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Two-Pion Correlations in Au + Au Collisions at 10.8 GeV'c per Nucleon
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Two-particle correlation functions for positive and negative pions have been measured-inAdu
collisions at 10.8 GeYc per nucleon. The data were analyzed using one- and three-dimensional
correlation functions. From the results of the three-dimensional fit the phase space density of pions was
calculated. It is consistent with local thermal equilibrium. [S0031-9007(97)02850-0]

PACS numbers: 25.75.Gz

Bose-Einstein correlations of identical pions canof 1 X 10° central events, and the total number of ana-
be used to obtain information about the space-timelyzed #*#*, 7~ 7, and # "7~ pairs is 130 X 103,
momentum distributionS(r, 7, p) of pions at freeze-out 210 X 10°, and 340 X 103, respectively. The parti-
(pion source) in a nuclear collision (for a review, see [1]).cle identification (PID) quality was tested by varying
The two-pion correlation functionC(p;,p2), defined the PID cuts in order to deliberately accept back-
as the ratio between the two-particle density and theground particles. No significant influence on the results
product of single particle densities, shows a peak atvas observed, implying that particle misidentification
q = p2 — p1 = 0. The width of this peak is inversely does not contribute significantly to the overall sys-
proportional to the size of the pion source. Analysis oftematic uncertainty. A more detailed description of
C as a function of different components of the relativethe experiment and of the data analysis can be found
momentum Yyields information about the source dimendin [13].
sions in different directions. The relation betwegmand Experimentally, the correlation functiafi(q) is defined
C is complicated by effects like three-particle (and more)as the number of pion pairs incgbin (signal) divided by
correlations [2—-4], long-lived resonance decays [5-7]the number of such pairs obtained by event mixing (back-
and the distortion of the single-particle spectra by theground). The variableg,u, gsige, aNdgiong, Used in the
two-particle correlations [8,9]. The correlation must alsothree-dimensional “out-side-long” analysis, are the com-
be corrected for the Coulomb interaction between the twgonents ofq in the beam rapidity frame.,.1 = Ybeam =
pions [10-12]. 3.14. Heregiong is the component parallel to the beam,

In this Letter we present results of the correlation analyyq4. is perpendicular to the beam and to the average pair
sis of pions produced in central At Au collisions at momentum, andy,, is perpendicular taion, and gsiqe
10.8 GeV/c per nucleon. The data were taken in the fall[14,15]. In our one-dimensional analysis we analyzed
of 1993 at the AGS. The central trigger at the level oftwo-pion correlations as a function gf = |q| calculated
10% of the geometrical cross section was used. The appa the pair c.m. frame. For equal mass particjaés equal
ratus allowed a simultaneous measurement of positive and Q;,,, which is defined ag/(p, — p1)> — (E; — E1).
negative pions with a momentum resolution&p/p =~ The background pairs were weighted with the Coulomb
3%. With two field polarities used, the overall accep-correction factor to remove the effect of the Coulomb
tances for positive and negative pion pairs were similarinteraction between the two pions from the correlation.
2<y<4and0 < p, < 0.5 GeV/cwith(y) = 3.1and It is calculated by taking the square of the nonrelativistic
(p:;) = 0.1 GeV/c. The analyzed data sample consistswave function describing a particle in a Coulomb field
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[16,17]: The experimental, Coulomb corrected one-dimensional

) ) mt7 " and7 7~ correlations were parametrized by
T

-k
H(k,l‘) = m ‘F[—in;l;ik<r - I'k >i|

bl

C(Qiny) = 1 + Aexp(—R?Q3,), )

1)
. ) o with 7 = 1. The results of a maximum likelihood fit are
wherefF is the confluent hypergeometric functidais the  gpown as the solid line in Fig. 2. The fit parameters are

asymptotic momentum of & pion in the pair c.m. systeMyiyen in Table I. Fitting Coulomb uncorrected correla-
(k = Qinv/2), andr is the relative distance of the two {jong gives the samg but a lowera value of 0.32. We
pions at freeze-out. The relative velocity enters throughygtimate the uncertainty of because of the assumptions

n = Z1Zymyca/Qiny Wherem, is the pion mass and entering the Coulomb correction to be half of the differ-
a is the fine structure constant. For pions emitted fromMynce ie. 18%.

