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NEUTRON STARS BASICS

Neutron stars are compact, only a few kilometers, and heavy, 
more than the mass of the Sun. In consequence the neutron star 

ma�er is under extreme condi�ons, and 
the star becomes a macroscopic 

laboratory for nuclear physics. 
Furthermore, the star is not 
homogeneous, but composed of an 
outer crust, an inner crust and a 
core. 

We focus our study on the inner
crust, where we expect a neutron gas 

and complex geometries.
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The transi�on between the inner crust and the 
outer crust corresponds to the appearance of a 
neutron gas. Indeed the density of the medium 
shi�s the β-equilibrium towards the produc�on of 

neutrons. In 
consequence, the 
excess of neutrons will 
be released in the 
medium as a gas. 
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COLLECTIVE MODE
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We obtained the collec�ve mode (Anderson-Bogoliubov mode)  
dispersion rela�on by using the QRPA formalism. This result is 

compared to the linear dispersion rela�on obtained from 
hydrodynamics. 

We observe that at low 
momenta, the QRPA 

follows the linear trend 
of hydrodynamics. Then 
it deviates un�l entering 

into the con�nuum. 

HEAT CAPACITY
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The collec�ve mode contributes to the heat 
capacity of the inner crust. From the point of view of 

the BCS theory, the heat capacity comes from the 
neutron quasi-par�cles, and from the electrons. 

However the 
heat capacity 
coming from 

the collec�ve 
mode exceeds 

by many order of 
magnitudes the 

BCS calcula�ons 
and is close to the 

electrons.

REFERENCES Collec�ve modes in a superfluid neutron gas within the quasi-par�cle random phase approxima�on
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We perform the QRPA calcula�ons at zero temperature. 
Typically the neutron star temperature is about 100 keV. We 
use a separable interac�on for the pairing, fi�ed to the 
realis�c Vlow-k. Concerning the par�cle-hole interac�on, we use 
the complete form of the residual interac�on derived from the 

Skyrme func�onal.

We compare our 
results to the 
Landau 
approxima�on. As 
illustrated in the le� 
figure, we observe 
that QRPA does not 
modify the 
collec�ve mode 
energy, but the 

strength. However, at high transferred momentum, far from the 
Landau assump�on, the response func�ons are different.

CONCLUSION

→ Deriva�on of the complete form of the residual 
interac�on from a Skyrme func�onal.

   

→ Evalua�on of the contribu�on of the
Anderson-Bogoliubov mode to the heat capacity.

   

→ Different shapes of the response func�ons when 
compared to the Landau approxima�on. 

Applica�ons for the neutrino mean-free path.
    

→ Good agreement between QRPA and
hydrodynamics at low momenta.

Applica�ons for neutron star dynamics.
   

→ The collec�ve mode exceeds by many order of 
magnitude the BCS contribu�on and reaches the 

contribu�on of the electrons.
To be included in cooling models. 


