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Motivation
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Figure 3: Typical M � R curves for hadronic (black curves) and SQM (green

curves) equations of state (EOSs). The EOS names are identified in Refer-

ence (13) and their P � n relations are displayed in Figure 2. Regions of the

M �R plane excluded by general relativity, finite pressure, and causality are in-

dicated. Orange curves show contours of R1 = R(1�2GM/Rc

2)�1/2. The region

marked “rotation” is bounded by the realistic mass-shedding limit for the highest

known pulsar frequency, 716 Hz, for PSR J1748-2446J (14). Figure adapted from

Reference (15).

Lattimer, Annu. Rev. Nucl. Part. Sci. 62, 2012



Lagrangian
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Wetterich’s flow equation
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Flow equation
pion loop

sigma loop

nucleon loop

full inverse 
propagators 
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Chiral restoration
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Chiral condensate.

Drews, Hell, Klein, Weise, Phys.Rev. D 88, 2013



0.0 0.5 1.0 1.5 2.0 2.5 3.00.0

0.2

0.4

0.6

0.8

1.0

n ! n0
Σ
!fΠ

' m⇡

2

FRG

MFChEFT

1� �⇡N

m2
⇡f

2
⇡

n

ChEFT:  Krüger et al., Phys. Lett. B 726 (2013)

0.00 0.05 0.10 0.15 0.20 0.250.0

0.2

0.4

0.6

0.8

1.0

n !fm!3"

Σ
#f Π

RG

ΧEFT

ChEFT:  Fiorilla, Kaiser, Weise, Nucl. Phys. A 880, 2012
Fiorilla, Kaiser, Weise,  Phys. Lett. B 714, 2012

Chiral condensate
Drews, Hell, Klein, Weise, Phys.Rev. D 88, 2013

symmetric 
nuclear matter

pure neutron 
matter

ChEFT

RG



Equations of State
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Neutron Stars
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• chiral restoration and chemical freeze 
out

• symmetric and asymmetric matter

• neutron stars

Summary


