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Introduction

Outline

» The PHENIX experiment and the RHIC BES
» The HBT-effect

» Three-particle Bose-Einstein correlations
» Parfial coherence

» The results of the analysis
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Introduction Bose-Einstein correlations Results

Summary

The PHENIX experiment and the RHIC BES
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» Au+Au collision energies: 200 GeV - 7.7 GeV

» Charged pion ID from ~ 0.2 to 2 GeV/c

» How can we gain information about the Quark-Gluon Plasma?
Colliding nuclei —+ QGP — hadronization — detecting the particles —
correlations/distributions of particles — information about the initial stage
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Infroduction Bose-Einstein correlations Summary

The HBT-effect

» R. Hanbury Brown, R. Q. Twiss - observing Sirius with radio telescopes

> Intensity correlations as a func. of det. distance: C(A) = {472k
» They could measure the size of point-like sources!

» Correlation <= Fourier-transform of S(r) source distribution
@)~ 1+5@P, 5@ = [ S0

Source Correlation

L . A
detector distance

» High energy physics: momentum correlations of pions
» We can map out the particle-emitting source on the femtometer scale!
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Bose-Einstein correlations Results Summary

Intfroduction 1o Bose-Einstein correlations

Ni(p), Na(p), N5(p) - invariant mom. distr., the def. of the corr. function:

s Nolpwipa) iy N3(p1, p2, p3)
S Ni(p1)N1(p2) Ga{p1 P, P3) = Ni(p1)N1(p2)N1(ps3) X

The n-particle invariant momentum distribution

Norse i) = [ T]8@0pdlWcm o1,z [[ a1 @
=1 =1

» S(z,p) source func. (usually assumed to be Gaussian - Lévy is more general)

Assumption for source: Levy-distribution

S(r) = L(a,R,1) =
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Infroduction Bose-Einstein correlations Results Summary

Final state interactions, resonances

» |dentical charged pions - Coulomb int. distorts the simple B-E picture!

» Resonance pions reduce the correlation function

> S =S¢ + Sy — primordial pions - Core, resonance pions - Halo
S 0 0 e = fo = NG/ (Nt Ngr)

» n-particle correlation strength: A, = C,(0) — 1

» Core-Halo model: X, = f2, A3 = 2f2 + 3f2

» Core-Halo independent parameter: k3 = (A3 — 3X2)/(2/ A3

S(r) 2 RN
Core Clq) b
i Bt
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Infro 1 Bose-Einstein correlations Summary

Partial coherence

v

If the core partially emits particles in coherent manner:
Sc= Sk 8% 4@

In this case C (k) =% 1+ A, still holds, but Ay # f2

v

» Fraction of coherently produced pions:
el
bc = W — X(fe,po) )

v

Core-Halo + partial coherence:

A2 = f& [(1 — pc)? + 2pc(1 - po)] ©
As = 2f2 [(1 — pc)® + 3pc(1 — pe)?] + 372 [(1 — pe)® + 2pc(1 — pe)]
kg = k3(pc) # 1
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Infroduction Bose-Einstein correlations Results Summary

The Lévy distribution as source function

» The assumed shape of the source distribution is usually Gaussian

» Generalized Gaussian - Lévy distribution

» Anomalous diffusion 1 3 iqr_—L1|qR|®
}ﬁ(a,R,r) = @ne /d ge e 2.7

» Gen. Central Limit Th.

> o =2 Gaussian, a = 1 Cauchy

Normal
diffusion

Anomalous

diffusion
(Levy flight)
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Bose-Einstein correlations Summary

Shape of the correlation function

C§O)(k12, ks, Kos) = 1 lze05(1Zk12RI% H{2ks RIS +|2k55 RI%) @)

bl <6\2k12R|°‘ 1 el2msRI™ | e\2k23R|a)

» Three-particle corr. strength: A3 = I3 + 3ls

» If we measure \; from three-, and )\, from two-particle corr.,
we can calculate the Core-Halo independent 3

» If k3 #£ 1 — partial coherence?

