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BEC, ther-model, and jets in e+e— annihilation

1. Introduction

We have recently publishéd study of Bose-Einstein correlations (BEC) in hadronic Zaye
where we found good agreement with parametrizations arigirthe -model?3 This work is
summarized in Section 2, and some new (preliminary) resuigpresented in Section 3.

The data were collected by the detector at anee~ center-of-mass energy qfs~ 91.2
GeV. Approximately 36 million like-sign pairs of well-mea®d charged tracks from about 0.8
million hadronic Z decays are usédEvents are classified as two- or three-jet events usingioaer
ter clusters with the Durham jet algorithm with jet resabutiparametey.: = 0.006, yielding about
0.5 million two-jet events and 0.3 million events having mtian two jets. There are few events
with more than three jets, and they are included in the tlgesample. To determine the event
(thrust) axis we also use calorimeter clusters.

Two-particle BEC are measured by the correlation funcRefps, p2) = p2(p1, P2)/Po(P1, P2),
the ratio of the two-particle number density to that whichwdooccur in the absence of BEC. An
event mixing technique is used to constrpgt

2. Summary of Previous Results!

With a few assumptionsR; is related to the Fourier transforrrf,(Q), of the (configuration
space) density distribution of the sourdéx):

R:(Q) =y [1+A[f(Q)I?] (1+ Q) , (2.1)

whereQ = \/—(p1 — p2)2. The parametey and the(1+ 0Q) term are introduced to parametrize
possible long-range correlations inadequately accoufuteth pg, andA to measure the strength
of the BEC. However, (2.1) is ruled out by the data, which skivatR, has a significant dip below

unity in the region 0.6—1.5 GeV, indicative of an anti-ct¢atmn.

2.1 The t-moddl

This anti-correlation region is predicted in tmemodel? 3 In this model it is assumed that in
the overall center-of-mass system the average production = (t,Ty,Ty,T;), of particles with a
given four-momentunp is given byx*(pH) = arpH. In the case of two-jet eventa= 1/m, where

I is the transverse mass, ane: \/l’2 —T12is the longitudinal proper time; for the case of three-jet
events the relation is more complicated. The second assamiptthat the distribution ox# (pH)
about its average is narrower than the proper-time digidhuH (7). ThenR; is founc® to depend
only on Q, the values of of the two pions, and the Fourier transformtéf7). Since there is no
particle production before the onset of the collisiét|,r) should be a one-sided distribution. We
choose a one-sided Lévy distribution, which has three petars: the index of stabilitgr, which

is related to the strong coupling constant® © the proper time of the start of particle emissinf
andArt, which is a measure of the width bf(1). Ther?
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Note that the cosine factor generates oscillations coordipg to alternating correlated and
anti-correlated regions, a feature clearly seen in the. dédée also that sinca= 1/m for two-jet
events, tha-model predicts a decreasing effective source size witteasingm.

Before proceeding to fits of (2.2), we first consider a simgdifion of the equation obtained
by assuming (a) that particle production starts immedjatet., 1o = 0, and (b) an averaga-
dependence, which is implemented by introducing an effectdius R, defined by

o (DY af +af
R2_<2> 1% 2.3)
This results in
Ra(Q) = v |1+ cos( (RQ)™ ) exp(—(RQ™) | (1+£Q). (2.4)
whereR; is related taR by
R2Y — tan(%) R . (2.5)

Fits of (2.4) are first performed witR, as a free parameter. The fits for both two- and three-jet
events have acceptable confidence levels (CL), and deseelbénhe dip in the 0.6-1.5 GeV region,
as well as the peak at low values @Qf The estimates of some fit parameters are rather highly
correlated. For example, for two-jet events the estimateteation coefficients from the fit faar,
RandR, arep(a,R) = —0.62, p(a,R,;) = —0.92, andp(R,R,) = 0.38. Taking the correlations
into account, the fit parameters satisfy (2.5), the diffeeehetween the left- and right-hand sides
of the equation being less than 1 standard deviation

Fits are also performed imposing (2.5). For two-jet evetits,values of the parameters are
comparable to those witR, free. For three-jet events, the imposition of (2.5) resintgalues of
a andR closer to those for two-jet events, but tfé is noticeably worse, though acceptable, than
with R, free.

For two-jet eventsa = 1/m, while for three-jet events the situation is more compégcdat\We
therefore limit fits of (2.2) to the two-jet data. For each WirQ the average values ofy; andmy,
are calculated, whenmey, andmy, are the transverse masses of the two particles making up,a pai
requiringmy > my. Using these averages, (2.2) is fitRe(Q), which results in a good fit with a
value ofa consistent with that from fitting (2.4).

Since ther-model describes thex dependence dR,, its parametersg, A1, and 1o, should
not depend omry. However,A, which is not a parameter of themodel, but rather a measure of
the strength of the BEC, can dependron The large correlation between the fit estimates pf
a, andAt complicate the testing afy-independence. We perform fits in various regions of the
my1-myy plane keepingr andAr fixed at the values obtained in the fit to the entineplane. The
CLs are reasonably uniformly distributed between 0 and ® ddta are thus in agreement with the
hypothesis ofii-independence of the parameters of theodel.

