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GT transitions in nuclear weak rates at stellar environments
e-capture and [-decay rates in sd- and pf-shell nuclei are updated
Nuclear URCA process in O-Ne-Mg core and cooling of stars

Synthesis of iron-group elements in Type la SNe

v-nucleus reaction cross sections updated for 12C, 13C, 40Ar, *°Fe, *°Ni; updated
v-process nucleosynthesis, v detection

FF (first-forbidden) transitions in B-decay half-lives in N=126 isotones
r-process nucleosynthesis in CCSNe and binary NSM (neutron star mergers)

1. Spin-dipole strength in **O and v-induced reactions on 1O

- Spin-dipole strengths in 10 and v-1°0 reaction cross sections with
new shell-model Hamiltonians

- Synthesis of light elements in SNe based on the cross sections
- Supernova v detection by v-1°0O reactions
- MSW v-oscillation effects

Dependence of v-1°0 cross sections on v mass hierarchy

Suzuki, Chiba, Yoshida, Takahashi, and Umeda, Phys. Rev. C98, 034613 (2018)
Nakazato, Suzuki, and Sakuda, PTEP 2018, 123E02 (2018)

2. Electron-capture and -decay rates of sd-shell nuclei
Electron-capture rates for a 2"d-forbidden transition in 2Ne



v-induced reactions on 1O Spin-dipole strength in O
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Spin-dipole sum
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u-capture rate on 0O and the quenching factor

The muon capture rate for O (g, 14,) N from the 1s Bohr atomic orbit
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Hauser-Feshbach statistical model

Branching ratios for y and particle emission channels (with multi-particle emission channels):
v, N, p, np (d), nn, pp, 3H (nnp), 3He (npp), o, ap, an, ann, anp, opp, ...

Isospin conservation is taken into account (S. Chiba)
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Casel: previous branches used
in %0 (y, n, p, a-emissions) and
HW92 cross sections

Case2: previous branches, and
new cross sections

Case3: multi-particle branches
and new cross sections

Production yields of B and C (10-'M)

20M,, EF N

MGt Casel Case2 Case3 Casel Case?2 Case 3
M("B) 2.94 2.92 3.13 6.77 6.58 7.66
M(1C) 2.80 2.71 3.20 0.33 8.01 0.64

MMB+1C) 574 5.62 6.33 16.10 1549 17.29

T. Yoshida




v oscillation effects — v mass hierarchy

MSW v oscillations

Resonance condition

Normal hierarchy Inverted hierarchy
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Inverted hierarchy: (P, P*) = (0.32, 0); sin%0,,=0.32
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FIG. 3. Deansity profile of the presupernova star model used in
the paper [20]. The progenitor mass is set to be 150 .
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Charged current scattering off 10 nucleus as a
detection channel of supernova neutrinos
PTEP 2018, 123E02 82018)

Ken'ichiro Nakazato!, Toshio Suzuki?. and Makoto Sakuda?
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2. Evolution of O-Ne-Mg cores In stars

" Cooling of O Ne-Mg core In 8-10 M, stars by nuclear URCA process
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*Heating of stars: y emission after double e-captures on 2*Mg and 2 Ne

24Mg(e_,ve)z“Na(e_,ve)24Ne
2ONe(e™,ve)? F(e™,ve)?0

Even-A sd-shell Nuclei (A=18-30)

<E> (MeV)

long=8.6_;

v  Jog,,T=9.0
. <:E3p¢o¢>' B
. A withser. 5o ]
9.0 92 94 9.6 98 10 ! ! ! =
4 9.0 92 94 96 9.8  10.0
log(pY ) ([gem™]) ;
log (pY,[gecm "))

Suzuki, Toki and Nomoto, ApJ. 817 (2016)



“Ne (e, v) 20F

0: T T I I I
- [akahara.emf
SE- 22 f i
) 7
5—10- — 02" ;J
ln F--0 =1 K
%“’—15: — Total /
= _oof R —
oOTJ r e o=
= _25E /.f’ i
: ; | = A
_30- ‘/ |I?=III th Eu IJI
C e /
1= vl o P [ TR TR T A TR MVAN N N S
359 9.2 9.4 96 9.8 10
logio [pYe (g cm )]
0- T T T I T T T I T T T I T T T
L ® Takahara ef al.
[ 2727
-5 2" 53" -
= - = 027 T
'w [ --0 51 -“"_”__ _______
5 10 .
5 _
= L ]
19 log,; TIK)="90] -
L B o i
I s ]
i 1 ;I-éfl I 1 1 1 I 1 1 1 I 1 l l I 1 1 1
~20g 9.2 9.4 9.6 9.8 10

Martinez-Pinedo et al.,

logio [pYe (g cm™)]

ZONe

O+

0+ -> 2+: 2"9-forbidden transition

Kirsebom et al.,

B-decay exp. ->

arXiv:1805.08149
log ft =10.47(11)

cf. NNDC : log ft > 10.5
_ W7 BTy =gasr
B(GT)

PR C89, 045806 (2014)



e-capture rate
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Coulomb effects
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Summary
1. v-1%0 reactions and v detection
- Spin-dipole strengths in 0O and v-1°0O reaction cross sections
are evaluated with a shell-model Hamiltonian, SFO-tls.
Partial cross sections for y emission, single- and multi-particle emission
channels are obtained by Hauser-Feshbach method with isospin
conservation.
- Syntheses of light elements B and *C in SNe are studied with
full inclusion of the multi-particle emission processes.
- Charged-current reactions on *°0O induced by SNv are studied.
Mass hierarchy dependence of the cross sections Is presented;
promising for distinguishing mass hierarchies in future SNv detection

2. Evolution of O-Ne-Mg core In stars

- e-capture rates for 2"d-forbidden transition in °Ne, °Ne (0*) — 29F
(2*) are evaluated by multipole expansion method with shell-model
Hamiltonians; USDB (sd), YSOX (p-sd), and compared with those
obtained with a prescription that treats the transition as an allowed GT
one. Sizable difference in the rates are noticed between the two methods.
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