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Review of the SN1987A in LMC

at 50 kpc, v'’s seen ~2.5 hours before first light

® Kam-Il (11 evts.)

o IMB-3 (8 evts.)
A Baksan (5 evts.)
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24 events total
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Most of them seems to ve event
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Water-Cherenkov detector

Kamiokande (1983-1995)

kamioka mine (2700mwe)
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‘Event’ In Kamiokande

Energy, position, direction of each event are

reconstructed using PMT-hit timing and pattern
(a)




Energy (MeV)

SN1987A in Kamiokande

Time profile vs Energy

401

T T T B B ey R b B

: ]
30 |
20
10} Background level

0 i I ! ! | | ! 1 1 1 1 1 1 | 1
—60 —30 30 6
Time (sec)
201718194 RIEKFE

0

Realtime detector

eDate : 23 Feb. 1987
Time : 07:35:35 (UT)
11 events In 13 sec.

Energy is determined by
the number of hit PMTs
for which the residual
time (T-Tof) is £ 15nsec

Trigger if 20 hits within
100 nsec ~ 7.5 MeV
(@50% eft.)



Review of the SN1987A in LMC

SN neutrino temperature and energy

ENERGY (MeV)
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® Kam-Il (11 evts.)

o IMB-3 (8 evts.)
A Baksan (5 evts.)

24 events total

i

6 8
Time (sec)

Most of them seems to ve event
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Total Binding Energy
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30

T 7 1T °¥ | F B 1 1} I LI LI I LI
KAM IMB 1
95 % CL I
Contours
1 2 3 4 5 6

T; [MeV]

Spectral v, Temperature
Jegerlehner, Neubig, Raffelt
PRD 54 (1996) 1194



Review of the SN1987A in LMC

Angular distribution

Ve event ?

Y Kamiokande s | [ vB s 26.-2%_
f\30_ = /\30_ ]
> > | . i
(b B 7_ é) . 3
=20} ge %] =20} 8 . -
(b i 5 1_ O i 1 _
LL] ® 002 L]

o 23 11 4 104 10F -

i ¢ o _ _ _
1 1 1 1 | 1 1 1 1 | 1
-1 0 1 -1 0
coso cosH

2017F18198

Hard to say anything...
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Targets of Supernova neutrino

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)

2017%F1RH198 RALKFE 9



Néutrino ihteraCf‘ion |
for supernova .eutrmo
' detectlon

- Charged Current Neutral Current
Ve, Ve \/e',e+ V\/ 14
i W i V4

n’ p, e_/\ p’ n, e+ n, p, e_/‘\ n’ p, e



Neutrino interaction for SN v

Inverse beta decay

[79 +p—oe’+ nj (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
eEe~Ey-(Mnh-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

201718194 SRl KFE 11



Neutrino interaction for SN v

Inverse beta decay

[79+p—>e++nJ

10

(10*°cm?)

v Dominates for detectors \ o_

* Detect positron signal inw T 107}
v V. sensitive ;
v' Obtain the neutrino energ

eEe~E,-(mMnh-mp), E,>1.
v Well known cross section
v Poor directionality

o pe

4 PR TN T T WY W TN N TN TN TN W Y SN SN TN T N N M
107 """90 20 30 a0 50

v Neutron tagging using de
on+ped+y,n+GdeC

2017F18198

RIEKRE

Strumia, Vissani
Phys. Lett. B564 (2003) 42

102

107}

= | | | I | | | | I l. | | | I | | | | ] |
- Total cross section for water .
- P
_—
— Ve+p -

Energy (MeV)

12



Neutrino interaction for SN v

Inverse beta decay

[79+p—>e++nJ

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

v V. sensitive

v' Obtain the neutrino energy from the positron energy
eEe~Ey-(Mnh-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

2017%1RH198 RALKFE 13



Neutrino interaction for SN v

Elastic scattering

«~ 10

£

oO

[Ve,x"'e'—) Ve,x"'e'J 1
(Both Charged Currentand =~ 2« .
Neutral Current interaction) g 107
v All neutrinos are sensitive  ° g2/

v The cross section for v, is larger

than others because of CC effect. 10°

v Well known cross section.

