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BEC Introduction

_ _p2(p1,p2) p2(Q)
Re = 100000 = i@

Assuming particles produced incoherently
with spatial source density S(x),

R:(Q) =1+ A\|S(Q)[2

where S(Q)= [dx e S(x) — Fourier transform of S(x)
A=1 — A < 1 if production not completely incoherent

Assuming S(x) is a Gaussian with radius r =
Ry(Q) =1+ Ae @7
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Results from R, v/s = My,
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+/s dependence of r
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Mass dependence of r — BEC and FDC
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Transverse Mass dependence of r in LCMS

longitudinal side out
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The Ls Data

» ete” — hadrons at /s ~ M,

» about 36 - 10° like-sign pairs of well measured charged tracks from about
0.8 - 10° events

» about 0.5 - 10° 2-jet events — Durham y,, = 0.006
» about 0.3 - 108 > 2 jets, “3-jet events”
» use mixed events for reference sample, pg
corrected by MC (no BEC) for kinematics, resonances, etc.

MC

PO = P0" Wic
Po
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Results — ‘Classic’ Parametrizations

Ro=~-[1+AG]-(1+¢Q)

» Gaussian

G=exp (—(rQ)?
» Edgeworth expansion

G=exp (—(rQ)?

Gaussianif k =0x =0.71 +0.06
» symmetric Lévy

G=-exp(—|rQ|)

O<a<2

CL:
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Poor 2. Edgeworth and Lévy better than Gaussian, but poor.
Problem is the dip of R in the region 0.6 < Q < 1.5GeV
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The 7-model

T.Csorgd, W.Kittel, W.J.Metzger, T.Novak, Phys.Lett.B663(2008)214
T.Csorg6, J.Zimanyi, Nucl.Phys.A517(1990)588

» Assume avg. production point is related to momentum:
x"(p") = arp"
where for 2-jet events, a=1/
7 =\/F — 7 is the “longitudinal” proper time
and m, = \/E2 — p2 is the “transverse” mass
Let da(x* — Xx") be dist. of prod. points about their mean,
and H(r) the dist. of 7. Then the emission function is
S(x.p) = f;~ drH(r)da(x — aTp)p1(p)
In the plane—wave approx. F.B.Yano, S.E.Koonin, Phys.Lett.B78(1978)556.
p2(p1,p2) = [ d*x1d*x2S(x1, p1)S(X2, p2) (1 + cos ([p1 — po] [x1 — X2]) )
Assume da(x* — x") is very narrow — a §-function. Then

Ro(pi, ps) = 1 +AReF/<a‘2C’2) F/(az,fg), H(w) = [ drH(7) exp(iwT)

v

v

v

WPCF p.9



BEC in the 7-model

» Assume a Lévy distribution for H(7)
Since no particle production before the interaction,
H(7) is one-sided.
Characteristic function is
H(w) =exp[-3 (Aw])" (1 —isign(w)tan (F) ) +iwmn] , a#1

where

» « is the index of stability;

» 79 is the proper time of the onset of particle production;

» AT is a measure of the width of the distribution.

» Then, R, depends on Q, a;, a»

. T0Q%(ar + a) m\ (ATQ?\ " &) + a;
Re(Q,ar,a) = ’y{1+Acos [ertan (?) ( : .

-exp {* (ATZQ2> = Zaz}} (1+€Q)
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BEC in the 7-model

Ro(Q, ar, a) = /{1+)\cos[m+tan( )(ATTOZ) @]

o[- (25%) =]} (1+<Q)
Simplification:
effective radius, R, defined by R?* = (47) %
Particle production begins immediately, 7o = 0

» Then

v

v

Ro(Q) = [1 + \cos ((Rao)2 )exp (— (RQ)? )} C(1+¢Q)
where R2" = tan (-F) R?
Compare to sym. Lévy parametrization:
Re(Q) =7 1+ exp [-1rQ| *]] (1 + Q)
R describes the BEC peak
R. describes the anticorrelation dip
7-model: both anticorrelation and BEC are related to ‘width” A7 of H(7)

v

v

v
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2-jet Results on Simplified 7- model from L3 Z decay
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Resonances in anticorrelation region confuse things

But anticorrelation may be present in unlike sign
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If anticorrelation is present in unlike sign,
it requires the damping of the exp of the BEC peak
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Multiplicity/Jet dependence — OPAL
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Multiplicity dependence appears to be largely due to number of jets.
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Multiplicity/Jet dependence in 7-model

Use simplified 7-model, 7o = 0
to investigate multiplicity and jet dependence

To stabilize fits against large correlation of parameters o and R fix o = 0.44
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Multiplicity dependence in 7-model

Using simplified 7-model, o = 0.44, 7o = 0 L3 PRELIMINARY
fgo,Qf o @@
= O]
0.8 $$ @G@ o ®@
0. 5. ]\;Zit 15. 20.

