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Innovative area M. Vagins

"GW-Genesis’

Multi-messenger _ GW observation by
follow-up __ Heritage of the last ~ _ LIGO-Vir%J-KAGRA
observations innovative area

Foundation of
' GW data analysis

Synergy between data analysis and theory resee
A:-BH binaries B: NSbinaries C;

Supernoviye
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Gravity and BH binary Gamma-ray r —process ' Sxplosigh)
Cosmology formation  ‘burstand BH - elements ~ \ Mechanismvi
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Physics and astronomy motivated by GW obsex



Presentations related to neutrino signature

Supernova neutrino experiment - (15:50-17:40)

- Conveners: Koshio, Yusuke

time [id] title presenter

15:50 [7] Supernova detection in Super-K Gd VAGINS, Mark
16:30 [8] Hyper-Kamiokande project overview SHIOZAWA, Masato
17:00 [9] Supernova detection in Hyper-Kamiokande and future prospect SHIMIZU, Itaru

Supernova neutrino theory - (09:00-11:10)

- Conveners: Vagins, Mark

time [id] title presenter

09:00 [10] Neutrino Transport and Collective Neutrino Oscillations CHERRY, JJ

09:50 [11] Diffuse supernova neutrino background physics and predictions HORIUCHI, Shunsaku
10:30 [12] Light curves and other signals from extreme classes of supernovae BLINNIKOV, Sergei

Several poster presentations
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Supernova neutrinos

N, >>1:BURST N, ~1: MINI-BURST N, << 1:DIFFUSE

SN rate ~0.01 /yr SN rate ~0.5 /yr SN rate ~ 108 /yr

Adapted from Beacom (2012)

neutron tagging technique
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Time profile of neutrino emission

JJ.Cherry, H.Suzuki, M.Mori
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Kamioka underground detectors
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Kamiokande Successor .. ..

Improved measurement of supernova
neutrinos in Kamioka detectors

Kamiokande  Super-Kamiokande Hyper-Kamiokande
1983 - 1995 19906 - \ 2027 -

1987A

KamLAND '
2002 -

10th October, 2018




‘SN search at
Super—Kamlgkande

i Super-K to'SK-Gd




Super-Kamiokande

50kton Water Cherenkov detector

e -

neutrino

10th October, 2018

| SK-1
{1SK-2

32kton fiducial volume for SN
20’ PMT photocathode
(inner)  coverage
11,146 40%
5,182 19%
SK-3 11,129 40%
SK-4 same as SK-3
with new electronics

o

25 \ .

.....

N

Cphaar:i%?: 44/ ,

v¥" Underground in Kamioka
mine, (almost BG free)

v 3.5MeV energy
threshold for recoil electron

¥ Dominant process is

inverse beta decay
v Good directionality for ve

elastic scattering

1000m underground

Placed inside the Kamioka mine

Ve’x ..................... > ‘@e-

Area workshop



Super-Kamiokande

For supernova neutrinos

O (-Mev)

O How to reconstruct?

Super-Kamlokande
Run 1742 Event 102496

99999999 107:123:23

n 103 hits, 123 pE

' ta, 0 pE (in-time)
Trigger ID: 0x03
= 5.08

3 Detector performance
Resolution@10MeV Information

vertex 55cm hit timing

® 1015-1035
0000000000

direction| 23deg. | hit pattern

111111111

energy 14% # of hits.

Ee = 8.6 MeV (kin.)
c0SBOsun = 0.95

~ 6 hits/MeV
duibias  Well calibrated by LINAC /
rimes (1) DT within 0.5% precision
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Expected number of events at SK

M.Vagins Q Neutrino flux and energy spectrum from Liyermore simulation
S o (T.Totani, K.Sato, H.E.Dalhed and J.R.Wilson, ApJ.496,216(1998))
W O
o0 B
LE L= O — For 10 kpc, 5 MeV
il m: m ’
BT 68 3 S threshold,
o 10 g .............................. ............................. ................. E no OSCI|atIOn
E 10 | | | | ] ~7,300V_+p events
210 6} ~300 v+e events
- ) .16
S .n 5l ~100 v_.+'°0 events
¢ 10} © T.Sudo
© 104 50 ointi =S
10 3k ~Q pointing 1irom v+e€
ol
10 4
10 |
1 | - Nakazato simulation: ~50% less flux
-1 1 (K.Nakazato, K.Sumiyoshi, H.Suzuki,
10 T.Totani, H.Umeda,and S.Yamada,

Apd.Suppl. 205 (2013) 2)

