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1. Detection of SN neutrinos with water Cherenkov detectors

- Neutral-current reactions on 1°O
Detection of 4.4 MeV y from 1°C (4.4 MeV, 1*, T=0) induced by
160 (v,v") 180 (12.97 MeV, 2°) — 2C (4.4 MeV, 2*, T=0) + «
Isospin mixing in (2-, T=1, 12.97 MeV) and (2-, T=0, 12.53 MeV) states in °O

- Isotopic abundance of 80 = 0.204%
Effects of the contributions from v-180 reactions on SN v detection by charged-
current reactions on 1°0O in water are examined

2. v-?)Ne reactions for nucleosynthesis of 1°F
Cross sections for 2Ne (v, v’p) 1°F, 2Ne (v,, e*n) °F induced by SNv



1. Detection of SN neutrinos with water Cherenkov detectors

Langanke, Vogel and Kolbe, PRL 76, 2629 (1996) y spectrum in a water Cherenkov detector

Super Kamiokande (SK-I, 11, I11): E, >5 MeV
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FIG. 2. Signal expected from supemova neutrinos i a water
Cerenkov detector. The solid line is the sum of the Y spectrum.
|ﬁ0 generated by v, and ¥, reactions on '°0. and of the positron
spectrum (dashed line) from the . + p — n + &7 reaction
. ) . i ) . The upper part (a) has been calculated assumung Fernm-
FIG. 1. Schematic illustration of the detection scheme for Dirac neutrino distributions with (7 = 8 MeV. g = 0) and
. . : : . - R (' =5MeV, p =10) for v, and v, neutrinos, respectively.
supemova v, and v, neutrinos in water Cet enkov detectors. In the lower pa.rt (b) Fermi-Dirac neutrino distributions with

(I =626 MeV., u = 37) and (I" = 4 MeV, g = 37) have
been assumed for v, and ¥, neutrinos. The energy E refers to
the photon or positron energy, respectively. The spectra are in
arbitrary units.



- SK-1V: E, >3.5 MeV
— Detection of 4.4 MeV y from 160 (v, v') %0 (12.97 MeV, 2°) M. Sakuda

160 (12.53 MeV, 2-, T=0) — 12C (4.4 MeV, 2*, T=0) + a
L 12C(g.s. 0%) + y (4.4 MeV)
160 (12.97 MeV, 2, T=1) —<= 12C (4.4 MeV, 2*, T=0) + «

[,1/T =Br(12.97 MeV — 2C (4.4 MeV) + a)
=0.371+0.006 Leavitt et al., Nucl. Phys. A 410, 93 (1983)
=0.224+0.04 NNDC (Zijderhand and van der Leun, Nucl. Phys. A 460, 181 (1986).)
= 0.464+0.06 Charity et al., Phys. Rev. C 99, 044304 (2019)
Averaged value = 0.35

* Isospin mixing
U>= ,/1-p2%2|U,T=1>- B |D, T=0> |U>=112.97 MeV, 2->
ID>= ,/1—p%2|D,T=0>+ B |U, T=1> ID>=112.53 MeV, 2->
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i capture on 160 (103/s) (fx = 957 /g4)

0\ Exp. Calc.

2 (0.0 MeV): 6.3 + 0.7, 7.2
79+ 0.8 (f4,=0.63+0.03)
8.0+ 1.2

0- (0.120 MeV): 1.1 +0.2 1.33
1.56 + 0.18 (f,= 0.62 + 0.02)

1- (0.397 MeV): 1.73 +0.10 1.52
1.31 £ 0.11 (f4= 0.62 £+ 0.03)

24140 9.15+0.70  10.1+0.5
109 £ 0.7 (fy= 0.62 £ 0.02)
10.87 + 1.22
E, >16MeV: 102.6+0.6  112.0
98 + 3 (f4= 0.95)
16N B~ decay rate (1073/s)
2= - 0% 272404 27.2

2 f,=0.68 + 0.05

Neutral-current cross sections %0 (v, v") 160O*

f,=0.68 for 2- (12.97 MeV), 1- (13.09 MeV)
1- B?=0.94 (8=0.25), f,2*(1- p*)=0.43

2-, 12.97 MeV>— a + 12C (4.4 MeV)

with [,;/T' =0.35
1, 13.09 MeV> — p + PN, ¢
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10°E v fux (Bv.) (Ba) (Bv.) EZ EZ E3
= = et Model (MeV) (MeV) (MeV) (1052 erg) (1052 erg) (1052 erg)
4 2L et e
E 107 . Pt mMB 120 120 120 5.0 5.0 5.0
g 10 - - ' Ordinary SN (NK1)| 9.32 11.1 119  3.30 2.82 3.27
G §_ ll-l.-....
‘; - " Fermi-Dirac 1.0 160 250 5.0 5.0 5.0
= 1k Blackhole (NK2) | 17.5 21.7 234  0.49 8.10 4.00
o] =
b= - F 12.97 MeV (v) :
% 10—1 - } — — — 12,97 MeV (V) Reactions Present work
i g — . —. E,>16MeV
z , N ®m  y-rays from 12.97 MeV Flux
Ol0E 4 Lo from Ey > 16 MeV mMB NK1 FD NK2

