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30 years anniversary of SN1987A
(in 2017)

Workshop at Koshiba hall in U.of.Tokyo
bruary 12-13, 2017
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No Supernova neutrino detection since then..
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No chance for Supernova neutrino
detection for next hundred’s years?

¥
We believe, yes!

Diffuse Supernova

Galactic Supernova burst .
Neutrino Background

(a few per century)

Now
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Neutrino interaction
for supernova .eutrmo
' detectlon

~ Charged Current Neutral Current
Ve, Ve —_— e, et




Neutrino interaction for SN v

Inverse beta decay

[7(9 +p—-et+ n] (Charged Current interaction)

v Dominates for detectors with lots of free proton
* Detect positron signal in water, scintillator, etc.

v Ve sensitive

v’ Obtain the neutrino energy from the positron energy
¢ Ec ~ Ey - (Mn- mp), E, > 1.86MeV

v Well known cross section

v’ Poor directionality

v' Neutron tagging using delayed coincidence
en+p—=d+y,n+Gd—Gd +y

18 July, 2019 KCL



Neutrino interaction for SN v

Inverse beta decay

[7e+p—>e++nj

v Dominates for detectors \
e Detect positron signal in w

v Ve sensitive

v' Obtain the neutrino energ
e Ec~E,-(mMh-mp), E, > 1.

v' Well known cross section

v’ Poor directionality

v' Neutron tagging using de
n+p—-d+y,n+Gd—C
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Neutrino interaction for SN v

Inverse beta decay

[73+p—>e++n]

v' Dominates for detectors with lots of fr€._=
* Detect positron signal in water, scintillator, etc.

v Ve sensitive
v' Obtain the neutrino energy from the positron energy
¢ Ec ~ E, - (Mn- mp), E, > 1.86MeV
‘/ Well known cross section Possible to enhance this signal if Gd loaded
v’ Poor directionality
v' Neutron tagging using delayed coincidence
en+p—=d+y,n+Gd—=Gd+y

18 July, 2019 KCL 7



Neutrino interaction for SN v

Elastic scattering

[V ex TE€ — Vex™ e'J

(Both Charged Current and
Neutral Current interaction)

V' All neutrinos are sensitive

v’ The cross section for ve is larger
than others because of CC effect. 10°¢)

v Well known cross section.
* few % of inverse beta decay

v Good directionality
v Measurable for only recoil

‘“A 10 =T T T T T T T T l. T T T T T T T T T T T
£ - Total cross section for water
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electron energy, not neutrino energy
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Neutrino interaction for SN v

Elastic scattering Water Cherenkov
v | — P _

[Ve,x+e'—> Ve,x"'e'] ’ e

(Both Charged Current and Af ~ 25" /VN

Neutral Current interaction) 0.4~

. .. - Angular distribut

v' All neutrinos are sensitive ' between incident neutrino
v The cross section for ve is larger ~ *7  and recoil electron
than others because of CC effect. o Ev=10MeV |
v Well known cross section. i

* few % of inverse beta decay
v' Good directionality
v Measurable for only recoil

electron energy, not neutrino energy
18 July, 2019 KCL 9

0.1-

0 L TR T TN W AN




Three generations of
“Kamiokande”

Kamiokande Super-Kamiokande Hyper-Kamiokande (~2027-)
(1983-1995) (1996-)
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Three generations of

(14 ° b
Kamiokande
Kamiokande Super-Kamiokande Hyper-Kamiokande (~2027-)

(1983-1995) (1996-)
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‘SN search at
Super—Kamlgkande

i Super-K to'SK-Gd




Super-Kamiokande collaboration
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Super-Kamiokande

50000 tons oT" Kamioka mif!e
: Water Cherenkov detector |- | % -:,_:.'-:_‘:"‘i
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Super-Kamiokande

