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e

200051 ~
OXEBEEZITICLIEZa—FY /AR NLDETE
@ pair neutrinos
Ordzywolek et al. (2004); Misiaszek et al. (2006)

@ plasma neutrinos
Ordzywolek (2007)

@ neutrinos by weak interactions
Ordzywolek (2009)

® presupernova neutrino®event#{ (proceedings)
Ordzywolek et al. (2007); Ordzywolek & Heger (2010)

20154
@ presupernova)* 5 Dneutrino D 2 3R & event#]

Kato et al. (2015) Electron capture SN & E JJBRIREISN & D LEER
Asakura et al. (2015, arXiv) KamLAND T O EH|F Al
Patton & Lunardini (2015, arXiv) ANRY NI Dsnapshot
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® pair neutrino processic K5 =1 — kY /N
-omfE, BEREFE

O 15M, ETILDSIRIEN S ENRRRICESDS T TOD
“a—hMU/EBEARRT NILDOZEAL

©12,15,20M, EFIICHIFTZZa—MNJ /RHEE
KamLANDI(C K 2 &R0 8E%E

® KamLAND, JUNOIC K 5BFE =1 — KU /alert
OEBMERINN=a—FNY /HSREBREZIENDIH?
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Pair neutrino process

(L]

o BEFBEEFIEMIC & Dneutrinof¥

€+ Ve €+ Ve,u,z'

e Ve e Ve, 11,7

(Misiaszek et al. 2006)

® charged current/ /5 W v,, v. %= 1
® neutral currentZ /5 B (ve, Vo), (Vu, V4), (Vz, Vo) % B

neutrino £ iR, ARY NVIZERE, BEFEETFRBEICAE
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Neutrino spectra® Bi56 D

® pair neutrinolC K $neutrino¥

o nelltl'ln()ﬁ& L LTI—\ (Yakovlev et al. 2001)

IM1>
v, & " 162 )lzhlz f Je- fer Q) ONPeAPes-PrP?) g, 7 A PedPerd D

IMI2 = 16GF3(fic)? {(Ca-Cv)?(pe-- pv)(Pe+. p7) + (CA+CV)2(Pe+. pv)(Pe-. P7)
+ mo2ct (Ca2-Cv2)(py. pv)}

Cy Ca
Ve 0.5+2sin%6,, 0.5
Vur -0.54+2sin26, -0.5

D v, DDV K DB ERAKE LY
D E5E (Ve Vi D T DWVeViurdk D HFEH T RILF—HAE L

@ EVTFTAIOYITaL—2 3> Tvspectraz K& 35
(Odrzywolek et al. 20040 /575 % L B)
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15M, E 7 )L D2 HEE L & neutrino I 1
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SilRBERIHA [C & |7 S neutrino spectra

®15M, T —“)M & |F D neutrino spectra
O X EELLnH
©® FX: [pre(Ev, My)dEWAM;, [ Pre(Ey, My)0re( Ev)dE,dM, D 7370

® AX: neutrino spectra

® FilstepX T 3.60 days (Si core FABEF)
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SiABERR [C & | D neutrino spectra

® 15M, ET)LIC & T S neutrino spectra
O £ BEE D
©® FX: [pre(Ev, My)dEAM;, [ Pve(Ey, My)0ve( Ev)dE,dM, D 7370

® AX: neutrino spectra
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SilRBER DO shellAE|C & |7 D neutrino spectra

® 15M, ET)LIC & T S neutrino spectra
O £ BEE D
©® FX: [pre(Ev, My)dEAM;, [ Pve(Ey, My)0ve( Ev)dE,dM, D 7370

® AX: neutrino spectra

® 5 i%stepXk T 9.78 hours (O shell ¥ABEH)
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mxfi<step iC & 17 S neutrino spectra
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® 15M, E7)LIC & [F D neutrino spectra
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1t & neutrinoX -

12,15,20M, €7 1EE
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Electron capture SN progenitor ) 5 @D neutrino

® Electron capture (EC) SN progenitorH* 5 MDneutrino¥ 1

|

=) I [Cplasma neutrino(C & > TR
(Kato et al. 2015; ApJ 808, 168)

10 5 T T T T
e 8.4Mo: ECSN
10.0 | 12M — | 5 S|
0.5 15M: “ 12, 15M,: EHERERISN
3
= 90t
S e
o 85¢F
8.0 Z:Brems plasmon
7.5 L7
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Electron capture SN progenitor ) 5 @D neutrino

|

® Electron capture (EC) SN progenitor 'S Mneutrino/iX -

]

=) F [Cplasma neutrino|c &K > T Kato et al. 2015; ApJ 808, 168)

Y

V = Vg, Vg V=Vurr Vun
54 '—— 8.4M_ total | |
.......... 8.4M__, pair
53 | 8.4Mg plasma 1
— 12M_ pair
— 927 15M. pair i
= 51 1
< 50| / ]
g
- 49 ¢ / f | /

