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First results of them; dependence ofr*#* and K*K* correlations fromS + Pb collisions at
200 GeV/c per nucleon measured by the focusing spectrometer of the NA44 experiment at CERN are
presented. Multidimensional fits characterize the pion and kaon emission volume. The pion radius
parameter decreases with increasing Furthermore, the pion and kaon radii show a commyini,
dependence. This behavior can be interpreted as a result of a strong momentum-position correlation
arising from collective flow.

PACS numbers: 25.75.+r

Two-particle intensity interferometry can provide in- permit multidimensional fits, which may be sensitive to
formation on the space-time extent of a particle-emittingcollision dynamics [4,5]. A common dependenceen
source when the emitted radiation is at least partially in-of radius parameters can indicate collective flow [7], as
coherent [1-3]. Correlation measurements with varioushe momentum-position correlations caused by the flow
particles may be particularly helpful in understanding theincrease with increasing;. NA44 can address this issue
dynamical evolution of heavy-ion collisions. by comparing kaons and pions in different regions. A

In the experimental search for quark-gluon plasma forGaussian parametrization gives a reasonabile fit to the two-
mation, one suggested signature is the extended emiparticle correlation functions [3], though the distribution
sion time of mesons from a system undergoing a phasmay have a more complex shape [8,9].
change; this can be measured by one component of the Higher pr pions may decouple from the system earlier
two-particle correlation function [4,5]. Interpretation of in time [8], include fewer pions from resonance decays
these measurements requires study of the effects of the gd-0], and consequently show a smaller radius parameter.
ceptance of the spectrometer and the dynamics of the paffheRQMD (version 1.08) event generator [6], which simu-
ticles in the final state. Our procedure is to use a detailethtes heavy ion collisions, predicts that near midrapidity
event generator simulating the collision and the hadroni@3% of the pions withpr lower than 200 MeVYc
interactions [6] to evaluate the correlations in our accepeome from long lived resonancey, n,n’) decays, but
tance with final state dynamics such as expansion, andnly 8% of pions with p; = 500 MeV/c arise from
compare with our data. those resonances. The strength of the correlationathe

The NA44 experiment measured identified single- andgarameter, is expected to increase wijth since fewer
two-particle distributions in 200 GeM per nucleon high-pr pions come fromy andn’ decays.

S + Pb collisions at midrapidity, with good acceptance The NA44 focusing spectrometer [11] uses two dipole
for pairs of particles with small momentum difference. magnets and three quadrupoles to create a magnified
The momentum resolution i8p/p = 0.2% and thepy  image of the target. The momentum range in this analysis
range0.0 = pr = 1.2 GeV/c. Our high statistics data covers a band 0f-20% around the nominal momentum
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setting. Two angular settings of the spectrometer withaccelerations in the Coulomb field [15]. No corrections

respect to the beam axis are used, 44 and 131 mrad, aade made for final-state strong interactions, but these are
referred to as the lowr ((pr) = 150 MeV/c) and the expected to be small [8]. The data are fitted to three

high-pr ((pr) = 450 MeV/¢) settings, respectively. The different functions

time-of-flight start signal is derived from a Cherenkov oy AR, Iy 2
beam counter with a time resolution ef35 ps [12]. A C(Quny) = AL + Ae ) Qi = VO ~ Q0.

silicon pad detector gives the charged-particle multiplicity 3)
distribution with 27 azimuthal acceptance in the range
15 <75 <33. C(Or—r) = A(l + Ae %-Rier) 0 =+/02 + 02,

Three highly segmented scintillator hodoscopes are
used for tracking and time of flighto{~ 100 ps). Two
threshold Cherenkov counters provide additional goodnd
particle identification. A uranium-scintillator calorimeter _ 02 R2—02R2 020>
distinguishes electrons, hadrons, and muons. ClQ12 Q1. Q) = Al + A" M ERTEIE). (5)

The single-particle acceptance at 131 mrad setting for One-dimensional fits using the variabl@g—, and Qi
pions span2.5 <y <32 and0.2 < pr < 1.4 GeV/c. allow comparison with other experiments and different
The acceptance at the 44 mrad setting for the pions spamparticles, and are useful in cases of limited statistics. Un-
32 <y <42 and 0.0 < pr < 0.6 GeV/c and for the fortunately the extracted parameters are difficult to inter-
kaons cover2.7 <y <33 and0.0 < py < 0.7 GeV/c.  pret. Our data permit an analysis in three dimensions,
The 131 mrad data sample contains 50000 and 38 00&nd partially alleviate this difficulty. The momentum dif-
reconstructed pion pairs in the horizontal and verticalference is resolved int@; parallel andQ, perpendicular
settings, respectively. The target thickness is 0.5 cmio the beam directionQ, is further resolved into a com-
Events from the 3% of most central collisions, determinecbonentQ,, parallel to the pair momentum sum amy,
by the Si detector, are used. Contaminationrgbairs by  perpendicular to the sum. Being parallel to the veloc-