50000 tons of
i Water Cherenkov detector |

Kamioka mine

\
3 )
” h ' !
T AT A

KCL

= - |
e =3km W ~2k
E——F# | (27100mwe) - |
- _ Fiducial vol. # of | Energy
Phase Feree (kton) PMTs |thr.(MeV)
SK-I | 1996.4 ~ 2001.7 a5t 45
205 XY
' 5182
-Il 12002.10 ~ 2005.10
| SK-I (20%) 6.5
{ 22.5 (>5.5MeV)
- | SK-lIl'| 2006.7 ~ 2008.8 133 (<B.5MeV) 4.5
225 (>5.5MeV) | 11129
SK-IV| 20089 ~20185 |165 (45<E<5.5) | (40%) 3.5
8.9 (<4.5MeV)
SK-V 2019.1 ~ Jjust started!
3 (coverage) _(Kin. energy)
393 m Running and improvements over 20 years
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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

S . vertex 5bcm hit timing
EEEEEEEEEE ' direction| 23deg. | hit pattern
energy 14% # of hits.

~ 6 hits/MeV

Ee = 8.6 MeV (kin.)
c0SBOsun = 0.95

duibias  Well calibrated by LINAC /
rimes (1) DT within 0.5% precision

18 July, 2019 KCL 16




events/32 kton

Super-Kamiokande

: " a—t

7 \ i i

6

- Expected number of event

4:

3| 7.3k~10.2k ev (inverse beta decay)
2 320~380 ev (ve elastic scattering)
| 12~610 ev (ve CC)

o ] 195~580 ev (ve CC)

T Y W . A2

g 5 g G52 anc at 10kpc, 4.5MeV energy threshold

distance(kpc) Livermore simulation
Totani, Sato, Dalhed, Wilson, ApJ. 496 (1998) 216
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Diffuse Supernova Neutrino Background
(DSNB)

Neutrinos emitted from past supernovae

7
ﬁl EI | L L L L L L L L
% 0 of Reactor v/ E
=10 "B, -
A ~—— F i E
8 10 > [ ﬁ' Constant SN rate (Totani et al., 1996)
Now ﬁlo 4_ "-.Sola:i'g y [Hartmann, Woosley, 1997 N
£.~3F 1 3 1
QlO E “.'.--'\'-.,":_ Ando et al., 2005 E
—_ 2F . > [Lunardini, 2006 .
l‘l\‘ >3<1O = : *- Fukugita, Kawasaki, 2003(dashed) E
5hillion 410 k ' -
L > 3 E
0 yearsago o : DSNB expected spectrum -
Neutrinos from s 1-1 -
past SNe 310
[T,
z .2
10 |
-3-
10
-4
105
Big Bang Je&engen 10_
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Neutrino Energy (MeV)
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SN v, Energy in 10°%erg

DSNB in Super-K

Upper limit from Super-K

e” candidates>16MeV/22.5kton year

0 -
25 3.0 35 40 45 50 55 6.0 6.5 7.0 75 8.0

T in MeV
A%

18 July, 2019 KCL

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

NN Wk~ 01O N 00 ©

T in MeV
A%

3.0 35 4.0 45 50 55 6.0 65 7.0 7.5 8.0
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DSNB in Super-K

Current Super-K w/o neutron tagging
SK-1/1ll

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

data

v,CC

v, CC _ | K=V
BG

u/m > C. thr. |

all background

Only this signal °© s 50 75 25 50 75 25

YT DBERICLSES T

Low angle events

Te \p. A\ 42°
. 25-45° ‘
u, \ O
KCL

Signal Events

N (invisible)
18 July, 2019

50 V=]
E (MeV)
Isotropic Events

v\,n@

reconstructed
angle near 90°
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DSNB in upgraded Super-K

|
- O/. — ~ GADZOOKS!
e P p \ Dissolve Gadolinium into Super-K
(2.2MeV) J.Beacom and M.Vagins,
Phys.Rev.Lett.93 (2004) 171101
Gd . S
o
O 100% e >0 U eGdc?el\r/]is S
cc) 92;(; nf(r;apturg \
8|\/Ie @ 80% [ For 50 ktons this means ",x"/ T
= ~100 tons of water soluble /
& GACl; or Gd,(SO,); /
O GOOA) | OSSOSO SOV ARSI S SO
*Delayed coincidence ol ) B
e Suppress B.G. drastically _
for ve signal 20% - __
e AT~20usec s | Gdin
. . . — 0% i C Wat
* Vertices within ~50cm 0.0001% 0.001% 0.01% 01% 1% ot
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Proposed in 2004,
out not so easy..



