Femtoscopy with Lévy sources
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Executive summary Bose-Einstein correlations map out the femtometer source
2 P N
= | NA61/SHINE .
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i Af+Sc CMS Pb+Pb * No(p1,p2)

g 02(p17p2) — Nl(pl)Nl(p2), where NQ(p17p2) — /S(ajlvpl)s(wQ?pQ)|\Ij;}1fr,rglyrgn($17x2)|2d4x1d4x2

e S(z,p) source function (usually assumed to be Gaussian — Lévy if more general, c.f. anomalous diffusion)

- . . . . . ] symm o 2
(- o iy twg—partlcle symmetrized wave function — interaction free case: |V,_ "~ (r=z1—x2)* = 1 + cos(qr)

I AU+AU Leads to S, the Fourier-transformed of \S; it S normalized:

e Ni(p), Na(p1,p2) - invariant momentum distributions, the definition of the correlation function:
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10 100 1000 Final state interactions, resonances to take into account

VSnn [GeV] e Identical charged pions: final state interaction distort the simple picture
e Measurements at /s, = 17 — 5020 GeV [1-§] e Small role of strong interaction for pions with Lévy source |9]

— Lévy-parameters R, a, A\ extracted e Different methods of handling, e.g. Coulomb-correction factor: Cp.g(q) = K(q) - Cieas.(q) [10]
o

— Interesting energy dependence of o Two-component pion source: S = Seore + Shalo ore
— 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 unresorlggﬁ)lﬁ
e EPOS analysis: Lévy shapes event-by-event [16] Observed C5(q — 0) =14+ X\ #£ 2

— Event average and fluctuation estimated Measure: VA = f, = core/(core+halo)
e Source size measures investigated: HWHI, HWHM Resonances reduce correlation function [11]

Generalized central limit theorem — Lévy-distribution ©®1— HWHM, 3D Lévy

, anomalous ,
3 .8 i _1|oR|e . | ade [ anem: |== HWHM, 1D Lévy
L(ia,R,r) = (2m)"° [d’qe'?e AR , o = 1: Cauchy, a =2 : Gauss (R4 diffusion 41— HWHI, 3D Lévy

e Shape of the correlation function [12]: Cy(|g|) =1 4+ X - e~ (ElaD” N 247~ HWHI, 1D Levy
Note: 1D & 3D « results compatible [1,2], validates 1D approach | |
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 —(4=2+1) _ defines critical exponent 7 } o=
— Symmetric Lévy-stable distributions lead to source oc r—1=¢
n(CEP) = 0.03631(3) (3D Ising) [14]
T=T T>T,

_ Q0D wntverslity dhss: S0 Tk 13{
QCD universality class sing [13] n(CEP) = 0.5 £ 0.05 (rand. field 3D Ising) [15]
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How to quantity source size?

Lévy exponent a in 5.02 TeV PbPb NA61/SHINE results in Ar+Sc & Be+Be Half width at half maximum (HWHM)

PbPb 0.58 nb™ (5.02 TeV) 3 24 B — Half width at half integral (HWHI)
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Lévy a measured: far from 1, # 2 [4] e Lévy a: difference of Be+Be [5] & Ar+Sc [6]

Closer to Gauss (o = 2) for central collisions Ar+Sc: close to Gauss; Be+Be: close to Cauchy B 7 T B

Unlike RHIC (3], see poster by S. Lokos Both far from CEP conjecture (o = 0.5) m; [GeV/cT]

Role of particle density? Hydro inspired mp-scaling of R [5, 6] : E?I?NT}?&I; g%l%‘;i;ﬁgi;gz ;a?wapre:h;te(??[g]
. K ~ TC ’

e Reason for appearance of Lévy sources?

Lévy scale R in 5.02 TeV PbPb Event-by-event Lévy shapes in EPOS

PbPb 0.58 nb™ (5.02 TeV)
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primordial pions primordial+decay
R =(7.36 £0.09) fm | R =(7.45 £0.06) fm
£ a=1.55 £0.02 o =1.46 £0.02

L v2/NDF = 104/88 : ¥2/NDF = 127/88

% conf.lev. = 11.5% [ ; conf.lev. = 0.4%
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T R 1CHE I - Event shape D(rr,cms) calculated in EPOS [16]
m; [GeV/c?] After rescattering: Lévy shape describes events

e Lévy scale R: hydro myp-scaling observed [4] Fluctuating o and R evt-by-evt, details in [16]

e Despite non-Gaussianity! Reason for scaling? Mean and variance extracted; with & w/o decays

e Hubble coefficient: 0.11-0.18 ¢/fm; RHIC: 0.07 ¢/fm [1] () differs from experimental results [1,4]
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