UNIVERSITY OF

SURRLEY

Pairing in high-density
neuvtron matter

Arnau Rios Huguet
Lecturer in Nuclear Theory
Department of Physics
University of Surrey

Nuclear Astrophysics Milan |8 September 2017



summary QIRREY

1. Nevutron star motivation
2. Infinite matter BCS
3. Beyond-BCS with SCGF methods



6.5 I L | L | L

Cool:ng of CasA : A
I I I I I | I I I I I I I I I I I I I I I I I - -

_‘ (¢) neutron P, 6.4 - Cas A data-

0.6 |- A i i

i %~ |  --- BEEHsT| 08 63 .

. |\ — EEHO o -

! : [ EEHOr - 2 '

;': i y T ' %T 8 w i i

PN . — TTav _| F~ - ~ .

;0 4 // \‘-,\,f | —— TToa 0'69 06'2 5 EEHOr]
v | 7" \ —-- SYHHP o0 i SYHHP ™~ -
= / A 2 o [ N
< n \ | o 6.1 - \ BEEHS, |
{7 -\ 104 BSk21—1.4 Mg — \ ¥

' \\\i B~ - F'e envelope e \ \ ']

0.2 RS i g |- ns—SFB BN LI
v - ps—CCDK N v

\-\ ‘; \ A\ 102 | neutron °P, N\ A

I .\'\lx \\\\ - 0.9 : Lol Lol N
PN\ 10 100 1000 104

0 14 . |1|;| L1 2| (10 |2|5| LT :|3\\1~\_1 t (}71")
ky (fm~!) Name Process Emussivity
Ho, ef al., PRC 91 015806 (2015) (erg cm 3 571
Page, et al., PRL 106 081101 (2011) Modified Urca ntn—ntpte +Ve 5 1021 p7S
o (neutron branch) n+p+e —=n+n+v, 9
Ingredlents Modified Urca p+n—)p+p+e—+fle ~1021RT8
(O) MGSS O-I: pulsgr (protOHbfaﬂCh) p+p+e——>p+n+ve 9
. . n+n—n+n+v+Vv
(b) EOS (defermlnes rOd|US) Bremsstrahlungs nt+p—sn+p+v+v ~ 10¥RT
oy p+p—=p+p+v+v

(c) Infernal composition I ACac At oAl
(d) Pairing gaps ('So & °PF2 channels) a p+p—[ppl+v+¥  ~5x10¥RT]
(e) Atmosphere composition Direct Urea nopte e ~ 107 RTS

(nucleons) pt+e —n+ve



Vc (r) [IVIEV]

NN interaction i1s not unique
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..but phase-shift equivalent!
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*Non-uniqueness of nucleon forces X

..but phase-shift equivalent!
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Complications SURREY

NN interaction is not unique  Strong short-range correlations
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*Non-uniqueness of nucleon forces X
eShort-range core needs many-body treatment X
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Saturation point of nuclear matter
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NN forces from EFTs of QCD
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Chiral perturbation theory
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NN forces from EFTs of QC
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SCGF Ladder approximation SURREY

In-medium interaction Ladder self-energy
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One-body properties
Momentum distribution
Thermodynamics & EoS

Transport
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Selt-energy, specitral function & thermodynamics
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Neutron matter SURREY
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e Mass-Radius relation from SCGF calculations
e Cut-off variation (N3LO) and/or SRG evolution



Neutron matter SURREY
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Summary
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2. Infinite matter BCS
3. Beyond-BCS with SCGF methods
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Bardeen-Cooper-Schrieffer pairing ,ﬁ SRREY
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*PF2 pairing: phase shiff equivalence S &TREEY
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Uncertainties at the BCS + HF level
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Gorkov gap equation
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U. Lombardo’s talk

* Massive gaps 3SDy channel but...

e No evidence of strong np nuclear pairing
* 3ANF do not alter picture significantly

e Short-range correlations deplete gap
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Beyond BCS 201: LRC

(a)
25 + 1

1T|V[]11) =

2.2

2,25, T

Ast(q) =

PMH

/\é,’ ph recoupled

UNIVERSITY OF

SURREY

Effective Landau
parameters

G-matrix

(b)
GEL1'2') 4 (2'T)

Gor21') 4

)(12] A(22')

A%T(Q)

1 — A%T(Q) X For

e Bare NN potential only is not the only possible intferaction

e Diagram (c):

e Diagram (a): nuclear interaction
e Diagram (b): in-medium interaction, density and spin fluctuations
iINncluded by Landau parameters

Caoo, Lombardo & Schuck, Phys Rev C 74 064301 (2006) 24
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e Triplet gap: 3NF increase gap

e LRC effect to be explored
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3BF effect: uncertainty estimate SURREY
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Superfluid in the core SURREY

RESEARCH ARTICLE
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Fig. 2. Temperature dependence of neutron superfluid models as a
function of baryon number density for the BSk20 nudear equation
of state. Thick curved lines are the superfluid critical temperature for the
(labeled) models from (23). The vertical solid line indicates the separation
between the crust (shaded region) and the core. Vertical dotted lines de-
note the density at which the superfluid moment of inertia (using the SFB
superfluid model) is 1.6% of the total stellar moment of inertia for neutron
stars of different mass (labeled in units of solar mass). The (nearly horizon-
tal) dashed line is the temperature of a 14 Ms,, neutron star at an age of
11,000 years.
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Fig. 3. Neutron star mass from pulsar observables G and interior tem-
perature T. Data points are for pulsars with measured G from glitches and
T from an age or surface temperature observation (see Table 1). Lines
(labeled by neutron star mass, in units of solar mass) are the theoretical
prediction for G and T using the BSk20 nuclear equation of state and
SFB neutron superfluid models.

Ho et al., Sci. Adv. 2015:1:e1500578
Ho et al., 0./566/JPSCP.14.010805 28
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* Ab Initio nuclear theory to treat beyond-BCS
correlations

* Different NN forces provide robust predictions

* Challenges ahead

*ull self-consistent Gorkov
*Consistent treatment of LRC

* Pairing in isospin asymmetric matter

Postdoc position opening imminently

a.rios@surrey.ac.uk
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Science & Technology
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