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HAVE YOU EVER THOUGHT ABOUT CALCULATING

QUANTUM CORRECTIONS TO

A NEUTRON STAR ?
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Lattice QCD

Accelerators

???
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Lattice QCD

Accelerators

Compact stars
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This region known:
Interaction, particles, 
degrees of freedom

Using this knowledge,
how can we understand
the behavior of matter
in a different state?

Analogy: to describe fluid flow, the knowledge of the quantum
mechanics of fluid molecules is not needed. This separation
makes hard to predict fluid flow based on laws describing the
elementary particles of water.
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 Exact equation for the effective action, but it is very 
hard to solve directly

◦ Scale dependent effective action (k scale parameter)

k=Λ
Classical
action

k=0
Quantum

fluctuations
included

Integration

Wetterich
equation
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 Exact equation for the effective action, but it is very 
hard to solve directly

◦ Scale dependent effective action (k scale parameter)

We need an ansatz for the integration

Scale
dependent
coupling

Not necessarly
perturbative ansatz!
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 Exact equation for the effective action, but it is very 
hard to solve directly

◦ Scale dependent effective action (k scale parameter)

Regulator: 
• determines the modes present on scale k
• physics is regulator independent
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What does the ansatz exactly mean ? 
LPA is based on the assumption that the contribution of these
two diagrams are close.

(momentum dependence of the vertices is suppressed)

This implies the following ansatz for the effective action:

LPA
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Ansatz for the effective action: 

Fermions : m=0, Yukawa-coupling generates mass

Bosons: the  potential contains self interaction terms

We study the scale dependence of the potential only!!
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Ansatz for the effective action: 

Bosonic part Fermionic part

Wetterich -equation
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We have two equations
for the two values of the
step function each valid
on different domain

Fermi-surface

Fermionic vacuum fluctuations and 
thermodynamic fluctuations cancel 

T=0 , µ≠0
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Scalar self interaction
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PRESSURE

Mean Field  > 1-LOOP > FRG
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FRG

EOS
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EOS

TOV-
equations

Observations

Mass, 
Radius
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The Fermi-gas is not a realistic model of a neutron star, this is
just demonstrates that an apparently small change in the EoS, due
to quantum fluctuations means a noticeable change in the
solution of the TOV equations.

MFRG=1.377

+1.5 %

MMF=1.358

-3.5 %

M1L=1.309
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• The compactness (M/R) of the
neutron stars can be extracted
from gravity waves and pulsar
timing measurements. 

• Discovery of GW170817: 
the first detected gravity
wave originating from a 
neutron star

• The NICER experiment will be 
able to determine
compactness with error less 
than 10%

• This is a new method to
distinguish between models.
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 Microscopical observables
are maximum: 10-25 %

 Macroscopical
astrophysical ones
are maximum: 5-10 %

 Measurement resulotion
limit is about: 10 %
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Observable Max uncertainty
(%)

Potential, U(φ) <25 %

Phase diagram (g) < 25 % 

EoS p(μ),p(ɛ) < 25 %

Compressibility < 10 %

M(R) diagram
<10% (M)
<5% (R)

Compactness
<10% (M)
< 5% (R)
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