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where P is the Joint probability density for observing one boson with momentum P
and the other with momentum p,, and P(p) is the single particle density. By a change

of variables we recast R as a function of Q = |p; — p,| and parametrize it as
R(Q) =1+ de @R (2)

In this parametrization the source density has a gaussian profile exp(--7?/2R2) charac
terized by the rms radius Ho, and X is the fraction of bosons that are chaotic and thus
contributing to Bose-Einstein correlations. To extract Ry and A from data it is custom-
ary to compare the like-sign pion pairs with a reference sample for which the kinematic
behavior is, ideally, the same and Bose-Einstein correlations are absent. The reference
samples most commonly used are the opposite-sign pairs and the mixed pairs, in which
the tracks of each like-sign pair are drawn from different events. The like-sign and
opposite-sign samples share the correlations induced by global constraints like momen
tum and charge conservation and by the early stages of hadronization dynamics. The
opposite-sign sample falls short of the ideal, however, because resonance production
discriminates between like-sign and opposite-sign pairs and because the Coulomb force
acts differently in the two cases. With respect to these two shortcomings the mixed
pair sample offers considerable improvement. Having no resonance effects whatsoever
makes it a good match to the like-sign sample for which resonance induced correlations
are presumeably extremely weak. Having no Coulomb correlations whatsoever is more
compatible than having Coulomb correlations with the wrong sign. A liability of the
mixed pairs is that they do not preserve the correlations induced by global constraints.
In principle we compensate for the differences between the like-sign pairs and a refer-
ence sample by normalizing each to a Monte Carlo simulation The simulation does
not incorporate Bose-Einstein correlations nor the Coulomb interaction but is supposed
to account well for correlations induced by all other dynamical and instrumental ef-
fects. A “ratio of ratios,” therefore, with adjustment for Coulomb effects, should reflect

exclusively Bose-Einstein correlations.

2 The AMY Detector and Event Selection

The AMY detector incorporates three concentric cylindrical wire chambers for charged
particle tracking within the bore of a 3 Tesla superconducting solenoid. The CDC, the
outermost of the three tracking chambers has 25 layers of axial wires and 15 lavers of
stereo wires. Its acceptance in polar angle is the region |cos 8] < 087, and 1ts resolution
1s Ap,/pe ~ 0.7% x p.(GeV/c) [2]. Also within the solenoid and surrounding the CDC

is a cylindrical electromagnetic calorimeter (SHC). It is an assembly of alternating
layers of lead and proportional tubes having a total depth of 14.5 radiation lengths
transverse to the beam direction. The SHC covers the angular range |cos 6] < 0.75,
and its energy resolution is og/E = 23%/,/ E(GeV) + 6%. [3] Surrounding the coil is
an iron flux return yoke, which together with the coil and SHC constitutes a hadron
filter of 9.8 nuclear absorption lengths. Qutside the iron is the muon detection system
(MUO) consisting of four planes of drift-tubes and a plane of scintillation counters. [4]

Two additional lead-proportional tube calorimeters, the ESC, cover the pole tips
of the magnet. They detect Bhabha events over the angular interval from § = 12° to
25°, from which we determine the luminosity. The data on which we base this analysis
corresponds to an integrated luminosity of 202 pb™'.

The selection criteria that define the sample of multihadron events are the following.

1. The CDC must record at least six charged tracks within |cos §] < 0.85 that have
a minimum of of nine hits on axial wires and a minimum of eight hits on stereo
wires. The fit of a helix to the data of each track must yield x?, < 8.0 and
x? < 6.0. The fitted trajectories must have |Dg| less than 5 cm and |Zg] less

than 9 cm where |Dg| is the distance from the beam axis of the point of closest

approach and |Z,| is the axial coordinate of this point. Finally the qualifying
tracks must not be curling (see below) and must fail the criteria for electron and

muon tracks. The electron criteria require that a track a) have momentum p

greater than 2.5 GeV, b) project to a position in the SHC that is within 2° in

both § and ¢ of a “cluster” of energy deposition, and c) have 0.6 < E./p < 1.5

where E. is the energy of the associated cluster. The muon criteria require that

the projection of a CDC track to the MUO be no more that 1.0 m from a MUO

track reconstructed from hits in at least three of the four planes of drift tubes.

2. The energy deposited in the SHC must exceed 5.0 GeV. When summing the
energies of clusters to obtain the energy deposited, we include a cluster with
energy E. only if |cos8] < 0.73 and E. > 0.2 GeV. We exclude a cluster if
E; > 0.5 GeV and more than 95% of the cluster energy comes from a single layer

orif E; > 1.0 GeV and the cluster is near the projection of a charged track.

3. The sum of the energies of measured charged and neutral particles, F,;, must

exceed the beam energy.

