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The physical problem

I Due to asymptotic freedom in non-Abelian gauge theories [Gross and Wilczek,
1973; Politzer, 1973] , hadronic matter is expected to undergo a change of state to
a decon�ned phase at suf�ciently high temperatures or densi ties [Cabibbo and
Parisi, 1975; Collins and Perry, 1974] .

I Experimental evidence from heavy-ion collisions at SPS (CERN) and RHIC (BNL):
`A new state of matter' has been created [Heinz and Jacob, 2000; Arsene et al. ,
2004; Back et al. , 2004; Adcox et al. , 2004; Adams et al. , 2005], . . .

I . . . which behaves as an almost ideal �uid [Kolb and Heinz, 2003] (`The most
perfect liquid observed in Nature')

I However, the theoretical understanding of the QCD plasma is not yet complete . . .



Thermodynamics of large- N Yang-Mills

Why pure glue?
I Well-de�ned theoretical setup, with a clean symmetry patte rn
I Captures the essential physics for the decon�nement phase t ransition
I Numerically simpler, allowing one to get high-precision results
I Relevant for the large-N limit

Why large-N?
I Analytical simpli�cations in the 't Hooft limit ['t Hooft, 1974; Witten, 1979]
I Connections with string theory; AdS/CFT [Maldacena, 1997] and gauge-gravity

dualities

Related works: [Bringoltz and Teper, 2005] and [Datta and Gupta, 2009]



Goals of this work

I Comparison with the improved holographic QCD model [Gürsoy, Kiritsis,
Mazzanti, Michalogiorgakis and Nitti, 2008-2009] : an AdS/QCD model based
on the 5D Einstein-dilaton gravity theory de�ned by:
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I Entropy de�cit in a `quasi-conformal' regime and the N = 4 SYM prediction
[Gubser, Klebanov, and Tseytlin, 1998] :

s

s0
=

3

4
+

45

32
� (3)( 2� ) � 3=2 + : : :

I T 2-contributions to the trace anomaly [Pisarski, 2006] :
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I Extrapolation to N ! 1
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Simulation details

I Simulations of SU(N) YM with N = 3, 4, 5, 6 and 8 colors on isotropic lattices of
sizes N4

s and N3
s � Nt (with Nt = 5 and Ns = 20, 16)

I Unimproved Wilson gauge action, heat-bath [Kennedy and Pendleton, 1985] for
SU(2) subgroups [Cabibbo and Marinari, 1982] and full-SU(N) overrelaxation
[Kiskis, Narayanan and Neuberger, 2003; de Forcrand and Jah n, 2005]

I Physical scale set using r0 [Necco and Sommer, 2001] or the string tension �
[Lucini, Teper and Wenger, 2004; Lucini and Teper, 2001]

I Trace anomaly � = � � 3p:
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I Pressure determined via the “integral method” [Engels et al. , 1990]
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I Energy (� ) and entropy (s) densities obtained as linear combinations of p and �
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Improved holographic QCD model vs. lattice data
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Improved holographic QCD model vs. lattice data
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Improved holographic QCD model vs. lattice data
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Improved holographic QCD model vs. lattice data
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AdS/CFT vs. lattice data in a `quasi-conformal' regime
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AdS/CFT vs. lattice data in a `quasi-conformal' regime
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T 2 contributions to the trace anomaly?
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Extrapolation to N ! 1

Based on the parametrization [Bazavov et al. , 2009]:
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Conclusions

I Equilibrium thermodynamic observables in SU(N) YM theories at temperatures
0:8Tc � T � 3:4Tc show a mild dependence on N

I Successful comparison with the IHQCD model
I Quasi-conformal regime of YM and N = 4 SYM predictions—Can lattice data

help to pin down realistic parameters for AdS/CFT models of the sQGP?
[Noronha, Gyulassy and Torrieri, 2009]

I � seems to have a T 2 dependence also at large N
I Extrapolation to the N ! 1 limit



Outlook

I SU(N) screening masses, comparisons with AdS/CFT [Bak, Karch and Yaffe,
2007] and with IHQCD

I Observables related to thermodynamic �uctuations: speci�c heat, speed of sound
et c. [Gavai, Gupta and Mukherjee, 2005] —relevant for the elliptic �ow
[Ollitrault, 1992; Teaney, Lauret and Shuryak, 2001]