a pointlike sourcef" is equal to unity and the Coulomb |, ihe out-side-long analysis, which was per-
correction becomes the well known Gamow factor [10,16k,med in the beam rapidity frani]@anal — 3.14. the

(dot-dashed line in Fig. 1). For a finite-size source, th&nree_dimensional correlation functions were fitted by

Coulomb correction factor can be obtained numerically

by averagingd(k,r) overr. The correctior# calculated  C(Gout: Gsides Giong) = 1 + A €XP(—R3y qaw — Rigedaiae

this way for a Gaussian source with = oy = 0, =5 ~ R4

fm and o, = 0 is shown as a dashed curve in Fig. 1. long7long

In addition, since it would be incorrect to divide data — 2|Ro1|Ro190utG1ong) - 3)

which have been measured with a finite resolutign by

a correction calculated assumidgp = 0, we foldedH ~ The projections of the correlation and of the fit, obtained

with the momentum resolution of the spectrometer. Thdly averaging over the two other componentsgoh the

resulting correctiorfl,, is shown as a solid line in Fig. 1. range from—50 to 50 MeV/c with a weighting factor
Since therr* 7~ correlation is dominated by the mu- equal to the number of background pairs, are shown

tual Coulomb interaction, we can use it to test the qualityin Fig. 3. The particles were labeled such that,, >

of the Coulomb correction. This correlation function, un-0. The asymmetric shape of the projectiagi(gou),

corrected, corrected by the Gamow, andHy, is shown well reproduced by the fit, is caused by the acceptance

in the right hand panels of Fig. 2. The properly correctecand the finite width of the projection window. The

correlation should be equal to unity. The Gamow correcparameters obtained from the fit are given in Table II.

tion is obviously inappropriate. This is in agreement withThe values were corrected for the momentum resolution

several theoretical studies [11,18,19] as well as previousf the spectrometer using the results of a Monte Carlo

experimental observations [20,21]. The Ky, corrected ~simulation.

«+ 7~ correlation is close to unity. We therefore use the

same method to correct the" 7+ and#~ 7~ correlation

functions. The Gamow correction would lead to a sig- PREY S i S 1 SN S
nificantly different shape of the corrected correlation (see d Poiayt b) 1 Lo 1.
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FIG. 1. Coulomb correction factor for two-pion correlation 0 0102 0 01 02 0 01 02 03
functions. The dot-dashed lin€& represents a correction Q,,(GeVic) Q,, (GeVie) Q, (GeVic)

assuming a pointlike pion source (Gamow factor). The dashed
line H was calculated for a Gaussian source with a realistidFIG. 2. One-dimensionat*#*, 7w~ 7, and# " 7~ correla-
size. The same curve folded with the spectrometer momenturtion functions. Presented are (from top to bottom) raw and
resolution is shown as a solid line. This is the correction usedsamow corrected correlations, and correlations corrected by
in the data analysis. Hyp,. The solid line is the Gaussian fit.
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TABLE |I. Parameters of the fit to one-dimensional correlation = 150
functionsC(Qiny) = 1 + Aexp(—R2Q%,). For the purpose of o T T
comparison we also quote the results obtained with the Gamow ‘e 1.25 R OO SO 1
correction (denoted a6). e ! \m
. . . . F’WJ N £ 7Y ety
With Hy, correction WithG correction 1.00 h }\ vy T
A R (fm) A R (fm) ; T
7tmt 049 £ 004 55*03 056004 51x02 g o I ,
7 7~ 051003 62=*x02 062=*003 59=02 e 195 Lo _\ ___________
[
1.00 M\M’A‘{M\ ..... J ¢:¢,A‘ *':
Similarly, as in the one-dimensional fit, the™ and 4 -
i

7~ sources 'apparently differ 'in size. .We attribute this 078, 2" 00 00 01 00 o1 o2

to the distortion of the correlation function caused by the

Coulomb interaction between each of the pions and the

rest of the system [12]. FIG. 3. Projections of the three-dimensional* 7+ and
The parameteRq. is most directly related to the trans- #~ 7~ correlation functions. Solid lines represent projections

verse size of the pion source. In order to compare it to th&f the fit.

