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summary QIRREY

1. NS model with effective forces
2. NS model with realistic forces
3. Correlations and systematic errors
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A step forward towards consistency ﬁ

The Gogny force
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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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SCGF Ladder approximation SURREY

In-medium interaction Ladder self-energy

T e Self-consistent resummation
e Energy and momentum integral
e @Finite T (Matsubara)

pp & hh Pauli blocking G ——y Ry ~
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Ramos, Polls & Dickhoff, NPA 503 1 (1989)
Alm et al., PRC 53 2181 (1996)
Dewulf et al., PRL 90 152501 (2003)
Frick & Muther, PRC 68 034310 (2003)
Rios, PhD Thesis, U. Barcelona (2007)
Soma & Bozek, PRC 78 054003 (2008)
Rios & Soma PRL 108 012501 (2012)

One-body properties
Momentum distribution
Thermodynamics & EoS

Transport
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* Advantages SURREY
e All kinds of NN interactions v

*3N inferactions ¢/
e Short-range & tensor correlations v/

e Density & isospin dependence v/
e Access to off-shell spectral function v
eThermodynamically consistent ¢/

e Limitations
e Non-relafivistic X
e Missing diagramse X
e NO nuclear surface X



Availlable data

UNIVERSITY OF

SURREY

20 [o- @ >-00-00- S
= ?
O 15 o o~~0 © 0 © 0 ¢ CONIENNNS G-
= ; 3 e o o ;
- © © 00 00 0 00NEERND D
o 3 ® © 00 00 ¢ CCIENND NP
210 e ® 0 00 00 0 00NIERINEIND-
© | ®© © 00 00 0o00ommD |
g © © 00 00 0ocottumD
= ®© © 00 00 0occtsmmm
ﬁ 5Fe © 00000 0000MIBED -
| ®© o 00 000 O |
| ® o000 |
| ® o000 o
olal i i
0.001 001 0.1 1

Self-energy, spectra

Density, p [fm'3]
function & thermodynamics




UNIVERSITY OF

SURREY

10 E T T T T ! T T—0 |\/|e\l/ T !
10_1: @V‘IB f r ; - - ¥=gme¥ ]
10T F=1.33fm"" 3 T2 MoV |
<102 | oMy '
< ifr K 1F - T=10 MeV
c 3 1 T=11 MeV
2 10 T=12 MeV
8 e
210 T-16 MeV
: i
107 )
7]
107
10'7 1 1 1 1 1
-500 -300 -100 100 300 -100 100 -300 -100 100
w—-u [MeV] w—-u [MeV] w—-u [MeV]
S
26
ST F ] 24
=, 22 _.
- s >
s | ‘ | ‘ 20 2
o ; © © 00 00 ©ococumumED eup S
S 10 e ® 0 00 00 ©000NNININCNNND —
© j ® © 00 00 oococtmmm ; 18 <
o) 3 © © 00 00 ¢ococtnmm 3 L
Q. ? ? ? ? 16
S 3 ® © o0 00 oocssumm 3
L 5Fe © 00000 coomman . 14
g ® o000
, ¢ cee’s 2
o bt .
0.001 0.01 0.1 1

Density, p [fm'3]




Neufron maftter

, EoS for neutron matter: SRG
10E""I'"'I""|"|n|u|..|..
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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 12



Momentum distribution, n(k)
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e PNM: 4-5%
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Bardeen-Cooper-Schrieffer pairing ﬁ SRREY

’ Neutron matter BCS gaps 4
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BCS equation
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e Single-particle spectrum choice: g = 5 U(k) — u
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e Angular gap dependence: |Ak|2 _ Z |A£\2
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Maurizio, Holt & Finelli, Phys. Rev. C 90, 044003 (2014) 14



Bardeen-Cooper-Schrieffer pairing ﬁ SRREY
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’ Neutron matter BCS gaps 4
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(B) iF1(1,2) = (T{H 1)y (2)}) = =t =

(C)iG(1,2) = (T{H(1)¥12)}) =+ = —— + —— =t + D>
Superfluid
A(K)
(D) @)~ = ﬁ—»

BCS+SRC equation

Ay = Z/ VLL,‘? 2AL/ ¥
/2\/Xk/+‘ k| :// 1—f(w)_f(w/)A(k w)As(k,w")
2Xk w Jw’ / | .

W+ W

* 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) 16
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BCS+SRC
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Beyond BCS 201: LRC

/\L,’ ph recoupled
k" G-matrix

k k Ak E
(a) (b)
1
(11|V[11) = ZZZ 9(28 + 1)(12|G2172") 4 (21| G
2,2 5, T
AO
Asrla) = =g

1 — A%T(Q) X For
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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) 18
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NN forces from EFTs of QCD SURREY

NN 3N 4aN
o T
B XCi N o o
o 25:'“H'i
J — —
z l [----|
o : }--+---|
:| RN I .
z {“.“ *‘\..|

Ci }---X X
=

4 e + v 4 sos

Robert Roth - TU Darmstadt - 04/2013

Chiral perturbation theory

o7 and N as dof

e SystematiC expansion

e 2N at N3LO - LECs from aN, NN
e 3N at N?LO - 2 more LECs

@ .
O (K e (Often further renormalized)
A~1GeV
long (2x) intermed. (n) short-range
¢--ir—-9 ---¢
c-terms D E

Weinberg, Phys. Lett. B 251 288 (1990), Nucl. Phys. B 363 3 (1991)
Entem & Machleidt, Phys. Rev. C 68, 041001 (R) (2003)
Tews, Schwenk et al., Phys. Rev. Lett. 110, 032504 (2013) 21
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Elfective one-boqy force — spectrum

o = e O Lo O

Effective two-body force =NN forces

e

VNV = e----o

*Singlet gap: 3NF reduce closure

* Triplet gap: 3NF increase gap

* Model dependence to be explored
* SRG dependence for systematics

22



UNIVERSITY OF

1 .9 SURREY
|||SO|||| H’IIIPFIZII
3'O: —— BCSN3LO | - ——— BCS N3LO
_ : BCS CDBONN:- BCS CDBONN
> 25| BCS AV18 - - BCS AV18 11.00
) : ® N3LO ' ® N3LO / ]
= ; CDBONN ; CDBONN . - 2
. 2.0F \ AV18 ] [ AV18
5 S — - — CCDK 1 | —-— SYHHP
. S — - — GIPSF ; | — = EEHOr/
S 15F ly 5 — - — CLS . —-—EEHO \
o S - N 1 F /"' I - 10.10
O . I/ & SFB _ : f! I 1Y-
c 1.0 \ SCLBL - ' ' '
= UE b - I
O 05} /}/' \\ ", ] _ I |
L \‘ (‘“ ¥ |
"f':' L\\ I PP B ” "

0.0
0.0 0.5 1.0 15 20 25 30 35 0.0 0.5 1.0

Fermi momentum, kg [fm ]

e Effect is robust: Independent of NN potential

e 3NF effect not included in SRC, BCS indicates

. channel under control in astrophysical situations
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* Ab Initio nuclear theory to treat correlations
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you need quantitative predictions!

N forces give robust predictions

nead:
Isospin asymmetric matter

* Consistent treatment of cooling, glitch & EoS
*|mprovements of many-body theory
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