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Abstract

Three dimensional source size parameters mewmred via twoparticle interferometry
in experiment NA44 for 200 GeV/nuckon S+Pb show a common 1/fi dependence for
all three dimensions. This is consistent with a hydrodynamic model for an expmding
source. The single particle spectra are also interpreted within a hydrodymanic model.
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Introduction

The NA44 spectrometer is optimized for the st udy of sing!e and two particle particle spectra

near mid-rapidity for transverse momenta below = 1 GeV,’c. A large fraction of all pairs

in the spectrometer’s acceptance are at low relative momenta. resulting in small statistical
uncertainties on the ext ratted size parameters. In addition, the spect rometer’s clean particle

identification allows us to measure correlation functions for pions, kaons, and protons.

This contribution will concentrate on the source size parameters determined from pion

and kaon correlation functions. These size parameters will be compared to calculations
from the RQMD event generator[lO] and also interpreted in the context of a hydrodynamic

modei[3]. FII.dl y, the measured single particle spectra will be examined from the viewpoint

of hydrodynamics.

Experimental R=ults

The NA44 Focusing Spectrometer[4. 5, 6] U*S two dipole magnets and three qUa~rU@es,

covering a morn~ntum range of +20% around its central momentum setting. For the data

shown here, the central momentum settings are 4 GeV/c (lab) for pions and 6 GeV/c for

kaons. The twa spectrometer angle settings used for m+ are referred to M low ~ ( < ~ >=

1.50 MeV/c ) and high ~ ( < ~ >* 450 MeV/c). The tracking and time-of-flight uses
three scintillate - horoscopes whose time resolution is s 100 ps, with a C.herenkov beam

counter[7] for the time-of-flight start (a * 3.5 r,s).

The NA44 data have been analyzed in terms of three components[8, 9] of the tw~particle
momentum difference (~ = Z – @~. The data are analyzed in the frame in which the z-

component of the pair moment~... ~pZ1+pZ2 ) is zero (the longitudinal center of mass system,

or “LCMS” ). The momentum difference is resolved into a component (qbe.~ ) parallel to the
beam direction and a component perpendicular to the beam direction. The perpendicular

component is further resolved into qout parallel to the sum of the pair momentum and

qSi&, which is perpendicular to the sum and to the beam. Three corresponding source size
parameters ( R.b~cm,R.uf, Ral& ) are determined by fitting eq. 1:

t.o measured 3D correlation functions from two different spectrometer settings. The “hori-

zontal” focus spectrometer set ting optimizes the accept ante for RO,,t. while the “vertical”
focus sperlrometer setting is for f?~i~~. The resolution in qou( and qbpm~ is %15 MPV/c and

in (~~~d=is %30 h!eV/C.

I)iscussion

Fig. 1 compares size param~tcrs from NA411[1, 5. 6] to size paramotcrs ralculatml[ lo] using

the KQIID event generator[l, 2] to grmcratc the sing]r part irlr mIlission probability rli:;t ri-

hutirm at the point of ~arh particlr”s last interaction. Ttw two-partirlc rorrrlat ion fl!nction

is calculated frmn the single particlr dist ributirm using ii \Yignor funrtioll kjrmalisul[l 1. 12].



P= .p-”’”-’’”-’qIHiah m x+x 0.68 I 2.0+0.1 I 2.0+0.1 I 2.1 +0.1. . 1

Low ~ x+x+ 0.47 1.9+ 0.1 I 2.0+0.1 2.2 + 0.1

Low n X+X+ 0.74 2.1 +0.1 1 1.9+ 0.2 2.2 * 0.2

Table 1: Results of the rn~ dqxmdence on radius parameter

In fig. 1, the calculations for low ~ m+ agree with the N A44 results for two of three size

components, but the RQMD result k larger (by 3.4u) than the NA44 result for I&cm. The

R.QMD result also agrees with the NA44 high p-r result for two of three size parameters, put
the RQMD value of ROUt is significantly larger than the NA44 result. For K+, the NA44
and RQMD results are in good agreement.

Analytical hydrodynamical calculations show tl.at for collective flow wit h sup:’rimposed
thermal motion, the radius parameters in different directions become more euual and scale

as l/@. [3] In table 1 the radius parameters show a 1/fi dependence. Such behavior

is expected if a hydrod yna mical expansion takes place, causing correlations between particle
positions and momenta in the transverse zs well as longitudinal directions.

In order to accept a hydrodynamic model as a reasonable basis for understanding the
tw~particle correlation data, we must also try to interpret the single particle spectra in the

same framework. One such description[13] suggests that for an expanding source in thermal

equilibrium, the inverse exponential slope of the mT spectrum (d N/dm~dy) can be related
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F’igurr I: The size pariimcters, for 200 t;rV/mIclwn S+ l’h, based m fits to 3 dimensional
correlation functions, for low /Yr %+ (solid cirrlm ). high ~. T+ (solid squares), and for K+

pairs (solid t rianglvs ) from NAll. ‘HI(’ uwrmponding fit pdramelcrs from the mrrclation
fuhcl ions calculatd fr(]t]l t?(j!d 1) fire showtI as (jptIII symbols.



particle ,$!T range fit (@V) S (iMeV) T (MeV)
. 0-0.25 b--h=

~+ 0-0.50 206+ 12 143+8

P+ 0-0.90 19O*1O 132+7

D- 0-0.90 1s3+10 127*7

Table 2: Preliminary NA44 data: For different particle types, the

param~ters (S) from fits to the rnT spectrum over the specified
calculated assuming & = 0.35 and equation 2.

to the tempcrat ure of the source via the expression:

1

r

1 l–&—=.——
s T l+~T

inverse exponential slope

and the “temperatures”

(2)

where S is the ifiverse exponential slope from a fit of exp ( –TT~T/S) to the mT spectrum, @T

is the transverse expansion velocity, and T is the true temperature of the source. LTsing this

expression, the meamred values of S for T+. K+, p+, p– can be translated into temperatures.
A consistent temperature would reinforce the hydrodynamic interpretation of the data.

An expansion velocity, & = 0.35 has been assumed to translate the measured slope
parameters to “temperatures” using eq. 2. The values are roughly consistent for K+, p+, p-,

but the ‘temperature” for pions is lower. However, the pion measurement is mainly at
low ~. where the resonance contribution is significant[lo]. These resonances contribute
a component with a lower apparent temperature and could explain the differences. To

examine this possibility, the RQM D event generator w= once again used. ln the region of
the NA44 data, inverse slope of the ( RQMI)) pion 7nT spectrum is about 12% larger than

the inverse slope of the (RQMI) ) spectrum of pions from which pions from q, 7/. and W(783 j
decay have been extiluded. This factor ran explain 1/2 to 1/3 of the diffmmce between the

pion “temperature” in table 2 and those for other particles. However, final data and tits

over a more consistent mT range are needed before drawing final conclusions.

Conclusions

We have investigated the m;- dependwwe of boson correlation functions in S+PtJ collisions.

The t.ransvwse radii for pirms anr! kanns shrrw a mmnmn l/@j d~pmrrlemce. ‘rhe data
indic?tm the presence of strong position- mommturn correlations in the t ransverse direction,

arising from collective flow. ‘~his will he further invmt.igat.ml by careful comparison of

hydrodynamical morhl calculations and single particle rlat a. ot hm (e.g. p-p) two particle
rorrr4ation data, and d/p ratios.
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