» Taking info account the Coulomb-interaction:
> C3(ki2, k13, ko3) = Cg(,o)(km, kis, ka3) - K3(k12, k13, kog)
» Generalized Riverside method:
> Ks(kio, k13, ko) =~ Ko(k12)Ka(k13)Ko(kas)
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Infroduction Bose-Einstein correlations Results Summary

Dataset used for the analysis

» Run-10 Au+Au, /sy~ =200 GeV, ~7 billion evis.
» Min. bias trigger
» Additional offline requirements:
» Coll. vertex pos. less than +£30 cm
Single track cuts
» 20 track matching cuts in TOF & PbSc for pions
Particle identification:
» time-of-flight data from PbSc e/w, TOF e/w, momentum, flight length
» 20 cuts on m? distribution
Pair-cuts
» A rand. memb. of pair assoc. with hits on same tower were removed
» Customary shaped cuts on Ag-Az plane for PbSc e/w & TOF e/w
Triplet cuts
» pair-cuts on each pair of the triplet

2 4

v

v

v
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Infroductior Bose-Einstein correlatior Resulfs SummMary

Diagonal visualization of fits - low pr

» Visualization in k1o = ki3 = ko3 subspace (3D not possible)
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Infroductior Bose-Einstein correlatior Resulfs SummMary

Diagonal visualization of fits - high pr

» Visualization in k1o = ki3 = ko3 subspace (3D not possible)
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Introduction Bose-Einstein correlatior Results

Three-particle correlation strength - A3

» From Core-Halo model: A3 =2f2 +3f2 -0< A3<5
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Introduction Bose-Einstein correlations Resulfs Summary

Core-Halo independent parameter

» k3 does not depend on f¢
» Core-Halo + chaotic emission: k3 = (A3 — 3\2)/ \/_
» additional effect (eg. not fully thermal): ks # 1
» statistically significant deviation from xs=1
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Int icti Bose-Einsteir relatior Results

Fraction of core vs. partial coherence

» fraction of core: fo = N¢/(N¢ + Ng)
» partially coherent parameter: pc = N2°/(NE + N¥)
» measured Ay — Xo(fo,pc) — fo(pe) (Qreen lines)
» measured A3 — A3(fe,pe) = fo(pe) (Blue lines)
> fc.pc values from intersection (model dependent)
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Introduction Bose-Einstein correlations Results

fo Vs, pc —some previous results

» PHENIX (left): Nucl.Phys. A774 (2006) 611-614
» NA44 (right): Heavy lon Phys.15:1-80,2002
» Similar results!
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Intro Summary

Summary

» Three-pion Bose Einstein corr. functions from 200 GeV Au+Au data
Lévy-distribution for describing the source
Measured A3 corr. strength within Core-Halo + chaotic emission limit
PHENIX preliminary x5 data shows significant effect
A2 and A3 analysis - possible partial coherence
» To-do:

» finalize the analysis for 0-30%

» study detailed cenftrality and /sy dependence

v

v

v

v

Thank you for your attention!

| would like to invite You to the 17th Zimanyi Winter School on Heavy lon Physics
Budapest, Hungary, Dec. 4. - Dec. 8. 2017

http://zimanyischool.kfki.hu/17/
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Intro ) Bos ns Summary

An example for paircuts
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Introduction Bose-Einstein correlations Summary

Event mixing method

» Corr.func. from actual and background

events
0000 > C(q) = A(g)/B(q)
e O O O » 3% wide cent. and 6 cm wide zvtx classes

O O O » Event mixing:
» From the background pool we choose

— DO N evts., where N is the multiplicity of
the act. evt.

Npon[

» From every chosen evt. we chose one

&O O O O pion randomly

» Background distribution: from
correlating the chosen pions
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Intro ) BOs! 1ste ns Summary

Fitting with iterative method

» The func. containing the Coulomb int. is pre-calculated and stored
in a database — Ca(A, R, @; q)

» Numerically fluctuating x2? map

» We need a second-round iterative afterburner:
C3(Xo, Ro, 03 q)
02(0)()\0, Ry, a3 q)

0 0LR, 000 X Nex (1L eg ),

ahol C{V(\, R, 0;q) = C{¥(g) = 14+ X- e @R,

» Aslong as the new parameters differ significantly from the previous,
we confinue iterating

2
< 0.01.

(Fui1— Rn)? | (Ang1 —An)d @0 4 G
Aitemtion = \/ Rg ol A2 J a2

n n
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