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Inclusive and direct photon production in heavy-ion collisions
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(Adapted from Nayak. Pramana 79, 719-735)

Photon source How we compute it

Prompt Next-to-leading order perturbative QCD with nuclear
p.d.f. and isospin effect, scaled by the number of bi-
nary collisions (Glauber)

Thermal Quasi-thermal QGP and meson gas photon production
rates [2], along with thermal baryonic photon rate [3],
folded with hydrodynamics

Hadronic decays Hadrons computed from hydro through Cooper-Frye
and decayed into photons through measured decay
channels: π0 → γγ, η → γγ, ω → π0γ, . . .

Thermalisation,
jet-medium, . . .

Currently not included

Direct photons are obtained
experimentally by subtracting a
simulation of hadronic decay

photons (cocktail) from the measured
inclusive photons [4]
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Simulating heavy-ion collisions with MUSIC and IP-Glasma

IP-Glasma

Initial energy density ε(τ0) and flow
uµ(τ0) of hydro matched to IP-Glasma [1]

at τ0=0.4 fm/c

MUSIC and parameters

• Event-by-event, second order (Israel-Stewart) relativistic hy-
drodynamics

• Lattice + PCE hadron resonance gas equation of state with
chemical freeze-out at Tchem = 150 MeV

• Hadron production through Cooper-Frye on constant temper-
ature hypersurface at TFO = 103 MeV

• Transport coefficients: shear viscosity to entropy η/s = 0.22
and shear relaxation time τπ = 5η/(ε+ P )

• No initial shear stress tensor: πµν(τ0) = 0

Hadronic observables

Pions, 0-10% centrality
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Charged hadrons, 30-40% centrality

Inclusive photons
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LHC, 2.76 TeV, 0-40%

Wilde (ALICE preliminary)
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Computing the photon v2

The photon v2 is measured with the event-plane method,
which reduces to the scalar product v2 due to the low hadron
multiplicity used to determine the event-plane:

v
γ
2 {SP} =

〈v̄h2 v
γ
2 cos(2(Ψ

γ
2−Ψ̄h2 ))〉√

〈(v̄h2 )2〉
(2)

. . . but how the event averaging is done matters:

〈X〉γ =

∑
j∈events

 1
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d2N
γ
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Direct photons
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Cocktail and subtraction
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The photon v2 generally gives different results when computed directly (eq. 2)
or by subtracting the cocktail from the inclusive (eq. 1)

It is also interesting to compute the photon v2 by subtracting the experimental
cocktail [4] from the hydro inclusive photon prediction

The hadronic decay photons from hydro

can be compared to the cocktail

subtracted experimentally [4] to get the

direct photons
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Photons and initial flow

What is the effect on photons of the IP-Glasma intrinsic

initial flow?
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Conclusion

• Our hydrodynamics model of heavy-ion col-
lisions combined with IP-Glasma initial con-
ditions gives a remarkable description of the
preliminary inclusive photon measurement by
ALICE at the LHC

• Our calculation also agrees well with the v2 of
ALICE’s cocktail simulation of hadronic de-
cay photons, although our calculation gives a
slightly larger spectra

• The direct photon prediction still underesti-
mates the ALICE preliminary data, although
we hope our work on the effect of initial flow,
the definition of v2 and the subtraction pro-
cess will help to shed light on the photon puzzle
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