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QCD thermodynamics
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Color N,, Flavor N, QCD scale Agcp

m,=0to have chiral symmetry u=0 in this talk
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Chiral symmetry:
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has SUp(Ny)x SUg(Ng)  symmetry, while solutions may only have

SUp(Ny) symmetry

- ﬂ-’? — ] =~ ATJ% massless Goldstone bosons, "pions”

(in SM EW sector N;=2 and 3 gb'’s are eaten by W and Z)

Order parameter: <(jq>
Chiral phase transition at some 7. &~ Ayop & M, /D m. = 0!

No order parameter for confinement-deconfinement, unless N=0



Values of N;:
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Universality + € expansion suggest 1st order!



We want p(T), all T
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Lattice data for interaction measure:
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Here computed from one theory: QCD

How do you connect if you have two different appros of QCD?



Interaction measure in cosmology:

R=g¢g""R,, = —8nGT} = 8nG(e—3p) = 87G(€qer—3Pacpt€omt4er)

At Tocp the QCD sector dominates over DM the curvature of the Universe by the factor

TQC:D Prado

s T 15
T[} Pe

1 €qcp — BPQCD
2 T4

Similarly for EW etc
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Hadron gas
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Plasma phase from holography, gauge/gravity duality
Y= g
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p4(T) from classical gravity black hole solutions:"tree level”

f(zn) =0, —f(an)=4rT,

No classical solns for p,(T): arises from "1loop or stringy effects”!

Mass spectrum from fluctuations around f(z)=1, T=0 solutions
1loop computation!



1st order transition py(T.)=p,(T,) Is trivial: draw line at gb
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2nd order transition p,(T.)=pq(Te), Py’ (Te)=P4 (Te) Is simple:
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Must be equal for 3rd order!



We found that bending the 2nd derivative of HG down to negative

side required including repulsive interactions between hadrons arising
from their finite size!

Include in the textbook derivation of BE distribution
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3rd order transition py(To)=py(T), Py’ (T=pg (To), Py (T=py"(To):
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Physical QCD:
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X; = N//N. dependence
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Another 3rd order PT, Tracy-Widom universality class, Gross-Witten-Wadia:
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Goldstone bosons at T=0 disappear with finite m:
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Concluding questions:

- What is the chiral transition really: 1st, 2nd,3rd,..,continuous?

- Can lattice MC in practice give the answer: V — oo, a—0, m;,—0 ?

- What do you get when p is included? Theoretical problem: what are the
potentials in the action? Practical problem: how to organise the very
demanding computation
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Pure SU(B) Budapest-Wuppertal 1204.6184
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