. 4 PR T T AN SN W SN W N TN TN TN TN (NN SN SN SN WO NN WO M
» few % of inverse beta decay 0% 90 20 30 40

v Good directionality
v Measurable for only recoil

electron energy, not neutrino energy
201718198 RIEKZF
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- Total cross section for water
—

—
/ Ve+p |

50

Energy (MeV)
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Neutrino interaction for SN v

Elastic scattering Water Cherenkov

v, —— re _

[Ve,x+e'—> Ve,x+e_J ’ e

O
(Both Charged Current and Af ~ 25" /VN
Neutral Current interaction) 0.4 —
: " . Angular distribution

‘/ All neutrinos are sensitive " between incident neutrino
v The cross section for ve is larger ~ **  and recoil electron

than others because of CC effect. ! Ev=10MeV

. 0.2
v' Well known cross section. -
* few % of inverse beta decay

v Good directionality
v Measurable for only recoil
-0.5 0 a5

0.1

A
D 1 ] 1 1 | IR P e L1 1

electron energy, not neutrino energy coss
201718198 FRILKFE
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Kamioka underground detectors
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Super-Kamiokande

50kton Water Cherenkov detector
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32kton fiducial volume for SN
20' PMT photocathode
(inner)  coverage
11,146 40%
5,182 19%
11,129 40%
SK-4 same as SK-3
with new electronics

¥ x oA
= : % -

Q =
~.
-
%

- 5 -1'.:' a.-\"~- &
1000m

v Underground in Kamioka
mine, (almost BG free)

v’ 3.5MeV energy
threshold for recoil electron

- v Dominant process is

Inverse beta decay
v' Good directionality for ve

elastic scattering

1000m underground

Placed inside the Kamioka mine

,\,e,x ..................... > ‘—@-
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Super-Kamiokande

For supernova neutrinos

O (~MeV)

O How to reconstruct?

Super-Kamlokande
Run 1742 Event 102496
96-05-31:07:13:23

Trigger ID: 0x03
= 5.0

3 Detector performance
Resolution@10MeV Information

vertex 5ocm hit timing

1111111111
5555555555
* 1055-1075
® 1075-1095

)))))

direction| 23deg. hit pattern

energy 14% # of hits.

Ee = 8.6 MeV (kin.)
c0SOsun = 0.95

~ 6 hits/MeV
i Well calibrated by LINAC /
Times (1) DT within 0.5% precision

2017%F1RH198 RALKFE 19
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Super-Kamiokande

25 o
o5 RE o =
82 8g = 2
§ g A
~ 107 f
2107
2107 Expected number of event
4F
:g 3| 7.3k~10.2k ev (inverse beta decay)
10 2] 320~380 ev (ve elastic scattering)
10 | 12~610 ev (ve CC)
o : \_] |95~580 ev (ve CC)
0 1 10 10 100 at10kpc, 4.5MeV energy threshold
distance(kpc) Livermore simulation

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

201718198 by a2 21



Super-Kamiokande

-
Q

Events/10msec

N Cd |
e Q
S -

S av *
NS n L4
= L} 4
- u o
& 1 ¢
L~ &

VetP
Osc. Inv. P, ;=0

Osc. Inv. P,;=1, Nor.
No oscillati&n .

Neutronization v+e
No oscillation

L
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. - /‘/ —
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e m . L L] 9y [] 7]
" . Ty, 'i
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v
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aw
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......................
=m

10 -1 't
0.02

201741

T0.04 006 008 0.1
Time (sec)

B19d

Expected nhumber of event

7.3k~10.2K ev (inverse beta decay)
320~380 ev (ve elastic scattering)

