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Neutron stars

Figure: From Watts et al, 2016 (Rev. Mod. Phys) [ArXiv: 1602.01081]
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Data constraints

Figure:From Christian et al (Phys. Rev. D) [ArXiv: 2109.04191]
Probe structure, limited prediction power of microphysics
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Cooling data to complement

Transiently-accreting sources

Figure:From Wijnands, Degenaar and Page, 2017 (J. Astrophys. Astr.)
[ArXiv:1709.07034]
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Fast cooling rates

Figure:From Yakovlev et al, 2000 (Phys. Rep.) [Arxiv: astro-ph/0012122]
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Hadronic direct Urca cooling

Reactions liken ! p + e� + �� e; p + e� ! n + � e and
n ! p + � � + �� � � ; p + � � ! n + � � � ;

which can only happen when energy and momentum are conserved,
that is, ignoring muons:
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Don't forget super�uidity

When super�uidity or superconductivity are considered,
� dUrca = � dUrca

0 R
where, for neutron triplets,
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When proton and neutron pairing are simultaneously
present,RL � min (RL singlet ; RL triplet )
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Summary of general picture

I Cooling data can provide microphysics constraints in a way
that other measurements cannot

I Make sure your EOS accommodates slow and fast cooling
sources

I high proton fractions in fully hadronic EOS
I kaons, pions, quarks + hadrons EOS

I Careful with suppression factors
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Realistic hadronic EOS, withe� and� �

Parametrizing
E(�; � ) = E0(� ) + Esym(� ) � � 2 + O

�
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�
; where� = ( � n � � p)=�;
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B = energy per nucleon,K = incompressibility coe�cient of SNM,
J = symmetry energy,L = slope of symmetry energy,Ksym =
incompressibility coe�cient of symmetry energy at saturation
density.
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Realistic hadronic EOS, withe� and� �
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Varied nuclear pairing gap models

Many possible parametrizations, Ho et al, 2015 (PRC) [ArXiv:1412.7759]
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dUrca threshold

Without nuclear pairing
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Can we reproduce MXB 1659-29 inferred luminosity?

Without super�uidity, yes! Note the volume fraction
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Nuclear pairing suppression

When the gap closes after the dUrca threshold, those reactions are strongly

suppressed
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Nuclear pairing suppression

Late opening example
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Can we reproduce MXB 1659-29 inferred luminosity?

With super�uidity, yes too! Note the still small range of masses for a given EOS

Ask me about PS+NT combinations :)

Melissa Mendes PHAROS 2022 Meeting 16 / 41




	Introduction
	Methodology
	Results
	Summary
	Appendix
	Appendix
	Extra slides



