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outline

e ‘“hot glue scenario” (gs,1992) + comment on

anisotropy vs dilepton polarization time=0
(ES .2012)

e coherent effective photon+ hard photon
=> e+e=- (Staig,ES,2009)
coherent photon+q => q + real photon

(Liao,ES,in progress)
. glasma
e B+photon <=> O" glue (scale anomaly) time

inchannel and G2BA interaction
(Basar,Kharzeev,Skokov 2012)

e (DIS on GLASMA) or (hydro
stress tensor coupled to 2 photons) B A

<=> 2% 07 glue O(T vAA) (Basar,Kharzeev,ES in
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outline, page 2

QGP

near Tc¢

® photon radiation rates <= quarks and
gluons are not the only quasiparticles,
monopoles appear in large number
and help to explain large
scattering rates (small viscosity).We

need to include those collisions in photon

rates :
hadronic

® news on chiral symmetry restoration time
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VOLUME 68, NUMBER 22 PHYSICAL REVIEW LETTERS 1 JUNE 1992

Two-Stage Equilibration in High Energy Heavy lon Collisions

E. Shuryak

Department of Physics, State University of New York at Stony Brook, Stony Brook, New York 11794
(Received 9 March 1992)

Using the (lowest-order) perturbative QCD, we argue that high energy heavy ion collisions proceed
via two stages: equilibration of gluons takes time tg~ 3 fm/c, while production and equilibration of
quarks needs time at least t,~2 fm/c. If so, the initial gluon plasma is much hotter than usually es-

imated, 7, ~400 MeV, which leads to enhanced charm production and significant modifications of oth-
er proposed signals.

fined by do/dt = (rna?/s*)M?] are

_9 ut  us st
Mg - oe= 5 [3‘" > T T T ] ’ Spectra of the produced photons and dileptons should
s t u
atse-be-signifieantly-medified-in-this scenario: During the
M2 _ 1 w+e?) 3w+’ “transitory period” (z, <t <1t,) one has smaller num-
8874 6  ut 8§ 2 ber of quarks, but those are hotter. The reason is again

that gg— gq is dominated by small angles, so the pro-

) 4 ul+s®  u’ts’ SRR,
Mjg go=— 5 +—, duced quarks have the same momentum distribution as
us ! gluons. As most photons and dileptons to be observed ac-
M2, .4, _4s situ’ | tually .co.rrejspond to the tails. of the c{istribution func-
9 ? tions, it is important that their relaxation happens from
above.
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Using the (lowest-order) perturbative QCD, we argue that high energy heavy ion collisions proceed
via two stages: equilibration of gluons takes time tg~ 3 fm/c, while production and equilibration of
quarks needs time at least t,~2 fm/c. If so, the initial gluon plasma is much hotter than usually es-

Tlmated7§~mev, which leads to enhanced charm nraduction and sienificant madifications of oth-

e proposed signals charm contribution needs
to be subtracted to test
early dileptons M=1..3 GeV

fined by do/dt = (rna?/s*)M?] are

Mg gg=‘g' [3‘" :; - l:}? — ztz ] ’ Spectra of the produced photons and dileptons should
atse-be-signifieantly-medified-in-this scenario: During the
M 1 GlHe?) 3w’ “transitory period” (z, <t <1t,) one has smaller num-
BH 6 ut 8§ s2 ber of quarks, but those are hotter. The reason is again
4 ui4s?  yli4s? that gg— gq is dominated by small angles, so the pro-
Mgy o=~ 5 +—, duced quarks have the same momentum distribution as
us ! gluons. As most photons and dileptons to be observed ac-
M2, .4, _4s situ’ | tually .co.rretspond to the tails. of the c{istribution func-
9 ? tions, it is important that their relaxation happens from

above.
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M.Heller et al Monitoring parton equilibration in heavy ion collisions via dilepton polarization

arXiv:1103.3452

Edward Shuryak

F(w) 3p
= 1-—£=
w 14 € . Department of Physics and Astronomy, State University of New York, Stony Brook, NY 1179
3.5 ' Y (Dated: March 6, 2012)
i 12
235 1‘ 10 In this note we discuss how angular distribution of the dileptons produced in heavy ion collisions
1.5, ' at RHIC/LHC energies can provide an information about a degree of local equilibration of the
S 0.8 quark-gluon plasma produced at different invariant mass regions.
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FIG. 1. a) F(w)/w versus w for all 29 initial data. b) Pressure
anisotropy 1 — 3’% for a selected profile. Red, blue and green

curves represent 1°Y, 2"% and 3¢ order hydrodynamics fit.

