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The stages of the matter evolution in A+A collisions

The initial huge kinetic energy of colliding nuclel converts into masses of the final observed
particles (several tens of thousands) + the energy of collective flow
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“Soft Physics” measurement
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Direct Photon Puzzle
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Direct-photon spectrum and elliptic flow produced from Pb+Pb collisions at ./syy = 2.76 TeV
at the CERN Large Hadron Collider within an integrated hydrokinetic model

V. Yu. Naboka.,! Yu. M. Sinyukov,l and G. M. Zinovjev]
'Bogolyubov Institute for Theoretical Physics, 03680 Kiev, Ukraine

M (Received 22 October 2017; revised manuscript received 6 March 2018; published 16 May 2018)

The photon transverse momentum spectrum and its anisotropy from Pb+Pb collisions at the CERN Large
Hadron Collider energy ,/syy = 2.76 TeV are investigated within the integrated hydrokinetic model (iIHKM).
Photon production is accumulated from the different processes at the various stages of relativistic heavy ion
collisions: from the primary hard photons of very early stage of parton collisions to the thermal photons from
equilibrated quark-gluon and hadron gas stages. Along the way a hadronic medium evolution is treated in
two distinct, in a sense opposite. approaches: chemically equilibrated and chemically frozen system expansion.
Studying the centrality dependence of the results obtained allows us to conclude that a relatively strong transverse
momentum anisotropy of thermal radiation is suppressed by prompt photon emission which is an isotropic. We
find out that this effect is getting stronger as centrality increases because of the simultaneous increase in the
relative contribution of prompt photons in the soft part of the spectra. The substantial results obtained in iHKM
with nonzero viscosity (n/s = 0.08) for photon spectra and v, coefficients are mostly within the error bars of
experimental data, but there is some systematic underestimation of both observables for the near central events.
We claim that a situation could be significantly improved if an additional photon radiation that accompanies the
presence of a deconfined environment is included. Since a matter of a space-time layer where hadronization takes
place is actively involved in anisotropic transverse flow, both positive contributions to the spectra and v, are
considerable, albeit such an argument needs further research and elaboration.
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HADRONIZATION PHOTON EMISSION
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We claim that a situation could be significantly improved if an additional photon radiation that accompanies the
presence of a deconfined environment is included. Since a matter of a space-time layer where hadronization takes
place is actively involved in anisotropic transverse flow, both positive contributions to the spectra and v, are
considerable, albeit such an argument needs further research and elaboration.
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Photon radiation In iHKM
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Direct photons. Transverse Spectra
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We claim that a description
of photon spectra and its
anisotropy could be
significantly improved if an
additional photon
radiation, that accompanies
the presence of deconfined
environment, is included.

FIG. 1. Total direct photon spectra in iHKM: thermal QGP + thermal HM + prompt + hadroniza-

tion emission (HE). Centrality is 0-40%. Experimental results are taken from [7].



Photon puzzle:
Anisotropy of spectra, large v2 coefficients.
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FIG. 2. Photon momentum anisotropy wvs-coefficient for 0-40% centrality. The results including the

synchrotron radiation (HE) and results for prompt photons only (without HE) are also presented.
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Photon spectra and anisotropic flow in heavy ion
collisions at the top RHIC energy within the integrated
hydrokinetic model with photon hadronization emission
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7 We find the description of direct photon spectra, elliptic and triangular flow are significantly
improved, similar to that found 1n iHKM for the LHC energies, if an additional portion of photon radiation
associated with the confinement processes, the “hadronization photons”, 18 included into consideration.



‘L Spectra: Photons at RHIC, c. 10-20 %
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Contributions to photon spectra, c. 0-20%
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hadronization emission (HE) contnbution. Expenmental results are taken from |51).
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Spectra: Photons at RHIC, c. 20-40 %
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Spectra: Photons at RHIC, c. 40-60 %

total spectrum

--------- total spectrum without HE
AN total spectrum HKM
PHENIX data




Photons at RHIC, v2 , c. 10 — 20 %
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‘h Photons at RHIC, v2, ¢c. 20 —40 %
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Triangular flow, v_3 coefficients,
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FIG. 6. Tnangular flow for 0-20% centrality for the different models: 1HKM chemaeally equihbrated

without hadromzation emssion (thermal and prompt photons only) contnibution and 1HKM chem-

ically equilibrated with HE contnbution. Experimental results are taken from |52).



iTriangular flow, v_3 coefficients, c. 20-40%
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iTriangular flow, v_3 coefficients, c. 40-60%
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Summary for photons

. The iHKM contains all the stages

of the nucleus colhision process, has natural zero mitial transverse velocity and continmous

frocze-out. Being applied here to the photon business, 1t needs the only additional parameter

to describe photon spectra, elliptic and triangular fow at three centralities classes at RHIC.

This parameter for the photon rate 7 = .04 15 related to the specific processes of photon

radiation that 15 connected to confining interactions at the hadromzation transition. It
could probably mmclude photons from additional reaction channels for hadrons with modified

properties that just created m hadronizating medimm.
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NMPOOOJIXXEHUE HAPOAHOI'O IN'YJIAHbBA




LLIYTKW MAHOPAMHOW CbEMKW: .M. — Ha pJanbHeM nnaHe




¢ The time when we all were young. It was 1986...




O PA3MTOMKEHMH HEIIPOCTDBIX YHCE]I
CTHXOTBOpEHIE

IToceamaemea 80-1emuemy Houaerw
Teuanaoua Muxadidosuyua 3uHO66€60

BoceMb ecATOK, YeThIpe IBAINATOK, IIb IBE COPOKOB?Y!
K10 & Bel, YUHTeIb, Ha Je1e TAKOB?

PaBeH b BOCBMH 030PHBIM MAJIBYVIAHAM,
H.1b 9eTBepbIM MOI0IBIM TOH AKYAHAM,
Mo#eT, IBOHM 04YeHb KPYIHBIM TATAHTAM,
TeM, KTo TBOPAT HAM HOBBIE CTApPThI?..

Hety oTBeTa’..
Tak 7 noxe1arw! -

breITe BaM :XHBEBIM 0€3 KOHIIA H 0e3 Kpaqa:

bBITE 3aBCErIa 030PHBIM MATBYVIAHOM,
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MBICIHTB, KAK JBA 04eHb 3peabIX TATAHTA,
CuacThd Ae1aK I TBOPYECKHX CTapTOB!
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