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Standard electron-capture (weak) rates of nuclei available

Sullivan et al., ApJ. 816, 44 (2016)
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1. Weak rates of nuclei within one-major shells

*sd-shell nuclel with USDB and nuclear URCA processes In
stars with O-Ne-Mg core

- pf-shell nuclei with GXPF1J and nucleosynthesis of iron-
group nuclel In type la supernova explosions (SNe)

Suzuki, Toki and Nomoto, ApJ. 817, 163 (2016)
Toki, Suzuki, Nomoto, Jones and Hirschi, PR C 88, 015806 (2013)

Mori, Famiano, Kajino, Suzuki, Hidaka, Honma, Iwamoto, Nomoto, and Otsuka,
ApJ. 833,179 (2016)

2. Weak rates of nuclei wth two-major shells

-sd-pf shell nuclel in the island of Inversion important for
nuclear URCA processes in neutron star crusts

- pf-g shell nuclei ( ~ 78Ni) important for nucleosynthesis in
core-collapse SNe

In collaboration with N.Tsunoda (CNS), N. Shimizu (CNS),
Y. Tsunoda (CNS) and T. Otsuka (RIKEN)



la. Weak Rates in sd-shell and Nuclear URCA process in
O-Ne-Mg cores

"M=8M, ~ 10M,
C burning — O-Ne-Mg core

— (1) O-Ne-Mg white dwarf (WD)

— (2) e-capture supernova explosion ( collapse of O-Ne-Mg core
Induced by e-capture) with neutron star (NS) remnant

— (3) core-collapse (iron-core collapse) supernova explosion with NS
(neon burning shell propagates to the center)

Fate of the star is sensitive to its mass and nuclear e-capture and

p—decay rates; Cooling of O-Ne-Mg core by nuclear URCA

processes determines (2) or (3).

Nomoto and Hashimoto, Phys. Rep. 163, 13 (1988)
Miyaji, Nomoto, Yokoi, and Sugimoto, Pub. Astron. Soc. Jpn. 32, 303 (1980)
Nomoto, Astrophys. J. 277, 791 (1984); ibid. 322, 206 (1987)



* URCA processes In sd-shell nuclel

— Cooling of O-Ne-Mg core in 8-10 M, stars

e-capture; 2X +e >z 4Y +v

B-decay: LAY 22X +e +V

They occur simultaneously at certain stellar conditions and

energy is lost from stars by emissions of v and Vv — Cooling of stars
How much star is cooled — fate of the star after neon flash:

A=23: Q=4.376 MeV

- Beta-decay Q-values A=25: Q=3.835 MeV

0dd-A sd-shell Nuclei (A=17-31) A=27: Q=2.610 MeV
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 Nuclear weak rates in sd-shell
(1) New shell-model Hamiltonian: USDB  cf. Odaetal., USD
(2) Fine meshes In both density and temperature
(Alog,,(pYe)=0.02, Alog,,T=0.05)
cf. Interpolation problem in FFN (Fuller-Fowler-Newman) grids
FFN grids are rather scarce, especially for the density

(3) Effects of screening Suzuki, Toki and Nomoto, ApJ. 817, 163 (2016)
(25Na’ 25Mg) (27Mg’ 27A|)
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Cooling of O-Ne-Mg core by
the nuclear URCA processes
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8.8M , star collapses triggered by
subsequent e-capture on %*Mg and
2ONe (e-capture supernova explosion)

Toki, Suzuki, Nomoto, Jones and Hirschi,

PR C 88, 015806 (2013)

Fate of 8-10M, stars
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1b. GT strengts in pf-shell and e-capture rates at stellar

environmemts

GXPF1: Honma et al., PR C65 (2002); C69 (2004); A=47-66

KB3:

Caurier et al., Rev. Mod. Phys. 77, 427 (2005)

KB3G A=47-52 G-matrix (KB) + monopole corrections
- Spin properties of fp-shell nuclei are well described

B(GT, ) and e- capture rates for 58N| and SON|j

B(GT.) for °8Ni
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Comparison of e-capture rates: KB3G vs GXPF1A

vs RPA

Cole et al., PR C86, 015809 (2012)



GT strength in °®Ni: GXPF1J vs KB3G vs KBF
KBF: Table by Langanke and Martinez-Pinedo,

30 | | | |
s N> ce I At. Data and Nucle. Data Tab_les 79,1 (2001)
! - e xBE " fp-shell nuclei: KBF Caurier et al.,
- 2.0 | ;o I NP A653, 439 (1999)
O 15 F N ;’b‘,“ s=—pxp - Experimental data available are taken into
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* Type-la SNe and synthesis of iron-group nuclel
Accretion of matter to white-dwarf from binary star