12~610 ev (ve CC)
95~580 ev (ve CC)

at 10kpc, 4.5MeV energy threshold

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

()]
(7p)
o o Nakazato et.al. ApJ.Suppl. 205 (2013) 2
— (@)
%g c_“é% CED o http://asphwww.ph.noda.tus.ac.jp/snn/index.html
MN<C Oo 4 = Supernova models BH
o ol e RIS i ‘ travive= 100ms tovive= 200Ms | frayiya= 300ms models
13Mggiar 258kB 2578 256kB
20Mgiar 253K8 25748 257kB
WMoy | 257kB 257kB 255kB
S50Mcqiar 257kB 256kB 256kB -
13Megiar 258kB 257kB 257kB
20Mggiar 258kB 257kB 256kB
some | 000 3 4.97MB (Shen)
2.69MB (LS220)
50Meoiar 259KkB 258k8 257kB -

at 10kpc, 4.5MeV energy threshold

.. - 2.8k~15k ev
‘gl (inverse beta decay
7.3k for Livermore)

distance(kpc) W
2017%F1RH196 RIEKRE 23



events/20msec

Super-Kamiokande

Time variation of ve+p at 10kpc

event rate

mean energy

500 - Nakazato,1D,30M,Z=0.004,BH = :; - Nakazato,1D,30M,Z=-0.014,BHI otani &t : _
[ Nakazato,1D,20M,Z=0.02 10 35 | [ Nakazato,1D,20M.,Z=0.02 Buras ot al. (2006) 2112 12é f
450 | - OakRidge group,2D,20M = [ OakRidge group,2D,20M ' ShenE
400 | Baselgroup.2D 211 1 =.32.5 | Basel group 2D 211 Liebendorfer et al.(2005) VERTE
i 1 O I
350 F Buras et al. (2006) s112_128 4 1o 30 |
i B ] C i
300 [ Liebendorfer et al.(2005) VEAATEX @ 27.5 :
i i { e I
250 | (8 *|
200 | |=225]
150 | 20
100 | 17.5}
50 15 [
01, Y 125 B
O 005 01 0.15 0.2 0.25 0.3 0 O 05 01 0.15 0.2 0.25 0.3
Time (sec) Time (sec)
2017818198 RILKF 24



Detection probability

—_—
N

—

O
o

0.6

0.4

0.2

2017F18198

Super-Kamiokande

SK collaboration, ApJ, 669 (2007) 669

s é é Distant burst search

SN burst search with
low energy threshold

................................................................................................................

: Anid roheda

© | 780kpc

0 100 200 300 400 500 600 700 800 900 1000

Distance [kpc]

RIEKRE

Detection probabllity as a function of distance

~350 kpc at 50% efficiency

25



Super-Kamiokande

Simulation of angular distribution
v v-e elastic scatteringhas ¢ ; £ ool
good directionality. o !
v Direction of supernova can =~ T e
be determined with an . “
accuracy of ~5 degree. o "
v  Spectrum of ve events can . .
be statistically extracted o -
using the direction to 3 ol Energy = 20.30 MeV : 28
supernova. 2wl J( 2 17.5
V' If Gd loaded, it will be sl J[# TJr JFJ[H T
more accurate since ve signal | Nl
can be separated. (later) 10| . |2
%5 06 07 08 05 1 %5 06 07 08 03
cos(Bgy) cos(0gy)

2017%F1RH198 RALKFE 26



Diffuse Supernova Neutrino Background
(Supernova Relic Neutrino)

Neutrinos emitted from past supernovae

S.Ando

TIME AXIS

f—
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= =
o O
NoWw B O

=
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=
o

7

‘o,
-
-
-
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.
| -
-
-
-
-
1 -

‘-.Solai‘g ),

......

.‘

- Reactor v/

IConstant SN rate (Totani et al., 1996)

Hartmann, Woosley, 1997

Ando et al., 2005
Lunardini, 2006

Fukuglta Kawasakl, 2003(dashed)

SRN expected spectrum

Neutrino Flux (/cm2 /sec /MeV)

H
Q. I I
0] N ~ w N =

=
o.o.F
i W UNLRLRALL
ILE ;‘ st

-~
*
Y
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Neutrino Energy (MeV)
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SN v, Energy in 10°%erg

ok

SRN in Super-K

Current Super-K w/o neutron tagging

e candidates>16MeV/22.5kton year

25 3.0 3.5 40 45 50 55 6.0 65 7.0 7.5 8.0

201718198

TV in MeV

RIEKRZ

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

N 0w A~ 00 O N OO ©

T inMeV

30 35 40 45 50 55 6.0 65 7.0 7.5 8.0

28



SRN in Super-K

Current Super-K w/o neutron tagging

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

SK-1/111
a5 data
. ‘ v, CC
Y no/g ~J// 3° L \ v, CC _ | K=
e\ p - of \ \ o5 / BG
O- / u/m > C. thr.
=0 , all background
et 15 '
10
5 —
Only this signal °© o5 50 75 25 50 75 25 50 75
T ORERIZEDHEST E (MeV)
Low angle events Signal Events [sotropic Events
@ Ve \;p i 42° V ~ .A
25-45°
reconstructed

