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New shell-model Hamiltonians which describes the
spin modes such as GT strength in nuclei very well
-> New v-nucleus reaction cross sections

v-nucleus reactions: E, <100 MeV
1. v-12C, v- 13C
2. v-160
3. v-2%Fe, v-"5Nij
4. v- VOAr
*low-energy v-detection
Scintillator (CH, ...), H,O, Liquid-Ar, Fe
*nucleosynthesis of light elements in supernova explosion
-v-oscillation effects
e-capture rates in stellar environments
- pf-shell: nucleosynthesis of iron-group elements in Type la
SNe
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® v-nucleus reactions

1. v-12C, v- 3C: SFO (p-shell)
2. v-1%0: SFO-tls, YSOX (p +p-sd shell)
3. v-Fe, v-"5Ni: GXPF1J (pf-shell)

4. v-*Ar: VMU (monopole-based universal interaction) +SDPF-M

+GXPF1J (sd-pf)
Suzuki, Fujimoto, Otsuka, PR C69, (2003), Yuan, Suzuki, .. PRC85 (2012)
Honma, Otsuka, Mizusaki, Brown, PR C65 (2002); C69 (2004)
Suzuki, Honma et al., PR C79, (2009)
Otsuka, Suzuki, Honma, Utsuno et al., PRL 104 (2010) 012501

Suzuki and Honma, PR C87, 014607 (2013)
Yuan, Suzuki, Otsuka et al., PR C85, 064324 (2012)
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Monopole terms: New SM interactions vs. microscopic G matrix
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=v-nucleus reactions pf-shell: GXPF1J (Honma et al.)

p-shell: SFO cf. KB3 Caurieretal.
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MSW v oscillations |

Normal hierarchy

Inverted hierarchy
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= v-induced reactions on 3C

13C: attractive target for very low energy v
E,<10MeV E"(*C)~13MeV

Natural isotope abundance =1.07% reactor anti-v

Detector for solar v (E<15MeV)

13~ o o n 13
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Coherent (elastic) scattering on light target
Neutral current A =V>=0

I =A+V’-2sin"6,J’
Vector part: V. =V’—2sin*g,J’
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Probe of neutron density distribution
Patton, Engel, MacLaghlin, Schunck, PRC 86, 024612 (2012)
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"v-induced reactions on **O  Spin-dipole strength in 60
* Modification of SFO — SFO-tls 1 T
Full inclusion of tensor force O(A) =1[Y"xo]"t_
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Production yields of "B and *C (10'Mg,) | case1: previous branches used

15M., T

20M., ET IV

it Casel Case?2 Case3 Casel Case?2 Case 3
M(1B) 2.94 2.92 3.13 6.77 6.58 7.66
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 v- °Ni reactions and synthesis of *>*Mn

New shell-model Hamiltonains in pf-shell
GXPF1: Honma, Otsuka, Mizusaki, Brown, PR C65 (2002); C69 (2004)

KB3:  Caurier et al, Rev. Mod. Phys. 77, 427 (2005)
O KB3G  A=47-52 KB + monopole corrections
O GXPF1 A=47-66

= Spin properties of fp-shell nuclei are well described
Sasano et al.,

B(GT) for 88Ni g,&ff/g,free=0.74 B(GT) for *°Ni  pry 107, 202501 (2012)
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= v- 40Ar reactions

Liquid argon = powerful target for SNv detection
sd-pf shell: 40Ar (v, ¢) 0K (sd)2 (fp)? : 2hw
SDPF-VMU-LS

sd: SDPF-M (Utsunoetal.) fp: GXPF1 (Honmaetal.)
sd-pf: VMU + 2-body LS

4
“PAr > K 10° 1
103 _
¢ | —— sDPE-vMU | g
WBT 1 9 10% ¢
N ,_m._-—'f'* :I! - ]
o4t 1 S 10tk SDPF- VMU LS .
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Ex (MeV) cf: E. Kolbe, K. Langanke, G. Martinez-Pinedo,

Suzuki and Honma, PR C87, 014607 (2013) and |ID Voge”I, J. I?jhys. G 53 25?;?&\ (chl)(())B); -
(p.n) Bhattacharya et al., PR C80, 055501 (2009) - I "Botellaand A. Rubbia, J , 9 (2003).