AdS/CFT collisions with various initial
conditions converge to the same hydro, and
they do so when anisotropy is still
large!

o
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1203.1012v1 [nucl-th] 5 Mar 2012
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10 In this note we discuss how angular distribution of the dileptons produced in heavy ion collisions
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0.8 quark-gluon plasma produced at different invariant mass regions.
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FIG. 1. a) F(w)/w versus w for all 29 initial data. b) Pressure dQ
anisotropy 1 — 3’% for a selected profile. Red, blue and green t

curves represent 1°Y, 2"% and 3¢ order hydrodynamics fit.

AdS/CFT collisions with various initial
conditions converge to the same hydro, and
they do so when anisotropy is still
large!

<= series in higher
gradients are very well

convergent:
Lublinsky,ES 2009 M.

1203.1012v1 [nucl-th] 5 Mar 2012

arxiv

Friday, December 7, 12



M.Heller et al
arXiv:1103.3452

Monitoring parton equilibration in heavy ion collisions via dilepton polarization

Edward Shuryak

Department of Physics and Astronomy, State University of New York, Stony Brook, NY 1179
(Dated: March 6, 2012)

In this note we discuss how angular distribution of the dileptons produced in heavy ion collisions
at RHIC/LHC energies can provide an information about a degree of local equilibration of the
quark-gluon plasma produced at different invariant mass regions.

02
t: 08

FIG. 1. a) F/(w)/w versus w for all 29 initial data. b) Pressure dQ
anisotropy 1 — 3’% for a selected profile. Red, blue and green t

curves represent 1%, 2"% and 3¢ order hydrodynamics fit.

w=t T0=t/(5 fm) at LHC a=1 for DY (partons come

AdS/CFT collisions with various initial from the beam direction)
conditions converge to the same hydro, and aA==0.2 if elongated in
they do so when anisotropy is still
large! transverse plane

<= series in higher

gradients are very well

convergent:
Lublinsky,ES 2009
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dilepton polarization

a=0 in thermal case
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Production of soft e"e~ Pairs in Heavy Ion Collisions at RHIC

by Semi-coherent Two Photon Processes coherent ZA2 incoherent P’s 7

Pilar Staig and Edward Shuryak 101
exotic” Department of Physics and Astronomy

Stony Brook University, Stony Brook NY 11794 USA \
(Dated: May 20, 2010) - \

We calculate the contribution of the two photon production process into ete™ spectra, and «

F(k) 12 | / \
pare the results with experimental data from the PHENIX detector at RHIC. We study the contr o VY PN
tion given by “semi-coherent” kinematics, in which one photon is relatively hard and is incohere 104 ! VoA \ //\\\ .
emitted by participating protons, while another can be soft enough to be in a coherent domair ” V v \ I 7 M
104 I Y WAV
Y | TRV
: Au l | \ \\
8 10+ | \
n D 0 o 02 03 04 os 06 07
k[GeV]
gl small
FIG. 3: (Color online)The square of the form factors plotted
q2 Iarge P on a logarithmic scale. The (blue) dashed line corresponds
® I . h I . b to smooth Woods-Saxon charge distribution, the (red) con-
u tra'Pe Il P eral IS Au tinuous line corresponds to resolved discrete protons (but not
quarks), as explained in the text.)
coherent-coherent

parton processes are

incoherent-incoherent
gq=>gamma q

® semi-coherent has
coherent field with small
ql and incoherent one
with large g2 (resolving
protons)

arXiv:1005.3531v1 [nucl-th] 19 May 2010
o
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P I . h I . b to smooth Woods-Saxon charge distribution, the (red) con-
u tr.a'Pe Il P eral IS Au tinuous line corresponds to resolved discrete protons (but not
quarks), as explained in the text.)
coherent-coherent

arXiv:1005.3531v1 [nucl-th] 19 May 2010

that it gives dileptons outside

we did this calculation

to explain the low-pt
dilepton yield at PHENIX
but the calculation showed

of Phenix acceptance
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arXiv:1005.3531v1 [nucl-th] 19 May 2010

that it gives dileptons outside

we did this calculation

to explain the low-pt
dilepton yield at PHENIX
but the calculation showed

of Phenix acceptance

M=.5..0.75 GeV
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Production of soft e"e~ Pairs in Heavy Ion Collisions at RHIC
by Semi-coherent Two Photon Processes

coherent Z72 incoherent P’s Z
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New puzzle: large v2 of

photons (Phenix)