2.2 Test of dependence of BEC on componentsof Q

The 1-model predicts that the two-particle BEC correlation filme R, depends on the two-
particle momentum difference only through not through components &f separately. However,
R, has been found to depend on componen®,6fit the shape of the region of homogeneity being
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elongated along the event (thrust) axis. The question ighven¢his is an artifact of the Edgeworth
or Gaussian parametrizations used in these studies or shdefect of ther-model.
This is investigated in the Longitudinal Center of Mass 8g8t(LCMS), where

Q= Qf + Qfige+ Qou— (AE)? (2.6)
P1out+ P2
= Qf + Qe+ Qu(1-57) . B="t E (2.7)
Assuming azimuthal symmetry about the event axis suggestshe region of homogeneity have
an ellipsoidal shape with the longitudinal axis along thergaxis. In (2.4R?Q? is then replaced
by
REQ® = A = REQ! + ReiaeQlide + PoutQbut (2.8)

which results in
_ E 2a A2 . .
Rx(Q) =y |1+ Acos(tan 2 A eXp( A ) (14 &.QL + &sideQside+ EoutQout) - (2.9)

The longitudinal and transverse size of the source are meddwy R, and Rsige, respectively,
whereag: reflects both the transverse and temporal sizZéf also investigate two other decom-
positions ofQ:3

Q* = QFe + Qe+ Qe Q¥ = QF - (AE)?, (2.10a)
A = REEQPE + RéigeQbide+ RouQaut: (2.10b)
Q@ = Q¢ + Qe T Ghut Ggut= Qe — (AE)?, (2.10c)
A = REQ? + RégeQbige+ Moulout - (2.10d)

The first, (2.10a), corresponds to the LCMS frame where thgitadinal and energy terms are
combined; its three components Qfare invariant with respect to Lorentz boosts along the event
axis. The second, (2.10c), corresponds to the LCMS framstbddo the rest frame of the pair; its
three components are invariant under Lorentz boosts alemgut direction.

Fits of (2.9) with (2.8), (2.10b), and (2.10d) show tiRatdepends differently on the compo-
nents ofQ. Also, the values oRsjge/R. found are consistent with values found previously using
Gaussian or Edgeworth parametrizatidns:

3. New (Preliminary) Results

Recent work investigates the dependence of the BEC radiubenfjettiness’ of the event
using the simplifiedr-model parametrization, (2.4), and its extension (2.9)epethdence of)
rather tharQ.

1Also known as the Longitudinal Co-Moving System:; it is defirss the frame, obtained by a Lorentz boost along
the event axis, where the sum of the three-momenta of the iovs (5, + P2) is perpendicular to the event axis.

2In the literaturé=12the coefficient ofQZ in (2.8) is usually denoteRZ .. We prefer to us@2,; to emphasize that,
unlike R andRsjge Pout CONtains a dependence Bni.e., on the energy difference,. and to differentiate it fr&gyt in
(2.10b) below.

3Note that in (2.10b) the coefficient 683, is 2, since the energy difference is here incorporate@fp rather
than in the coefficient 0®2,,; as was the case in (2.8).
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Using the Durham algorithm, events can be classi- ER T
fied according to the number of jets. The number of jets || 3 &
in a particular event depends gg,. We definey,3 as 7 et o ¥
that value ofyc, at which the number of jets changes & . }
from two to three. The event sample is then split into o5 4
subsamples according to the valueygf. The subsam- 4
ple with the smallest value @63 corresponds to narrow 0
two-jet events, whereas that with the larggstconsists Ty T 3 3 T :

Y3 selection

of three or more very well separated jets. Fits of (2.4)

are performed for each subsample. The estimates of F19ure 1: The radiusR from fits of (2.4)
andR are very highly correlated in the fits. Therefore, for variousyzs subsamples.

to stabilize the fits we fix the value af to the value

found in a fit of the entire samplar = 0.443. We see in Fig. 1 th& increases witly,3. This is
consistent with an earlier observation of OPAL.
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Figure 2: The radii from fits in the LCMS and LCMS-rest frames for vasgys subsamples.

The dependence gn3 of the radii for components @, (2.8) and (2.10d), is shown in Fig. 2.
While the values oR_ found in the LCMS-rest frame fits are systematically lowearthn the
LCMS frame, the values dRige/ R agree extremely well. Note that at all values/ef Rsige < RL
while royt > R.. Thus we do not observe azimuthal symmetry about the thiist aot even for
the narrowest two-jet sample. Further, we observe fpandR,,; are approximately independent
of yo3, whereas botRsjge andryt increase withyos.

We find (f. Fig. 3) that theout direction tends to be in the direction of theajor axis, i.e., that
the out direction tends to be in the event plane, or equivalentlgt thesidedirection tends to be
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Figure 4: The radiusR from fits of (2.4) for vari-
ousy,3 subsamples, which are split into ‘in-plane’ and
Figure 3: The angle between out and major. ‘out-of-plane’ samples.

out of the event plane. This effect becomes stronggpamcreases.

To further investigate the dependence on the event plach,yeasubsample is divided into
‘in-plane’ and ‘out-of-plane’ samples which use, respasti, only particles having azimuthal an-
gle less than or greater than“4&f the major axis.. The values &from fits of (2.4) are shown in
Fig. 4. We see that for smalbs there is little dependence &on whether the tracks are in or out
of the event plane, but for larges Ris larger for the in-plane sample.
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