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Neutron star modeling
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summary QIRREY

1. NS model with effective forces

2. NS model with realistic forces

3. Beyond-BCS pairing with systematic errors
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Cooling of neutron stars SURREY
NS cooling curves (M=1.3Mo)
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e Observational data available for a handful of NS
e Sensitive to interior physics!

Yakovlev & Pethick,ARAA 42 169 (2004) 4



Cooling of Cassiopea A
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Ho, et al., PRC 91 015806 (2015)
Page, et al., PRL 106 081101 (2011)

Ingredients

(a)Mass of pulsar

(b) EoS (determines radius)

(c) Internal composition

(d) Pairing gaps ('So & 3PF2 channels)
(e) Atmosphere composition
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Pairing Gap, A(Kg,kg) [MeV]
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Ingredients (D1P)

(a) Mass of pulsar, 1.6M® ¢
(b) EoS (except crust) v

(c) Internal composition v/

(d) Pairing gaps (n 'So & 3P2) v/
(e) Atmosphere composition

None
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summary QIRREY

1. NS model with effective forces

2. NS model with realistic forces

3. Beyond-BCS pairing with systematic errors
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{ { X Ladder approximation within SCGE

In-medium Interaction Ladder self-energy

Ramos, Polls & Dickhoff, NPA 503 1 (1989)
Alm et al., PRC 53 2181 (1996)
Dewulf ef al., PRL 90 152501 (2003) Thermodvhamics & EoS
Frick & Muther, PRC 68 034310 (2003) ’
Rios, PhD Thesis, U. Barcelona (2007) Iransport
Soma & Bozek, PRC 78 054003 (2008)

One-body properties
Momentum distribution

Selt-consistency, pp+hh & effects
FiInite femperature
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e Extrapolate X(k,®;T) (13 Gb worth data)

e Constraining with

properties
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Neufron maftter

, =0 EoS for neutron matter: SRG
10—
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e Error band from fits in ChPT ¢;, c3 parameters .

Hebeler, Lattimer, Pethick, Schwenk
e Finife tfemperature & higher densities available

ApJ 773 11 (2013)
Carbone, Polls & Rios, PRC 90 054322 (2014)
A. Carbone, Drischler, Hebeler, Schwenk, arXiv:1608.05615 13



Finite T EoS for neufron matter
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 Parameter-free first principles calculation
eReproduces virial af low density
*No need for 3NFs (though we can treat theml)
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summary QIRREY

1. NS model with effective forces
2. NS model with realistic forces

3. Beyond-BCS pairing with systematic errors
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Bardeen-Cooper-Schrieffer pairing ﬁ SRREY
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Maurizio, Holt & Finelli, Phys. Rev. C 90, 044003 (2014) 17



Bardeen-Cooper-Schrieffer pairing ﬁ SRREY
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Momentum distribution, n(k)
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* BCS is lowest order in Gorkov Green’s function expansion
e T-maftrix can be extended to paired systems

e But full self-consistency is still missing
Bozek, Phys. Rev. C 62 054316 (2000); Muether & Dickhoff, Phys. Rev. C 72 054313 (2005) 19
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Beyond BCS 201: LRC
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Effective Landau
parameters

aA(22')

e Bare NN potential only is not the only possible interaction

e Diagram (a): nuclear interaction

e Diagram (c): included by Landau parameters

e Diagram (b): in-medium interaction, density and spin fluctuations

Caoo, Lombardo & Schuck, Phys Rev C 74 064301 (2006) 20
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Elfective one-boqy force — spectrum

o = e O Lo O

Effective two-body force =NN forces

e

VNV = e----o

eSinglet gap: 3NF reduce closure
eTriplet gap: 3NF increase gap

e Model dependence to be explored
eUse SRG for systematics
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Conclusions SURREY

* [owards consistent models of NS core
* Talk to us If you need quantitative predictions!

* Ab Initio nuclear theory needed to treat correlations
* Different NN forces give systematic errors

* Challenges ahead:
* Pairing in 1sospin asymmetric matter
* Consistent treatment of cooling, glitch & EoS
*|mprovements of many-body theory
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