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> Morivation
» Asymptofic freedom and in-medium pQCD

» A simple model for cold QCD! aii high densifiy

> Cold! and dense pQCD wilth m, > 0l up: tior O(a)

> Finall commenis
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General wisdom: finite quark masses bring| negligible
corrections to the equation off state at finite density
(< 5%)I and play: ar minor role:

Results to be discussed: a physical mass for the strange
guark could bring ups fo 257, corrections fo the EoS, !

posiiion| oft the critical value of [, sirengih of the 15" order
Iransiiion) eic —> observables inl compaci Siars!
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Drawing the QCDI phase diagram close: o T=0...
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Mass effects may be crucial:
for a strongly 1st order y fransition,
new: class of stars!
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QCD is asymptofically free -
matter becomes “simpler” at high T and W

early universe
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(ESF, Pisarski & Schaffner-Bielich, 2001/2002)

e gas of massless u, d, s quarks

® inferaction taken into account perturbatively up fo

» 0.2 runs according to the renormalization group: eqn.
® no bag constant
e charge neutrality and p-equilibrium:

MS scheme
on renormalization scale freedom
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+ similar results from

quasiparticle model

Blaizot, Iancu & Rebhan (2001)
Rebhan & Romatschke (2003)
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e For strongly 1st order chiral transition:
new class of compact stars!

e Pure neutron matter up to ~2ny:
(Akmal, Pandharipande & Ravelhall, 1998)

o Dilute nuclear matter in ¥ pert. theory at

finite density and T=0:
(ESE, Hatta, Pisarskil & Schaffner-Bielich, 2003/2004)
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ESF & Romatschke, 2005
ESF & Romatschke, ini prep.

Does a nonzero mass for the strange quark maffer?

* The original approach to dense matter made use of the bag
model with corrections from pQCD fo compute the
thermodynamic potential.

* In the massless case, first-order corrections cancel out in the
EoS, so that one ends up with a free gas of quarks modified only
by a bag constant.

o Finite quark mass effects were then estimated to modify the
EoS by and were essentially ignored for ~20! years.
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e Even the most recent QCD approaches generally neglected
quark masses and the presence of a color SUC gap as compared
to the typical scale for the chemical potential in the interior
of compact stars, ~400 MeV and higher.

e IHowever, it was recently argued that both effects should
matter in the lower-density sector of the EoS [Alford et al., 2004].

do exploratory analysis of the effects of a finite mass for
the strange quark on the EoS for pQCD at high density including
renormalization group running of o, and m !
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Leading-order piece:
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Using standard QFT methods, one obtains the complete renormalized
exchange energy for a massive quark inl the MS scheme:

L al(N?Z -1 Py | A S u+u
@ = M [3 (m“) In pru ,uu) — 2u* +m? (6‘ In — + 4) ( o — m?1n Pt u)

1673 m m m

* () depends on the quark chemical potential (L and oni the renormalization
subtraction point A both explicitly and implicitly through the scale
dependence of the strong coupling constant a.(A) and the mass m(A).

* The scale dependencies of: both o, and m are Known up: foi 4-loop: order in
the MS scheme [Vermaseren, 1997]. Since we have only determined the free
energy. fol first order in @, we choose

1 In L o v\ 4/9
27— | Bms(R) =g (22) [1—|—0.895062

g

L = 21n (A/Ayg)
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% Finite quark mass effects can dramafically modify the EoS
for cold and dense QCD -> definitely one should take them into
account for quark stars !

s The numbers shown in this talk are meant to be illustrative
of the strength of the effect. O(a.?) corrections will modify
them significantly

% The computation of O(c.°) for the thermodynamic potential
i, crucial for a better conirol and understanding of the
stability of the perturbative series at finite L.

% Related work in progress: non-Fermi liquid behavior in gquark
matter, cooling of neufron stars, efc.
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