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Credit: NASA’s Goddard Space Flight Center / Conceptual Image Lab
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. Is the extrapolation of nuclear physics |
' models to higher densities predominantly |
controlled by nuclear physics data at |

saturation density?

{ To what extent do global properties
i of NSs require accurate :
: experimental nuclear dataas |
' complementary constraints? |
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o Combined analysis of the modelling reproducing low energy nuclear data

PHYSICAL REVIEW C 107, 035805 (2023)

Low-energy nuclear physics and global neutron star properties

Brett V. Carlson ©,' Mariana Dutra®,'? Odilon Lourenco ©,"? and Jérome Margueron 2
' Departamento de Fisica, Instituto Tecnolégico de Aerondutica, DCTA, 12228-900 Sao José dos Campos, Sdo Paulo, Brazil
2Université Lyon, Université Claude Bernard Lyon 1, CNRS/IN2P3, IP2I Lyon, UMR 5822, F-69622 Villeurbanne, France




Combined analysis of the modelling reproducing
low energy nuclear data

To what extend low-energy nuclear data constrain NS?




Combined analysis of the modelling reproducing
low energy nuclear data

To what extend low-energy nuclear data constrain NS?

a 415 nuclear physics models
* Skyrme
* Relativistic Mean-Filed (RMF)
» with nonlinear couplings (RMF-NL)
» with density dependence coupling (RMF-DD)

0 We assess the capacity of these models according to their ability to reproduce low-
energy nuclear physics data.

* binding energies, charge radii, giant monopole energy + constraint in symmetry
energy.



Combined analysis of the modelling reproducing
low energy nuclear data

a Nuclear experimental data

4 N Nucleus B (MeV) E . MeV) Z N nucleus R, (fm)

g g 160 B 1276193(—) YA N NUCI@US \/ml/m_l R Q 160 26991(52)

14 20 348i —283.4289(140 82 126 Pb  13.50(10

50 20 0, A 05212_)) (10) 20 20 YCa 3.4776(19)
48

20 28 52Ca —416.0009(1) [U. Garg et al., PPNP 101, 55 (2018)] 0 98 8, 3.4771(20)

20 32 Ca —438.3279(7)

20 34 54(:1 —445.3642(500) 40 50 OZr  4.2694(10)

28 20 N —348.7275(5000)

28 28 ONj —483.9956(4) 50 82 326n  4.7093(76)

28 50 BN —641.5470(6000)

0 50 Oz —783.8972(1) 82 126 “"Pb  5.5012(13)

50 50 1005 —825.2944(3000)

50 82 1329 —1102.8430(20 .

9 16 208, 1636 4301211; [I. Angeli et al., ADNDT 99, 57 (2013)]

[G. Audi et al., CPC 41, 030001 (2017)]
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Combined analysis of the modelling reproducing

low energy nuclear data

o Combined Analysis

G, : global assessment
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Combined analysis of the modelling reproducing
low energy nuclear data

o Combined Analysis

D. : detailed approach the variances (B and R.,) of the symmetric N = Z and
asymmetric N # Z nuclei are accumulated separately. The Eiscur remains the same.

1 " B;(exp) — B;(model) :
2 .16~ 40, 56N7: 100
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Combined analysis of the modelling reproducing
low energy nuclear data

o Combined Analysis

D. : detailed approach the variances (B and R.,) of the symmetric N = Z and
asymmetric N # Z nuclei are accumulated separately. The Eiscur remains the same.
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Combined analysis of the modelling reproducing
low energy nuclear data

o Combined Analysis
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Combined analysis of the modelling reproducing
low energy nuclear data

o Combined Analysis

1) L=A1fo <1,
(m) L=B1ifl <o <2,
(m) L=C1i1f2 <o <3,
(iv) L=D1if o > 3.
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o Combined Analysis
SLy4: BBA, BB:BB:A
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Combined analysis of the modelling reproducing
low energy nuclear data

o Combined Analysis
SLy4: BBA, BB:BB:A

1) L=A1fo <1,
(m) L=B1ifl <o <2,
(m) L=C1if2 <o <3,
(iv) L=Difo > 3.