— supernova explosion when white-dwarf mass ~ Chandrasekhar limit
— 5Nj (N=2)

— °Ni (e, v) **Co Y,=0.5— Y, <0.5 (neutron-rich)
— production of neutron-rich isotopes; more >Ni
Decrease of e-capture rate on *’Ni —less production of *®Ni and larger Y,

Problem of over-production of neutron-excess iron-group isotopes such
as %N, **Cr ... compared with solar abundances
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f 1 lwamoto et al., ApJ. Suppl, 125, 439 (1999
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e- capture rates: GXP GXPFlJ (21<7<32) and KBF (other Z)
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2a. Weak rates for nuclel in the island of inversion

Nature 505, 65 (2014) do: 10, s/ maureL21 57

Strong neutrino cooling by cycles of electron capture
and f~ decay in neutron star crusts

H. Schatz"*, S. Gupta®, P. Méller”®, M. Beard™®, E. F. Brown"%*, A, T. Deibel®?, L. R. Gasques’, W. R. Hix™*, L. Keek"*~,

R. Lau"*?*, A. W. Steiner™'” & M. Wiescher™®

Table 1| Electron-capture/f -decay pairs with highest cooling rates Rates eval UatEd by QRPA
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Island of inversion: sd<->pf | -Small shell-gap: f;;,-dy,
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sd-pf shell

Non-degenerate treatment of sd and pf shells by

EKK (extended Kuo-Krenciglowa) method
Tsunoda, Takayanagi, Hjorth-Jensen and Otsuka, Phys. Rev. C 89, 024313 (2014)

Cf. monopoles with non-degenerate vs degenerate method
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K. Takayanagi, Nucl. Phys. A 852, 61 (2011).
K. Takayanagi, Nucl. Phys. A 864, 91 (2011).




Neutron-rich isotopes in the island of

Inversion by EKK-method starting from

chiral EFT interaction N3LO+3N (FM)

Tsunoda, Otsuka, Shimizu, Hjorth-Jensen,

Takayanagi and Suzuki, PRC 95, 021304(R) (2017)
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2b. Weak rates of pf-g shell nuclei and core-collapse SNe
Which nuclei affect Y, (change of Y,) most in core-collapse process?

-, \MS)
<100 =650 4030 =20 -10

10 @

S
— - -

_'_,_a..--"'"_ - --.""‘--\.

il

D[ == Total - Sah=gs - 25cAsEE — BSch= 105

1‘}-9.' —=-106xfs 145 - =145« A< 185 185« Az 225
047 DAn 098 ::1.1'35? D34 032 030 028

sof M s—ehE R
¥ m R fiu ....EE"':___:::::" i e
PO gt R
= .Ih::::“ FE = | O .-..-.-II-.IIIII':IIIIII
= I R S [ty | R reiid
P e - T L
S et iR o2
& ffigh ..::Eiii:ii'i"

20 L og. A%

s | e———
l::::l || 1 e - - -
20 40 40 50 60 7a a0

Meutron Mumber
Sullivan et al., ApJ. 816, 44 (2016)

78Ni

- Approx. rates of Sullivan et al.
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Summary
1. Weak rates for one-major shell nuclei

ONew weak rates for sd-shell from USDB

Evolution of 8-10 solar-mass stars Is sensitive to e-capture and

B-decay rates in sd-shell nuclei, especially for A=23 and 25 Urca
nuclear pairs.

Nuclear URCA processes determine the fate of stars with ~9Mg
whether they end up with e-capture SNe or core-collapse SNe.

ONew weak rates for pf-shell from GXPF1J
Nucleosynthesis of iron-group elements in Type la SNe.
GXPF1J gives smaller e-capture rates compared with KBF, KB3G
and FFN, and leads to larger Y, with less neutron-rich isotopes,
and thus can solve the over-production problem in iron-group
nuclei.

New weak rates for sd-shell based on USDB, and pf-shell based on
GXPF1J are tabulated.



2. Weak rates for two-major shell nuclei

ONuclear weak rates for sd-pf shell nuclei in the island of
Inversion, which are important for Urca processes in neutron star
crusts, are evaluated with EKK mehod starting from chiral EFT
Interaction N3LO +3N (FM).
e.g. 3LAl (e, v)3* Mg, 3Mg(,e v)3 Al

OElectron-capture rates for ’8Ni are evaluated by RPA and SM

with pf-g,,,ds, configurations.
RPA = Sullivan’s formula (g,°"/g, for SD transitions =1.0)

SM: need for extension to fp-gds configurations; in progress
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