_C —
(@] .
© 0.25—
s - I
*g,o.z_— |
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0.15— *I ?
' |
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@ gt(semi-coherent eff.photon)=>g+gamma

/

(with |J-F. Liao) (WW approximation)

@ q* (B-correlated gluon) ==g+gamma

o~ Qg
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@ qt(semi-coherent eff.photon)=>g+gamma

/

(with |J-F. Liao) (WW approximation)

@ qt (B-correlated gluon) =>g+gamma

while Za ~ a
effective gluon density is O(10) larger than e
photons,

ivalent

but photon’s momentum is strongly coryelated with
the impact parameterb

coherent E/B field of the photorn extends
beyond the edge of the nuclei

even small effects need to be calculated!
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Basar,Kharzeev,Skokov arXiv:1206.1334

eB

(1)virtual quark loop

(2)coherent magnetic field 0
(3)B+photon mix with scalar G?2

(4)lts correlators are related to 7

Y\ 2
bulk viscosity and correlators ~ (Byqy)
Spectral densities known from AdS/QCD

models

no effect along the B field!

u 0.1f
0.16¢ } N Conformal Anomaly
0.14F ¢ I - [N e Conventional
E e I T Oy
0.12 — ///’ ................. q 0.01 _
0.1r N
o : //i o _
0.08¢ i % 0.001¢
0.06F i > :
0.04 : iy IS .
. N i o
i 5 © 0.0001F
0.02r // F
O PPV L R R R T R TR T T T T NS N T T NN T S T 'Y
0 0.5 1 1.5 2 2.5
p,, GeV
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D I S on G LAS M/\ Basar,Kharzeey,

ES, in progress
The tensor channel

E2 _ B2 EQ+§2
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DIS on GLASM fsusarkharzeer

ES, in progress
The tensor channel

B2 - B2 E? + B?
® Why G?and not T,,,? Fermionic loop couples
to both, and 2+ has more components
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DIS on GLASM fsusarkharzeer

ES, in progress
The tensor channel

B2 - B2 E? + B?
® Why G?and not T,,,? Fermionic loop couples
to both, and 2+ has more components

® Formfactors? B has energy q° of couple

GeV, another photon can be virtual (=>
dileptons)
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DIS on GLASM fsusarkharzeer

ES, in progress
The tensor channel

B2 - B2 E? + B?
® Why G?and not T,,,? Fermionic loop couples
to both, and 2+ has more components

® Formfactors? B has energy q° of couple
GeV, another photon can be virtual (=>
dileptons)

® 2 OPE cases: (i) yy hard, gg soft; (ii) vy soft, gg

hard. Calculation follows Es,vainshtein Nucl.Phys. B201
(1982) 141 and the result is not naive products of two stress tensors
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Lej = H,uz/A,uAl/ A(O)Q A(X)
HMV — TT(’}/MS(Q, G)’VVS+(Q7 G)) A O A
g " g
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Leps =T, A, A,
[, = Tr(v.5(q, G)1S™ (¢, G))

the usage of the so called fixed-point gauge
zpAu(r) =0 (12)

invented by Fock, Schwinger and perhaps oth-
ers. In this gauge A,(0) = 0 and next order
terms in x expansion can be written as covari-
ant derivatives of the field strength

Z 1
=0
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Leff — H,LWAMAI/ A(O)Q A(X)

L., = Tr(3,S(g, )%.5* (g, D)) A Q A

the usage of the so called fixed-point gauge

ru,Au(z) =0 (12) g g
1 g ~
invented by Fock, Schwinger and perhaps oth- S(q) == — 2— 4o GapVps
ers. In this gauge A,(0) = 0 and next order 1
terms in x expansion can be written as covari-
ant derivatives of the field strength 72 g2
| "o o8 190G apGayay + 4 e T20°00{Gap; Gpy } 17,
A, (x) = kgo HE T D) TyToy - Tay (Day -« Da, G (0))
g° 2 1
_4—q8q 4o |Gags Goyl—7y + 0(0—6) (15)
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Leff — HMVA/LAV A(O)O A(X)

L., = Tr(3,S(g, )%.5* (g, D)) A O A

the usage of the so called fixed-point gauge

ru,Au(z) =0 (12) g g
1 g ~
invented by Fock, Schwinger and perhaps oth- S(q) == — 2— 4o GapVps
ers. In this gauge A,(0) = 0 and next order 9
terms in x expansion can be written as covari-
ant derivatives of the field strength 5 g2
| —@qanaﬁGﬂqu @qua{G(w, Gy f+ 1y
A, (z) = kZO R T D) TyToy - Tay (Day -« Da, G (0))
2 5 1
———=249"0a|Gap, Gpy|-7y + O(—
=> to X space 154 1elGos Garl =7y +O(5)