n (invisible) angle near 90°

2017%1RH198 RALKZF 29



SRN in Super-K

Background

a )
el T < 50 MeV et
Decay electron  Vu e T >
“atm. muon neutrinos” wovisible muon”
— _

Ve CC Ve. ........... t —>e

“atm. electron neutrinos”

_________ » Vy

NC Elastic Vx e e

“atmospheric” ‘ \

Y oy

o Vi NG ey
“U/TT production from -

atm. neutrinos” B iy cceeee. e >

A T t —p —>
v RO

2017E18198 sk visible short muon track™ 30




SRN in Super-K

Background For solar / SN neutrinos
(~MeV)
4 S — > o
>0 T T RED /YIS SIURLA
S 10 U CEIS, FEHHRD \
S R (spallation) D HERY (XL | N
s 10 Fo_ BEUKB=a—k/) N
< F Dopo :
v 10 3 On E
o ; Bo_  SK-IYfinal data sample peak of
% 1 L solar®B D“u (for solar neutrinajanalysis) dE/dx plot
© O
Lo =1L I:I'_n i
E 10 E . E
T .o SAN(T,=4MeV) oo 5 & Lo
ﬂ>.) 10 : SRN (T_,=6MeV) ~4 *{f D % ﬂ-ﬂuﬂql -[F relic candidate
© | SAN(T=8MeV) i E
10 F -
\

"= S SRN
10 FtTowering tieshold - —" n¥%iE
| u P

10 I P T IS T SR | L Ly ﬁE@SRNﬁE*ﬁo)b%L\ﬂE
6 8 10 12 14 16 18 20
Total Energy(MeV)




SRN in upgraded Super-K

_ 0 GADZOOKS!
v "o p
° P .~ P Dissolve Gadolinium into Super-K
s \ (2.2MeV) _
‘ - J.Beacom and M.Vagins,

@ Phys.Rev.Lett.93 (2004) 171101

Gd _ o
\ & \‘Y\‘ 3 100% ... 01%Gdgves _
>90% efficiency T
/ s - for n capture \‘
~8MeV 5 80% [ For 50 ktoris this means "’vj"'/ —
- ) = 100 tons o water s(sggb;e
A 8 0% UL
*Delayed coincidence ol ] B
* Suppress B.G. drastically _ -/
for ve signal 20% - ey
e AT~20usec B | ad i
i ithin ~ 0% ——— Wat
* Vertices within ~50cm 0.0001% 0.001% 0.01% 0.1% 1% o'

2017%1RH198 RALKFE 32



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 )N
v How to introduce and
remove

v Effect on detector

v Effect from

environment neutrons _
v etc. Now working well

New hall (10m(w)x15m(1)x9m(h))

200 ton tank

20" PMT,
N

| Water system

Juswainseaw Aouasedsuel) J8)ep\

2017%1RH198 RALKZF 34



UDEAL

water transparency measurement

EGADS as R&D

200 ton tank

4
15 ton buffer tank |/ Control panel of circulation system Filter
2017418198 =By N2




EGADS as R&D

Cherenkov light left at 15 m for EGADS detector

90-
Blue band: SK-III and SK-IV values.
Z %

80 Jomdee™¥

70

0.2% Gd,(SO,),

60 since this time

_ Sampling position:
50 -

Cherenkov Light Left (%)

—o- Bottom
40 - Z —o—Centre
] - )
- ™ ~
— <
] o = o7 = ~e-Top
30 = o~ HOZ -
4 ~— ) ~ N
=~ S’ ~J o
A s 3 S
. O
20 - 7 D7 =297
. o ~ X3
o~ o~ O Zo
o — — 7N
10 S S 7 SRSy
o

