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Isolated Neutron Stars 
• Neutron stars (NS) which have no binary companion are 

considered “isolated”  
• These isolated NSs offer an excellent chance to study the rate 

at which dense matter cools without the confounding effects of 
accretion         
• In isolated NSs the temperature decreases monotonically at a 

rate determined by the nature of dense matter 
!
• Our model assumes the Minimal Cooling Paradigm 



Neutron Stars are “Cold” QCD matter

Alford, Rajagopal, Schafer and Schmitt  
 arXiv:0709.4635



Minimal Cooling
• Includes: nucleons, leptons, modified direct Urca and neutrino 

emission via Cooper pair breaking and formation 
!
• Excludes: hyperons, bose condensates, deconfined quarks and 

direct Urca process 
!
• Minimal Cooling contains parameters for equations of state for 

dense matter, NS envelope composition, and mass of NS but for 
this research we are primarily concerned with superfluid 
properties of dense matter 



                  Selected NS data samples



Superfluidity
• Cooper pairs of nucleons form in NS, analogous to terrestrial 

pairing of electrons in low-temperature metals 
• The PBF (pair breaking and formation) process can contribute 

greatly to the overall neutrino emissivity of isolated NS  
• The critical temperature for the formation of these pairs (and 

a minimum critical temperature for pair breaking thermal 
excitations) are not well established 
• The neutron singlet gap 1S0 is well studied, while the proton 1S0  

and neutron triplet  3P2  have greater uncertainties 



Beloin et al (preliminary) Page et al. 2004 
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Monte Carlo 
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Enhanced error fitting

Carbon-envelope stars included
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with Carbon stars; standard error without Carbon stars; standard error

with Carbon stars; larger error (2.2) without Carbon stars; larger error (1.7)



Conclusions
!
• The preliminary results disagree the findings of the Minimal Cooling 

Paradigm 
• The current calculated likelihood values are anomalously small, 

strong tension arrises when fitting RX J0002 and Hess J1731 
simultaneously. Increasing uncertainties in cooling curves can 
provide a higher likelihood 
• One possible explanation is the existence of enhanced cooling in fact 

occurs for certain NS mass and radii combinations. This enhanced 
cooling would manifest itself as exotic matter (e.g. hyperons) or 
perhaps enhanced cooling processes such as direct Urca


