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CGC Initial Glasma Thermalized Hadron Gas
Singularity QGP
< Strongly Interacting QGP —

The Glasma are highly coherent colored fields evolving to a thermalized QGP
The Glasma is weakly coupled but strongly interacting
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How Does the Glasma Evolve:

At an early time:
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System evolves by scattering and two scales emerge
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How do these scales evolve?

In transport equation:

df /dt ~ o f?

The term with four factors of f cancels in the difference between
backwards and forward going processes

If the process is dominated in the infrared:

df /dt ~ ——f
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The scattering time can be evaluated in terms of the two scales by
explicitly evaluating the phase space integrals in the transport equations
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Note that factors of coupling strength have disappeared. The scattering time is the
Lorentz time dilation of the infrared scattering scale when the coherence is maximal. This
result is true also when including inelastic scattering.



The equation:
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Is true except close to a thermal fixed point. Near a thermal fixed
point, the right hand side of the transport equation vanishes. Near
the thermal fixed point, the evolution of the system slows as one
has approached equilibrium.

Far from equilibrium, we expect

T ~ Tscat

We will soon see that the time evolution of both scales is determined by this
condition and the condition of energy conservation, assuming that in the
infrared, the distributions functions are classical thermal distribution functions
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A simple model, assuming local equilibration in the infrared is
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This distribution is a classical thermal distribution in the infrared
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and goes to zerowhen F ~ Ay

It is like a thermal; distribution with a temperature [’ ~ AUV
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It becomes a thermal distribution function when the over-occupation factor
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Then the infrared scale is that of the magnetic mass and the UV scale is the
temperature



Note that the entropy of the gluon distribution is
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But the number of gluons is
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So the entropy to particle ratio is less than one until thermalization
due to the coherence
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For fermions we can use
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The ratio of the number of quarks to gluons is suppressed until thermalization
due to the over-occupation of gluonic states

q/g ~ asAuv /AR

The advantage of this parameterization of the gluon distribution functions is that
thermal results can be reproduced simply by replacing the temperature with the
ultraviolet scale, and multiplying the gluon distribution function by the over-
occupation factor. An example of how this works is with photon production.



The Problem with Photons at RHIC and LHC

J Decay photons (in pp and AA):
m-2>y+X, m=7n%n,0,nay, ...

J Direct photons: (inclusive(=total) — decay) — measured experimentally

® hard photons: ® prompt (pQCD; initial hard N+N scattering)

(large pr, ¢ jet fragmentation (pQCD; qq, gq bremsstrahlung)
in pp and AA) (in AA can be modified by parton energy loss in medium)
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It is not clear whether the photons seen are emitted early or late, nor the source of these
photons: misidentified hadron decays, jet fragmentation, QGP or hadron gas. The photons
also have a large flow that is problematic. There are problems both with absolute rates and
with the magnitude of v2

looIlllllllllll[llllllll IIl]]IIIIIIIIIl]]III]]IIIIIII
. 200A GeV Au+Auwa RHIC
10 . Dircet Photons, 20-40% centrality
™
-2 8 .
w 10 CUR ® PHENIX
o a \\\! NLO pQCD + Thermal (FIC)
- -3 O Thermal (FIC, =04 fm)
“ 10 IR Thermal (S1C)
- S "k_\\x»..__! NLO pQCD
~ 10" - ) e
<= a e Pt
- l" ‘ra - T—
z 1w . ’ )
Comptontannihikation
")"‘. - Fragmentaton »
I"-allllllllllllllllllllllllllllllllllIlllllllllllllllll
1O 1.5 20 25 3.0 35 40 45 50 55 6.0
Py (GeVig)
Tl llllllllllllll]llllIllll]llllIlllllllllllllllllllllll
10 2.76A TeV Pb+Pbia LHC
It Direet Photons, 0-40%,
Sl (X (8] ALICE Preliminary
o’ 1 [¢] —- NLO pQCD
= Hf' “\-;\' Thermal (SIC)
&) NG Thermal (FIC, a=0.4 fm)
- al "~ — Thermal (FIC) + NLO pQCD
= 10 .
= .
o S N
=W (a) 4"\-‘7:?_:*», _
z N e
=} -4 e rre——t — L
1 Compeor+annihiktion S jj -
£ Fragmentation S
0 4
lIllIIIIIlIllIIllllllllIllllllllllllllllIllllllllllllilll
0.5 1.0 LS 2.0 2.5 30 35 40 45 50 55 6.0 o.5

pl (GeV/ic)

llll{llll&llllllllllllllllllIIIIIIIIIIIIIIIIII
-V, of thermial photons © | 2004 GeV AwtAwia RHIC -
B - ' [ v
0.20- { o PHENIX (BRC) ]
| — smwoth (MC) |
- E -—- "I”{I’l -
- v, (PP) N
— 015 (] e -
s i 3 ]
~ - 4
“ 00 : ]
[ 20-40% Centrality bin i
-0=0.4 fm, 1,=0.17 fuve -
0.05— |
— - = e Ry — e
— R d==®~ - _ _ '~‘_\

B r - \\_\_¢* TE===3T= ==—=$

o ber b e bl b S T e i

0COVST10 15 2.0 25 3.0 35 40 45 5.0

ST

Py (GeVie)

5.5 6.0

TTiryrert lllllllll

C 0-40%,

P

t

lllllllll IIIIIIIIIIIIIIIIIIIIIII
- 2.76 A TeV Pb+Pbia Llléf

tﬂ=0. 14 fm/

'¢. =104 fm

(b)

e ALICE Preliminary

o VA(STC)

8

Direct photon v,

lllllllllllllllllll

S

lllllllllllllllllll

*—e \‘:(l'l'. FIC)
- .. \':(Rl’. FIC)

!

i

-

lllllllllllll

llllll .i;lIlllllllllllllllllll-I

rl|_l|lllllllll|lllllllll|ll

0.5 1.0 L5 2.0 2

3.0 3.5 4.0
Py (GeVie)

5

45 50 55 6.0



d’N

(c3 Gev'z)

hi

There is geometric scaling of the p_t spectrum for pp, dAu, Au-Au at various hadron

multiplicities and PbPb at LHC
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We also agree with the multiplicity dependence seen in Phenix

LDM and Chritian Klein -Boesing
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With Bjoern Schenke we computed spectrum of photons in 1+1 hydro. Shape
fits well, but the rate requires a large k factor of about 7
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Cocktail subtraction is very sensitive. Paquet argued at QM that McGill
computation when following experimentalists prescription for subtracting the
cocktail of hadron decay can fit the photon v2. Perhaps the photons do really

come from early time? If so is it more jets or QGP or thermalized QGP or Glasma?