projectile size we first translated the r.m.s. radius of a gold

nucleuskms = 5.3 = 0.1 fm [23]to an equivalent Gauss- coming from the core isvA, the following formula
ian radiusRG = 1/+/3Rms = 3.08 = 0.06 fm. Theratio  describes the average phase space density in the core:

Tout (GEVIC)  1,,] (GOVIC) G (GOVIC)

Rgae/Rg is 1.320.3 for 7+ and 1.8£0.2 for #—. This Pn 732X

increase of the transverse size, combined with the recent (W === . (5)
finding of transverse flow velocities from analysis of par- d’p Rside\/Rngﬁ,ng — R,

ticle spectra [24,25], may be used to restrict the expansio

lilaking the correlation parameters from Table Il (with the

It has been shown recently that the two-meson correla o' matrix properly taken into account) and using ex-
y rimentald*n/d’ p from Ref. [28], we calculatedf )5

tion function is related to the meson phase space densig(/)er several points in the ) plane (Table I1l). "We
p[9y .

(defined as the number of particles per unit voluien that th lati h q t ch
six-dimensional phase space) at freeze-out [26]. Using th@SSUme that the corrélation parameters do not change

results from [26] we obtained the following formula: significantly between the points and thus the entire mo-
mentum dependence comes frdim /d> p; a more correct

dynamics.

() = d’n ) 4) approach would require a separate correlation analysis for
TP Bp g [p2 e pa every(p,,y) bin.
sidey RoutTlong - Hol In the absence of transverse flow and neglecting spectral

changes due to resonance decay, the phase space density

where( f), is the phase space density of pions with mMo-q¢ pions in thermal equilibrium would follow the Bose-

. : 3
mentump, averaged Qverthe §pgt!al coordinatess/d’ p Einstein distribution (for each pion species):
is the differential pion multiplicity, andA, Rout, Rside
Riong, and R, are the numbers obtained from the out- BE 1
side-long fit to the correlation function. This phase S p) = O

g M - TS phase exflm; cosiy — ys)/T] — 1
space density can be compared to a theoretical prediction
assuming local equilibrium, i.e., to the Bose-Einsteinwith the pion transverse mass:;; and rapidity y,
distribution function. However, pions from long-lived and the source rapidityys. Since transverse mo-
resonances, which result in < 1 [7,27], decrease the mentum spectra of pions and protons at these ra-
mean phase space density. This component of the sourpidities have similar slopes [28,29], the neglect
function is not thermalized and should be left out fromof transverse flow seems to be appropriate. Nev-
the comparison. Since for a case without long-livedertheless, to estimate an upper limit for the influ-
resonances = 1, and since the actual fraction of pions ence of flow effects, we found by Monte Carlo simulation

TABLE Il. Parameters of the fit to three-dimensional correlation functions

C(QOup qside » qlong) = 1+ /\eXF(_Rgutqgut - Rszideqszgde - Rlzong.q%ong 72|R01|ROIQOutqlong)-
The fit results are corrected for momentum resolution. That is whydiffer from the values

in Table I.

A Rout (fm) Rside (fm) Rlong (fm) Rol (fm)
ata’t 0.62 = 0.06 58 £05 39 £0.8 55 *04 24 £0.7
T 0.62 = 0.05 6.5 £05 5.6 £0.7 5.8 04 3708
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TABLE lll. Pion phase space density at freeze-out as a functiop,andy. The statistical
errors fromd®n/d?p are about 2%. The systematic error fratni/d>p, combined with the
error from the correlation analysis, is 32% for" and 21% form~. (These errors act on all
numbers collectively.)

+ —

T T

p: (GeV/c) y = 3.05 y =315 y =325 y = 3.05 y =3.15 y =325
0.05 0.190 0.167 0.146 0.158 0.134 0.115
0.10 0.124 0.110 0.094 0.100 0.083 0.071
0.20 0.039 0.033 0.027 0.028 0.022 0.018
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