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Femtoscopy — general remarks

Originates from radio astronomy
° Hanbury-Brown and Twiss observed intensity correlation
° In high energy physics, Goldhaber, Goldhaber, Lee and Pais

Technique to access the spatio-temporal structure of the particle emitting source

N, (p1,p2)
N; (p1)N1(p2)

where we can use the Yano-Koonin formula to relate the mom. dists. to the source:

C,(p1,p2) =

2
N, (p1,p2) = fdx1dx25(x1,P1)S(xz;P2) “Pz(pl'm)(xpxz)‘

S: source function, W, two-particle wavefunction



Femtoscopy — two approaches

N, (p1,p2) = J dx1dx;S(xq,p1)S(x2, p2) | Wo (x4, 23) |

Assume the source shape: § ~ Gaussian Assume the wave function: free planewave
: : : Y12 =1 —
Measure in a clean environment, e. g. in pp el + cos((pr — p2)x)
: : . Not to realistic: Coulomb (and strong) FSI

Learn about the final state interactions
hidden in the wave function What is the interacting wave function?

p, ~ S [oikrp(_in 1, i(kr — kr))]

e 2

Program in ALICE: +r - —r
p—Kp—p,p—AA—ADp—Ep—Q, (more complicated with strong interaction)
p—Sp—¢,N—3 N—A Learn about the source size and shape




Femtoscopy — the core-halo model

Usually pions, kaons, protons are measured

Resonance contributions are considerable: core-halo model
Rp

S(x,P) = VA Score(x,0) + (1 = VA)S, 1 (x,p)
Let’s introduce the pair source function as
X X
Dyp(x,p) = | d3R S, (R +§»P) SB (R —E:P)

With this the pair source function in the core-halo model:

D(x, p) — ADCC(-X' p) +\2\/I(1 _ \/Z)Dch(xi p) + (1 T \/Z)Zth(x, p) }

|
Notation: D,y /(1 — 4)




Femtoscopy — general form

With K = 0.5(p; + p,) and Q = p; — p,! Also assume that p; = p,

2 2
C2(Q.K) ~ Af d®rDeo(r, K) WS90 + (1= D) d3rDy(r K) |[#9 (0)

If we take the R;, — oo limit the Bowler-Sinyukov formula is given:

2
C2(Q.K) = 1= A+ Af d3rDe.(r, K) | 959 ()]

The simple planewave case (i.e. no FSI):

D.(0.K
cVQ,K)=1+2 = (E(S > )K)




On the 3D variable of the correlation function

2
C(Q.K) = 1=+ Af d*rDec(r, K) |93 (1)
The K dependence is much smoother than the Q dependence

Use the Q as a variable and the measure the K dep. of the params.

—

K
QK= —p)@1+p2)=pi—pi=0-0Q = QK_o
C,(Q) can be transformed to C, (a)

Go to LCM system where Q = (Qout’ Uside Qlong)



On the 1D variable of the correlation function

What about in 1D? Could be necessary due to the lack of statistics

Usual choice: q;,,, = \/—QﬂQﬂ , arguable choice!

Qiny = (1 — ,Btz)qut + Qs?ide + leong
But ¢, could be very small even if Q2,; =~ QZ% 4, ~ leong * 0

It is also known that the source approximately spherical at RHIC

I 1D variable! I

Qinv = lqpcusl = 1 Q = 1qrcus] _’

Here, sphericity preserved, so Q independent of the direction of q; -y




Final state interactions

Like-charged pions = Coulomb correction
Strong final state interaction may play a role

Effect of the resonances: core-halo model
> Long-lived resonances contribute to the halo
> In-medium mass modifications could cause specific m+ dependence

Partially coherent particle production (core-halo model)

Aharonov-Bohm like effect: the hadron gas acts as a background
field, the correlated bosons paths are the closed loop



Levy parametrization of the C,

Generalized Gaussian — Levy distribution

1
f d3q eiqre—§|qR|a

L(a, R, 7)=
( ) (203

a = 2: Gaussian, @ = 1: Cauchy, 0 < a < 2: Levy
Assume the source to be Levy!  _j A C,(Q) =1+ AeRO”

