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Introduction I

Data Sample

e Hadronic Z decays from 1994 using L3 detector ( /s ~ 91.2 GeV ~ My )

e 'Standard’ event and track selection =~ 1 million events

e Concentrate on 2-jet events using alogithm 9., = 0.006 ~ 13 million
pairs

e Correct distribution bin-by-bin by MC: %
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Introduction I

P1+P,

Use Longitudinal Center of Py oo PL1 =PrL2
Mass System (LCMS): Qout
N 62 Qout is defined by ]71 —I—ﬁg

Boost each m-pair along | |
thrust axis | | Qside L (QL, Qout)

Q. thrust axis

Advantages of LCMS:

QL + Q5|de Qout ( )2 —

where § = p°‘g1:[%’“t2 Thus the energy difference couples only to Qout -
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Introduction I

e Since BEC only at small Q* =

e [wo-particle Bose-Einstein
P —q"q, = —(p1 — p2)*

correlation function:

p2(p1,p2)
Ra(p1,p2) =
p1(p1)p1(p2)
e Assuming incoherent particle
e To study BEC, replace production and  spatial  source

p1(p1)pi(p2) by po(pi,pa), the 2-  density f(z)

particle density, if no BEC (reference

sample — mixed events). [ Ro(Q) =1+ )\’]'E(Q)‘Q J |
p2(p1, p2) ]
Ra(pr,p2) = where  F(Q) = [ dwexp(iQ - z) f(x)

is the Fourier transform of f(x).
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Bose-Einstein I

Earlier studies at LEP: Elongation in the pion source (not spherical source)

Roy Ride
o = 0.65£0.030703 };d = 0.8140.02+0% Phys. Lett. BA58 (1999) 517
L L

However, Qi (indicates spherical source) may also give a good fit
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Bertsch-Pratt vs. Bowler I

Bertsch-Pratt Parametrization Bowler Parametrization
( QE — \le —pL2|2 ) ( E,B — QE - (AE)2 )
Q?I' — s?ide T qut
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04 35 ]
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%v — QE + QSQide + qut(l o 62) inv QL,B + Qside + Qout
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Is @i,y the right variable? |

Ry(QLp. Q1) =7 [1+ Xexp (— (R gQ{ g+ R7Q7))]| (1 +6Q{ g + €Q7)

~y A Ry g(fm) Rr(fm) | x2/NDF | CL(%)
0.94+0.02 | 0.3940.02 | 0.51+0.02 | 0.5540.02 | 213/143 0.

Approximately ()i, dependence, although the confidence level is low.

The shape is not Gaussian =— Low CL.
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Parametrization | |

G °
gl L3preliminary | Assume Gaussian shape of the source:
* (Central Limit Theorem = Gaussian)
16 - %" I NDF = 242 / 96

CL=0.%

Does not work! Let's try to expand it!
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Parametrization |l I

Expand in terms of Hermite polynomials:

37
o L3 preliminary —
D:N1'8
2
1.6 X I NDF =136/95

CL=1 0% where

H3(RpQ) = (V2REQ)® — 3V2R5Q

Is the third

0 05 1 15 2 25 3 35 4 | o
Q.,, (GeV) Model independent «<» Physical interpret.
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Parametrization Il |

5 2 Generalization of CLT = Lévy
5\1 I L3 preliminary
1.8 - Symmetric Lévy parametrization
16 . %"/ NDF = 160/ 95
CL =0. %

o = 1.3 far from Gaussian.

The confidence level is still unacceptably
low.

et Go to Asymmetric Lévy distribution!
O 05 1 15 2 25 3 35 4
Q (GeV)
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Parametrization 1V I

Asymmetric Lévy parametrization

Assumption: l1-sided Lévy stable
distribution for time

(o = 0, no particle production
before collision)

a=0.82+0.03
Good Confidence Level!
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The 7 - model | I

Assumpition i): strong correlation between space-time and 4-momentum space:

Tt = dk",
where d is a constant of proportionality. For 2-jet events

Assumption ii): this correlation is narrower than the proper-time distribution.

Thus the of the T-model is
5A(£C — dk) ,

hence [dz*S(z,k) = Ni(k) is indeed the single particle spectra.
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The 7 - model Il |

Yano-Koonin formula:

pg(kl, kg) = /d4£131d4332;9(.%'1, kl)S(wg, ]{32) (1 -+ COS [(kl — kg)(xl — 1'2)]) .

For any choice of d, one gets (ki — ko) (71 — 22) = —0.5(dy + d2) Q%

Conditions i) and ii) =

T ﬁlvdl ﬁlvd2 72 %v
Rg(kl, k2) ~1+ ) \Re |H H ~ 1+ \ReH :
2 2 2mT

where H (w = [d7H(7) exp(iwT) is a Fourier-transform of H (7).

T. Novdk — — 16 Aug 2005

13



The 7 - model Il I

Assumpition iii): source density function factorizes. S(r, z,t) = I(r)G(n)H (7), where
T =+Vt?— 22 and n = 3 log Y£2 This assumption is not inconsistent with the L3 data.

Assumption iv): H(7) is an asymmetric Lévy distribution (= 0 for 7 < 79).

Then, Rs depends on Q% and mt
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L3 parameter value
preliminary
0.2<m<0.3 GeV ,}/ 097 :|: 001
| o A 1.03 + 0.09
- 7o(fm) | 0.002 & 0.239
3 AT(fm) 1.8 + 0.3
} i ugw*ﬁi:*ﬂlﬂ*ﬁjﬁ*ﬁﬂjﬁ1*+ﬁ+1#:#ﬁ ﬂﬁﬁﬁ%ﬁjﬁ 8% 036 :l: 002
- ) 0.004+0.003
g Y2/NDF 91/94
o 05 1 15 2 25 3 35 4
Qinv
Results: AT ~ 2 fm 70 = 0 fm a~ 04
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[ S(r, z,7) = I(r)G(n)H(T)}

= S [
I6.35 | 0.0.016 - o
o_3f 0.014 -
0.25 0.012 - ) L
0.2 | 0.01;
E 0.008 -
0.15 | i
; 0.006 -
0.1 & i
: 0.004 -
0.05 | -
E 0.002 | -
O 05 1 15 2 25 3 0 bl T
T, (fm) 5 4 3 -2 -1 0 1 2 3 4 5
rapidity Y
_ 1 t+ 2z
with a = 0.4, n = = log =Y,
2 t— z
AT =2 an = (.
T and 79 = 0 measured
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S(Ta 2 7-) — I(T)G(ﬁ)H(T)

| B A\

- ‘\\hﬂ

S(t,r,) = G(n)H(T)
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Movie equation

the 7-model, the particle

Using

d

as
can be

production in coordinate space,
function of the proper-
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[Summaryj

e Good description of the BEC function is achived using Lévy stable distribution.
e Using 7-model source function can be reconstracted.

e Particle production starts immediadetly after the collision.

e |t happens close to the light-cone and expanding.

e The source has a long tail.
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Bose-Einstein VI I

Transverse mass and are independent!

-1.5<Y<-1 1<Y<15

-2<Y<-15 15<Y<2
Tl

2<Y<25

25<Y<3.

KN N N N N Ny N Ny Ny Ny Ny Ny Ny N N

KR K R oK K oK K oK oK oK KoKk KX
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