10 1 10

10 10
distance(kpc)
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Diffuse Supernova Neutrino Background
(DSNB)

Neutrinos emitted from past supernovae

S.Ando
TIME AXIS 3 0 ' iSolar®B '
210 Solar hep B ]
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DSNB search in Super-K

Current Super-K w/o neutron tagging S.Horiuchi
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Number of events
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relic

== all background

vy CC

v, CC

NC elastic
wn

50 75

20-38 degrees (MeV)  38-50 degrees (MeV)  78-90 degrees (MeV)

Bays et al (2012)
Shunsaku Horiuchi (VT)
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Kamiokande-Il

Flux <226 cm2 st

[E, =19 - 34 MeV, 90%CL]
Zhang et al (1988)

Super-Kamiokande (SK-1)
Flux<1.2cm?st?
[E, >19.3 MeV, 90%CL]

Malek et al (2003)

SK-1, SK-Il, and SK-IlI:
Flux<2.0cm2st!
[E., > 18 MeV, 90%CL]

Bays et al (2012)
Low-E update, Zhang et al (2014)
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DSNB in upgraded Super-K

|
O/. — ~ GADZOOKS!
\p PR P \ Dissolve Gadolinium into Super-K
(2.2MeV) J.Beacom and M.Vagins,
Phys.Rev.Lett.93 (2004) 171101
Gd Y o -
©
O 100% oo 50_._169/9_5,%%;/_125 ..... e
/ 5 920/(1: nfcr:apturg \
8|\/Ie @ 80% I For 50 ktons this means ",If"/ S
= '~100 tons of water soluble / |
& GdCl; or Gd (so,,)3
O GOOA) OO SO A oo e]
*Delayed coincidence a0o | _
e Suppress B.G. drastically _
for ve signal 20% - __
e AT~20usec sl | Gdin
e Vertices within ~50cm 0% | Y Water

00001% 0.001% 0.01% 0.1% 1%
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Proposed in 2004,
out not so easy..



EGADS as R&D

(Evaluating Gadolinium’s Action on Detector Systems)

R&D for Gd test experiment

Purpose o
~/Water transparency /écLsgpiQkaHdG New hall (10m(w)x15m(1)x9m(h))
JHOW tO purify / — | ~L 200 ton tank
v'How to introduce and P

remove 2 “\f@ m
v Effect on detector —Ac T |
Vv Effect from — * :
environment neutrons Taaira

v Substitute detector of SN during SK refurbishment
Detailed presentation by M.Vagins
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Approved the project by
the Super-K collaboration
INn 2015 as "Super-K Gd”



Physics expectation in SK-Gd

O I L L
= - ]
g 0.7 Expected total BG =
DSNB flux: N oef Tv = 6MeV =
Horiuchi, Beacom and Dwek, I o5 Tv = 4AMeV =
PRD, 79, 083013 (2009) o Ogr Ty = 19873 Wi
% 035— —— —|—_|_ —g
* |t depends on typical/actual SN % 022__‘_|+ s - E
emission spectrum L — E
01— _ ]
- | |...|...|...|.—m
010I | I‘12I | I‘14 16 18 20 22 24 26 28
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 43c
T 4AMeV 7.7 4.8 12.5 2506
T SN1987a 5.1 6.8 11.9 210
BG 10 24 34 ----
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Physics expectation in SK-Gd

For Supernova burst neutrinos

K.Nakamura
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Multi-messenger signals

complementary observation with 3 signals! SN warning by pre-neutrino signal

VT

"Betelgeuse"@GADZOOKS!

neutrino* >0
~— ) 1 v 400 s15@130pc+background
Gw -—1'\r “gravitational wave.
¢ —> ‘ ) 300

| " Wl Y,
7 electrgmagiietic wave
" Fi A & ) C-s‘%‘ ¥

6 "L ~ t'; \ PRI
Y.Suwa’s art

inv. 8 events/day

200
,_l_'_,_l_,i +30

reactor+spallation@Kamioka
100 50 3

YNakanO -12 -10 -8 -6 -4 -2 0
No significant signal associated with GW150914, days BC
GWI151226, GW170104, GW170817

PRE-SUPERNOVA MONITORING

Maximum % of the Galactic
Detector .
I observation |  pre-supernovae
-5 QR 3 mass .
o ) range in the range
GW150914 GADZOOKS! 32kt | 05 kpe 0.1%
GW151226 _ - HYPER-KAMIOKANDE | 0.5 Mt 2 kpe 2%
‘ - ‘ SINGLE DEEP o
ol o' -2 -4 -6 8" 10" 4 o &6 : o 2 & & & a0 OCEAN BALLOON 10 Mt 10 kpC 50%
S NG GIGATON ARRAY 1 Gt 100 kpc 100%