@ Electron-capture (weak) rates in stellar environments

70

_=standard rates available

Sullivan et al., ApJ. 816, 44 (2016)
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-pf-shell: GT strength in *°Ni: GXPF1J vs KB3G vs KBF
KBF: Table by Langanke and Martinez-Pinedo,

g
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- 56 . 56
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hi It == EXP.
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EXP: Sasano et al., PRL 107, 202501 (2011)

E_(MeV)

ey
()

At. Data and Nucle. Data Tables 79, 1 (2001)

" fp-shell nuclei: KBF Caurier et al.,
NP A653, 439 (1999)

- Experimental data available are taken into
account: Experimantal Q-values, energies and
B(GT) values available

- Densities and temperatures at FFN
(Fuller-Fowler-Newton) grids:
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= Type-la SNe and synthesis of iron-group nuclei
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, *4Cr ... compared with solar abundances

1[}2:|.........|... TTTTT] ...”.T T I T I T T T[T I T T[T Tri 1y
: .1 Iwamoto et al., ApJ. Suppl, 125, 439 (1999)
~ WY S4CroeNi | |
s 10°F 54|:e\. 1 e-capture rates with FFN
b . ]
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N ;""é""_.;,;"a.'e """ [f e Type-la SNe
> 107 "w:".&f‘w\ ET,' = 4 W7 model: fast deflagration
= f ,.,EMK“ ".,f'lgﬂll '|”| v ”T| 1 WDD2: Slow deflagration
0 1} B "II N % || + delayed detonation
F | | I| |'Ix‘ 1 . . .
bttt ] Initial: C-O white dwarf, M=1.0Mg,

10 20 30 40 50 60 70 central; py=2.12, T.=1x107K
Mass Number A



e- capture rates: GXP GXPFlJ (21<7<32) and KBF (other Z)
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Mori, Famiano, Kajino, Suzukl Hidaka, Honma, lwamoto, Nomoto, Otsuka, ApJ. 833, 179 (2016)



Summary

*New v —Induced cross sections based on new shell-model
Hamiltonians with proper tensor forces

(SFO for p-shell, GXPF1 for pf-shell, VMU)

* Good reproduction of experimental data for
12C (v, €) 12N, 12C (v, v’) 12C and >°Fe (v, ) *°Co

 Effects of v-oscillations in nucleosynthesis
abundance ratio of ‘Li/*'B — v mass hierarchy
Inverted hierarchy vs. normal hierarchy

* New v capture cross sections on 3*C by SFO
Enhanced solar v cross sections compared to CK
Detection of low-energy reactor anti-v

* New v capture cross sections on O by SFO-tls
Production of 1B by *O(v, v’ap)*B



* GXPF1J well describes the GT strengths in Ni isotopes :
Nj two-peak structure confirmed by recent exp.
— 1. Accurate evaluation of e-capture rates at
stellar environments

2. Large p-emission cross section for >°*Ni and
production of more >>Mn in Pop. I11 stars

VMU for sd-pf-shell:
GT strength consistent with (p, n) reaction
— new cross section for 4°Ar (v,e’) “K induced by solar v
Suzuki and Honma, PR C87, 014607 (2013)



ONew weak rates for pf-shell from GXPF1J

Nucleosynthesis of iron-group elements in Type la Sne:
GXPF1J gives smaller e-capture rates (cf. KBF, KB3G,
FFEN), and leads to larger Y, with less neutron-rich
Isotopes, thus can solve the over-production problem in
Iron-group nuclel.



