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MPNP @ NRNU Moscow, March 10, 2021

Direct URCA process:

Based on: J. Berdermann et al., Phys. Rev. D94, 123010 (2016)
                                                   arXiv:1609.05201 [astro-ph.HE]  

https://arxiv.org/abs/1609.05201


Motivation: Cooling of Neutron Stars – hot actual topic !!

D. Blaschke, H. Grigorian and D.N. Voskresensky, in preparation (2020)

Photon luminosity for the neutron star in supernova SN1987A 
[Cigan et al., arxiv:1910.02960; Page et al., arxiv:2004.06078] 



1. Direct URCA process emissivity: Synopsis



Evaluation of Feynman diagram for direct URCA process

Vertices:

Leptons:

Quarks:

Fermion propagator:

Gauge boson propagator:

Squared matrix element --> integration over closed line momenta, trace over Dirac indices: 

Multiply with neutrino energy for energy loss!

4-momentum conservation: Factor:



Neutrino emissivity for direct URCA process

;

Spin sums --> separate leptonic and hadronic (quark) part:

Leptonic part:

Hadronic part:



Neutrino emissivity for direct URCA process

A: Dirac trace over leptonic tensor part:



Neutrino emissivity for direct URCA process

B: Dirac trace over hadronic (quark) tensor part:

Upper line describes decoupled vector and axialvector contributions:

Lower line describes the mixing of vector and axialvector contributions:



Neutrino emissivity for direct URCA process

Both contributions together, applying Dirac trace rules:

Multiplying leptonic (A) and hadronic (B) tensors and contract Dirac indices:



Neutrino emissivity for direct URCA process

Nonrelativistic limit:

Ultrarelativistic limit:

Neglect (1-g
A
)2 ~ 0.048 against (1+g

A
)2 ~ 4.92, obtain:



Neutrino emissivity for direct URCA process

Representation with momentum vectors and enclosed angles:

Nonvanishing for low quark mass and perturbative corr.:

Beta-equilibrium:



Neutrino emissivity for direct URCA process

Further evaluation of the general expression:

Requires angular and momentum-energy integrations:

Angular integration:



Neutrino emissivity for direct URCA process

For the energy integrations we introduce new variables:

, where we used:

The remaining integration over the neutrino energy (z) can be performed now with the result:

The final result for the DU emissivity is:



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Results for neutrino processes in color superconducting QM



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Kadanoff-Baym formulation of neutrino kinetic equation



Thermodynamics of iso-CSL and 2SC phases

are the excitation energies of the corresponding modes 

Iso-CSL phase 2SC phase

color
spin

, ungapped bue quarks, , gapped red & green

, char. equation with coefficients



Thermodynamics of iso-CSL and 2SC phases



Kinetic equation for neutrinos in warm, dense quark matter

Focus on the normal part



Kinetic equation for neutrinos in warm, dense quark matter

abbreviations and neglect

Neutrino emissivity:

Direct Urca (gapless) emissivity [Iwamoto (1982)]:



Emissivity for direct URCA process in CSL and 2SC+X quark matter

Emissivity for gapped phases



Evaluation of Feynman diagram for direct URCA process
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