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The goal(s) of this talk

@ An introduction into formalism of femtoscopy, correlation function,
and its parametrisation

@ Comments on the Levy-stable shape of the correlation function
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Correlation function from the source

Notation:

1
q=p1—p2, K:§(P1+P2)

Emission function: the Wigner function of the source S(x, K)

U d*x S(x, K)e"‘7X|2
(J d*x S(x, K))*

C(g,K)=~1

Direct Fourier transform
[ d*r D(r, K)e'ar

Cla. Ky~ 1+ (] d*x S(x,K))*

where

D(r, K) = /d4x5 (x+g,/<) s (x— %K)
Correlation function measures the Fourier transform of the distribution of
emission point differences. This is often “bell shaped”.
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Gaussian parametrisation

Coordinates: out (direction of K7), side (normal to K1), long (beam axis)
On-shell constraint =
o_ 9K _ =
q = KO~ gs
C(q,K) -1
= exp [~q3R2 — GZR? — q7 R} — 240qsR% — 290qiR — 2qsq/R3)]

Equate with correlation function up to 2nd order in g: get correlation radii

(X =x—(x))
RS = ((% — Bri)?) R2, = (% — Bri)y)
RZ = (7%) R% = ((% — Bri) (% — Bi))
R = ((z - BiE)?) RE = (7(2 - Bi))
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1-D correlation function

Due to lack of statistics, sometimes correlation function is parametrised as
function of

Ty = G2+ G2 + a7 — a5 = |G — B
as C(Ginv, K).

This measures some effective size of the source in the frame co-moving
with f.

| daodasdaid(|G2 — G5 — a2, ) || d*x S(x, K)e™

Clqin, K) = 1+ (J d*xS(x, K))?
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A homogeneity region

o fixed momentum is only produced from a part of the fireball:
homogeneity region

@ homogeneity region moves roughly with the same velocity as the
produced particles
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Averaging

Momentum

Hadrons with different momenta (p7 and/or ¢) come from different
homogeneity regions.
Schematically:
fbdeUd“XS x, K) ’qx‘
(fbln dK f d4X S(X K))

The correlation function is a superposition of many correlation functions.
Schematically, p(R) is distribution of a size parameter:

C(g,K) ~

|[d*xS(x, K; R)eiqx|2>

C(q,K)%/dRP(R) <1+ (fd4XS(X,K;R))2

also: [C. Plumberg, U. Heinz, Phys. Rev. C 92 044906 (2015), 92 049901 (2015)]
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The Blast-Wave model

The emission function (no viscous corrections)

4 _ mecosh(y —y) U (x)py -
S(x,K)d"x = (2r)3 Tdrdnrdrdf (exp< = +1

x O(r — R(0)) (T — 1)

space coordinates: r, 0, T = /t2 — 22, n = S In =2

phase-space cell volume: (27)3

flux of particles across the freeze-out hypersurface : m; cosh(n — y)
thermal distribution, energy in the rest-frame of the fluid: Eq = utp,
sharp cutoff in transverse direction: ©(r — R(0))

infinite in space-time rapidity

freeze-out along /12 — 22 = 74, 0(7 — 7)
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The Blast-Wave model, cont'd

The emission function (no viscous corrections)

h(n — " -
S(x, K)d4X:wTdenrdrd9 (exp<u (;)p”) j:l)

(2m)3
x O(r— R(0)) (T — %)
collective expansion velocity field
ut(x) = (cosh n coshn:(r,0p), cosbp sinhne(r,bp),
sin 0y, sinhne(r,0p), sinhn coshne(r,0p))

transverse expansion:

ne(r,0p) = PORAY ( ] [1+ 2p2 cos(2(0p — 62))]
Transverse shape:

R(Q) =R [1 + 2a> COS(2(0b — 92))]
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Resonance production

@ resonances are produced according to the same emission function

e resonances decay exponentially in time: p(74) ox e TR

2-body and 3-body decays included

branching ratios for decays via different channels

chain decays accounted for in the model
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Does averaging over events matter?

Simulation with: T =0.12 GeV, Ry =7 fm, 74 = 10 fm/c, po = 0.8,
no resonances
as fluctuates within (—0.1,0.1), or it is fixed to 0.05

1.65
with averaging HH

Fit function: 16|  Withoutaveraging —<— iﬁ
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1 + )\e (qan ) I
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Does averaging over events matter?

Simulation with: T =0.12 GeV, Ry =7 fm, 76, = 10 fm/c, pp = 0.8,
no resonances
0> fluctuates, or it is fixed to 0.0
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Does averaging over events matter?

NO! It seems that only a little!
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Does averaging over events matter?

NO! It seems that only a little!

But: correlation function in g;,, seems pretty non-Gaussian itself!

Boris Tomasik (Univerzita Mateja Bela) Averaging and the shape of C(q, K) 4.12.2018 12 /18



Does averaging over events matter?

NO! It seems that only a little!

But: correlation function in g;,, seems pretty non-Gaussian itself!
And averaging over pr could matter!

Boris Tomasik (Univerzita Mateja Bela) Averaging and the shape of C(q, K) 4.12.2018 12 /18



The influence of resonances

T =0.12 GeV, Ry =7 fm, 7% = 10 fm/c, po = 0.8,
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The influence of resonances

T =0.12 GeV, Ry =7 fm, 7% = 10 fm/c, po = 0.8,

1.7
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The resonances have a big influence!
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C(g, K) from BW model is non-Gaussian

Shapes of C(q, K) fitted in each direction separately

Correlation functions with resonances
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C(g, K) from BW model is non-Gaussian

Shapes of C(gq, K) fitted in each direction separately
Results for the parameter «
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The profile of the source

emssion points obtained from 50k events, resonances included
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Fitting with Levy-inspired in 3D

fitting function:

Clq,K) =1+ Nexp [— (RPa2 + R2qZ + R/’zq/z)a/ﬂ

2 ‘
19 { i
.%.
1.8 —K— . ]
—X— _[_
3 1.7 + i
x — —— _]_
—F— x —F—
16 | b e R
15 k
Resonances off —>¢—
14 ‘ ‘ _Resonances on e
o 200 400 600 800 1000
pr [MeV]
Averaging and the shape of C(q, K) 4.12.2018

17 / 18



Summary

Reasons for small «

@ non-Gaussian source in gy
@ resonances push down « by 0.2-0.6

o the use of g;,, has a strong effect
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