4. | Poatl / Evis < 0.4 where Py, is the axial component of the net momentum of the

well measured charged and neutral particles.
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From the Q distributions we calculated the correlation function as follows,

IV (Q)/Ne— (@l

R = N 0)N (@he ©)
_ _ [Ne2(Q)/ Nenix(@)ause 5

Boirl@) = N2 (@) Nmin @)l (©)

where the subscripts ++, +—, and “mix” denote like-sign, opposite-sign, and mixed
pairs respectively. The numerators were computed from the data and the denominators
from the simulated sample. The R, _(Q) and Rnix(Q) appear 1n Figure 2. In principle
these distributions depart from uniformity only as a result of phenomena not modeled
in the simulation. The significant effects absent from the Monte Carlo are the Bose-
Einstein correlations and the Coulomb interaction, and the manifestations of the latter
are comparatively weak. Therefore the Bose-Einstein correlations must account for the
rise in R at @ < 0.3 GeV.

4 Results and discussion

We parametrized the distributions R, . (@) and Rui (@) using the forms

R (Q) = No(1+ f2(@)e 891 +9Q)G+2(Q)/G. (Q) (7)
Raix(@) = No(L+ f(Q@)Ae %) (14 4Q)G1:(Q) (8)

R, and ) are the parameters of the Bose-Einstein correlations. The term involving ~
accounts for the slow rise in R at large @, which reflects the global conservation of
charge and energy. The normalization constant Np allows for the unequal number of
like-sign and opposite-sign pairs and for the corresponding differential between like-
sign and mixed pairs. The AMY detector does not distinguish charged pions from
charged kaons and protons. The function f,(Q) accommodates the heterogeneous
pairs, to which Bose-Einstein correlations do not apply. From the Monte Carlo sample

we determined the fraction of like-sign pairs that are indeed pion pairs,
f2(Q) = Nun(Q)/N12(Q). (9)
We parametrized this function as
Q) =0.719 - 0.070 Q + 0.056 Q@ — 0.020 ¢, (1)

which gives f,(Q) values of about 68% with only a mild dependence vn (. The Gamow

factors G4y and G, _ |7] describe the perturbation in Ny. and N. induced by the

7

Coulomb force. G14(Q) = 2mé/(exp(2n€) — 1), and G, (@) = 2x&/(1 - exp(—2m¢))
where £ = am,/Q, a = 1/137 is the fine structure constant, and m, is the plon mass.
At Q = 0.1 GeV, Giy and G,_ are 0.97 and 1.03, respectively. Photon conversions
(7 — e*e™) and curling tracks, to the extent that they escape our selection cuts, would
accumulate at very small Q. We are not confident that the simulation accurately models
this leakage, and to improve immunity to such contamination our standard fit excludes
the region < 60 MeV/c. The parameters obtained for the standard fit appear in
row (a) of Table 1.

We calculated two additional fits for the purpose of assessing systematic errors.
First, to estimate the impact of the inaccurate simulation of the resonance region we
excluded the interval 0.4 < @ < 0.8 GeV in the fit for R;_(Q). (Resonances do not
effect Roix.) The parameters of this fit are given in row (b) of Table 1. To accommodate
the difference between this fit and the standard fit we alloted 4.7% to the systematic
error of A. Next we investigated the effect of the ambiguity in the Coulomb induced
correlations. As pointed out by Bowler [8], the Gamow factors might overstate the
effect of the Coulomb force because a pion originating in the primary interaction is
likely to be spatially well separated from a second pion originating in the decay of
a long-lived secondary (e.g. 7, 7, w, K}, D, and B). According to the simulation,
pairs having this character contribute 70% of all the pairs for 0.06 < @ < 0.2 GeV/c.
Therefore, in a second variation on the standard fit, we replaced the Gamow factors
G by G' where |1 — G'| = 0.3{1 — G|. Row (c) of Table 1 gives the results for this
exercise. To accommodate the shift in parameters from the standard fit we allotted
to the systematic error in A based on the opposite-sign pairs 10%, and to the A based
on the mixed pairs 7.0%. To the systematic error in Ry we allotted 2.6% for both of
the reference samples. We asigned 1% systematic error to both A and Ry due to the
effect of the momentum resolution. This was determined from a study of smearing of
the correlations due to the momentum resolution using the Bose-Einstein parameters
determined from the standard fit.

For the overall systematic error we took the sum in quadrature of the errors esti-
mated for resonance region inaccuracy, Coulomb interaction uncertainty, and momen-
tum resolution. We elected not to estimate the systematic error from the difference
in results obtained using the two reference samples. Some part of this difference may
result from the different dynamics of the reference samples as discussed carlier. Some
readers will have an interest in the separately stated results of the two methods and

should have the benefit of separately stated systematic errors.
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Figure Captions.

Figure 1 The Q distribution of like-sign pairs, opposite-sign pairs, and mixed pairs
for both data (a through c), and for the Monte Carlo sample (d through f).

Figure 2 The correlation functions Ry (Q) and R,...(Q). The curves are our stan-

dard fits, and their parameters are shown at upper right.

Figure 3 The A parameter obtained in this experiment and several others ws. center-
of-mass energy. In (a) the reference sample is opposite-sign pairs, and in (b) the
reference sample is mixed pairs. Arrows standing on the horizontal axis indicate

the thresholds for charm and bottom production and the Z resonance.

Figure 4 The R, parameter obtained in this experiment and several others vs. center-
of-mass energy. In (a) the reference sample is opposite-sign pairs, and in (b) the

reference sample is mixed pairs.
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