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Introduction to
Bose-Einstein Correlations:

Identical bosons obey Bose-Einstein statistics:
Enhancement of identical bosons close in phase space

In e"e"-annihilations BEC in charged particle pairs
are unambiguously established in Z°, W events

Main interest at LEP-2 (eTe — WTW™):

e |s there evidence for BEC between particles coming
from different W's (inter-WW BEC)?

Consequence:

e Systematic uncertainty in the determination of the W

mass in the 4-quark channel.
Initial predictions for AMZ: 0 — 100 MeV/c?

Latest LEP W mass combination:
AMBEC(4q) = 25 MeV/c?



WTW~ — q1q2q3q2 — 4 jets

Space-time overlap: String model

e Typical separation of the two W Al pancang stringe:

decay vertices: 0.1 fm.

e Typical scale of hadronization:
0.5 -1 fm.

If BEC affect particles from different W's (inter—-WW BEC)
a transfer of particles and /or momentum can disturb the W
mass determination from the invariant 2-jet mass.



Inter-WW BEC extraction methods:

BEC effects are studied in terms of 4-momentum differences
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BEC traditionally studied with two-particle correlation function:

1 dnpairs p(p1, p2)
p(p1, p2) ——— R(p1, p2) = (
ll'||"'r . Pr_l'['.ﬂl-. }”E}
po: reference without BEC
unlike sign charged particle pairs
Monte Carlo without BEC
‘'mixed’ events
phenom. parametrization: R(Q) =~ (1 + A - exp( Q7))

— r: source radius

— A: BEC strength



Selected WW samples
WW-—-qqqq, qqlv, lviv:

ALEPH 479 pb~' @ 172-202 GeV WW-—4q sample contain
DELPHI 531 pb™' @ 189-206 GeV 10-20% background, mainly
L3 627 pb~! @ 189-208 GeV Z% [~ — 4 jets.
OpAL 250 pb™"' @ 172-189 GeV Subtracted with BEC MC.

MC implementation of BEC:

PYBOEI/PYTHIA reshuffles particle momenta after fragmentation to
simulate BE effect

option 1: full BEC, intra + inter BEC
option 2: only intra-W BEC, no inter-WW BEC
option 3: no BEC

PYBOEI/PYTHIA parameters tuned to Z° data.
Tested on WW—aqalv



Analysis a la Chekanov, De Wolf, Kittel

Eur.Phys.J C6(1999) 403 & hep-ph/0101243

Access to inter—-WW BEC directly from data.
In the absence of inter=WW correlations the 2-particle density p
for like sign and unlike sign pairs can be written as

e WW — 4q: 4q sample
e W — 2q: qqlir sample without the leptonic part

e WW,...: event made of 2 independent W — 2q events, use
only pairs of particles from different W's

Sensitive test distributions:

WHW—=4dq W—2¢ _ WWp,ir

Ap=p —2-p p

D(Q) = m D'(Q) = ooy —

WW—=dq

MC,w /o inter—WW BEC

If inter-WW BEC do not exist
Ap(Q) =10
D(Q) =D'(Q) =1
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L3 results (1):

Mixed events analysis a la Chekanov, De Wolf, Kittel
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e inter-WW BEC MC:

Enhancement of like sign pairs in the small @ region,
Unlike sign pairs artificially disturbed by the MC model



L3 results (I):
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Data compatible with no inter-WW BEC scenario

— quantify the exclusion of inter-WW BEC



L3 results (I11):

Empirical fit: D'(Q) = (1 + eQ)(1 + A - exp(—c?Q?))

MC Inter-W

L3

“2=189 GeV

V8=192 GeV
Vs=196 GeV
V&=200 GeV
ve=202 GeV
V5=205 GeV
v5=207 GeV

45=208 GeV

average

T T
A

0.05

0.1

s 02 096

Ainter—WWEE _ ).126 + 0.008(stat.)
Adata — 0,008 + 0.018(st.) £ 0.016(sy.)

No evidence for inter-WW BEC.

Inter-WW BEC MC is disfavoured with 4.7.
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ALEPH results (l):

Reference p;: unlike sign particle pairs

e double ratio (corrects for possible distortions)
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Data compatible with only intra-W BE.
Inter-WW BEC (BEB) scenario disfavored with 2.20