3 - | | | | p(7.. e*)n 5900 3200 7960 18200
10~ ' Ea— — : '
20 40 60 80 100 | NC 60(1,1) 1607 (12.97MeV), E, —4.4 MeV) 0.85 13 80 158
E, (MeV)
Other works
E2 1 CC 0(v,e7) +8 O(7e, et )(E. > 5 MeV) [12] xx 77 xx 3831
o DTSR
Fermi-Dirac: frp(Ey) = 0.555 T3 1+ E}:I}{Ew’rT} ve elastic scattering [12] yy 140 yy 514

NC %0(v, )10 (E,

r

=5 MeV)[4] 14 62 498 984

. _ 1283 AE

Modified Maxwell Jmas le_Evj = —y EXp\ — — Expected number of neutrino events from a core-collapse supernova at 10 kpe
3(E)* (Ev)

Boltzmann: v v

Super-K (32kton).
Sakuda, Suzuki, Reen, Nakazato, and Suzuki, PTEP in press, arXiv:2211.07851



Preliminary:
Time evolution of events
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1. Burst

2. Accretion

3. Cooling

K. Nakazato



*V

-180 reactions

180 0.204 % of oxygen isotopes
GT strength in 180

Exp. (*He, t), Fujitaetal., PRC 100, 034618 (2019)

*0 (n,, e) *°F
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——- T=0
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XD,
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% B(GT),y, = 4.06
2 B(GT)calc =2 B(GT)exp
f,=0,°"/g,=0.88




(v,, €) cross sections
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(M, Z2) =(20M, 0.02) Z = metalicity

<E v,>=9.32 MeV, <E v,>=11.1 MeV, <E v,>=11.9 MeV
Expected event numbers Nakazato,Suzuki,Sakuda, PTEP (2018)

ordinary supernova SK 32Kton
reaction no osc. normal inverted 10 kpc
160(v,, e )X 41 178 134 tot P
60(7,, eT)X 36 58 03 Ev =
electron scattering 140 157 156 3x10°2 erg
inverse 3-decay 3190 3534 1242/ flavor
total 3416 3927 4635

Ratio N("°0)/N(*°0)

— T=3Mev
S [ e T=35MeV |
ol -——- T=4MeV
<
o
E .... hﬁ“w .
100 L v v e T
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E‘e (MeV)
Ee = 5- 60 MeV:
Ratio=1.3-0.3 T=3MeV
05-01 T=35MeV
0.3-0.0/7 T=4MeV

Expected event numbers with 20 (v,, e™)%F

(vo,e”) noosc. normal Inverted
41 ->68 178 ->203 134->172
(+66%) (+14%) (+28%)




2. Synthesis of 1°F by v process

v — 20Ne reactions
0Ne (v, v'p) F  S;=12.843 MeV

20Ne (v, 6*) OF Q=7.024 MeV, 2F »F+n S =6.601 MeV
Q +S, = 13.625 MeV

A Charg(_:d Current Rcaci__iﬂn Neutral Current Charged Current Reaction
Anti-Electron Neutrino Reaction Electron Neuirino Cf .
Effective anti- ZONe (V, V’n) 19Ne
electron neutrino
oy Effective electron Proton Sn = 16.864 MeV
E neutrino T Emission
— L ee— T SptQ, 16082 keV 20 N e (Ve1 e o ) 20 N a
SniQ_13625ke
Neutron Q:13.887 MeV
“’Na — ®Ne + p
Newsnothx ] /[ 2N S, = 2.195 MeV
. Aipha Hayakawa Q+S,=16.082 MeV
16
O

T(ve) <T(ve) = T(vy)
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Hauser-Feshbach statistical model Fermi-Dirac with temperature T
— BR forv, p, n, d, *He, a and multi-particle

. 20 19
emissions ONe -> 1°F Ne -> F
) 2.5
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20 40 60 80 3 4 6
E, (MeV) T (MeV)
(T, Ty, T,.) = (3.2, 5,6 ) MeV (Ty,, Ty, T,.) = (3.2, 4,4 ) MeV

(@) (v,v'p) o =5.50x%x10"*%cm? (@) (v,v'p) o =0.76 x 10~*?cm?
(b) (Vp,etn) o =0.79 x 10~*2cm? (b) (V,,etn) o =0.23 x 10~*?cm?

b/(a+b) = 0.13 b/(a+b) = 0.23




Summary

1. Detection of 4.4 MeV y from 160 (v, v') %0 (12.97 MeV, 2°)
Isospin mixing in (27, T=1, 12.97 MeV) and (2-, T=0, 12.53 MeV)
Expected event no. of 4.4 MeV y ~ 1/5 of y with E,, > 5 MeV

2. Effects of the contributions from v-20 reactions on the SN detection by charged-current
reactions on °0 are studied.
Cross sections for *20 are larger at E,, < 20 MeV

Expected event nos. of SNv are enhanced by ~15-30% for the case with the MSW osc. and
by ~65 % for the case without the osc.

3. Cross sections for 2°Ne (v, v’p) *F, 2°Ne (v,, e*n) *°F induced by SNv are evaluated for

the study of production of 1°F in SN.
Synthesis of °F by simulation calculations in SN is under way by Kajino group.



Collaborators

v-160

M. Sakuda, Okayama Univ.

K. Nakazato, Kyushu Univ.

H. Suzuki, Tokyo Univ. of Science
M. S. Reen, Akal Univ.

v-“Ne
S. Chiba, Tokyo Institute of Technology
T. Kajino, Beihan Univ.

Acknowledgement:
The presenter thanks to JSPS for financial support from JSPS
KAKENHI Grant Nos. JP19K03855, JP20K03988.



