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ABSTRACT

Measurements of Bose-Einstein correlations in the production of like-signed pion
pairs have been made with the AMY detector at TRISTAN. An event sample of 3800
hadronic events with (y/s)=57.2 GeV was used. These measurements indicate a strength
of the enhancement of A = 0.60 & 0.13 = 0.08, with a typical correlation size of R9 =
1.18 & 0.17 & 0.10 fm. This value of A is consistent with measurements at lower energies;
however, RQ is somewhat larger than lower energy results have indicated.

1. Introduction

Descriptions of the theoretical basis for Bose-Einstein correlations in the produc-
tion of identical bosons (pions) can be found in a number of sources;1-3  only a brief
review will be given here. Given a chaotic (thermal) source of pions, and requiring
that the pion wave function be symmetric under the exchange of identical bosons, the
correlation function between two like-signed pions is related to the Fourier transform
of the pion source distribution, p(ki — fo), by:

C(fcl,fc2)=l1 + |p(fcl-*2)|2 )

where and are the pion momentum. In order to extract this correlation func-
tion from data, it is customary to compare the distribution of like-signed pion pairs
to unlike-signed pairs. This is due to the fact that the unlike-signed pair distribution
contains much of the same physics as the like-signed distribution (t.e. phase space,
momentum and angular distributions), but does not contain Bose-Einstein correla-
tions. Differences exist, however, due to resonance decays and other phenomenon.

*  Work supported in part by the U.S. Department of Energy.
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The ratio of the distributions, R = Nuke/Nunlikei is frequently parameterized in
terms of a Gaussian function of the four-momentum difference, Q:

R(OQ2) = | + 2)
O\kuek2) = (2 — )2 = M) — AM) 3)

where M12 is the invariant mass of the two pion system. The parameters A and R are
related to the strength of the enhancement and the size of the source, respectively,
and are determined by fits to the data. Although this- expression is only empiri-
cal, it has been shown to describe e+e~ annihilation data well over a wide range of
energies’ '

2. Experimental Data

2.1. AMY Detector

The AMY detector contains cylindrical tracking and shower detectors located
inside a 3 T solenoidal magnet, and has been well documented elsewhere.§ Charged
particles were detected using a 4-layer cylindrical array of tube-type drift cells fol-
lowed by a 40-layer cylindrical drift chamber (CDC) with 25 axial and 15 small-angle
stereo layers, covering the polar angle region |cos#| < 0.87. From Bhabha scattering
events, a resolution of Spr/pr = 0.7%pT’(GeV) was determined. A cylindrical electro-
magnetic calorimeter, consisting of 20 layers of interspersed lead and resistive plastic
proportional tubes, is situated radially outside of the tracking chamber, covering the
angular region | cos 6! < 0.73. Muons were detected using four layers of drift cells and
one layer of plastic scintillators, situated outside of the iron return yoke and covering
the angular region | cos 6! < 0.74.

“Good” tracks in the CDC were determined by requiring a minimum number of
wire hits, as well as vertex and polar-angle cuts. Multiple tracks caused by “curlers”
(i.e. spiralling low momentum particles that reenter the CDC, resulting in two or
more reconstructed tracks) were eliminated. The sample of events used were de-
fined by the standard AMY hadronic event selection criteria.9 These criteria elimi-
nated background events from beam-wall, beam-gas, r+r_, two-photon, and radiative
Bhabha events; as well as guaranteeing no large energy leakage into the beam pipe.
Backgrounds from these processes were estimated to be < 2%.

Hadronic particle identification was not possible using the AMY detector. How-
ever, it was possible to eliminate tracks caused by electrons or muons using data from
the Shower Counter and Muon Counter. It was required that there be at least five
hadronic tracks, with at least two positively and two negatively charged, for the event
to be included in this analysis.



2.2. Calculation of Correlation Function

For each event, all possible pairs of charged tracks were formed and (J2, the
negative of the difference of the four-momenta squared, was calculated. Two his-
tograms of the number of particle pairs were formed; one of like-signed pairs and one
of unlike-signed pairs. These distributions are shown in Fig. 1. The ratio of these
two distributions was the correlation function, after making corrections for differences
not related to the Bose symmetrization requirement of the like-signed pions. Such
corrections are described below.

Like—signed Pion Pairs

(M

Unlike-signed Pion Pairs
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Figure 1 — The distributions of (a) like-signed particle pairs and (b) unlike-
signed particle pairs, for the AMY hadronic data sample, versus Q2.

Differences between the like- and unlike-signed samples due to resonance decays,
normalization, and detector effects were corrected using Monte-Carlo simulation tech-
niques. This simulation was based on Lund 6.310 for 5-flavor parton production and
the Lund string fragmentation modelll for the hadronization process. It should be
noted that the Monte Carlo does not contain Bose-Einstein correlations. From this
simulated data, the Q2 distributions of like- and unlike-signed pairs were calculated
using the same cuts as for the real data. The measured correlation function was then
divided by the ratio of these distributions.



Like-signed pairs of non-identical particles (7r,iif,p) do not contain Bose-Einstein
correlations. The proportion of like-signed pairs that were identical pions was de-
termined using the Monte-Carlo simulation, and was fit to a polynomial, /x("2)-
According to the Lund 6.3 Monte-Carlo calculation, approximately 68% of all like-
signed pairs were TT1IT pairs, with only a slight variation in Q2.