=> square (no
integrals!)
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Leff — HIU,I/AMAI/ A(O) A(X)

HMV — TT(’}/MS(Q, G)’VVS—I_(Qa G)) A - A

the usage of the so called fixed-point gauge

1 g ~
invented by Fock, Schwinger and perhaps oth- S(q) == — 2—4QaGaﬁ’Yﬁ”Y5
ers. In this gauge A,(0) = 0 and next order 9 q
terms in x expansion can be written as covari-
ant derivatives of the field strength 72 g2
| —ﬁ@anaﬁGﬂqu + EQQQa{Gaﬁa Gy f+ 1y
A, (z) = kgo R T D) TyToy - Tay (Day -« Da, G (0))
9° 2 1
— 5 <4 4o [Gaﬁ> Gﬁv]—’yv + O(_R) (15)

=> to X space
=> square (no
integrals!)

we have local effective
interaction GG AA/g4 which of course

preserve both gauge invariances
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PHENIX photons

pQCD describes

exp + Neoll scaled PP
A A4 AuAu Min. Bias x10*

10* E
1 03 = o ® 2
h = AuAu 0-20% x10
t e P P Case 102 ;_ m| =  AuAu 20-40% x10
1 0 E ‘~,\ [ & & v ptp

R Forn N Turbide et al. PRC69

*e.

‘s
0
i)
»
*e
*e
.,

-
o
&

Ed®N/dp3(GeV2c?) or Ed’s/dp® (mb GeV3c?)
o

10°°

10-7 | NLQ pQED (M, Vagelsang) |11 11T
1 2 3 4 5 6 7
P, (GeV/c)
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pQCD describes
the pp case

PHENIX photons

- - -
o o (o=
2] o

N
’

exp + nCO” scaled PP
AuAu Min. Bias x10*

.i
~
~~
~

A

o]

O

A

AuAu 0-20% x10?
AuAu 20-40% x10

p+p

pHQL AR R

Turbide et al. PRC69

5

6 7
P, (GeVlc)
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101 T T 101 ! ‘
Data + = Data + =

10° scaled pp —— 10° ¢ scaled pp ——
I QGP -:eveee- ] G R QGP -:eeeee- :
%J 10 Hadronic ===+ %_) 10 . Hadronic = = =—- 1
(._'?._ 10-2 Sum (._?._ 10-2 ....... Sum
o o ., STl
2 107 ¢ ~ 2 107 ¢ '
© ©
g 10'4 - \,\.... g 10-4 = \\ ......... :
B _ - Nt =3 ) N ~ “a,
107 b Au+Au (s'2=200 MeV) DO d 107° | Au+Au (s2=200 MeV) \\
- : SO - : ~ ]

107 §-130=1 fm, T¢,ou=140 MeV \é 107 ?170:0.5 fm, Ti,0,=160 MeV p

10'7 | | | | | 10'7 | | | | |

1 1.5 2 2.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4
qr [GeV] a7 [GeV]

Kevin Dusling? and Ismail ZahedP
ArXiv: 0911.2426

Are the rates too small?

1G. 9: Photon spectra at RHIC compared to the recent PHENIX data. The left plot is the

volution set RHIC 1 and the right is for R! seems OK in thIS WOI”k bUt
’
this is for alpha_s=0.75!
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photons from QGP

(my original QGP paper, 1978) +HTL completion to
it (Kapusta et al,PrD44,1991)

dR 6 g 2.912 qdo
gq9 — q7y,4q4 — g7y ——2 72679/ T ( 1 4
b "d3g T 9 272 ¢ N Aras T )
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photons from QGP

(my original QGP paper, 1978) +HTL completion to
it (Kapusta et al,PrD44,1991)

99 = 47,99 — 97 g™ = 009 o agry (14 21200
d3 9 272 Ao T

® perturbative rescatterlng+LPM effect: Arnold, Moor, Yaffe arxiv:
0204343, roughly factor 2-3 smooth enhancement for pt>1 GeV, Teaney et al 2012 next order
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photons from QGP

(my original QGP paper, 1978) +HTL completion to
it (Kapusta et al,PrD44,1991)

