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The pr dependence of #t 7t correlations from S + Pb collisions at 200 GeV/c
per nucleon is presented as measured by the focusing spectrometer of the NA44
experiment at CERN. Multi-dimensional fits are performed to characterize the
pion emission volume.

!Presented by Rama Jayanti at School and Workshop on Heavy Ion Collisions, Bratislava, 13-18
September 1993
2E-mail address: RAMA%VDGVSD@MPS.OHIO-STATE.EDU

0323-0465/94 © Institute of Physics, SAS 59




GU .
Rama Jayanti et aj.

1. Introduction

Two-particle intensity m:»mnmmnogm:% can provide information on the space-time
wxnmi of a vw;mo_m-mg_.gmsw source when the emitted radiation is at least partiall
Enormam:p [1,2,3). Correlation measurements with identified particles may be UEW\
ticularly helpful in ::amnmﬁm:&:m the dynamical evolution of heavy-ion collisions It
has been argued that sych Mmasurements may provide evidence for the existence o%w
first-order phase transistion in such collisions,

. NA44 is a second generation experiment optimized for the study of identified
single- and two-particle distributions at mid-rapidity. The spectrometer (’Focussin
mvmnnwoamﬁoi.v is designed to have good acceptance of pairs of partciles with me_m_
momentum difference at midrapidity .The apparatus also has excellent momentum
resolution (ép/p =~ 0.2%) and allows the study of particle distributions over a wide p
aw:m.m. (0.0 M pr < 1.5). Our statistics permit multi-dimensional fits which are Bow.@
sensitive to Interesting dynamics and variables which are not influenced by relativistic
effects Tr&. A Gaussian parameterization is frequently applied to fit two-particle
oo:&wro: functions [3]; however an exponential distribution could arise owing to
particle-production dynamics such as string-breaking [6] or decay of resonances [7,8]
A good clear signal of freeze out could come from higher pr pions since they ..wam.
expected to leave the system earlier in time and are less contaminated by resonance
Qommu\m.ﬂrm RQMD event generator [9] which simulates heavy ion collisions predict
that, while for pr lower than 200 MeV/c about 34% of the pions come from resonance

decays onl i ~ i
%MMWM mamw about 10% of the high pr (pr 2 500 MeV /c) pions come from resonance

2. Experimental Set- Up

The 5.<o‘:m of the experiment is shown in Fig. 1. The focusing spectrometer of the
NA44 experiment has been described in detail elsewhere [11]. Three dipole magnets
(D1, D2, and Uwv and three quadrupoles (Q1, Q2, and Q3) create a magnified image
of the target in the Spectrometer. Only one charge sign can be detected in the
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Fig. 1. The NA44 experimental set-up,
spectrometer at a time. The morentum range selected in this analysis covers a Dand

Y 4t e :
wﬁ £ 20% at its nonnmal imomentum setting of 4 GeV/e, The spectrometer is used
o iwo settings, via 44 mrad and 122 mrad with respect (o the beam axis to map
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the rapidity pr space.The former one is referred to as the low py (mean py =~ 150
MeV/c) while the latter one is referred to as high pr (mean py ~ 450 MeV/c) setting.
The beam rate and time-of-flight start signal for sulphur beam are determined using
a Cherenkov beam counter labelled CX seen in Fig. 1. The intrinsic time resolution
of the Cherenkov beam counter is approximalely 35 ps [12]. A silicon pad detector js
used to measure the charged-particle multiplicity distribution with 27 phi acceptance
in the pseudorapidity range 1.5 < 7 < 3.3.

The spectrometer uses three highly segmented scintillator hodoscopes, labeled HI1,
H2, and H3 [13] seen in Fig. 1, for tracking and time-of-flight measurements. In this
analysis we use only the time measured on H3 for particle identification with a time
resolution of approximately 100 ps. Time-of-flight along with the threshold cherenkov
provide good particle identification. Four wire chambers are used for momentum cali-
bration in conjunction with the third dipole magnet. A uranium-scintillator calorime-
ter (UCAL) allows identification of e, m, and p and was not used this analysis.

3. Data Analysis

Fits are performed in one and three dimensions. Fits in one dimension use Q=
V§% + ¢¢ which is good for comparison with other experiments and different, particles,
especially when one has limited statistics. Since the one dimensional fits are difficult
to interpret one gets around it by fitting in three dimensions, @, | parallel to the
momentum sum, @, ,perpendicular to this and to the beam, and @, parallel to the
beam. Being parallel to the velocities of the particles, Q,, is sensitive to the lifetime
of the source [7]. Data are analyzed in the frame in which the P, sum of both particles
is zero, coupling the lifetime information solely to @, [7]. This frame complicates
the interpretation of @ which is anyway complicated by relativistic effects.

The spectrometer is used with two different settings, called horizontal and vertical,
which optimizes our acceptarnce in @y, and Q,, respectively. In the horizontal setting
for S + Pb collisions at 200 GeV/c per nucleon the data samples contains 40,000
reconstructed 7% pairs, while in the vertical setting we have 30,000 7t pairs.