-75°

90% C.L. limit on fluence cbn;;ud-er{ UP
T T e lmporta nt for obtalnlng |lg ht curve
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Schedule of the Super-K Gd

Start refurbishment of Super-K on 31st May, 2018
2018 2019 2020 202X 202X

To:Leak stop work (~4 months)

B fill water (~3 months)
Operation by pure water

T1:Load first Gd2(S04)3 up to 10ton
I Neutron tagging efficiency : ~50%

B Observation T2:Load full Gd2(S04)3

- 100 ton
~90% efficiency
Stabilize water quality —— i} Observation

10th October, 2018 Area workshop 21



~ SN search at .
Hyper-Kamigkande
| Prorhis'ing future 'ex.perim’eht j

Notre-Dame de Paris

~ 260.000 m?3 ~ 180.000 m3




M.Shiozawa, |.Shimizu

Hyper-Kamiokande

~40000 PMTs
New photo-censer which has
twice sensitivity than Super-K

260 kton tank

improved
photosensor
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Top View\\_ " |
AR =4 T
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inrf\ Bl
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O
. o
Top View

Lo
0 |||||||||||||||||
-90-80-70 -60-50 -40-30-20-10 O 10 20 30 40 50 60 70 80 90

Injection position (degree)

High statistics (~10 x Super-K) , M-Harada
Achieve ~70% neutron tagging

efficiency using 2.2MeV gamma.
and low background (~20% for SK)
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keeping low energy threshold



Expected number of events at HK
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Expected number of event

98k~136k ev (IBD)
4.2k~5K ev (ve ES)

(12~80 for neutronization)
160~8200 ev (ve CC)

1300~7800 ev (ve CC)
at 10kpc

events/0.44Mega-ton

Livermore simulation
Totani, Sato, Dalhed, Wilson, ApJ. 496 (1998) 216

distance(kpc)
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Fruitful physics targets

3000

12000 |-

1500 |

events/0.22Mt/20msec

1000 |

500 |

| Nakazato et al. (2015),1D,20M
I Takiwaki et al. (2014),3D,11.2M
[ Bruenn et al. (2016),2D,20M
2500 | Pan et al. (2016),2D,21M

| Totani et al. (1998),1D,20M

onset time ~ 1 msec accuracy
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JJ.Cherry Inverted Mass Hierarchy

P,,, (Survival Probability) Py (Survival Probability)
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H. Duan, G. M. Fuller, and ]. Carlson, Comput. Sci. Dis. I, 015007 (2008), 0803.3650.

M.Zaizen, M.D.Azari, T.Morinaga
New results of collective neutrino

oscillation studies are shown.
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Search for nearby galaxy in HK

Cumulative calculated supernova rate

1 T T T T T
| | II > 1 : s‘,_‘J,lllllll||||||||||||||||||||||||||||||||||:
- / i E B ]
% 09t E
O B ]
0.8~ - 5,5 r 9 0.8F —
i X O | o - ]
0 v /| Galaxy c N ]
= 06~ gi /T Catalog™] o 0.6F -
—_ e o - .
QA I 8% 1 o 0.5F ]
\J 22| % ' 0 45 .
Z204 - °q - A =
ol o%% 2! = s ]
. 2o ro=d = =
_ § . /// ¢£§\r §§ 0-3 F ]
02F = Y . 57 23 - 0.2} =
y — UU > Z - ]
v .7 >|0% 0.1F .":
I - “Continuum 2 § "' F .
O |—”// | leltl | 0 :||||||||||||||||||. sy ks =
0 2 4 6 8 10 012345678910

Distance D [Mpc] Distance (MpC)

S. Horiuchi et.al.
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DSNB at Hyper-K

expected number of events
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K

DSNB at Hyper-

with neutron tagging

expected spectrum

without neutron tagging
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Toward the observation start

. Selected '‘Roadmap 2017 in MEXT (Japanese
funding agency) as one of the 17 highest-
priority large-scale projects in japan.

. The president of UTokyo is making all efforts
to get funded.

. Seed funding has been allocated within MEXT
budget request for JFY2019.

. UTokyo pledges to ensure construction
commences as scheduled in April 2020.

. We are aiming to start observation in 2027.

10th October, 2018 Area workshop
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