EGADS as R&D

(Evaluating Gadolinium’s Action on Detector Systems)

Purpose R&D for Gd test experiment

v Water transparency
v How to purify

v How to introduce and
remove

v Effect on detector

v Effect from

environment neutrons )
v etc. Now working well

ie

New hall (10m(w)x15m(1)x9m(h))
200 ton tank

Juswainsesw Aousiedsuel) 191NN

18 July, 2019 KCL 24



UDEAL

water transparency measurement

200 ton tank

15 ton buffer tank||Control panel of circulation system
18 July, 2019 KCL




EGADS as R&D

Cherenkov light left at 15 m for EGADS detector

90 |

Blue band: SK-III and SK-IV values.

80 Tompgee

70

0.2% Gd,(S0,),

60 since this time

] Sampling position:
50
1 ~o—Bottom

40 Z —o—Centre

] ~o-Top
304

Cherenkov Light Left (%)

20

0.02% Gd, (SO,);
0.1% Gdy (SO 45
0.16% Gd, (SO,);
0.2% Gdy (S04)5

10

0 : . . : . . : . . . ,
11/Oct 10/Nov 10/Dec 09/Jan 08/Feb 10/Mar 09/Apr 09/May 08/jun 08/Jul 07/Aug 06/Sep 06/Oct

Very stable and continuous data taking
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Neutron tagging efficiency

th

i 241Am — 27Np + o

°Be + a— 12C + y(4.4Mev)+ n

B FRIEBIERY —F:500usec

Neutron tagging with delayed coincidence

Neutron capture time

- 2178+44ppm 1055+21ppm 225+5ppm

— Data Data 29.89+0.33 51.48+0.52 130.1+1.7
— MC-all MC 30.03+0.77 53.45+1.19 126.242.0

900

800
700
600
500

400 Neutron capture efficiency

Data_____mc_____

84.36+ 1.79% 84.51+0.33%

300
200
100

|III|IIII||III|II|I|IIII|II|I|IIII|II|I|IIII|II|
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Approved this project by
the Super-K collaboration
INn 2015 as "Super-K Gd”



Big work toward
SK-Gd In last year
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Water leakage from SK tank

Tank Level [mm]

4406

4404

4402

4400

4398

4396

4394

4392

4390

k]

&

F 3 F )

-1.17 t/d, 6.35d
-¥.12 t/d, 9.06 dy

-0.621 t/d, 2.

-1.11 t/d, 10.0 dy
-1.12 t/d, 7.87 dy

54 d
-ﬂ.%dd t/d, 0.838

-1.27 t/d, 7.96 dy

2016.03.16

2016.03.31 2016.04.15
Date

15 30



Super-K tank refurbishment

-+ Stop water leak (~3ton/day)

- Change bad PMTs

- Install new water pipe for better
water control

- Cleaning

.....

T »
water pipe

—— Install new
Seal whole welding lines
18 July, 2019
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August, working on bottom part.

Super-K tank refurbishment

- Start on 31st May, 2018, work on barrel part
draining water. After complete draining in the end of

- Start filling water in the middle of October, 2018.
- After complete filling water on 29th January, 2019,
resume the data taking as SK-V.

20184 |6H June |78 July |88 Aug. |9H Sep. | 104 Oct. | 11 A Nov. | 12 ADec.
7 S i3
Water
Level
Drain water and vYorking Filling water

18 July, 2019

KCL
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Water leakage from SK tank

After filling the tank completely with water, we started the water
leakage measurement from 11:30 on 31st January to 15:52 on
/th February, 2019. (7 days 4 hours 22 minutes in total)

-5
After refurbishment

o

Water level (mm
(3]
I
|

-t [
o
T I UL 1T
|

Y
a
L
|

Before refurbishment
(data from April 02-09, 2007)

