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Underlying challenge with
NSsCan we determine the
properties of cold & dense ;
QCD matter using only firstg
principles field theory tools
and robust observational

data on neutron stars? Ooi“”“ffflr?fffﬁl lllllllll e —
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Linkbetweenmicroandmacro Radius (km)
from GR (norrotating TOVeqs): %€ @ ApB20 (2010)
dM(T') o 2

. = durée(r),

dp(r) _ _Ge(fr)M('r') (14 p(r)/e(r)) (1 + 47T?“3p(T)/M(T))

dr T2 1 —2GM(r)/r

e(p) = M(R) .
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Clear need for a systematic and moa=lependent
approach to the microphysics of neutron stars
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NS matter Eo&robust theoretical limits
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Lowdensity behavior oEoSwell known from nuclear

theory side. Challenges begin close to saturation densit

A Atp®¢ , current errors in Chiral Effective The®gS ¢ 1 b
mostly due to uncertainties in effective theory parameters

A Stateof-the-art EOSNNNLO in chiral perturbation theory power
counting[Tewset al., PRL 110 (201#ebeleret al.,ApJ772 (2013)]
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Asymptotic freedom of QCD Highdensity limit from a
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A For practical applicationsgedto know also how rapidly this limit
IS approached

A Atinteresting densitiesp p T system clearly strongly
coupledandno nonperturbative methods available
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Stateof-the-art in pQCD three loops ath T fowards

four |OOpS&t a TT[Kurkela RomatschkeVuorinen PRD 81 (2009Gorda
Kurkelg RomatschkeSappj AV, PRL 121 (2018);...]

A Uncertaintyin theresult at ¢ t level aroundr =

A Main source of uncertainty: renormalization scale dependence
A Pairingcontributionsto EoSsubdominant at perturbative densitie:
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core to densities not realized inside physical neutron sta

Options: Use modelsovel nonperturbative techniques,
or interpolate between the limits using observational dat



What do we know from observations?
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