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Presentations related to neutrino signature

Monday 08 October 2018
Opening Remarks - (08:50-09:00)

- Presenters: Prof. VAGINS, Mark

Supernovae - (09:00-10:30)
- Conveners: Kotake, Kei

time [id] title presenter
 09:00 [1] The signature of hydrodynamical instabilities during stellar core collapse FOGLIZZO, Thierry

 09:50 [2] Impact of pre-collapse instabilities in core-collapse supernovae ABDIKAMALOV, Ernazar

Supernovae - (11:00-12:20)
- Conveners: Kotake, Kei

time [id] title presenter
 11:00 [3] Gravitational Waves and Neutrinos from Core-Collapse Supernovae RADICE, David

 11:40 [4] Neutrino signals from CCSNe simulations with full Boltzmann neutrino
transport

NAGAKURA, Hiroki

Supernova model - (14:00-15:20)
- Conveners: Sumiyoshi, Kohsuke

time [id] title presenter
 14:00 [5] Supernova dynamics uncovered by three dimensional simulations TAKIWAKI, Tomoya

 14:40 [6] Role of neutrino interactions in core-collapse supernovae FISCHER, Tobias

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

Poster session - (17:40-18:30)

 Deciphering multi-Dimensional nature of core-collapse SuperNovae via Gravitational-Wave and neutrino signatures
(SNeGWv2018) / Programme
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Monday 08 October 2018

Several poster presentations

Tuesday 09 October 2018

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

Poster session - (11:10-12:00)

 Deciphering multi-Dimensional nature of core-collapse SuperNovae via Gravitational-Wave and neutrino signatures
(SNeGWv2018) / Programme

 Page 2 

Tuesday 09 October 2018
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on the solar parameter space.
Figure 33 shows the allowed region in (θ12, θ13) space

obtained from the global solar analysis and our Kam-
LAND analysis. As shown in the figure, in the global
solar contour, the larger value of θ13 prefers the larger
value of θ12, while in the KamLAND contour the larger
value of θ13 prefers the smaller value of θ12. The
global solar analysis finds that the best fit values at
sin2 θ12 = 0.31±0.03 (tan2 θ12 = 0.44±0.06) and∆m2

21 =
6.0+2.2

−2.5 × 10−5eV2. Combined with the KamLAND re-
sult, the best-fit oscillation parameters are found to be
sin2 θ12 = 0.31+0.03

−0.02 (tan2 θ12 = 0.44+0.06
−0.04) and ∆m2

21 =

7.7± 0.3× 10−5eV2. The best fit value of sin2 θ13 is 0.01,
and an upper bound is obtained, sin2 θ13 < 0.060 at the
95% C.L., for the global solar analysis. Combining with
the KamLAND contour, the best fit value of sin2 θ13 is
0.025+0.018

−0.016 and the 95% C.L. upper limit of the sin2 θ13
is found to be 0.059.
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FIG. 32: Allowed region in solar parameter space (θ12,∆m2)
obtained by the three-flavor analysis. The thick lines and
the star mark show the allowed regions and the best fit point
of the global solar analysis. The thin lines and the square
mark show the allowed regions and the best fit point of our
KamLAND analysis. The filled areas and the filled circle
mark show the allowed regions and the best fit point of the
combined analysis. For all regions, the innermost area (red),
the middle area (green) and the outermost area (blue) show
68.3, 95, 99.7 % C.L. respectively.

The flux value of 8B neutrinos can be extracted using
the oscillation parameters obtained from the fitting of
the global solar and KamLAND result. As in Equation
4.1, β is a free parameter to minimize the χ2 and there
is no constraint from the SSM prediction in χ2

SK+SNO.
Table VII summarizes the scaled 8B flux values by us-
ing βm at the best fit point obtained by the global solar
analysis and the global solar + KamLAND analyses in
both two and three flavor analyses. The size of the error
corresponds to the maximum and minimum flux values
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FIG. 33: Allowed region in (θ12, θ13) space obtained by the
three-flavor analysis. The definitions of marks and lines are
same as in Figure 32.

