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* New shell-model Hamiltonians which describes the spin
modes 1n nucle1 very well

— New v-nucleus reaction cross sections
E, <100 MeV

1. v-12C, v- BC: SFO (p-shell)

2. v-1°0: SFO-tls (p +p-sd shell)

4. v->°Fe, v->°Ni: GXPF1J (pf-shell)

5. v-40Ar: VMU (monopole-based universal
interaction) +SDPF-M +GXPF1J

* Nucleosynthesis 1n supernova explosion
low-energy v-detection
v-oscillation effects
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"New shell-model Hamiltonians and successful description of

Gamow-Teller (GT) strengths and M1 transitions & moments

SFO (p-shell, p-sd shell): GT in ?C, *C, M1 moments
Suzuki, Fujimoto, Otsuka, PR C69, (2003)

GXPF1J (fp-shell): GT in Fe and N1 1sotopes, M1 strengths

Honma, Otsuka, Mizusaki, Brown, PR C65 (2002); C69 (2004)
Suzuki, Honma et al., PR C79, (2009)

VMU (monopole-based universal interaction)
Otsuka, Suzuki, Honma, Utsuno et al., PRL 104 (2010) 012501

* important roles of tensor force
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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 Caurier et al.
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* v-induced reactions on 13C

13C: attractive target for very low energy v
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p-sd shell: SFO
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Solar v cross sections
folded over °B v spectrum

Voo [ (85)+2 (3.50MeV)]
CK: 1.07x%x10"*cm?

SFO: 1.34x10*cm?

(v,v") % (3.69MeV)
CK: 1.16x10*cm?

SFO: 2.23%x10*cm?

10 ¢

E x —_————y
u F
10 E_,_f—"’_'_‘d—\

E J--
10"*

10

Solar Neutrino Spectum
Bahcall-Pinsonneault SSM

,_
om

5,
I

— PP

—
SN
m

W

|
\
1

Flux (fem'/s or form /s/Me V)

_ =
o Q
— a ' (n

—_ =
==
I e o et ettt a
Y y o
L0 LB
4 [N}
i 1) -4
) =4
o 5 |
x A —

hcp\

a.l

1 1
L.O 10.0
Neutrino Energy (MeV)




_ _ 34, — —nlIi3
Reactor Vv, (Ve,\’e)%ve—ﬂux Clhpve) C

~ 101 F -

E, =8MeV )

m
w
)

1
~~~

w
N
o0
v
o
<

N’

Q
_ g g2 L SFO f
reactor vV, spectrum g
o
= z -S43 L —
| g 10 . CK 312)
.co\ 5
. Lo | | | L1 | |
= 2 4 6 8 10 12 14 16 18
Ve —= Ev (MeV)

o

N Egl( P/ Mew x figsion)

13 C(v_,e” )13Ng.s.

o~
LI

w
LI L

n
LI I L R

Count Rate (arbitrary units)

—
L

Vogel et al.

o

2' ”3“”4”“5”' 6“”7”. 8
Neutrino Energy (MeV)




Partial cross sections of gamma and particle emissions
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Coherent (elastic) scattering on '2C and 3C

Neutral current
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*v-induced reactions on QO Spin-dipole strength in 190
* Modification of SFO — SFO-tls i i\
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Production yields of 'B and ''C (10-"M )

15M., TV

20M., €TV

Casel: previous branches used
in 'O (y, n, p, a-emissions) and

A Rit  Casel Case?2 Case3 Casel Case?2 Case3 HW92 cross sections
] 11 9 / A) A) : : Lo d (+ 'rﬁ ~ .
M("'B) 204202 313 60T 6.58 TG Case2: previous branches, and
M(1C) 280 271 320 933 801 064 :

M(MB+1C) 574 562 633 1610 1549 1720 NEw Cross sections

Case3: multi-particle branches

T. Yoshida .
and new cross sections

20M

15 M, Z=0.02, ES1=1

15M

o” . 20 Mg, Z=0.02, ES1=1
' ' / g 10° — T T 7 -
f = F |
| He H
{1 12 >
-1 | | '6c [ 1?9
10 | I‘ 53&% 1 | .68
f 10 R
- j Esh¥s e
3 | —_— < [ s1+%s
£ 10 ‘ b | '
2 \ / l & 10 l
i “' § L (I |
] e 3 , —
10° . —
! ’ 10° | ' :
| |
4 , 1 1 1 1 I ) 1 A
10 .
15 2 25 3 35 4 45 5 107 L 1 L - L
oM, 2 3 4 s i 7
MM,
10 -
B 10% £
c1 -
. B2 L
107 c2 o E
183 i
c3 —— X
% 10° F (i f 5 07 E
fra g 5[
@ . w 107 F
g i
= ok
1001° § [
L 1ot [
1o k} 1 Lt
i 45 5 102




* v- YAr reactions
Liquid argon = powerful target for SNv detection

VMU= Monopole-based

‘ tensor force: bare=~renormalized

universal interaction

(a) central force - b) tensorforca - || O sd-pf shell: 4°Ar (v, €) 49K
Gaussian t+ pmeson || SDPF-VMU-LS
{S¥ungly renomalzed) auchangs sd: SDPF-M (Utsuno et al.)
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Important roles of tensor force

Otsuka, Suzuki, Honma, Utsuno, Suzuki and Honma, PR C87, 014607 (2013)

Tsunoda, Tsukiyama, Hjorth-Jensen
PRL 104 (2010) 012501
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Spectrum with v-oscillations

- With collective oscillation effects
G.G. Raffelt/ Progress in Particle and Nudlear Physics 64 (2010) 393-399 {Evc) — 10' (E','{} — 14 and (E"h} — ]8 Mev.
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Cross sections folded over the spectra
(E,,) = 10, (E;,) = 14and (E, ) = 18 MeV.
A (normal) B (inverted)

*Target = 1°C

no oscillation 8.01 8.01 (10*cm?)
collective osc. 8.01 39.44
collective +MSW 39.31 39.35

Target =*Ca  Q(*%Ca-*8Sc)=2.8 MeV E(1%; 48Sc) =2.5 MeV
A (normal) B (inverted)

no oscillation 73.56 73.56 (10*cm?)
collective osc. 73.56 303.4

collective +MSW 302.6 302.8

E, i 18 too small to distinguish the v-mass hierarchy in case

of Collect.+MSW oscillations



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, e) 12N, 12C (v, v’) I2C 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 13C by SFO
Enhanced solar v cross sections compared to CK

Detection of low-energy reactor anti-v

* New v capture cross sections on 10 by SFO-tls
Production of B by 1°O(v, v’ap)''B



* GXPF1J well describes the GT strengths in Ni isotopes :
Ni 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. III stars

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

* Identification of v-spectrum with oscillations (collective
+ MSW) by low-energy v scattering is not easy as E_ ;, is
not large enough.






* 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 3¥Ni g,c°ff/g,fre=0.74 B(GT) for *°Ni prL 107, 202501 (2011)
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