(4)

K is less than 1%. ities of the particlesQ,, is sensitive to the lifetime of
The correlation function is the source, whereag,, is sensitive only to the transverse
Ry, k) spatial extent of the source. Thus the paramekgrand

Craw(lzl’]_éz) = 1) R, give measures of the source lifetime and transverse

- , Bk, k2) . ... __source size, respectively [8]. The data are analyzed in the
wherek; are the particle momenta. The “real distribution” frame in which the: component p, = p. + p.,) of the
z 21 22

R(ki, ky) is the measured pair distribution as a functionyair momentum sum is zero, also referred to as the “longi-
of relative momentum. The “background distribution” yginal center-of-mass system (LCMS).” This frame re-
B(ky, k) is generated as follows: For each event in theates the lifetime information ta,,, and simplifies the
R(ki, k) sample, twenty pairs of events are selectedheoretical formulations of the correlation function for
randomly. In these pairs, one particle in each event isongitudinally boost invariant systems. This arises due to
used to create a new “event” for tlék,, k) distribution.  the fact that LCMS comoves longitudinally with the cen-
Pairs constructed in thB(k,, k,) sample are subjected to ter of the emission region for particles of a given longi-
the same analysis procedure as the pairs from the re@idinal momentum [16]. The three-dimensional analysis
sample. requires simultaneous fitting of data from the horizontal

The background spectrum is distorted with respectind vertical spectrometer settings, which optimizes our
to the true uncorrelated two-particle spectrum, owingacceptance i, andQ, , respectively. The resolution in
to the effect of the two-particle correlations on theg,_., 0,, andQ; is =15 MeV/c and is=30 MeV/c in
single-particle spectrum, and is iteratively corrected (thep, . The effects of the finite resolution, independent of
correction factor is referred to @pc) [13,14]. The data p,, has been deconvoluted by an iterative procedure. Bin
are further corrected for the momentum resolution of thesijzes of 15 MeV¢ are used, and all bins are included for
spectrometer and the two-particle acceptaiiGe.) [11]. fitting.

Coulomb interactions are corrected using the Gamow Systematic errors are estimated by varying the analy-
correction (Kcou). Corrections from Coulomb wave sis conditions, e.gpr resolution and hodoscope slat cuts,
function integration [8] tend to increase the extractedand refitting the data. The systematic errors are compa-
parameter by about 5% but do not affect thearameter rable to the statistical ones; further details on systematic
significantly. After corrections the correlation function is error analysis are in Ref. [17].
given by The results from fits t@z—, andQ;,, for the horizontal

C(ky, ky) = CrawKspc Kace Kcoul - (2)  settings are given in Table | [17,18]. Results from 3D fits

Coulomb interactions with the residual nuclear systento =" 7" data are shown in Table Il. Projections onto the
are neglected but should be small for two particles withthree axes are presented in Fig. 1 using 30 We¥uts
identical charge-to-mass ratios which experience similaon the nonprojected components. The deviation of the
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TABLE I. Results [17,18] of Gaussian parametrizations in 82 T . — T
Qinv aNd Qr—-. ((pr) in MeV/c.) Vertical b Horizontal ]
System({ pr)) A R(R = 1) (fm) x2/Naot
" G
7wt (=450) 052 + 0.05 236 + 0.13 42/30 2 '
a7t (=150) 0.59 = 0.03 390 = 0.14 24/25
K*K™*(=240) 0.85 = 0.06 2.69 = 0.14 65/36 ; . L )
ol 200 O 00 200
Q, (MeVic) Q, (MeVic)
SyStem(<PT>) A Riyy (fm) Xz/Nde 82 T LI
mtat(=450) 048 * 0.02 427 + 023 27/20 Horizontal
7t 7t (=150) 0.56 = 0.02 5.00 = 0.22 29/25
K*K™*(=240) 0.92 £ 0.08 3.22 = 0.20 53/31 1.2

X*/Naot from unity in the large angle data and the one- o
dimensional K*K* data reflects a difference from a
perfect Gaussian at lo@, as seen in Fig. 2 and Ref. [17]. FIG. 1. Theo,, 0,, and Q; projections (131 mrad setting).

