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OUTLINE

Model-independent shape analysis:
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Fig. 1. The Bose-Einstein correlation function R; for events generated by PyTHIA.
The curve corresponds to a fit of the one-sided Lévy parametrization, Eq. (13). o




MODEL - INDEPENDENT SHAPE ANALYIS I.

experimental properties:

i) The correlation function tends to a constant for large values of the relative
momentum ().

11) The correlation function has a non-trivial structure at a certain value of
1ts argument.

The location of the non-trivial structure in the correlation function is assumed

for simplicity to be close to Q = 0.

Model-independent but
experimentally testable: /dt'u;(t)hﬂ(t)hm(t) — S,
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f6)=>" fnhalt),

n=»(0

fo= [ dtw(t) £(2) hn(t).




MODEL - INDEPENDENT SHAPE ANALYIS Il

Let us assume, that the function g(t) = Rs(t)/w(t) is also an element of the
Hilbert space H. This is possible, if

/ -I dt w(t)g*(t) = / ‘ dt {ﬁ: (t)/w |f]] < 00,

g(t) =" gnha(t),

r=()

gn = [ dt Ro(t)hn(t).

Ry(t) = w(t) Y gnuha(t).
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MODEL - INDEPENDENT SHAPE ANALYIS lil.
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EDGEWORTH EXPANSION: ~ GAUSSIAN

w(t) =exp(—t?/2),

[ 9]

/ dt exp(—t2/2)H,, (1) H,y(£) & 8,y o,

C2(Q) =N {1 + \g EXI)(—QQR?E) X

3d generalization straightforward




LAGUERRE EXPANSIONS: ~ EXPONENTIAL

Model-independent but
experimentally tested:

t=QRp,
w(t) =exp(—1)
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L,(t) =exp(t)—(—1)" exp(—t1).

i

Cy(Q) =N { 1+ Apexp(—QR;L) [1 + 1 L (QRL) + {—zli((t)E’L ) + } }

First successful tests

/ dt R3(t) exp(+t) < 00,
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Ae=Ap[l —c1+co— ...,

602\, = 0%\, {1 + r‘f + f:; + } + )\i {52‘{31 + 6%cy + }



LAGUERRE EXPANSIONS: ~ superEXPONENTIAL

Laguerre expansion fit
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T. Csorgb and S: Hegyi, hep-ph/9912220, T. Csorgd, hep-ph/001233




MINIMAL MODEL ASSUMPTION: LEVY

experimental conditions:

(i) The correlation function tends to a constant for large
values of the relative momentum ().

(ii) The correlation function deviates from its asymptotic,

large () value in a certain domain of its argument.

(iii) The two-particle correlation function is related to a
Fourier transtormed space-time distribution of the source.

Model-independent but:
[
[

* S(z, k)= f(x)g(k)

/ dk g(k) = (n ),

e density
e multiplicity

: - = [ dzS(z. k) = qg(k).
¢ single-particle spectra / dz 5(z, k) = g(k)

T. Cs, S. Hegyi, W.A. Zajc, EPJ C36, 67 (2004)



MINIMAL MODEL ASSUMPTION: LEVY

Model-independent but:

| 2

Co(k1,ks) =1+ |JHr q12)|°,

o flqi2) = / dz exp(iqi2z) f(x),

Cqg:o) = 1+ Xexp (—|qR|?).

T. Cs, S. Hegyi, W.A. Zajc, EPJ C36, 67 (2004)



UNIVARIATE LEVY EXAMPLES

Include some well known cases: ' exp {_ (x — xg ‘J
o

e Gaussian source, Gaussian C, C(q) =1+exp(—¢q R")

e |orentzian source, exponential C, v+ (2 — Zo)
1 +exp(—[qgRJ).

[ asymmetnc SUpport / () = \; g {:—T exp | — ﬁ
e Streched exponential ST (1 — xp) . ol —Xyp),
rp < r < 0OC,

C(q) = 1+ exp (_ VIgR]).

T. Cs, hep-ph/0001233, T. Cs, S. Hegyi, W.A. Zajc, EPJ C36, 67 (2004)



LEVY EXPANSIONS: ~ 1d LEVY

Model-independent but:

Ho,oc 1,0
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Ho,ee Hl,ae H2,&

Lo(x | o) = det Hi,a H2.0 M3«
2

Lévy polynomials of first and third order times the weight function e=*" for e = 0.8,1.0,1.2, 1.4,

Ist-order Lévy polynomial ~ |1+ Ae REQ" 1+ 1 L1(Q|a, R)]

3rd-order Lévy polynomial -~ ’l e BT 14 e1L1(Qla, R) + e3L3(Q|a, ﬁ')]}

M. de Kock, H. C. Eggers, T. Cs: arXiv:1206.1680v1 [nucl-th]




LEVY EXPANSIONS: ~ 1d LEVY

In case of a =1 Laguerre is ok

Lo(t|a=1)

Li(t|a=1)
Lo(t|a=1)




LEVY EXPANSIONS: ~ 1d LEVY

In case of a = 2 instead of Edgeworth new
formulae for one-sided Gaussian:




MULTIVARIATE LEVY DISTRIBUTIONS

f(©)=e*"
1
/
t = (X =13Ri’qq;) "

|'J
e}

i,j=1

Model-independent but:

T. Cs, S. Hegyi, W.A. Zajc, EPJ C36, 67 (2004)



MULTIVARIATE LEVY EXPANSIONS
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M. de Kock, H. C. Eggers, T. Cs: arXiv:1206.1680v1 [nucl-th]



POSSIBLE APPLICATIONS |

Near side peak
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POSSIBLE APPLICATIONS I

The background is modeled as a stretched exponential in giny:

— IR . |*bked
Q(qinv) =1 T *‘?\bkgde |E]:’kgd Ginv|




SUMMARY AND CONCLUSIONS

Several model-independent methods:

Based on matching an abstract measure in H to the
approximate shape of data

Gaussian: Edgeworth expansions

Exponential: Laguerre expansions

Levy (0 < a < 2): Levy expansions

In case of alpha = 1 Laguerre ok

In case of alpha = 2 new formulae for Gaussian
New directions: multivariate Levy expansions



