies indicate a considerable frag; 55sess whether the dynamical fluctuations of kapns

tion of the proton yield below 0.4 Gevls associated with  ong significantly exceed the minimal values constrained by
pion-induced proton knockout reactions in the beam PiPestrangenesgbaryor) charge conservation.
Background protons bear little correlation with antiprotons.
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atic error of the order of 20% for thg, p measurement. fice of Science of the U.S. Department of Energy, the United

The dynamical fluctuations of the charged kaons pfil  States National Science Foundation, the Bundesministerium
are also finite. Their sizéabsolute valugare in fact larger fuer Bildung und Forschung of Germany, the Institut Na-
than the dynamical fluctuations measured for pions and fotional de la Physique Nucleaire et de la Physique des Parti-
inclusive nonidentified charged particles. The proton dy-cules of France, the United Kingdom Engineering and Physi-
namical fluctuations are somewhat larger than the kaon flugsal Sciences Research Council, Fundacao de Amparo a
tuations. Strangeness conservation and baryon number coResquisa do Estado de Sao Paulo, Brazil, the Russian Min-
servation should influence the size of the dynamicalistry of Science and Technology, the Ministry of Education
fluctuations for the net charge of kaons an@, respectively. of China, the National Natural Science Foundation of China,
The charge conservation limit derived for inclusive noniden-Stichting voor Fundamenteel Onderzoek der Materie, the
tified charged particles can be readily reinterpreted to estiGrant Agency of the Czech Republic, Department of Atomic
mate the expected magnitude of dynamical fluctuations foEnergy of India, Department of Science and Technology of
K*, K™ andp, p. One finds that the kaon armgp dynamical India, Council of Scientific and Industrial Research of the
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