
Space-time evolution of high energy heavy ion collisions
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Introduction

The strongly interacting QGP discovered at RHIC

Jet suppression: new phenomenon of missing high energy jets
PHENIX Coll., Phys.Rev.Lett. 88.022301 (2002)

No jet suppression in d+Au: strongly interacting matter
PHENIX Coll., Phys. Rev. Lett. 91, 072303 (2003)

Collective dynamics: it is a liquid!
PHENIX Coll., Nucl. Phys. A 757, 184-283 (2005)

Scaling properties: appearance of quark degrees of freedom
PHENIX Coll., Phys. Rev. Lett. 98, 162301 (2007)

Energy loss of heavy quarks: nearly perfect liquid
PHENIX Coll., Phys. Rev. Lett. 98, 172301 (2007)

Thermal photons: very high initial temperature
PHENIX Coll., Phys. Rev. Lett. 104, 132301 (2010)

Flow harmonics: extremely small kinematic viscosity
ALICE Coll., Phys.Rev.Lett. 107, 032301 (2011),
CMS Coll., Eur. Phys. J. C 72, 2012 (2012),

ATLAS Coll., Phys.Rev. C86, 014907 (2012)
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Introduction

Time evolution of the sQGP
Strongly interacting QGP discovered at RHIC & created at LHC
A hot, expanding, strongly interacting, perfect QG fluid
Hadrons created at the freeze-out
Leptons, photons “shine through”
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Hydrodynamics results

Soft particle production in hydro

Final state fixed from hadronic fits of a constant EoS solution

Photon distributions show dynamics (average EoS: cs = 0.36± 0.02)

Eur. Phys. J. A 44, 473 (2010) & Eur. J. Phys. 10 (2012)
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Hydrodynamics results

A new type of solution for arbitrary EoS

The first analytic hydro solution for arbitrary EoS (κ(T )):
Csanád, Nagy, Lökös, Eur. Phys. J. A 48, 173 (2012), arXiv:1205.5965
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β is the integration variable here, i.e. T

Arbitrary κ(T ) functions may be used, the QCD one as well

Other new solutions with conserved charge, also for κ(p).
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Hydrodynamics results

Result for the lattice QCD EoS

lQCD EoS calculated for physical quark masses, continuum limit
Borsányi, Fodor, Katz et al. JHEP 1011, 077 (2010), arXiv:1007.2580

T (τ) from QCD EoS + hydro
Csanád, Nagy, Lökös, Eur. Phys. J. A 48, 173 (2012), arXiv:1205.5965

RHIC 200 GeV Au+Au: τini/τfinal ≈ 0.1− 0.2

LHC 2.76 TeV Pb+Pb: thermalize fast, longer evolution: higher Tini
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Bose-Einstein correlations

The Bose-Einstein effect

Two-particle correlation functions:

C2(p1, p2) =
N2(p1, p2)

N1(p1)N1(p2)
,

With plane-wave functions, for q = (p1 − p2)� K = (p1 + p2)/2

C2(p1, p2) = 1 +
|S̃(q,K )|2

|S̃(0,K )|2
.

With the core-halo effect C2,exp(q → 0) = 1 + λ

Inverse correlation width: Bose-Einstein (HBT) radii
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Bose-Einstein correlations

Bose-Einstein correlations of kaons

Pion correlation radii measured extensively

Hydro prediction: no particle type dependence, mt scaling

PHENIX and STAR measurements confirm this

Csanád M., Csörgő T., Acta Phys. Polon. Supp. 1, 521 (2008)

Máté Csanád, Eötvös University Habilitation summary 9 / 1



Bose-Einstein correlations

Azimuthal HBT

Decomposition: average R2
0 , asymmetry R2

2

Symmetries from data comparision:
spatial asymm 1− as = 0.003, speed asymm.: ρ2 = 0.17, therm. grad.: a2 = 0.16

Eur. Phys. J. A37, 111 (2008) & Eur. Phys. J. A47, 58 (2011)
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Bose-Einstein correlations

UA(1) symmetry and the η′

UA(1) explicit breaking (Adler-Bell-Jackiw anomaly): η′ heavy

High temperature (QGP) UA(1) may be partially restored

η′ production may be enhanced

Decay: long lived, halo pions appear at 〈pt〉 ≈ 0.14 GeV

These show up as the decrease of B-E correlation strenght λ

λ may decrease for other reasons, too

Found an effective way to filter pions from η′

Ran simulations to test efficiency and loss in different scenarios

Csanád M., Kőfaragó M., Eur. Phys. J. A47, 76 (2011), arXiv:1101.1276
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Summary, outlook

Summary, outlook

Expanding, cooling sQGP: perfect fluid

Hydrodynamic results

Constant EoS models work on RHIC & LHC data (h, γ)
New solutions with T or p dependent EoS
Applied lQCD EoS

Spatial structure of particle creation: Bose-Einstein correlations

Particle ID dependence only through mt-n keresztül
Azimuthal dependence of correlation width: depends on many factors
Buda-Lund modell: describes data well
Found method to filter η′ decay products to test UA(1) restoration
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Summary, outlook

Thank you for your attention
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