)
=)
T T T I

-25
01/31 02/01 02/02 02/03 02/04 02/05 02/06 02/07
09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00

- Currently we do not observe any water leakage from the SK tank within
the accuracy of our measurement, which is less than 0.017 tons per day.
- This is less than 1/200th of the leak rate observed before the tank
refurbishment.
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We are ready to
iINtroduce Gadolinium
to Super-K



Physics expectation in SK-Gd

0.8
0.7
DSNB flux: 0.6
Horiuchi, Beacom and Dwek, 0.5

PRD, 79, 083013 (2009)

0.4

0.3

+|||

|

* |t depends on typical/actual SN
emission spectrum

0.2

events/year/1.5MeV

]

0.1

Expected total BG

Tv = 6MeV £
Tv = 4MeV =
Tv = 19873 Wi
+
R

J
JF
J 1

IIII|IIII|III]

|

|

%0

DSNB events number with 10 years observation

T, 8MeV 11.3 19.9
T, 6MeV 11.3 13.5
T 4MeV 7.7 4.8
T.SN1987a 5.1 6.8
BG 10 24

18 July, 2019 KCL
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Total (positron) energy MeV

31.2
24.8
12.5
11.9
34
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Physics expectation in SK-Gd

For Supernova burst neutrinos

—e w/o tagglng K l_\lakamura et. Ial I\/INIRAS 461 32|96 (201|6)
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SN search at '
Hyper—Kamlgkande

g Premse measurement




Hyper-Kamiokande

(See also “Hyper-Kamiokande Design Report”, arXiv : 1805.04163 )

Next generation of large water Cherenkov detector
(~2027 -)

-190kton Fiducial volume :
~10 x Super-K
- 40% photo coverage with
high-efficicency PMTs :
~2 x Super-K
(~40000 for inner detector)
- >MW J-PARC beam :
~3 X current power.

18 July, 2019 KCL
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Hyper-Kamiokande

~40000 PMT / tank

New photo-censer which has
twice sensitivity than Super-K

N
T

- ["Hyper-K PMT

QE = 31% sample

—
T T

A+

K A A il TN N I “\

g 2 v N v
| ! Venetian \‘\ \ a

R blind Ao}

<Super-K PMT 725N =
L N ar N
Al o
L . o
Top View

...................
0 -90-80 -70 -60 -50 -40 -30-20-10 0 10 20 30 40 50 60 70 80 90

18 July, 2019 KCL Injection position (degree) 39
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Hyper-Kamiokande

RE 68 3 s

R R
c 10
S 10
§ 13 Expected number of event
(= 10 49k~68k ev (IBD)
2 10 2.1k~2.5k ev (ve ES)
10 (6~40 for neutronization)
o 10 £ NN [80~4100 ev (ve CC)

1 Bl vl NN 650~3900 ev (ve CC)

10 1 10 10 10 at 10kpc

. Livermore simulation
distance(kpc)otani, sato, Dalhed, Wilson, ApJ. 496 (1998) 216
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Hyper-Kamiokande

Cumulative calculated supernova rate
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DSNB at Hyper-K

expected number of events

— HK
—— SK-Gd
—— JUNO

a O
o O

— — HK (BH 30%)
— — SK-Gd (BH 30%)

N DD W W b
g O
o O

-
o

—h
a1
o

Number of SRN events in FV

100
50 ...................................................................................................................................
O : e | [ l [ R T l L1 1 l L1 1 | [
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Year
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K

DSNB at Hyper-

with neutron tagging

expected spectrum

without neutron tagging
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Status of the project

Hyper-K meeting@Madrid, March 2018

- International Hyper-Kamiokande
proto-collaboration
-+ 15 countries, 73 institutes,
~300 members, ~75% from
abroad
- 2 host institutes: UTokyo/ICRR
and KEK/IPNS
- UTokyo launched an institute for
HK construction: Next-generation
Neutrino Science Organization
(NNSO)
- External review by Advisory
Committee in June 2019
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. Let’s go supernoval!

Super-Kamiokande
Refurbishment Work
¢ N 2018 Summer EZ] ok




