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Photons from Heavy-ion Collisions
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State-of-the-art hydrodynamic modeling
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Viscous Photon Emission Rates: General Formalism

Thermal photon emission rates can be calculated by

dR d°p; d°po d°ps 1
/ M2

E — =
1d3q 2F (2m)3 2E5(2m)3 2E3(27)3 2(27)
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We can expand photon emission rates around the
thermal equilibrium:

dR *a,q, )
q—- = I’y - T 9ud aa,gI‘aﬁ,
d3q 2(e+p)
A = ® i + 1 U Uy + 1 _ 3 (Guuw + Guuy)
SO LR R ERe A TR ECE R A S



Viscous Photon Emission Rates: General Formalism

Thermal photon emission rates can be calculated by

dR d°p; d°po d°ps 1
/ M

E — =
1d3q 2F (2m)3 2E5(2m)3 2E3(27)3 2(27)

X f1 (P/f)fz(l?g)(l -+ fs(Pg))(QW)45(4) (Pl + P2 — P3 — C])

With
P()(C], T) aaﬁraﬁ (Q7 T) ') X\

f(p") = i (;)

We can exp: calculated in fluid local rest frame ind the
thermal equilibrium:

3 1 calculated in lab frame
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Viscous Photon Emission Rates: General Formalism
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Viscous Photon Emission Rates: General Formalism

Equilibrium rates off-equilibrium 5 f corrections
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Viscous Photon Emission Rates: General Formalism

Equilibrium rates off-equilibrium 5 f corrections
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Viscous effects on photon elliptic flow
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Shear viscous suppression of photon vz is dominated
by the viscous corrections to the photon emission rate

Photon elliptic flow is sensitive to the larger shear

stress tensor at early times



Viscous effects on photon elliptic flow
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Event-by-Event Full Viscous Photon v,
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* The anisotropic flows of photons show similar centrality
dependence as hadron vn



Event-by-Event Full Viscous Photon v,
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* The anisotropic flows of photons show similar centrality
dependence as hadron vn

* The ratio vo/vs increases with the shear viscosity

* The centrality dependence of this ratio is stronger for
the MCKLN model, driven by &2



Event-by-Event Full Viscous Photon v,
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Comparisons with exp. data
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e Current calculations still underestimate the experimental
data by a factor of 3
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Comparisons with exp. data
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Conclusions

» We studied photon spectra and their anisotropic flows v,
from event-by-event viscous hydrodynamic medium

» Shear viscosity suppresses photon v,,. Dominant
suppression comes not from flow, but from the viscous
correction to the production rates.

* Elliptic and triangular flow of photons are more sensitive
than hadrons to shear stress at early times and to initial state
fluctuations.

o Still, experimental data appear to require significantly
more photon rate from the late evolution stage than in
implemented in the model
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