11/0ct 10/Nov 10/Dec 09/Jan 08/Feb 10/Mar 09/Apr 09/May O08fun 08/Jul 07/Aug 06/Sep 06/Oct

Very stable and continuous data taking

2017%1RH198 RALKZF



Neutron tagging

Sred 241Am — 2"Np + g

EGADS Am/Be 9Be + o 12C + y(4.4MeV)+ n
/ /
‘ @ S m— =
| == - B f?}?v B
' SUFL—avk
RJdo B fg--- GRS
@ ] FHE

’/‘/?I/—““/EI‘/ﬁ'l':

B RIESHEERY —F:500usec
Neutron tagging with delayed coincidence

| n50_8_cut |

: Neutron capture time
900 —
700F- Data  29.8940.33 51.48+0.52 130.1+1.7
600 MC  30.03+0.77 53.45+1.19  126.2+2.0
500;—
400" Neutron capture efficiency
300
100E- I[ 84.36+ 1.79% 84.5140.33%
= |

00 10 20 30 40 50 60 70 80 90

2017%F141908 RALKZF 37




Approved by the
Super-K collaboration
N 2015



‘Super-K Gd’ or ‘'SK Gd

Given the current anticipated schedules, the
expected time of the refurbishment is 2018

Time line

Q0020061 200022013 2000

\ T, = Start leak stop work(~3.5 month)

- T, = Load first Gd,(SO,); up to 10t=0.02%
.FI" water(”Zmbnth)

- ) T, = Load full Gd,(SO,),

|
Pure water I. 100t=0.2%
circulation l

Physics run 22

Stabilize
—— . Physics run
water transparency



Remaining work
toward SK-Gd



New water purification system

system room

5\;1(\

Current maln
water system

2016 Apr. 8mx7mx50m

irculation system

This will be i

2017418198 RALKZF



201

Tank Level [mm]

4406

4404

4402

4400

4398

4396

4394

4392

4390

Leak fixing

-1.17 t/d, 6.35d
-{12 t/d, 9.06 dy

-0.621 t/d, 2.54

-1.11 t/d, 10.0 dy

-1.12 t/d, 7.87 dy

! d%
-0.544 t/d, 0.838

-1.27 t/d, 7.96 dy

2016.03.16

2016.03.31

Date

2016.04.15

15

42



Leak fixing

= Cover all the welded places
with sealing materials

Cover with two materials.

One is BIO-SEAL 197 (epoxy resin)
which sneak into small gaps, the
other is ‘Material’” (poly-urea)
which allows more displacement.

Need to wait several

hours to the next step / Material” (two layers)

BIO-SEAL 197 Primer between

L MineGuard and SUS
N\

SUS ! SUS Backer as a bank to
2017&E18198 keep theyceating region




Working inside the Super-

e
RS O TRSERE)
o e e

pAAL ',-'.‘Q'."o:- s —

ML~ A




Reduction of RIl background

Intrinsic radioisotopes in Gd,(SO,); could add low
energy background in B solar v region of spectrum

* BG reduction = Purification of 100 tons of Gd,(SO,);

For DSNB
Expected signal ~5 events/year/FV

238 Spontaneous Fission:

Typical Gd,(SO,); on the market

Main sub- Radioactive

Chain chain concentration
~5.5 Ev>10.5 MeV) + 1n ear/ FV
isotope (mBq/kg) ey ) |/ year/

1 order reduction

238 50

238 :
226R4 5 For solar neutrino

ey 228Rq 10 Current BG ~200 events/day/FV
228Th 100  U(n) ~320events/day/ FV
235 32 1 order reduction

U | 27Ac * Th/Ra (B,y)~3 x 10 °> events/day/ FV
227Th 300 ’

3 orders reduction

2017%1RH198 RALKFE 45



Achievements
U/Th measured by as well as ICP-MS

Ly | UI9(U)/a] (x107 Th [g(Th)/g] (x10°
ICP-MS (Ge#iias) ICP-MS (Get&iizR)

0.26x£0.01 (<2.02) 0.19x£0.01 (<0.22)

