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No chance for Supernova neutrino search

D

for next hundred’s years?

¥
We believe, yes!

AR ARBHT IR FE BFEER"1—KU/

(a few per century) e
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No chance for Supernova neutrino search
for next hundred’s years?

¥
We believe, yes!

BfMEs=s_1—KU./

TIME AXIS
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Physics Motivation
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Super-Kamiokande (2012)

SK collaboration, Phys. Rev. D 85, 052007 (2012)
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Super-Kamiokande (2012)

SK collaboration, Phys. Rev. D 85, 052007 (2012)
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J\

w OISO KRE
(EWLWIXRILEX—581E : E<16MeV)
= 0 —FVICKBDERFEF IR

Isotope |

U

12 (sec) | Decay mode | Kinetic Energv(MeV)

AL 0.0085 3 20.77 (31%)
3 4+n ~16 (61%)
e 0.0090 Bt 4+ p 8~ 14
2N 0.0110 3 16.38
“Be 0.0114 3 11.66
Y 0.0161 3 14.07+6.09(7)
Bt 0.0173 3 13.42
22 0.0204 3 13.37
“He 0.122 3 10.56+0.99(~)
5 +n (11%)
.C 0.127 574 p 3~13
aLi 0.178 3 13.5 (75%)
11.0+2.5(7) (25%)
5 +n ~ 10 (35%)
SJC (0.7478 3 +n ~4
°B 0.77 31 13.73
SLi 0.84 3 12.5~13.0
2oC 2.449 3 9.82 (32%)
4.514+5.30(~) (68%)
N 7.134 g 10.44(26%)
4.27+6.13(7) (74%)
1 Be 13.8 3 11.48 (61%)
9.32+42.1(v) (29%)
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J\W OISO RER
(EWLWIXRILEX—581E : E<16MeV)
= 21— VICKBERIRF AR

Isotope | 71 (sec) | Decay mode | Kinetic Energy(MeV) |
‘LI (].U(]".) o] 20.77 (_5](/ )
5 4n ~16 (61%)
TO | 00090 | B +p S~14
12N 0.0110 g 16.38
PBe | 0.0114 3 11.66
B 0.0161 3 14.07+6.09(~)
PB | 0.0173 3 13.42
"’B 0.0204 N

L_O)) \\Y 77— 2

.—‘ * ) ~ l(l 5)‘/1
— | U778 ‘ ~ dE/dx plot
0.77 .3" 13.73 Lione
;Ll 0.84 I 12.5~13.0
e 2.449 5] 9.82 (,’52‘/{ )
4.51+5.30(~) (68%)
%".\ 7134 3 10.44( )b(/ ) relic candidate
4.2746.13(~) (74%)
1 Be 13.8 3 11.48 (61%)
9.3242.1(~) (29%)
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Super-K with Gadolinium

~ n__- Dissolve Gadolinium into Super-K
Ve b4 O
\p L’ J.Beacom and M.Vagins,
Q- Phys.Rev.Lett.93 (2004) 171101
\ » G B 100% oo >ggc;f>§r?ch2§ ...................... -
5 for n capture \
3 80% ]
BOY% A F—
@E%Eﬁ%—ﬁﬂ” 40% - I
Ve (SSCXT ZBCEARIBICEIR 0, / .f
AT~20usec d | Gdin
: e 0% Lt il L
Vertices within ~50cm 0.0001% 0.001% 0.01% 0.1% 1% e
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Super-K Gd 2T 21—

2018FE6H1HY > 7/ dEFE = A
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Super-K Gd THAfF SN B XE

0.8 ] -
g 0-72— Expected total BG —
DSNB flux: LN 06 Tv = 6MeV =
Horiuchi, Beacom and Dwek, J ost Tv = 4MeV =
PRD, 79, 083013 (2009) o °"‘§+ Tv = 19872 13
; 03— —4—+ =
* |t depends on typical/actual SN % 02‘_—‘_|+_|—| AL - E
emission spectrum > i __j——ﬁ___L_ﬁ L_j——ﬁ__jj__é
013 | I‘I|21 l l114l l l1|6I I I1|8I I I210 2%8
DSNB events number with 10 years observation Total (positron) energy MeV
T 8MeV 11.3 19.9 31.2 530
T 6MeV 11.3 13.5 24.8 436
T 4MeV 7.7 4.8 12.5 256
T SN1987a 5.1 6.8 11.9 210
BG 10 24 34

RIDOREHEFTED
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No chance for Supernova neutrino search
for next hundred’s years?

¥
We believe, yes!

R RAREF T 2GR
(a few per century)
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Super-Kamiokande

Q
w
DV o Nakazato et.al. ApJ.Suppl. 205 (2013) 2
o0 o5
%g c_‘g% CEJ o http://asphwww.ph.noda.tus.ac.jp/snhn/index.html
< OO 4 = " Supernova models BH
10 s[> T " " *' " T J init 2 [ tovve=100ms | frovive= 200ms | fovive= 300ms models
13Msolar 258kB 257kB 256kB
20Msojar 258kB 257kB 257kB
30Myojar 002 257kB 257kB 255kB
50Msplar 257kB 256kB 256kB
13Msojar 258kB 257kB 257kB
20Msojar 258kB 257kB 256kB
30Myorar 0.004 . 4.97MB (Shen)
2.69MB (LS220)
50Msolar 259kB 258kB 257kB

at 10kpc, 4.5MeV energy threshold
el (inverse beta decay
/300 event for
Livermore model)

distance(kpc)
20179/ 12H BARYEZR/ YV IRI T L 26



Super-K Gd

v, w/o tagging K-Nakamura et. al. MNRAS 461, 3296 (2016)
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Yokozawa et al. ApJd 811, 86 (2015)
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KamLAND

H VB EERDNNTILF DR (~200pc) Tl o27c5
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lceCUBE

Giga-ton detector

PMT @ single rate ®_EFIC KD
ZREEZRER AE

600 |
e 500 LONset of neutrino emission
> ~3msec precision
Q400 |
T 800
o)
s 200 |
o
£ 100 | |
o 10 kpc
Lﬁ 0 _ul_‘j

gl | ]
-100 !

-10 -5 0 5 10 15 20 25 30
Time post bounce (ms)

2400 m

Halzen, Raffelt : arXiv : 0908.2317
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HROBHFE_1—~J /1RH2S

[ Liquid scintillator
[ ] Water, Ice
[ ] Other

target mass
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oL for Solar bestof Am1 . . -
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lceCUBEDRHIER

High-energy starting events in lceCube

Energy Threshold 6 years (ICRC 201 7)
-I Background Atmospheric‘ Muon Flux
I Bkg. Atmospheric Neutrinos (7/K)
- Background Uncertainties
102 F Atmospheric Neutrinos (90% CL Charm Limit) {
" eee Data
§ | IceCﬁube Preliminary
w .
S 10 E B AL T L
e Selected events S
that start in <
2
lceCube volume c
> 10° R [ = ] ]
e 82eventsinb 1
years (54 in 4
ears 107 B B R e
years) T
10° 10° 10°

Deposited EM-Equivalent Energy in Detector (TeV)
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lceCUBEDRHIER

High-energy neutrinos on the sky

Through-going tracks (>200 TeV)
\

Cascades

Starting tracks

Equatorial
See C. Kopper, NU060

No evidence of clustering in high-energy neutrino directions (> 50% astrophysical).
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