R increases with multiplicity
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Multiplicity dependence in 7-model

Using simplified 7-model, « = 0.44, 7o = 0
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R increases with multiplicity
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L3 PRELIMINARY

R not constant

— R from fit is an average

But maybe not the average we want
To get R at avg. multiplicity of sample,
should weight pairs by 1/ Npairs in event
or calculate average multiplicity as

Zevents Nevent Npairs in event

Npairs

But the difference is small
So lignore it.



Multiplicity/Jet dependence in 7-model

Using simplified 7-model, « = 0.44, 7o = 0 L3 PRELIMINARY

JADE Durham
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N %
» R increases with N, and with number of jets
whereas OPAL found ryjet approx. indep. of Ngp
» Increase of R with N, similar for 2- and 3-jet events
> HOWGVGI’, RS-jet =~ Ry
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Multiplicity/Jet dependence in 7-model
Using simplified 7-model, « = 0.44, 7o = 0
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T T
5. 15. 20.

> \ojet  Opposite of OPAL

A initially decreases with Ny,
then Ay and

approx. constant

while \2.je; continues to decrease, but more slowly

whereas OPAL found Ay decreasing approx. linearly with N

20.



m, dependence in 7-model

Using simplified 7-model, « = 0.44, 7o = 0 L3 PRELIMINARY

and cutting on p. = 0.5GeV (m, = 0.52 GeV)

10 . . . . . . 10 . . . . . .
JADE 2-jet, y}, < 0.023 JADE 3-jet, y}; > 0.023
0.9 0.9 X €]
| % z% ¢ % o e
08 ‘.‘ A o @ © 081 83@@
Z.] by o g
0.7 ﬁ d] F =074 d] % 0
N 06 w N 06
d] 5 p,<05 GeV 5 p,<05 GeV
08 vV py<05 pp>05 GeV || 051 vV py<05 pe>05 GeV ||
o allp, o all p,
s ‘ | p,>o.? GeV s ‘ d] ‘ | pt>0.5‘ Gev
0. 5. 10. 15. 20. 0. 5. 10. 15. 20.
Nt Nt

» R decreases with m, for all Ngy,
smallest when both particles at high p,

WPCF p. 21



m, dependence in 7-model

Using simplified 7-model, « = 0.44, 7o = 0

and cutting on p, = 0.5GeV (m, = 0.52 GeV)

L3 PRELIMINARY

" , , , 11 , , ,
] K J K J
o] JADE 2-jet, y55 < 0.023 o JADE 3-jet, y5; > 0.023
0.9 {7 0.9 " I7 © g (0]
087 4 & % o 00 @ 0.8 @w 6 °
i @ iV 0@@
< 0.7 é 0 <074 o o
[j] o
1 m
06 06
051 m 05
l 5 p,<05 GeV 5 p,<05 GeV
0.4 V  pu<05 pp>05 GeV |l 04 dl YV pa<05 pu>05 GeV ||
o all p, o all p,
0 p>05 Gev 0 p>05 Gev
03 ; ; 03 ; ; T
0. 5. 10. 15. 20. 0. 5. 10. 15. 20.
N e

» )\ decreases with m;
smallest when both particles at high p
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On what do r, R, A\ depend?

» r, Rincrease with Ngp,

> r, Rincrease with Nits

» for fixed number of jets, R increases

with Ngp,
but r constant with N, (OPAL)

» r, R decrease with m;

Although my, Neh, Niets are correlated,
each contributes to the
increase/decrease of R

but only my, Nigs contribute to the
increase/decrease of r

A decreases with Neh, Niets
for
7-model, Gaussian (OPAL)

)\ decreases with m,
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