0.25+0.03 (<1.18) 0.05+0.02 (<0.12)
0.19+0.04 (<4.78) 0.06+0.02 (<0.34)
0.26+0.03 (<0.71) 0.06+0.02 (<1.45)
Typical : 4x102 Typical : 25x10°
Goal : <0.4x107 Goal : <0.02x102
Achieved! ~1/3 more for goal

2017%F1RH198 RALKFE 46



events/10years/2 MeV

- N W A O O N
LN L L UL UL B BLEL B

events/10years/2MeV

- N W s, OO N

o
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Physics expectation in SK-Gd

Expec:ted signal of Superr

invisible muon
(factor 5 reduction by n tag)
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invisible muon ]
(factor 5 reduction by n-tag.) :
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nentn atmosphe icv

10 15 20 25 30 35 40 45 50

visible energy (MeV)

Teff: SN1987A
_ SRN signall

invisible muon ]
(factor 5 reduction by n-tag.) :

___________________
........

ova Relic Neutrinos

Assumption:

* 90% neutron capture efficiency

* 74% Gd y detection efficiency

* Invisible muon B.G. is 35% of ones
in the SK-IV

10~45 SRN events in
10 years data taking
(Evis=1 O-3OM9V)

10 15 20 25 30 35 40 45 50

visible enerav (MeV) ‘dydllad
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Physics expectation in SK-Gd

Background originated from atmospheric v

NC
NC elastlc de- exutatqpn Y

Taa, an®
"'.. ae®
L) .t

0.8— | |
> F =
0, 075— =
5 oe Expected BG rate -
E 0.5 —
q"; 04 NC elastic 4,_,—_2
E§ 0.3 __+_;_{____k§
5 0k — {:i v, CC
ooiE __i:,:+ ve CC 7

N = N I e o o S imermaraes A BUSUR B

16 12 14 16 18 20 22 24 26 28
Total energy MeV
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Background related

De-excitation gamma ray after NCQE interaction

Primary Gamma Neutral Current Quasi-Elastic

Z0 l (~ 6MeV)
1A o =OeQOm
%k %k
16() 5N* or 20
porn@® * PRD 90, 072012 (2014)

* Never had been observed yet. T2K measured it'.

* One of signal from supernova neutrinos in Super-K.

 Same interaction from atmospheric neutrinos is one
of main B.G. for supernova relic neutrinos in SK-Gd.

e Search for sterile neutrinos, low-mass dark matter.
17th Dec. 2015 Bi-monthly meeting in Okayama
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NCQE cross section in T2K

PRD 90, 072012 (2014)

6 (107° cm2)

(N
1

17th Dec. 2015

L ] B L R
-------- Ankowski NCQE cross section
- —— Flux-averaged Ankowski NCQE cross section -
—e— T2K data B
T2K v flux e
| First observation by T2K
: +0.65
/B 1.56x1 O-3f&0.395(stat.) - 0.33 (sys.) cm?
1 | Systematic error is
comparable to
Ty it ] A Tt R T [ Py e e YR SR W R
0.5 1 L5 . statistic error

Neutrino Energy (GeV)

Bi-monthly meeting in Okayama
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NCQE cross section in T2K

De-excitation gamma ray after NCQE interaction

Primary Gamma Neutral Current Quasi-Elastic

g r“'wev)

e Observed as Cherenkov light

160 15N or 2O’ Cé
porn@®

m\N\N\N‘ Secondary Gamma ‘

IR

ZO

160 We cannot separate these
two gammas by analysis

17th Dec. 2015 Bi-monthly meeting in Okayama 51



Neutron beam experiment in RCNP

Measure the energy and multiplicity of y-rays

from neutron interaction for water target
BRETAZRO° )

=mame RCNP NO course

v Monochromatic and
various neutron energies
are available. It agrees

Water target with the neutron energy in
covered by r-ray T2K experiment.

detectors o v Good BG separation using
neutron beam ToF information.

v Big tunnel, facilitate the
detector setting.

Beam swinger
magnet

bending
magnet

neutron
beam

Proton beam

7

collimator
Litarget  12x10cm?

