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Abstract

Three dimensional source size parameters measured via two-particle interferometry
in experiment NA44 for 200 GeV /nucleon S+Pb show a common 1/v/mt dependence for
all three dimensions. This is consistent with a hydrodynamic model for an expanding
source. The single particle spectra are also interpreted within a hydrodymanic model.
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Introduction

The NA44 spectrometer is optimized for the study of single 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 extracted size parameters. In addition, the spectrometer’s clean particle
identification allows us to measure correlation functions for pions, kaons, and protons.
This contribution wiil 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[10] and also interpreted in the context of a hydrodynamic
modei[3]. Fi.uly, the measured single particle spectra will be examined from the viewpoint
of hydrodynamics.

Experimental Results

The NA44 Focusing Spectrometer[4, 5, 6] uses two dipole magnets and three quadrupoles,
covering a mom~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 two spectrometer angle settings used for 7% are referred to as low pr (< pr >=
150 MeV/c) and high pr (< pr >= 450 MeV/c). The tracking and time-of-flight uses
three scintillatc ~ hodoscopes whose time resolution is =~ 100 ps, with a Cherenkov beam
counter[7] for the time-of-flight start (o = 35 rs).

The NA44 data have been analyzed in terms of three components(8, 9] of the two-particle
moinentum difference (¢ = py — p»}. The data are analyzed in the frame in which the z-
component of the pair momentu... (p;; +p;2) is zero (the longitudinal center of mass system,
or “LCMS”). The momentum difference is resolved into a component. (gpeqm ) parallel to the
beam direction and a coraponent perperdicular to the beam direction. The perpendicular
component is further resolved inio ¢,,; parallel to the sum of the pair momentum and
Qside, Which is perpendicular to the sum and to the beam. Three corresponding source size
parameters (Rieam, Rout, Raide) are determined by fitting eq. 1:

C'(qouh Qaide qbeurr-) = A(l + A exp ( —qoutzRgug - q?ide Rzide - qgeam Rgeam )) ( 1)

to measured 3D correlation functions from two different spectrometer settings. The “hori-
zontal” focus spectrometer setting optimizes the acceptance for R,,. while the “vertical®
focus spectrometer setting is for R,4.. The resolution in ¢,u¢ and gpeam is =15 MeV/c and
in g4 is =30 MeV /c.

[)iscussion

Fig. 1 compares size parameters from NA4[1, 5. 6] to size parameters calculated[10] using
the RQMD event generator(l, 2] to generate the single particle emission probability distri-
bution at the point of each particle’s last interaction. The two-particle correlation function
is calculated from the single particle distribution using a Wigner function formalism([11. 12].



ri'ystem vmr | ymrRy, | ymTR, | /TR
| Highpr ztx%* [ 068 [20£0.1[20£0.1[21£0.1

Lowpr x¥x% [047 [19£0.12.0+0.1[22%0.1
Lowpr K¥K¥ [ 0.74 [21£0.1]19+02[22£02

Table 1: Results of the mr degendence on radius parameter

In fig. 1, the calculations for low pr n* agree with the NA44 results for two of three size
components, but the RQMD result is larger (by 3.40) than the NA44 result for Kgeqm- The
RQMD result also agrees with the NA44 high p result for two of three size parameters, put
the RQMD value of R, is significantly larger than the NA44 result. For K*, the NA41
and RQMD results are in good agreement.

Analytical hydrodynamical calculations show tl.at for collective flow with supzrimposed
thermal motion, the radius parameters in different directions become more equal and scale
as 1/\/mrt. (3] In table 1 the radius parameters show a 1/,/m7 dependence. Such behavior
is expected if a hydrodynamical expansion takes place, causing correlations between particle
positions and momenta in the transverse 2s well as longitudinal directions.

In order to accept a hydrodynamic model as a reasonable basis for understanding the
two- 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 mr spectrum (4N/dm#dy) can be related
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Figure 1: The size parameters, for 200 GeV/nucleon S+Pb, based on fits to 3 dimensional
correlation functions, for low pr o1 ‘solid circles). high p7- 7% (solid squares), and for A+
pairs (solid triangles) from NA11. The corresponding fit parameters from the correlation
functions calculated from PQMD are shown as open symbols.



particle [ M7 range fit (GeV) | S (MeV) | T (MeV)
-+ 0-0.25 144116 | 10011
Kt 0-0.50 206+12 14318
pt 0-0.90 190£10 13247
P~ 0-0.90 153110 12747

Table 2: Preliminary NA44 data: For different particle types, the inverse exponential slope
paramzters (5) from fits to the mr spectrum over the specified and the “temperatures”
calculated assuming 31 = 0.35 and equation 2.

to the temperature of the source via the expression:

1_1[1-8 .
s T\ 1+3r (2)

where S is the inverse exponential slope from a fit of exp (—m7/S) to the mr spectrum, gt
is the transverse expansion velocity, and T is the true temperature of the source. Using this
expression, the measured values of § for 7%, K'*, p*, p~ can be translated into temperatures.
A consistent temperature would reinforce the hydrodynamic interpietation of the data.

An expansion velocity, 87 = 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 pr. where the resonance contribution is significant[10]. These resonances contribuie
a component with a lower apparent temperature and could explain the differences. To
examine this possibility, the RQMD event generator was once again used. In the region of
the NA44 data, inverse slope of the (RQMD) pion mt spectrum is about 1?% larger than
the inverse slope of the (RQMD) spectrum of pions from which pions from 7, 7/, and w(783)
decay have been ex.luded. This factor can explain 1/2 to 1/3 of the difference between the
pion “temperature” in table 2 and those for other particles. However, final data and iits
over a more consistent mr range are needed before drawing final conclusions.

Conclusions

We have investigated the m dependence of boson correlation functions in §4Pb collisions.
The transvesse radii for pions anc kaons show a common 1/,/m7 dependence. The data
indicates the presence of strong position-momentum correlations in the transverse direction,
arising from collective flow. This will be further investigated by careful comparison of
hydrodynamical model calculations and single particle data. other (e.g. p-p) two particle
correlation daia, and d/p ratios.
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