The single-particle acceptance curve for both the horizontal and vertical settings
are shown in Fig. 2, and span the rapidity range from 2.4 to 3.3, and a pr range from
0.20 to 1.3 GeV/c.

The target used in this analysis was 0.5cm thick. (i.e. 3% interaction length).
There is no centrality (small impact parameter) requirement in this data sample.
However, the spectrometer two-particle trigger bias the data towards the top 10% of
the cross section determined by the silicon multiplicity detector.

Tracks are reconstructed from hit positions on the three hodoscapes, with pattern
recognition constrained- by straight-line trajectories after the magnets. The x? of the
fit in the vertical direction provides additional track-quality information. Cherenkov
pulse and the mass-squared spectra give particle indentification. Fig. 2. shows the
distribution of the calculated mass-squared distributions Contamination of 7 pairs by
K is estimated to be less than 1%. A cluster algorithm based on hadoscope slat ADC
Pulse height distributions was used to distinguish pairs hitting neighboring slats on
the hodoscopes from single tracks.
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Fig. 2. The NA44 acceptance and mass squared plots.
The correlation function is determined using
-~ R(ky,ky
QﬁhEQnT\nwv” Alv lv y Ac
B(ky, k,)

where k; are the particle momenta. The ‘real distribution’ NQMT \nmv is the distribution

of the relative momentum, and the ‘background distribution’ mtm ; \nmv is constructed
from tracks mixed randomly from all events contained in \anxr \ML The background
distribution is generated as follows: for each event in \NQMM , awv_ twenty pairs of events
are selected randomly to form the background pairs. In these pairs, one particle in
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each event 1s selected randomly to create a new ‘event’ for the QO , \nwv distribution.
Thus the statistical error is dominated by the data sample. As in the real distribution,
events from B(ky, ks) are rejected when the tracks share hits on the same slat of the
hodoscopes. Tracks hitting neighboring slats in H1 are rejected as well, since most
single particles hit two slats. Thus effects due to the loss of close-by pairs cancel for the
two-particle correlation. This ensures that the ’real’ and ‘background’ distributions
are from the same class of collisions.

The background spectrum is distorted compared to the ideal uncorrelated two-
particle spectrum owing to the effect of the two-particle correlations on the single-
particle spectrum and is iteratively corrected for in the data (Kspc) [11,14,15]. When
an iterative procedure is applied for the background correction,one finds the results
to converge in about four iterations. The data are further corrected for the distortion
of the two-particle spectrum by the momentum resolution of the spectrometer and
the two-particle acceptance of the detectors (Kace)-

Furthermore, two-particle correlations arising from coulomb interactions are cor-
rected by the standard Gamow correction (Kecou). Corrections based on the more
accurate Coulomb wave function integration method tend to increase the extracted
radius parameter by about 5% but do not affect the chaoticity parameter defined
in Eq. (3) significantly. Coulomb interactions with the residual nuclear system are
neglected but should be less important for two particles with identical charge-

to-mass
ratios which experience similar accelerations in the Coulomb field (18]

QQS, \an = QI.E ,Nﬂ%ﬁ@.&.ﬂnnn.}wgi AMV

Final state strong interactions arising due to particles of opposite charge in a high-

particle-density environment are not corrected for owing to the large uncertainties in

proposed procedures, no corrections are applied for them [16]. Hence the correlation

function after all corrections applied is given by Eq. (2)
The data are fit with two different functions:

C(Q,Qo) = A(L+ 2@+ Qu)* R p_ )

or
ClQ1,, Qu., Q1) = Al + Xexp(—Q} R?, ~ Q2. R2. - Q2R2)) . (4)

Fits are performed using maximum likelihood techniques assuming Poisson fluctu-
ations. Fitting the three-dimensional equation requires using data from two different
Spectrometer settings, horizontal and vertical, and the data sets are fit simultaneously.
The resolution in Q,Q,, and Q; in the horizontal setting is about 15 MeV/c and the
Tesolution in @, in the vertical setting is about 30 MeV/c. Bin sizes of 10 MeV/c
have been employed in this data analysis.

4. Results

The results for the fit to Q (R = 7) for the horizontal spectrometer setting are
Summarized in Table 1 and shown together with the data in Fig. 3. The source

Parameters extracted from @ are difficult to interpret physically although useful to
Compare different data sets.
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Table 1. Fitted results of Gaussian parametrizations in Q, R = Awna__.:::wgv
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Em. 3. The Q@ plots from the horizontal setting. The line represents a gaussian fit to data
points Awamr.u:m:pc\v.

Three-dimensional fits arc performed on the S+4+Ph 5+ data set and results are

shown in Table 9. Projections onto the three axes are presented in Fig. 4. d ﬁ
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Fig. 4. The @i,, @i, and @ projections. The line represents a gaussian fit to the data
points (Preliminary).

One can see the trend in data. Going from low pp to high pr the radius parameter
decreases in case of poins. The radii in case of low py kaon [17} and high py pions
are comparable.

5. Discussion

The pion radius extracted here is smaller than the pion radius extracted form
lower pr data set [18]. This could be due to a smaller resonance background and/or
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Table 2. Fitted results of Gaussian barametrizations in Q,,, Q:, and Q, (Preliminary)
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