Go / Do G/ Dy G/ Do Gs3 / D3 G4/ Dy
L ¥ AtoC AorB AorB AorB
. bind energy,
types of data all all bind energy bind energy a.‘.nd charge radii, and
charge radii
GMR energy

* discarded interactions with: (i) negative values of the sound speed above n,, or (ii) negative value of the pressure in stellar matter
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Combined analysis of the modelling reproducing
low energy nuclear data

o Combined Analysis
SLy4: BBA, BB:BB:A

i) L=Aifo <1,
il) L=Bifl <o <2, Do/Go D1 Gi Dy Gy D3 Gs Dy Gy
(m) L=C1if2 <o <3,

. . Total 374 81 90 66 74 61 74 45 54
(iv) L=Difo > 3.

Go / Do G/ Dy G/ Do Gs3 / D3 G4/ Dy
L ¥ AtoC AorB AorB AorB

. bind energy,

types of data all all bind energy bind energy a.‘.nd charge radii, and
charge radii
GMR energy

* discarded interactions with: (i) negative values of the sound speed above n,, or (ii) negative value of the pressure in stellar matter

18



Outline

@ Motivation
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a |Impact of the groups on the symmetry energy and its slope correlation
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Impact of the groups on the symmetry energy
and Its slope correlation
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Impact of the groups on the symmetry energy
and Its slope correlation
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Impact of the groups on the symmetry energy
and Its slope correlation
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and Its slope correlation
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Impact of the groups on the symmetry energy

21
Esym,2 Lsym,2
Group (MeV) (MeV)
Dy 335+ 24 73.4 4+ 23.3
D4+IAS 3234+ 1.2 62.9 + 12.3
Dgym 31.8 = 0.7 58.1 £9.0
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Neutron star global properties

Main properties:

M=~12-21M,

Average density ~

R~ 10— 14 km

10" g cm-3
B~ 102 - 102G

Aftermath of a core-collapse supernovae,
Isolated or in binary,

Could be a pulsar: from radio to/or y-rays,
X-ray emission from accretion disk,

Fast spinning.

Outer crust: nucleil

- aa ..,
" 0.00Ins i

Inner crust: nucle1 + neutron gas
Rod- and plate-like structures

Uniform nuclear matter

Condensates of
n, K, 2, ...7

Quarks?

~10 km

Z A4 A4
7'\ 7'\

~03km ~0.6km

V

[H. Heiselberg, arXiv:astro-ph/0201465 (2002)]
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Neutron star global properties

EoS

Tolmann-Oppenheimer-Volkov

(TOV) GR equations

Do/Go D; Gy Dy Gy D3 Gs3 Dy Gs Dugym
Total 374 &1 90 66 74 61 74 45 54 22
Moy =2 1.6M, 312 77 85 65 72 61 72 45 52 22
Mroy = 2.0M,5 198 49 53 44 49 41 49 25 29 12

AR, G, (km)

AR, G, (km)
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Neutron star global properties

Do/Go D; Gy Dy Gy D3 Gs3 Dy Gs Dugym

o Tolmann-Oppenheimer-Volkov Total 374 81 90 66 74 61 74 45 54 22
O (TOV) GR equations Moy > 1.6My 312 77 85 65 72 61 72 45 52 22
Moy >2.0My 198 49 53 44 49 41 49 25 29 12

O W B W

AR, o, (km)

ok

D W B~ O
I

AR, G, (km)

ok

-
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Neutron star global properties

o Tidal deformabillity

A=—=—k,— =—k,C™
— 2 2
m> 3 “m> 3
B P 1 1 1 | L I I 1 1 1 I | | B P 1 1 1 | L I rF 1 1 1 I 1 |
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1000 — 1000 —
5 © 31 F @ 3
100 & — 100 —
< = . - m
10Fw A, (D) 4 10F E
C O A1.4 (D4sym) - _ _
K A1.4 (IGW17()8|17) | i i | | | i
0 | 2 3 0 1 2 3
M (M) M (M)

Do/Go Dy Gy Dy Gy D3 Gz Dy Gs Dugym
Total 374 81 90 66 74 61 74 45 54 22
Moy =2 1.6M, 312 77 85 65 72 61 72 45 52 22
Moy =2 2.0M,y 198 49 53 44 49 41 49 25 29 12
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Conclusions

v The group Dassym that further reduces the uncertainty in the symmetry energy. We find

v Better low energy nuclear properties may not improve predictions for NS global properties.

v The 1.4 M, NS radius lies between 12 and 14 km for the “better” nuclear interactions.

v' We plan to perform a complementary analysis including data from heavy-ion collision

exploring densities above nsat, the saturation density of nuclear matter.
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Neutron star global properties
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Neutron star global properties
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