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#. Wish list for COMPOSE

—— BCSN3LO ]

1) Pairing gaps (1So & 3PFs ideally) z= = . ™
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: From M-R to EoS

Backwards

(Tolman-Oppenheimer-Volkov equations )
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LIGO/VIRGO PRI, 121 161101 (2018)
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From M-R to EoS

(Tolman-Oppenheimer-Volkov equations )
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: NS cooling

NS cooling curves (M=1.3M:)
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Yakovlev & Pethick, Annu. Rev. Astron. Astrophys. 42 169 (2004)

* Observational data available for a handful of NS
e Sensitive to interior physics
e Similar modelling for exotic scenarios (eg axion cooling)
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| Neutron star modelling
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| Neutron star modelling
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; The compulsory YEFT slide
Chiral YEFT
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Weinberg, Phys. Lett. B 251 288 (1990), NPB 363 3 (1991)
Entem & Machleidt, PRC 68, 041001 (R) (2003)

Robert Roth — TU Darmstadt — 04/2013 Tews, Schwenk et al., PRL 110, 032504 (2013)

10 Epelbaum, Frebs & Meissner, PRL 115, 122301 (2015)
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The compulsory ¥EFT slide

Chiral YEFT

o and N as dof

Systematic expansion

2N at N3LO - LECs from N, NN
3N at N2LO - 2 more LECs
(Often further renormalized)
Error quantification possible

long (2r) ntermed. (n) short-range

c-terms D E

Weinberg, Phys. Lett. B 251 288 (1990), NPB 363 3 (1991)

Entem & Machleidt, PRC 68, 041001 (R) (2003)
Tews, Schwenk et al., PRL 110, 032504 (2013)
Epelbaum, Frebs & Meissner, PRL 115, 122301 (2015)



#) Self-Consistent Green’s Functions
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[arXiv:2006.10610]

SCGF can treat: but:

e Explicitly asymmetric matter ¢/ ® Numerically intensive
* Finite temperature v/ * Pairing?
e Systematic expansion v/

. *3 nucleon forces v/
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: Why are pairing gaps necessary?
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e Characterisation of superfluidity

* Neutron superfluid, proton superconductor

e Phase transitions

* Neutron star cooling

* Neutrino rates through pair-breaking

*r-mode coupling
* Superfluidity & viscosity

), Kantor et al. Phys. Rev. Lett. 125 151101 (2020)
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Bardeen-Cooper-Schrieffer pairing
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* Angular gap dependence: AR]? = Z | A£|2
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: BCS+HF gaps in neutron matter

Singlet gaps with 3NF Triplet gaps with 3NF
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e Error estimates from chiral expansion are sophisticated
* Many-body treatment uncertainty?

14 Drischler, Kruger, Hebeler, Schwenk, Phys Rev C 95 024302 (2017) [arXiv:1610.05213]



+l BCS estimates of proton gaps
Proton pairing gap

12 B T T T ' T T T ' T T T ' T T T ' T T T | 1.2 T T T ' T 1T 1 'E T 1T 1 ' T T 1 ' T T 1 ' T 1T 1 ' T 1T 1 ' L
C g — n3lo414 - N : i
Lo Svprofemsap n3lo450 - LoE i~ el -
L L : - / .\. -
o o {1 2N
0.8 (2) -~ 1nzlo — 0.8+ 7 NG 3 —
—~ - - —~ —_—/. 4 \ ]
S g eee 20500 1 = pBCLE i YA y
= 0.6 1 = r N ]
: L . = 06 | Zuo et al./ A \ i
- - [;14 | _
a F ] _ : ]
0.41 1 94k % e CCDK ]
i . i e EEHO ]
0.2 - ,’55 4 0.2+ “‘.f\\ v - CCY s ]
B &.'z’fj;:;:‘ i r a ‘ CCYps ]
0. L ““‘:‘““I I . i l/lo’.l.' L1 | IR 1“'{ L1 '-h--n..L\\L.‘r\.L Ll
0. 0.2 04> 00 0.8 1.0 90 02 04 06 08 10 12 14
kF (fm ) kl})? (fm_l)
Lim & Holt [arxiv:1709.08793]
k2
e Single-particle spectrum choice: g5 = 5 +U(k) — p
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* Consistently computed at different orders in XEFT

e Uncertainty from EoS & spectrum at 1st and 2nd order
15
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¢+l Gap parametrization example
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:- How to go beyond BCS?
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Nambu-covariant SCGF technique
e Pairing correlations v/
* Finite temperature ¢/
e Systematic expansion v/
* 3 nucleon forces v/

18 M. Drissi




How to go beyond BCS?

Nambu fields Mixed one-body Green’s function
~ ® Mixed propagator
® A and B = orthonormal bases - _ P + ) e e
@ Let T be the involution |b) — [b) —FUn )= <T [A (r)A,,(t’)]) k=T .p) and p= Tr (e-/2)
© Define u = (b, g) and fi = (b, g) where g € {1,2} *» Heisenberg representation + imaginary-time evolution
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: Why go beyond BCS?

BCS predictions:

Singlet 1Sg I — 0.567
A(T = 0)
3P T.  (0842,m=0
nplet P2 N Z0) T 10493, m==+2

D.G. Yakovlev et al., Phys. Rep. 354 155 (2001)

Beyond BCS:

1) Numerically perform simulations
2) Compute different T’s & locate closure
3) Take ratio

20
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#. Wish list for COMPOSE
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1) Pairing gaps (1So & 3PFs ideally) z= = . ™
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