Like-signed pions exert a mutually repulsive electromagnetic force, while unlike-
signed pions feel an attractive force. This Coulomb interaction alters the distribution
R(Q2) by an amountl2:

R(Q2) — R(Q2) exp(2%aMx/Q) (4)

where 2m0cMx ~ 6.4 MeV. This correction is about 9.5% at a QO value of 0.005
(GeV/c)2.

3. Results

The ratio of like- to unlike-signed pairs as a function of Q2, after applying all
corrections, is shown in Fig. 2. The spectrum was parameterized by:

R(02) = NO(1 + MO Ae-rtQ'xi + 7Q2) 5)

where NV is a normalization constant to take into account the different number of like-
and unlike-signed pairs, A and Rg are the parameters of the Bose-Einstein correlation
function, the term involving 7 is used to take into account long-range correlations
that exist (e.g. charge and energy conservation), and the function /T(Q2) ~ 0.68
was discussed previously. A fit to this spectrum yields parameters of: Ng = 1.021 £
0.014, A = 0.603 = 0.126, Ro = 1.182 = 0.170 fm, 7 = -0.041 £ 0.025 (GeV/c)-2,
with x2/dof = 92.5/96; this is also shown in Fig. 2. The fact that No and 7 are
approximately consistant with 1.0 and 0.0, respectively, indicates a good reliability
of the Monte-Carlo corrections (without such corrections, values of N9 = 0.765 and
7 = 0.148 (GeV/c)-2 were obtained).

A full study of the systematic uncertainties involved in this study, particularly
those from the Monte-Carlo corrections, has not yet been carried out. An attempt
has been made, however, to estimate some of the following sources of uncertainty:

Curlers. In order to eliminate multiple “curler” tracks that were caused by a
single low-momentum particle following a helix through the CDC, some like-signed
pion pairs at small relative angles may have been eliminated. This effect is limited to
only the first QO bin of the pair distributions, however, and good agreement was found



Bose-Einstein Correlations

X=0.603

N=1.021
-0.041

Figure 2 - Ratio of like- to unlike-signed particle pairs from the AMY
data, after making all corrections.

between data and Monte-Carlo simulations. A 3% uncertainty has been assigned to
this first bin to account for any errors, leading to a systematic uncertainty of £0.015
in A and +£0.025 fm in Ro.

Resonance effects. A £30% uncertainty in the TT+1T- distribution resulting
from J] and 7' decays has been included. This results in roughly a +2.5% uncertainty
in the ratio of like- to unlike-signed pairs in the region Q2 < 0.06 (GeV/c)2. Based
on this, an uncertainty in A of £0.037 and a +0.066 fm uncertainity in Rg has been
included.

Monte-Carlo statistics. A systematic uncertainty equal to 0.42 times the
statistical uncertainty was assigned to each of the fit parameters to account for the
statistical precision of the Monte-Carlo (22,000 events).

Detector resolution. The effect of the resolution of the particle tracking was
determined by simulating the Bose-Einstein enhancement, with parameters A = 0.60
and Ro = 1.18 fim, in the Monte Carlo. After simulating detector resolution effects
and fitting the resulting correlation function, extracted values of A and Rg¢ were 0.56
and 1.18 fm, respectively. A systematic error of 0.04 was thus assigned to A.

Further studies of the systematic uncertainties is currently underway.



4. Comparison to Previous Measurements

The results for the fit parameter A versus center-of-mass energy are shown in Fig-
ure 3(a) for this experiment, as well as various lower energy e+e- experiments.4-7 Also
shown are the thresholds for charm and bottom production. The results show A near
a maximum value of 1.0 at charm-production threshold. The value decreases above
the charm threshold, and is further decreased as the bottom threshold is crossed.
This reduction is thought to be caused by the fact that a signficant number of pi-
ons are produced not as a result of the inital hadronization, but rather as the decay
products from the heavy quarks. Since the quarks travel a significant distance (com-
pared to RQ zz 1 fm) before decaying, these pions are effectively “uncorrelated” within
the experimental resolution of the detectors. However, this phenomenon is not well
understood.3,7 The results from AMY are consistent with other results above bottom
threshold.
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Figure 3 - (a) The Bose-Einstein parameter A, shown versus center-of-
mass energy, for a variety of experiments, (b) The Bose-Einstein param-
eter Ro.



In Figure 3(b) the results for Rg are shown. In this case, the typical correla-
tion distance of iZo ~ 0.8 fm is energy independent below the AMY energy range.
The results from AMY, however, indicate a possible increase in Rg to above 1 fm;
however, the discrepency is only 2.2 standard deviations. Increased statistics, which
will be achieved over the next three years of TRISTAN running, along with improved
tracking with the AMY 1.5 detector, should make it possible to determine whether
this discrepency is retd, or only a statistical fluctuation.

5. Conclusion

Bose-Einstein correlations in rrr production have been measured in e+e~ an-
nihilations with the AMY detector at TRISTAN, using a hadronic event sample
of 3800 events with (-ys)=57.2 GeV. Results show correlations with a strength of
A = 0.60 = 0.13 &= 0.08, in agreement with lower energy results. The typical correla-
tion size was determined to be 170 = 1.18+0.17+0.10 fm, which is slightly larger than
lower energy results have indicated. An increased data sample presently being taken
with the AMY 1.5 detector at TRISTAN at */s = 58 GeV should help clarify if any
changes in hadronic production in the TRISTAN energy range are being observed.
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