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\Vietivatiien
Asymptotic freedem and In-meaditm pQCD

A simple medel for cold Q@CDat high density:

Cold andidense pQCDwith: m;, > 0 up to O

Einal comments
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General wisdomi finite quark masses bing negligiole
COIeclions; tor the: eguation of state: at finite: density
(= 5%) and play: a minor rele.

Results to be discussed: a physical mass for the strange
guark coulad Bring up te: 25% ) corections te the:  EeS!!!

POSIteN 6fi the: chtcal value el [, Strength of the 1 =t erder
Ensien; eic == GRSENVabIES N CoMPaCch Stars!
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Drawing the QCD phase diagrami close to) =0 E
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Mass effects may be crucial:
fior a strongly 1st erder * transition,
new class of stars!
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QCDi Is asymptotically free -
matter becomes GimplerOat high T and L
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(ESE;Pisarski & Schafiner - Bielich, 2001/2002)

¥ gas ofi masslessu,, d, s guarks

¥interaction taken into account  perturbatively: up to

y Il 2 runs according to the renormalization group:  egn:

¥ no bag constant

¥ charge neutrality and #egquilirum:

MS scheme
on renormalization scale freedom
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+ similar results from

quasiparticle model

Blaizot , lancui & Rebhan (2001)
Rebhan & Romatschke (2003)
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(ESE, Pisarskit & Schafiner -Bielich;, 2002)
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¥ For strongly 1st order chiral transition:
new class of compact stars!

¥ Pure neutron matter up to ~2n 0
( Akmal , Pandharipande & Ravelhall , 1998)

¥ Dilute nuclear matter in " pert. theory at

finite density and T=0:
(ESE, Haittal , Pisarskit & Schafiner -Bielichr, 2003/2004)
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ESE & Romatschke 2005
ESE &Romatschke, in prep.

[DOEs a nenzere mass, for the strange guark matter?

¥ [he original appreach tordense matter made use of the bag
model with corrections from pOCDto 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 guarks modified only
by a bag constant.

¥ Einite guark mass effects were then estimated to modify the
E0S by and were essentially’ ignored for ~ 20 years.

Quark Matter 2005




¥ Even the most recent QCD approaches generally neglected
guark masses and the presence of a color SUC gap as compared
to the typical scale for the chemical potential in the interior

ofi compact stars, ~ 400 MeV and higher.

¥ However, it was recently argued that both effects should
matter in the lower-density sector of the Eo0S[Alford et al., 2004] .

do expleratory analysis ofi the effects of a finite mass for

the strange quark on the EoSifor pQCDat high density including
ilenormalization group running of ! . and m, !
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Leading-order piece:
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Using standardl QF " methods, one obtains the complete renormalized
exchange energy for a massive guark inthe MS scheme:

2

Q3 = M [3 (m“ In 2 ru ;uu) —2u* +m? (6‘ In — + 4) (uu —m2mt i u)

1673 m m m

¥ $ depends on the gquark chemical potentiall | and on the renermalization
Ssubtraction point. %both explicitly and implicitly throughi the scale
dependenceof the strong coupling constant ! (%) and the mass m(%.

¥ The scale dependencies ofiboth I, andim are knowni up to 4-loop order in
the MS scheme [Vermaseren, 1997]. Since we have only determined the free
energy to first erder in. I S We chioese
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Einite guark mass efifects can dramatically modify the EeS
for cold and dense QCD -> definitely: one should take them into
account for guark stars !

“ The numbers shown in this talk are meant to be illustrativ e
of the strength of the effect. O( ;) corrections will modify
them significant ly

The computation: of O(! »°) for the thermodynamic potential
IS crucial fior a better contrel amnd understanding of the
st ability: efi the' perturhative series at fiinite: [

Relate d work In progress: non-Fermi liguid behavier in guark
matter , cooling of neutron stars, etc.
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