How brightly does theGlasmashine?
Photonproduction off-equilibrium
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Early times in heawon collisions
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color glass condensate Glasma

strong color fieldsA ~ Q. /g

strongly interacting norequilibrium system

In weak couplinga; < 1 classicaistatistical simulationscan describe such systems.

Recent classicaitatistical simulations of expandirigasmahave established
the bottom-up thermalizationscenario
asthe correctwealkcouplingeffectivetheory for early stage of heavgn collisions.

What is a phenomenological consequence?
[Photon production at early timﬁs
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Photons in heavyion collisions

hadron decay]s

thermal hadron gas

jet-medium

thermal QGP

Glasma pre-equilibrium production]

prompt hard scattering

The photon production in the prequilibrium stage is not included in the
state-of-the-art calculations based on hydrodynamic and transport models.

[ DoesGlasmashine brightly?]




Photons in heavyion collisions

thermal QGP

Glasma pre-equilibrium production]

The photon production in the prequilibrium stage is not included in the
state-of-the-art calculations based on hydrodynamic and transport models.

[ DoesGlasmashine brightly?]

Parametric estimate of the photon yields in ttdasmaand thermal QGP phases
based on the bottorrup thermalizationscenario.



Bottom-up thermalizationscenario Baier Mueller, Schiff, Son (2002

Weak coupling effective kinetic descriptiontbérmalizationin heavyion collisions

L consistent with the use of the weak coupling formula for the photon production

1. Classical scaling regime
Q' <7<

2. Formation stage of soft gluon bath
Q7 la3? <« 1< Qa2

3. Heating up stage
Q7 lal"? « 1< Q7 a?/?
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FIG. 1. Characteristic momentum scales for the "bottom-up” scenario.

from Baier, Mueller, Schiff, Son (2002)



Bottom-up thermalizationscenario Baier Mueller, Schiff, Son (2002

1. Classical scaling regim@:! <« r < Q7 a3/?

U The system is dominated by hard gluons whose transverse mom. s s
U The occupancy of the hard gluons is much larger than oined > 1
U 2-2 elastic (small angle) scatterings among hard gluons dominate the dynamics

&

Scaling behaviorf, (7,p1,p.) = (Qs7)~*/3f5 ( Q)3 )

Confirmed by the classicatatistical simulations and the kinetic theory computations
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Longnudlnal momanlum px /Q Rescaled momentum: (Qn' p/Q Bergeset al. Q014)




Scaling behavior of Quarks

What about quarks?

We numerically solved the Boltzmaenqs for 22 scattering among quarks and gluons.
NT,VenugopalanarXiv:1702.xxxx

In the first stage of the bottorup thermalization the quark distribution show the same
scaling behavior as the gluon distribution.

original distribution

rescaled distribution
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Bottom-up thermalizationscenario Baier Mueller, Schiff, Son (2001,0

2. Formation stage of soft gluon batfi; 'a;%/? < 7 < Q;'a;5/?

U Soft gluons produced by collinear splitting processes start to play a role.
U The number density is still dominated by hard gluons, but the Debye mass is
dominated by soft gluons.

3. Heating up stage Q- 'a;%/? « r < Q7 ta3/°

U Soft gluons form a thermal bath, and it is heated by the remaining hard gluons.

T(r) = CTCY;)’Q?T

thermalizationtime 7, = ceqa; /5Q5 1

temperature at that time 73, = cecha§/5Qs

__—

Unknown numerical coefficients, which can be constrained by
measured charged hadron multiplicity




Constraint for the coefficients

Entropy conservation after:n

dSQGP 747T2 dShadron dNCh
= S| 7T° ) ——— =k k>~7.2 pal, Pratt (2004
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A The combinationc.,c/* is constrained.

A The dependence oW,...  is mild
A BMSS estimate; ~ 0.18 to logaritfaauracy. Wevaryit betweency = 0.1-0.4



Thermalizationtime vs. Hadronizationtime

RHIC \/sny = 200 GeV LHC /Sy = 2.76 TeV
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Thermalizationtime vs. Hadronizationtime

RHIC \/sny = 200 GeV LHC /Sy = 2.76 TeV
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QGP life time is much longer for the LHC than RHIC.



Estimation of the photon yields

Production rate via the annihilation and Compton processes

dN 1

Ed4Xd3p - 2(27)3 /pl p2.,p3 IM|2(2m)*64( Py + Py — P3 — P) f1(p1) f2(p2) [1 £ f3(p3)]

U Thermal phase
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U Glasmaphase
smallangle approximation
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A We integrate these rates over the expanding sptioe.
A We consider the total photon yield by integrating oydr.



Photon production rate

RHIC /snn = 200 GeV, Npya = 353 LHC /sxy = 2.76 TeV, Npare = 383
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Thermal vs Glasmaphoton yields

LHC /sxy = 2.76 TeV

RHIC /syny = 200 GeV
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A For lower collision energy,

- the Glasmeacontribution is relatively more important.
A For less central collisions,



Bottom-up scenario vs. Earliydro scenario

RHIC (/sny = 200 GeV, Nyt = 353

(1) (ii) (111) Ithermal

drdy [(fm/c)~"]
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T [fm/c]

U Bottom-up thermalizationscenario:
Glasmdi), (ii), (iii) + Thermal ( )

U Hydro scenario that assumes eatlhermalization
Earlyhydro ( YRermal ( )