A trend is evident in all thre® parameters . Higlpr  The lines represent a Gaussian fit to the data points. Error bars
pions have smalleR parameters than low, pions. The are statistical only.
R parameters for lowsr kaons [17] and highpr pions
are comparable. Np; dependence is seen on the lambdaallows us to infer the transverse spatial dimension of the
parameter for the pions. pion source at freeze-out. The, parameter calculated

The prediction of a largek;, compared toRy,, from  from romD, which most closely reflects the source trans-
hadron emission by a mixed plasma-hadron gas phasgerse size, i$.25 + 0.12 fm for high-p; pions, while the
is not borne out by the data. We now discuss oufwidth of a Gaussian fit to the transverse position distribu-
observations in the light of two models which both permittion of high-p; pions at freezeout in the model is 3.5 fm.
the estimation of geometrical source sizes. Within the We also compare our measurements to a simple hy-
framework of the first onerQMD [6], it is also possible to  drodynamical model, which predicts tie parameters to
evaluate the influence of resonances and the experimeniglale ad/,/mz [7] for all mesons. The collective expan-
acceptance on th& and A parameters as a function sjon leads to strong momentum-position correlations in
of increasing pr. The shape of thers correlation both longitudinal and transverse directions [22,23]. The
is influenced by thew(789), its contribution decreasing velocity gradient together with the freeze-out temperature
considerably from low to higlp; [19,20]. The correlation generate a length scale in all three dimensions. If the
functions predicted brom for our acceptance, however, source length scales are considerably larger than this, for a
do not show an appreciable increaselinin agreement cylindrically symmetric three-dimensional expansion, the
with the data. In contrast to the lopyr pions, only three measurest parameters become equal in the LCMS
about 4% of the kaons [21] come from resonances witlkand show al//mr dependence [7]. Our measurements,
lifetimes that are Io?g r?orrllloared to the siﬁe I(()jf bthesummarized in Table 1, indicate that, in the LCMS,
system. Consequently, the ka@nparameters should be
comparable to those of highy pions. Ry~ Ry ~ Ry = 1/\mr. 6)

Reasonable agreement of data on highpions with  This model implies that the source dimensions are larger
RQMD is shown in Fig. 2;RomD and data show similar than the extractedk parameters from the correlation
trends in ther parameters. Because of the correlationsfunction.
between position and momentum, which indicate a col- Both models discussed include a collective expansion,
lective expansion, th& parameters from the correlation explicitly in the hydrodynamical model, and as a conse-
function are, in general, smaller than the source positiomuence of the rescattering ®omMp. The data indicate the
distribution. This is true for any experimental acceptancepresence of expansion but cannot address the relative va-
[21]. The agreement witlRQMmD parameters at larger  lidity of the two models.

200
Q(MeVic)

TABLE Il. Results [17,18] of Gaussian parametrizations dn, Q0,, and Q;. ((pr) in
MeV/c.)

System A R, (fm) R,, (fm) R; (fm) X%/ Naos
"t (=450) 0.55 = 0.02 297 £ 0.16 295 £0.24 3.09 £ 0.19 1500/1095
7t (=150) 0.56 = 0.02 4.02 = 0.14 4.15 = 0.27 4.73 = 0.26 1201/1415
K*K*(=240) 0.82 = 0.04 2.77 £ 0.12 2.55 £0.20 3.02 £ 0.20 925/1011

3342



VOLUME 74, NUMBER 17

PHYSICAL REVIEW LETTERS

24 ARIL 1995

325 P 7 2¢ L. 7 der wi;senschaftlichen Forschung, the Science Research
3 = NA44 1 gy, = Nau ] Council of Sweden, the U.S. Department of Energy, and
i"-_ el | "ie ] the National Science Foundation.

1B "nun BasEannt wg 1) LR REXTRE
3 1 1 i F L ! ] E
0 100 20& (Mewg;m o 100 a (Mewg)oo ’;Present address: Rome | Institute, Rome 1-00185, Italy.

82 e 2 i Now at University of Geneva, CH-1211 Geneve 4,
o e RGMD 1 L ° RamD g Switzerland.

il "y rooNaM ] = . NAd4 3 *Now at Riken Linac Laboratory, Riken, Saitama 351-01,
1| Sg,g++* od 4F 9'-$*oo¢+: Japan.

3 } E 3 Svisitor from Thilisi State University, Thilisi, Republic

3 1 ¢t ; of Georgia.

3 . ) ) 3 3 ) ) ) E INow at GSI Laboratory, Darmstadt, Germany.

(1} 100 1] 1

200 200
Q, (MeV/c) Q(MeVi/c)
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