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Motivation

Direct photon puzzle: the measured v, of direct photons is of the
same order of magnitude as for hadrons.

v, cannot be described simultaneously with direct photon spectra
using the theoretical models known so far.
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Earlier success of analytic hydro

Non-prompt component of the direct photon spectra and v,
are dominated by hydrodynamic evolution.
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Simple 1+3d model

Based on the Csorgd-Csernai-Hama-Kodama solution of

relativistic hydro. act puys Hung.4 21 004) 7384

No acceleration, Gaussian temperature (so density becomes
infinite), but 1+3 dimensional.

Csanad and Majer: analytic calculation of spectra and v, at y=0

using second-order saddle-point approximation. ., . - Phys. 10 (2012) 850-857

Lokos and Kasza (L&K): numerical calculation of spectra and v, at

y=0, no appromixations applied. . pn. 240513500 [hep-ph]



https://arxiv.org/abs/2403.13599

Simple 1+3d model (L&K)

Source function:
O — — O(1T — K
S(z,p)d*z = J (7 — o) (7 Tf)p“uu exp (p;f‘u) dt &>z
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Using the CCHK solution:
r
w, =7 (1,v) =7 (1, t) Hubble-type velocity field
Tt 3/K _
T(r,s)="1T; (—) T (s) Inhomogeneous temperature profile
T
T (s) = exp(—bs/2) Scale function is chosen to be Gaussian
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Simple 1+3d model: observables

Invariant transverse momentum spectrum:
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Elliptic flow:
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Simultaneous fit (current status)

Dataset: ALICE Pb+Pb@2.76 TeV, 0-20% Phys.Lett.B 754 (2016) 235-248

Phys.Lett.B 789 (2019) 308-322
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Our toy-model works better than the advanced state-of-art models.

Problem: why our model works on the whole pi-range?




Simultaneous fit (current status)
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1+1d model with 2nd order PT

Based on the Csorgd-Kasza-Csanad-Jiang solution of relativistic
hydro with the addition of describing a 2nd order PT. ;.4 018) 6, 69

Accelerating, inhomogeneous solution, but only 1+1 dimensional.

Thermal component of direct photon spectrum at y=0 is derived
analytically with saddle-point approximation.

The spectrum is embedded to the 1+3d space, but v, cannot be
calculated.

The spectrum has a hadronic and a QGP component.




Previously: 1+1d model with constant c,

The direct photon spectrum was derived earlier with constant
speed of sound from the following source function:
g H(m) pudXt
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Based on CK(CJ solution:
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1+1d solution with T dependent c

In the case of zero bariochemical potential, if k(T) satisfies the
following equations ...
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... then the solutions for the temperature are in the same class as in the
case of constant cg:
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1+1d model with 2nd order PT

If 1o(T) and kyy(T) are matched at T.: hydro-based EoS describing 2nd order PT
K(T) = O(T — T.)kg(T) + O(T. — Tko(T)

Two-component direct photon spectrum:

Tec 70
dN
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(pr) Yrprdpr / (pr, 7, cm)dr / (pr, 7, cq)dT
Tf Te
Hadronic component QGP component
(CH,Tf,TC,/\,NH) (coTo,Te,ANg)

"Preliminary results" from fit to PHENIX Au+Au@200 GeV data:

Realistic values were obtained for the fit parameters.

Values of ¢y and cq: the hydro-based EoS is in agreement with the IQCD EoS qualitatively.




Open questions

Why a simple 1+3d hydrodynamic model with pre-existing flow
can describe the direct photon spectrum and the elliptic flow
simultaneously while more complex models fail this problem?

Will the 1+3d hydrodynamic model be successful in desribing
the PHENIX data as well? According to our preliminary results, yes.

Can the effect of a possible second-order phase transition be
detected in the direct photon spectrum?

Open problem: analytic solution of relativistic hydrodynamics
with an EoS that desribing crossover type quark-hadron transition
and with inhomogeneous temperature field.
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