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+ What is the form of matter at « extreme »
tewmperature or density?

*+ What is the wave function of a hadrow, a
nucleus, at asymptotically high energy?




The @CP phase diagram

(« Low resolution »)
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BB Road map Bl

From the ‘old’ to the ‘wew’ paradigm (sRGP)

why is the present situation puzzling?

— Where Is the strongly coupled character

of the RGP coming from ?
- s it compatible with our present understanding

of particle production in nucleus-nucleus collisions

initial wave-functions, gluon saturation, ete




looking at the old paradigm.




Asywptotic freedom
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Matter is « stmple » at high temperature:
- aw ideal gas of quarks and gluons

- the dominant effect of interactions is to turn

(massless) quarks and gluons into weakly
interacting (massive) quasiparticles.
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At T>2Te Resummed Pert. T'hcorg

accounts for lattice results
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(SU(3) Lattice gauge caleculation from Karsch et al, hep-lat/0106019)

(resummed pert. th. from J.-P. B., E. lancu, A. Rebhan: Nucl.Phys. A698:404-407,2002)



State of the art in high order perturbative caleulations
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(from M. Laine, Y Schroeder, hep-ph/0602048)



Pressure for SU(2) YM theory at (very) high temperature

B Boyd et al Nt=8 -

QO new approach Nt=6, 8
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Matter is opaque to the propagation of jets
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Matter flows like a fluid

inttial momentum
distribution isotropi.c

without tnteractions, the partiol,es
would escape iso’cropioaug, Lrrespective
of the shape of the interaction zone

Strong interactions induce pressure gradients.
The expansion becomes anisotropic, and

the momentum distribution reflects the anisotropy
of the initial interaction region




ELLLptio flow
vg = (cos(2¢))
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The low viscosity of the quark-gluon plasma

P, ]&U.Iiumatrschké

vV, percent)




Low visoositg, phase transition
and strong coupling
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A new ‘reference’ system




in (some) strongly coupled gauge theortes .

Rely on a mapping between/a strongly coupled gauge theory
and a weakly/ coupled (i.e./classical) ravi.tg theory.

New reference state:/the strongly coupled quark-gluon
plasmia (instead of the weakly coupled one).

New/'ideal systewt, allowing for many explicit
Cateulations.



Some strong coupling results

Stmple Limit of the entrop
density at strong coupli
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Viscosity at weak and strong coupling
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where Ls the apparent

strongly coupled character
of the RGP coming from ?




No...
RLCP asywmptotic freedom works |




Not reaLLa |
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The effective coupling is not huge, even close to Te

=2
N, =2
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M. Laine, Y. Schroder, hep-ph/0503061



But

-this has (almost) nothing to do with @Cp
-Pb can be hawndled with a variety of
techniques (resummations, exact RqG, ete)




Perturbation theory is ill behaved at finite temperature
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Perturbation theory:

g*: Shuryak; Chin (1978)

g’: Kapusta (1979)

g’ In g: Toimela (1983)

g’: Arnold, Zhai (1994)

g’ : Zhai, Kastening (1995),
Braaten, Nieto (1996)

g’ In g: Kajantie, Laine,
Rummukainen, Schroder
(2002)

g° (partly): Di Renzo, Laine,
Miccio,

Schroder, Torrero (2006)

Lattice data: G. Boyd et al. (1996); M. Okamoto et al. (1999).



weakly AND strongly coupled ...
The RGP is a multiscale system

Degrees of freedom with different wavelengths
are differently coupled.

Expansion parameter depends on magnitude
of thermal fluctuations and ow their
wavelengths

~ gH(A%),
=55

Yk



RG techniques yield smooth extrapolation to strong coupling

(scalar field theory)
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Not reaLLg (?)




QCD Fits

(H1+BCDMS) exp. uncertainty
(H1)

Q*=20 GeV*

Q*=200 GeV?

H1 Collaboration

Large occupation
numbers
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The saturation scale from DIS
“qeometrical scaling”

Ty p(X, Q%) = 0 (0% Q3(X))
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The saturation scale twn nuclel
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=>dependence on Lmpact parameter Q3(b) = 03(0) V1 — b2/R?

n a nuecleus :

I 4 I d rd —1
n a AA collision, partons are set free at (proper) time 7 ~ Qs
with typical transverse momenta k1 ~ Qs

they interact with strength o, = a,(Qy)

and % = 242G (z, Q,) % = 2QgAzG(x,Qy)

Successful phenomenology at RHC

RBRC wks, BNL, May 2010 : http://www.bnl.gov/riken/glasma/



pi-hadron production
Azimuthal correlations at forward rapidity
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UUncorrected Coincidence

Azywmuthal correlations

ptp d+Au peripheral

p+p — m'n°+X, va = 200 GeV

0.0225 0> 2 GeV/c, 1 GeV/c<prapy . d-H_!\u — FA+X, Ve = 200 GaV, 0< T < 50C
—_ E <m>=3.2 <n>=3.1 g 0_015? pu>2 GEV/C, 1 GeV/c<p,5<pu_
T 0.02F MA=0.2, ST)s” =0 T ; } <>=3.2, <ne>=3.2
D.0175} = 250014
. C . a-_a L
£ E (near S,}SlF) =TT - 2o.012p
>0.015F ++ i (away SL@Q e .
= : [ N 2= 0.01f
/ \ / i &5
§).o1 25 , \ pa +\,\ L8 i
9 - + \ £ b G5 0.008f
& 0.01F / + \ S8 i
s \ oy \ C.006[
0.0075F  #+ Y +/ N . Pealks
FS N A N 0.004[ Ap o
0.005[F =T Peaks '#\SFAR 0 0.46+0.02
£y STAR b o C.002F % m 0.9940.06
0.0025F % 0 0.41+0.01 . Prelimina
'P I‘ 1 7\’[068:’:0.0] O|\||||||\I|ry|||||\||||||\|\||I|
0:| I |r|e| I.'T‘Ilr].qrx TN SN T T N S SN TN M A T Y N A O N =1 ¢ 1 2 3 4 2
-1 0 1 2 3 4 Ay
By (rad)



Disappearance of away side jet in. central d+Au

Uncorrected Coincidence
Probability (radian™)

d4+Au = n'n"+X, vs = 200 GeV, 2000 < T Qpae < 4000
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(Albacete & Marquet RBRC wks, May 2010 )







