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MODEL - INDEPENDENT SHAPE ANALYIS I.

Model-independent method, proposed to analyze Bose-Einstein correlations
IF experimental data satisfy

° tend to a constant Q.
° non-trivial structure Q=0

Model-independent, but

experimentally testable: / dtw () (E) hon (1) = 6 pm,
. 1=0R +_ SPLLOND L3 X
‘ F(#)=2_ fuha(t).
n=»(0
e approximate form . / T N (Y B (4
w(t) Jn= +_ dtw(t) f(t) hn(l).

e Identify w(t)

T. Csorgd and S: Hegyi, hep-ph/9912220, T. Csorgd, hep-ph/001233



MODEL - INDEPENDENT SHAPE ANALYIS II.

. ) i'\"Tc;; k ” k;
C..-'TQ ( kl | k. ) 2 ( 1, K9 )

Ro(ky, ko) = Co(ky, ko) — 1.

—

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

/ dtw (t)g*(t) = / dt [ﬁ: (t)/w H*]] < 0, (6)

g(t)=>" gnha(t).

r=I

Gn = / dt Ro(t)hy,(t).

Ry(t) = w(t) Y gnha(t).

n=I()

T. Csorgd and S: Hegyi, hep-ph/9912220, T. Csorgd, hep-ph/001233



MODEL - INDEPENDENT SHAPE ANALYIS Ill.

- . i.-\,le k ‘ k-.-_}H
C..-'TQ ( kl | k. ) 2 ( 1, Ko )

Co(t) =N {1 + A w(t) Z Gnhn (’f‘)}

n=I()

Model-independent AND experimentally testable:

° approximate

. 9= [ dt Ra(t)h (1)

° testabe




GAUSSIAN w(t): EDGEWORTH EXPANSION

w(t) =exp(—t?/2),

[ 9]

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

— 20

C2(Q) =N {1+ Apexp(—Q*R}) x

3d generalization straightforward




EXPONENTIAL w(t): LAGUERRE EXPANSIONS

Model-independent but

experimentally tested: | f: QRJT‘" .
w(t) =exp(—t)

o
%)
o . P L

/ dt CXp [ _f)Ln ( f) L'-m. ( IL) X {.:)H-Ir]l_._.']".rl.:

LE

| A"
L,(t) = exp(t) ‘

{. .-. ;I' I

(—t)™ exp(—t).

First successful tests
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STRETCHED w(t): LEVY EXPANSIONS

w(tla) = exp(—t%) = exp(—Q " RY)

Model-independent but:

ﬁ-f-l'.} N 'U. 1,cx

° Li(x| o) =det ( ) .

Ho,ae Hl,«o
o Lo(x|a) =det | pia M2

£

9]

ra = [, de 2" f(z|a) = %F (L)

x




STRETCHED w(t): LEVY EXPANSIONS

In case of a =1,
In 1 dimension Laguerre expansion is recovered

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




STRETCHED w(t)=exp(-t%): LEVY EXPANSIONS

In case of a = 2,
a new formulae for one-sided Gaussians:

Edgeworth expansion different

arxiv:1604.05513 [physics.data-an]



EXAMPLE, LAGUERRE EXPANSIONS

Laguerre expansion fit
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10 1

NA22 data Q°
T. Csorgb and S: Hegyi, hep-ph/9912220, T. Csorg6, hep-ph/001233




EXAMPLE, LEVY EXPANSIONS

Model-independent but: |
P Li(x| o) = det ( '{'“i'ﬂ H:a )
o x

Ho,ee Hl,ae H2,&

Lo(x|a)=det | pia Moo M3.a
el

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

Ist-order Lévy polynomial ~ |1+ Ae REQ" 1+ c1 L1(Q|a, R)]

3rd-order Lévy polynomial -~ ’l + e BTQY [1+c1Li(Qla, R) + c3L3(Q|a, ﬁ‘)]}

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



Example, L, BE correlation function
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LEVY EXPANSIONS for POSITIVE DEFINIT FORMS

experimental conditions:

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

(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:
L
[

° S(z, k)= f(z)g(k)

: 1k g(k) = (n ),
e density __/f g(k) = n),

e multiplicity

/ dx S(z, k) = g(k).

e single-particle spectra

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



MINIMAL MODEL ASSUMPTION: LEVY

Model-independent but:

Co(k1, ko) =1+ |f(ar12)[?,

° flqi2) = / dz exp(iqi22) f(x),

Cl(q;a) =1+ Nexp (—|qR|™).

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



UNIVARIATE LEVY EXAMPLES

Include some well known cases: ' exp {_ (r—x ;_f'-}
® ;

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

e Lorentzian source, exponential C, ‘ 0)
1 +exp(—[qR]).

e asymmetric support
e Streched exponential

C(q) =1+ exp (— -\,..--"’|q J?|) :

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



Multivariate, nearly Levy correlations

| 2

Co(k1, ko) = 1+ |f(qu2)

i

1,j=side,out,long

N <1+ dexp(—t*) |1+ z (an + ibp) Ln(t|a }' }

n=1

where {c, = an + b, }52 | are now complex valued expansion coeflicients



Non-Exponential Differential Cross-Section

To study the detailed behaviour of the differential cross-section, a series of fits has been made
using the parametrisation:

|
— exp
! !rzn

=1
which includes the pure exponential (N, = 1) and its straight-forward extensions (N, = 2, 3).
0.06
0.05
0.04
0.03
0.02
0.01
0
—0.01
B -0.02 [
—0.03
—0.04
—-0.05

{ data, statistical uncertainties —N, =1
full systematic uncertainty band — N, =2
syst. unc. band without normalisation — Np =3

=
=]
o
=
|
L
[~
]
)
I
L

do /dr — ref

0.14 0.16

Muclear Physics B 8959 (2015) 527-54b




However, this method does not extrapolate well

| | |
{ pp: TOTEM EPL 101

—_ TOTEM fit




LEVY EXPANSION FIT TO NON-EXPONENTIALS
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— Levy fit
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SUMMARY AND CONCLUSIONS

Several model-independent methods:

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

e Gaussian: Edgeworth expansions
e EXxponential: Laguerre expansions
o Levy (0 <a < 2): Levy expansions

e TOTEM: excluded a purely exponential diff. cross-section
at low [t| at 8 TeV

e Levy expansion: indicate a non-exponential diff. cross-
section up to -t =3.0 GeV?even at 7 TeV

e Deviation from exponential measured by 1 parameter: a