48| / | /
/ /
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® ECSN progenitorH 5 DOneutrino U H = (FFEF [C 2R LY

KamLAND T(d& ~0.0015 events
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KamLANDIC K 5 8#71 2 B Jineutrinof: Hl

Op+Ve—>n+et
n+p—d+y (2.2 MeV: tagging)

OV, event rate

dNv _ Np
p7 — > f{Pee )We(Ev) + (I-Pee) )\'vx(Ev)}O'(Ev) dEv

T Chimney
/

=N

S i Np = 5.98x1031 (Gando et al. 2013)
» d = 200 pc : distance to Betelgeuse
P..: Transition probability of v — V.
P.. = 1 for no mixing

|~ Photomultiplier Tubes

L~ Buffer Oil

FX IS 13 ton I FH Fiducial. Volume
%D\ el S S (12 m diameter) P.. = 0.68 for normal
QOuter Balloon
LS 1 kton ™ (13 m diameten) e = 0.02 inverted
\\ Inner Balloon o
(3.08 m diameten o(Ev): neutrino reaction cross section
A=A =4 < | & é

(Strumia & Vissani 2003)
(Gando et al. 2013)
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B JEneutrino eventZ M T4

@ HiJneutrino@d = 200pc (X7 )L ¥ 2 D IEEE)
KamLANDIC K51 p+ Ve — n+ et
Normal mass hierarchy
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Inverted mass hierarchy
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Timeg - Time (days) Time - Time (days)
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) ~ 12,18, 24 (normal), ~ 6,9, 13 (inverted)
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KamLANDIC K 83 £ alert
® KamLANDIC & %8B E Oneutrino event#{
=) 7.1x10-2 events/day (low) (Asakura et al. 2015)

0.355 events/day (high)

33 ® Low background
T6 =) I 2 event HILIE
3> 205l EDERICHED S B
) : .
:;j g ® High background
1 1 =) [C 3 event HIIE
05 5i5 20 LOERIAD 53

significance

AHSARRYT —
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KamLANDI(C & % 88¥T1£alert

® KamLANDI(C & 524F5E TOBET £ 5 Jkneutrino events

SN@200pc
6 — T
| | ' '12M normal —
5 12M inverted - N
15M normal -
% ! 15M inverted - ]
= 40 20M normal ”
< i 20M inverted )
I 3 -
Q AN
g R
> 2
Z =
L
0 e T

O 05 1 15 2 25 3 35 4
Time to collapse (days)

® low background C X I/&FBIH-¥HHEIICalert A] gE
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JUNO & RENO-50

P JUNO(IZ: % EU), RENO-50($£[E])
=) ~20kt size Dliquid scintillation neutrino®: 2% &

® JUNO®Dbackground (An et al. 2015; arXiv:1507.05613)

Selection IBD efficiency | IBD | Geo-vs | Accidental | “Li/®He | Fast n | (a,n)
- - 83 15 | ~5.7x10" 84 - -
Fiducial volume 91.8% 76 1.4 77 0.1 0.05
Energy cut 97.8% 410
Time cut 99.1% 73 1.3 71
Vertex cut 98.7% 1.1
Muon veto 83% 60 1.1 0.9 1.6
Combined 73% 60 3.8

Table 2-1: The efficiencies of antineutrino selection cuts, signal and backgrounds rates.

== High: 60 events/day; Low: 3.8 events/day
== High: 2.5 events/hour; Low: 0.16 events/hour
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JUNOIC & 5 BFT 287 neutrino alert

l‘r

® JUNOIC & dneutrino eventz (aneta. 2015)

== (.158 events/hour (low)
2.5 events/hour (high: [RF1REERH)

= | ® Low background

-g - —BFfEIC 2 event H1LIE
Q 20l A EDERICIED 53
7 :

‘ar':; | ®High background

> ]

w

) 20 EDERICIEBICIE
— A (C 10 event HE

significance
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JUNOIC & 57

=8 v mil = B—rr

B¥T 2 51 Jineutrino alert

® JUNOIC & 51

SN@200pc

20

N, in 1 hour
o

® low background Tl alert (IKamLAND & (Z(X[R]
ADalertlIEEL WLHVH LR LY

o R FUHPESRF
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T T T T
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Time to collapse (days)

Si
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BEFTE281J5neutrinoH 5 i E L ZIE S

® JUNOIC & 21K TOBFTEFTJineutrino events
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® 15 M, model
® neutrino L Z, ARY
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e EDE=DEL

== neutrino eventZ¥, time scale(C {KTF %
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B lCalert 0] BE
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SilRBER DO shellAE|C & |7 D neutrino spectra

® 15M, ET)LIC & T S neutrino spectra
O £ BEE D
©® FX: [pre(Ev, My)dEAM;, [ Pve(Ey, My)0ve( Ev)dE,dM, D 7370

