Femtoscopy with Lévy sources
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Executive summary Bose-Einstein correlations map out the femtometer source
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e Ni(p), Na(p1,p2) - invariant momentum distributions, the definition of the correlation function:
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NA61/SHINE Ca(p1,p2) = N1(p(1)N1(132)’ where Na(p1,p2) = /S(%,pl)s(ﬂ?z,m)m’pyl,pz (21, 29) [P d* 21 d 2
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S(x,p) source function (usually assumed to be Gaussian — Lévy if more general, c.f. anomalous diffusion)
Py tywo-particle symmetrized wave function — interaction free case: W0 (x=x1—x2)|* = 1 + cos(qx)
STAR Coulomb final state effect: integral doable via Lebesgue’s and Fubuni’s theorems [12]

Aut+Au ‘ In absence of final state interactions, leads to S , the Fourier-transformed of S; if S normalized:
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{'NA61/SH|NE Au+AU Ca(g, K) ~ 1+ (5(q, K)| , 5(¢, K) /S(fE»K)e d*r, q=p1 —p2, K=(p1+p2)/2, q< K

Be+Be

10 100 1000 10000 Final state interactions, resonances to take into account

\VSNN [GEV] o Identical charged pions: final state interaction distort the simple picture
o Measurements at /s, = 17 — 5020 GeV [1-9] o Small role of strong interaction for pions with Lévy source [10]
— Lévy-parameters R, a, )\ extracted o Different methods of handling, e.g. Coulomb-correction factor: Cp.g(q) = K(q) - Cineas.(q) [11]

— Interesting energy dependence of o e Two-component pion source: S = Score + Shalo W core
— Can have large effect on R vs /s, — Primordial pions: core < 10 fm core+halo
— Kaon versus pion a: origin of Lévy sources? Resonance pions - from very far regions: halo unresolvable

region
o EPOS analysis: Lévy shapes event-by-event [18] Observed C2(q — 0) =1+ X # 2
— Event average and fluctuation estimated Measure: VA = f. = core/ (.core+hal.o)
e Source size measures investigated: HWHI, HWHM Resonances reduce correlation function [13]

e Generalized central limit theorem — Lévy-distribution ©T— HWHM, 3D Lévy

3 3 _igr_—Li|qR|¥ anomalous |== HWHM, 1D Lévy
L(a,R,7)=(2m)" " [d’qe’"e 219" | a=1: Cauchy, o = 2: Gauss (R4 diffusion " |— HWHI, 3D Lévy

Shape of the correlation function [14]: C5(|q|) =1+ A - e~ (£la])” . S 24== HWHI, 1D Lévy
Note: 1D & 3D « results compatible [1,2], validates 1D approach TR
One possible reason: anomalous diffusion

— Expanding medium, increasing mean free path — anomalous diffusion, Lévy-flight
Another possible reason: critical behavior critical opalescence

— Spatial correlations at CEP oc 7~ (4=2+7) — defines critical exponent 7 } a=n
— Symmetric Lévy-stable distributions lead to source oc r—1=¢
n(CEP) = 0.03631(3) (3D Ising) [16]
T=T, T>T,
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How to quantity source size?

: Half width at half maximum (HWHM)
CMS results in 5.02 TeV Pbb NA61/SHINE results at 150A GeV /c Half width at half integral (FVWET)
CMS PbPb 0.607 nb™" (5.02 TeV)
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_ QO viitveiaity dhess S0 Tk 15{
QOD universality class: 3D Ising {151 ) cpp) — 0.5+ 0.05 (rand. field 3D Tsing) [17]
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Lévy a measured: far from 1, also not Gauss [4] Lévy a: difference of Be+Be [5] & Ar+Sc [6] | | | | " my[Gevich
Closer to Gauss (o = 2) for central collisions Ar+Sc: close to Gauss; Be+Be: close to Cauchy « Kaon mean free path larger: ax < a; predicted [20]
Unlike RHIC (3], see also new STAR result below Both far from CEP conjecture (o = 0.5) « PHENIX & STAR preliminary data: ax ~ o, |7,8]
Role of particle density or mean free path? Hydro inspired mp-scaling of R [5, 6] e Reason for appearance of Lévy sources?
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