215

S
A(K): core-halo parameter @

= (
R(K): Levy-scale parameter 5 A s Q\\;"’ Sy,

<2 S’G/;

a(K): Levy index of stability = > 0

distance



Physics in the parameters

Possible interpretations of the A:
1. Specific my suppression linked to in-medium mass modification of n’

2. Measuring two- and three particle correlations could shed light on partially
coherent particle production (see core-halo model):

N,(K) N (K)
fe(K) = N (K) and pc(K) = N.(K)

/12 — fcz [(1 T pc)z + ch(l T pc)]
A3 = 2f2[(1 —p)° +3p.(1 —p)?* 1+ 3f21(1 — p)* + 2p.(1 — p)]

(43 — 343)

Ko, =
’ 3 Independent from f,
2 |23



Physics in the parameters

Possible interpretation of the R:

° Important: R; ¢,y # Riquss

° |s it related to the size? Check hydro-like scaling: = =4 mr + B

RZ
° Seen in Gaussian parametrizations

Possible interpretation of the «a:
o Surprising similarity with the critical exponent of the spatial correlation in 3D
1-a

spatial corr. ~ r=177 symm. Levy dist. ~ 7~

> Sudden change in a could be a sign for critical behavior
> Could be the sign of anomalous diffusion or jets



The tree of the Levy analyses
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The first results — PHENIX 0-30% Au+Au

| ‘:I [T ‘ | I-I-I-‘ [T LI‘I-_I_I_J.-I_I_-I_I_J"_

% =0.81+0.04
R = (7.72+ 0.27) fm

0.=1.24+0.03
e =(-0.029 + 0.002) c/GeV

N=1.0072+ 0.0004
v2INDF = 78/83
conf. level = 63.8%

. PHENIX 0-30% Au+Au @ |S,,, = 200 GeV, T 7T, m_= 0.331-0.349 GeV/c

—+— Raw corr. function

4’7 Raw corr. x Coulomb factor

------- Coulomb factor

C,(A,R,0;Q) x Nx (14 Q)
............. C;O)(R,R,(I;Q) x N x (14 Q)

—--= Nx (14 Q)
C;°]=1+?LA exp(-R* Q%)

(a)

025
Q [GeV/c]

Measured correlation
function in 31 my bin with
0-30% cent.

Coulomb correction
incorporated into the fit
function

a*2 nora+l

The fits are acceptable in
terms of confidence level
and y?/NDF

Gaussian parametrization
cannot describe the data



The first results — PHENIX 0-30%,

Au+Au
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R exhibits hydro scaling
l1<a<2,{a)=1.2
A(my) suppressed which
compatible with modified
n’ mass in the medium
(compared with a
resonance model)

New scaling parameter
* Interpretation?
Interpretation of a ?

Let’s see the N4+ and
\/Syn dependence



Ny are dependence — PHENIX Au+Au
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(a) depends on Npgr¢
A(my) suppressed

The suppression doesn’t
depend on centrality
Models can be ruled out

Preliminary results!
Improved, final results
are on the way
(Christmas plan to write
the paper finally)




\/Syy dependence — PHENIX Au+Au
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Partial conclusions and critigues

Gaussian parametrization clearly not acceptable in terms of y?/NDF and CL

Levy gives satisfactory description of the measured 1D data at RHIC BES 1
energies in Au+Au collisions

1 < a < 2,doesn’t depend on my strongly but centrality dependent

Why? Two main explanation besides the aforementioned:

o> We use 1D variable which has an influence. In 3D it would be Gaussian!

> We measure the average of many Gaussian correlation functions with different
width so the average is not Gaussian



3D correlation — PHENIX 0-30% Au+Au
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EPOS simulation — event-by-event correlation
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STAR 0-30% Au+Au
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NA61 Ar+Sc and Be+Be at 150 AGeV
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NA61 Ar+Sc and Be+Be at 150 AGeV
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3 particle correlation — PHENIX 0-30% Au+Au
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Summary and outlook

Levy-type of correlations are measured at different
energies, centralities, systems, experiments

e E

theeribetred

§~:

Measured with different number of particles
Even models supports the appearance of it

The data favors Levy over Gaussian in all cases

The precise measurements of the parameters are crucial to interpret them

More results on the way and preliminaries will be published with major
improvements soon

MERRY CHRISTMAS AND HAPPY NEW YEAR
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