8m

€
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Neutron beam experiment in RCNP

Pilot experiments were successful

E465 experiment — off-beam (bkg run)
1} — w/o water target
i — w/ water target
JH(H, -.i,r}

1077 (2.223MeV)

double escape (5.11MeV)
l single escape (5.62MeV)
. de-excitation y-rays
(6.13 £ 0.08 MeV)
3

I ll

Counts per protons injected

-k
=
da

107°

rll
6 7

1
8 9
Energy [MeV]

Li Target Neutron
_ — . - 20cm
Proton Prompt-y
< 9.7m |
1 - : Stay tune!
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Physics expectation in SK-Gd

For Supernova burst neutrinos

v’ v-€ elastic scattering has
good directionality.

v’ Direction of supernova can
be determined with an
accuracy of 4~5 degree.

v Spectrum of ve events can

be statistically extracted
using the direction to
supernova.

v If Gd loaded, it will be
more accurate since ve signal
can be separated.

v’ Sensitive to Si burning,
800~2000 ev/day at 200pc

17th Dec. 2015
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Physics expectation in SK-Gd

For Supernova burst neutrinos

v’ v-€ elastic scattering has
good directionality.

v’ Direction of supernova can
be determined with an
accuracy of 4~5 degree.

v Spectrum of ve events can

be statistically extracted

w/o tagglng

Declination (deg.) ~!

using the direction to ve tagged Y‘C't,hﬂ&‘@c?ff.m?s
Y s ‘:f'hf R S
supernova. I o e S e P PR PR WPat
. . E o a4y ; ‘ . R EX N '9‘94‘_‘.‘
v If Gd loaded, it will be =
more accurate since ve signal g RS I BT WA
— et L . 2-,‘_ _‘.‘1 ! Y o:‘.il_‘._ i _e‘t‘.“?.; _‘_.'.:; % ,‘;‘_a_‘;a_‘_‘.-;f‘_, /.
can be separated. RN v{::a::;a;«g;‘..“;'% BER el
0 2 & SO K a0

v Sensitive to Si burning, e B ey
800~2000 ev/day at 200pc Right ascension (deg.
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In future



Hyper-Kamiokande

? tanks x ~40000 PMT / tank

with staging ~ 10 times larger volume
~ than Super-K

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

2 PR o 8- N
| o T
I ~2 T~
“Hyper-K PMTR 2o,
QE = 31% sample \\ :ﬁe v/i '

Top View ~___|

O-

—h
T T

Single Photon Detection
Efficiency (arbitrary)
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Supernova at Hyper-Kamiokande

http://www-sk.icrr.u-tokyo.ac.jp/indico/conferenceDisplay.py?confld=2935
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Asia’lokyo English « _ogped in as users, S. Logout

More »

Workshop on Supernova at Hyper-Kamiokande

12-13 February 2017 Kocshiba heall, University of Tokyo

Acia/Tokyo timezcna

, \ 30 years from SN1987A and the future
Overview
o Hyper-Kamiokande represents the next generation of la-ge water Cherenkov detectors. It 's to be a multi-
Scientific Programme purpose cetector, whose capabilities shall include the precision study of neutrinc oscillations; proton decay
) searches; and the observation of astro-particle neutrinos, such as supernova neutrinos, solar neutrinos, and
Timetable high energy astro neutrincs. Due to Hyper-Kamiokande's unprecedented reach in zll of these areas, it will
: provide a wealth of possibilities for new discoveries and ceepen our understanding cf nature.
Registration
Regstration Form In this wor<shop, we will discuss the supernnova neutrino rasearch that will be cercducted by Hyper-
Kamiokande and several other near-future detectors, as well as Hyper-Kamiokande's potential for studying
Invitec speakers the other types o astro-particle nautrincs.

Since February 2017 marks the 30th anniversary of SN1987A, we are also plarning severzl memorial

52 Support lectures commemerating the histeric supernova neutrino cbservetions made in 1987.

We are looking forward to seeing you at the workshop.

Thank you very much,
LOC af the workshop (Y.Koshio, [.Shimizu, Y.Suwa, Y.Takeuchi, M.Yokoyama)
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Dates: from 12 Februery 2017 08:00 tc 13 February 2017 11:0C


http://www-sk.icrr.u-tokyo.ac.jp/indico/conferenceDisplay.py?confId=2935

- .Summary

Let’s go supernova! |

Thanks