9q9 — 47,449 — g7 go—r = gaaST2e—qo/T In(14 2.912 qo
Arag, T ) 7

® perturbative rescattering+LPM effect: Arnold, Moor, Yaffe arxiv:
0204343, roughly factor 2-3 smooth enhancement for pt>1 GeV, Teaney et al 2012 next order
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photons from QGP

(my original QGP paper, 1978) +HTL completion to
it (Kapusta et al,PrD44,1991)

99 — qv,qq — g7 g _ 609 o g0y (1 2912 qo) |
drog T

® perturbative rescattering+LPM effect: Arnold, Moor, Yaffe arxiv:
0204343, roughly factor 2-3 smooth enhancement for pt>1 GeV, Teaney et al 2012 next order

may work at large pt,
otherwise pQCD series does not converge
perhaps, strong coupling methods needed
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should there be extra contribution to the

perturbative photon radiation rates?
(one expects it for e.g. viscosities)
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® They are real quasiparticles and gM , gM
scattering has been calculated and it needs to

be included (Ratti,ES 2008)
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should there be extra contribution to the

perturbative photon radiation rates?
(one expects it for e.g. viscosities)

® |[n QGPT>Tc large density of (color-
magnetic) monopoles appear(which are not

bose-condenced)

® They are real quasiparticles and gM , gM
scattering has been calculated and it needs to

be included (Ratti,ES 2008)

® Same with electomagnetic rates
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monopoles contribute to viscosities, via

large angle scattering
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PHYSICAL REVIEW D 80, 034004 (2009) y [GeV™]
Role of monopoles in a gluon plasma The motion of an electric charge in the field of a magnetic monopole.
. . *
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FIG. 15 (color online). (a) gluon-monopole and gluon-gluon scattering rates. (b) gluon-monopole and gluon-gluon viscosity over
entropy ratio, n/s. The blue, dashed curve is the total 1/s, which is evaluated from the gg and gm contributions. The green box
represents the present estimate of 7/s in the RHIC temperature regime.
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-monopoles contribute to the photon radiation:

-
S
% Radiation of an electric charge in the field of a
g magnetic monopole
'Em < Michael Lublinsky®’, Claudia Ratti®¢, Edward Shuryak®
2 Lo | disclaimer:
g Z 038 - only soft photons
o E :
S S g6 calculated classically
S I : :
> 3, T _—— from the trajectories
T g

%P0 005 000 0.5

qM rate in RHIC condition
is about twice that for qq

(=> qq gamma)
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comments about chiral

symmetry restoration

e KapustatES, 1993 Weiberg-type sum rules for

<VV-AA> correlator (Rapp revived recently)

yet it was unclear how pion,rho,Al,rho’ move as T
gIrows (hard on the lattice as Matsubara box shrinks), €.8.
rho=>pi, rho’=>Al (Brown-Rho);

or nho pion, rho=>AlIl; or nobody moves and
all melt (222

lattice thermodynamics, especially mu-derivatives suggest BARYONS get

heavier. The mass LR term disappears but energy (LL+RR) appear and
compensates
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~ chiral breaking is due to small subset of States, /MZ
O and its width is small (es,i982

given by the magnitude of the hopping
from one instanton to the next

p?  (0.3fm)?
R (1fm)?

TII_ e g QOMGV

® people found it on the lattice and showed
pions are completely described by ZMZ

® that is why quark mass dependence is
nontrivial, and chiral perturbation
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recently the opposite exercise was done by the Graz

group Symmetries of hadrons after unbreaking the chiral symmetry

L. Ya. Glozman,* C. B. Lang,” and M. Schrock?
Institut fir Physik, FB Theoretische Physik, Universitat Graz, A-8010 Graz, Austria

By eliminating narrow band of modes 1/10000 one finds that Al MmMoves down
while rho only slightly go up

near-perfect chiral pairs are left, nearly the same in average => thus resonance gas works
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® penetrating probes remain on the front line of our field for 30 years.While
basic QGP/hydro/rate scenario works, there is no shortage of experimental
surprises and new ideas
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summary

penetrating probes remain on the front line of our field for 30 years.While
basic QGP/hydro/rate scenario works, there is no shortage of experimental
surprises and new ideas

dileptons: M is a clock, if 2-3 GeV early QGPif GLASMA perhaps
suppression /higherT polarization as measure of pressure
isotropy

photons: small (nonpert) viscosity=> large (nonpert) gamma radiation rates.
v2 <= need to calculate all fermion loop effects

example: interplay of strong coherent QED fields with partonic
reactions, including virtual quark loops
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