® AX: neutrino spectra

® &i%stepX T 23.8 minutes
log Tc =9.66,log pc = 8.86
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12,15,20M, ET)L DEHEEL
MIMs| Mi | Mue | Mco | Msi | Mpe |sib (d)
12 106 | 352 | 1.82 | 152 | 1.38 | 8.60
15 123 | 466 | 2.74 | 1.65 | 1.50 | 442
20 143 | 686 | 464 | 2.11 | 144 | 1.11
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JUNO & RENO-50

® JUNO(H[EH,EU), RENO-50(22F)
) 20kt sizeD > > F L — 3 > Blpeutrinof BlZE &
OHEFIF—_a—KNY /Ic&kBZa—NY /IRE
INT A —H Df#EER
® {Kthreshould
) BEFEFIK=2— Y/ OERIE ATEE
® JUNO @D background

Selection IBD efficiency | IBD | Geo-vs | Accidental | “Li/8He | Fast n | (a,n)
- - 83 15 | ~5.7x107 84 - -

Fiducial volume 91.8% 76 14 7 0.1 0.05

Energy cut 97.8% 410

Time cut 99.1% 73 1.3 71

Vertex cut 98.7% 1.1

Muon veto 83% 60 1.1 0.9 1.6

Combined 73% 60 3.8

Table 2-1: The efficiencies of antineutrino selection cuts, signal and backgrounds rates.
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fthORXEBEEETIL & DHE

® 15 M, models
Woosley, Heger, Wever (2002) Limongi & Chieffi (2006)
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KEEETETI/ILDEL

® X nEIE Dk LY
® Schwartzschild=4
Vad < Vrad ‘ j‘:l-ilzl‘i)%

® LedouxsH
Vad < Vrad + %ovu =) i‘:l-;)ila%‘
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(TY & Umeda 2011; Umeda, TY, Takahashi 2012; Takahashi, TY, Umeda 2013;
TY, Okita, Umeda 2014; Takahashi, Umeda, TY 2014)
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FIG. 13.—Same as Fig. 13, in the case of **Fe matter
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(Itoh et al. 1996)
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(Umeda, TY, Takahashi 2012)
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@ pair neutrinos
e+et—vy+ Vg

® plasma neutrinos
Yplasmon — Vo + Vo

® photo neutrinos
e+y—=>e+Vg+ Vg

® Bremsstrahlung neutrinos
e —> e + Vo + Vg

® recombination neutrinos

® weak interactions
AZ + e — A(Z-1) + ve 12 &




Neutrino CIE5j;

BT
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progenitor

CEDEE, MR EICNTSEZa— M /IRE

=) 15,17, 20,40 M, model’s: &

ONRTFILF I ZmD d=197.2 +449 pc

o7 VHY LR md d=180=x15% pc

(binary)

L DIRTFE

log L/L.,=5.12 @ 200 pc

(Harper et al. 2008)

log L/L.=4.76 £0.12

M MS ~ 12 M ® (Schroder & Cunz 2007)

® y2 Velorum D d =336 +8, -7 pc (North et al. 2007)

d = 368 +38, -13 pc oviliour et al. 2007)
Mwr = 9.0£0.6 M. ® (North et al. 2007)




SifAktEIC & [ S Neutrino spectra

® pair neutrino(C K ©neutrino spectra
(Odrzywolek et al. 2004; Misiaszek et al. 2006)

OXRTIVFIANBHERRZIR I U & ZDKamLAND, SK,
GADZOOKS 7Ld: t C 0)%5,5\”5_[@%"% (Odrzywolek et al. 2007)
) BL2ORED LD EZ V- ELEFTILDOKEFM?

TABLE 3. Signals for selected neutrino detectors from Betelgeuse. Detection prospects are very good in this case, but
mainly during during last 3 hours before core-collapse. Earlier detection will be possible in the GADZOOKS!, due to
large target mass and detection of ~2 MeV neutrinos using Gd-dopped neutron tagging. Of course, any larger and more
advanced detector will perform better, cf. next table.

Events 48-24 hours Events 24-0 hours Events 3-0 hours

Detector Target mass Min. V, energy before collapse before collapse before collapse
Super-K 32 kt 5 MeV 0.6 173 158
GADZOOKS! 22.5 kt 3.8(1.8) MeV 9 (204) 442 (1883) 345 (1130)
Borexino 0.3 kt 2 MeV 2 22 13
KamLAND 1 kt 2 MeV 11 108 65

5 46 27

130pcZ R 7E: 200pc/c & 04215 (78 B
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EDREMIC & BHE

OIFREDAEE e ENEEDATEMN
5.4 e
: ‘ JeRTFILF TR
{ =) d=197+45 pc
] log L/Lo=5.10+£0.22

(Harper et al. 2008)
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