8B flux (×106cm−2s−1)
Global solar (2 flavor) 5.3 ±0.2
Global solar + KamLAND (2 flavor) 5.1 ±0.1
Global solar (3 flavor) 5.3 ±0.2
Global solar + KamLAND (3 flavor) 5.3 +0.1

−0.2

TABLE VII: 8B neutrino flux obtained from the oscillation
parameter fitting.

among the 1σ oscillation parameter region. As shown in
the table, the 8B flux agrees well with the latest SSM
prediction [32], and the size of the uncertainty is 2 ∼ 3%
which is consistent with the SNO result [20].

V. CONCLUSION

Super-Kamiokande has measured the solar 8B flux to
be (2.32± 0.04(stat.)± 0.05(sys.))× 106 cm−2sec−1 dur-
ing its third phase; the systematic uncertainty is smaller
than for SK-I. Combining all solar experiments in a
two flavor fit, the best fit is found to favor the LMA
region at sin2 θ12 = 0.30+0.02

−0.01 (tan2 θ12 = 0.42+0.04
−0.02)

and ∆m2
21 = 6.2+1.1

−1.9 × 10−5eV2. Combined with the
KamLAND result, the best-fit oscillation parameters are
found to be sin2 θ12 = 0.31±0.01 (tan2 θ12 = 0.44±0.03)
and ∆m2

21 = 7.6± 0.2× 10−5eV2, in excellent agreement
with previous solar neutrino oscillation measurements.
In a three-flavor analysis combining all solar neutrino ex-
periments and the KamLAND result, the best fit value
of sin2 θ13 is found to be 0.025+0.018

−0.016 and an upper bound
is obtained as sin2 θ13 < 0.059 at 95% C. L..
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Time profile of neutrino emission

Time variability of the neutrino 
emission may be beneficial?

• Neutrino emission from the core varies on 
short time scales (~10ms) early on.

• This is quite short compared to the neutrino 
propagation times in the envelope.

Janka (2017)

JJ.Cherry, H.Suzuki, M.Mori

Time variability of the neutrino 
emission may be beneficial?

• Neutrino emission from the core varies on 
short time scales (~10ms) early on.

• This is quite short compared to the neutrino 
propagation times in the envelope.

Janka (2017)
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Kamioka underground detectors

KAGRA
SuperK
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Kamiokande Successor

Kamiokande Super-Kamiokande Hyper-Kamiokande

SK-Gd
1987A

1996 -

2019 -

2027 -1983 - 1995

KamLAND
2002 -

Improved measurement of supernova 
neutrinos in Kamioka detectors

I.Shimizu



SN search at 
Super-Kamiokande

18

on the solar parameter space.
Figure 33 shows the allowed region in (θ12, θ13) space

obtained from the global solar analysis and our Kam-
LAND analysis. As shown in the figure, in the global
solar contour, the larger value of θ13 prefers the larger
value of θ12, while in the KamLAND contour the larger
value of θ13 prefers the smaller value of θ12. The
global solar analysis finds that the best fit values at
sin2 θ12 = 0.31±0.03 (tan2 θ12 = 0.44±0.06) and∆m2

21 =
6.0+2.2

−2.5 × 10−5eV2. Combined with the KamLAND re-
sult, the best-fit oscillation parameters are found to be
sin2 θ12 = 0.31+0.03

−0.02 (tan2 θ12 = 0.44+0.06
−0.04) and ∆m2

21 =

7.7± 0.3× 10−5eV2. The best fit value of sin2 θ13 is 0.01,
and an upper bound is obtained, sin2 θ13 < 0.060 at the
95% C.L., for the global solar analysis. Combining with
the KamLAND contour, the best fit value of sin2 θ13 is
0.025+0.018

−0.016 and the 95% C.L. upper limit of the sin2 θ13
is found to be 0.059.
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FIG. 32: Allowed region in solar parameter space (θ12,∆m2)
obtained by the three-flavor analysis. The thick lines and
the star mark show the allowed regions and the best fit point
of the global solar analysis. The thin lines and the square
mark show the allowed regions and the best fit point of our
KamLAND analysis. The filled areas and the filled circle
mark show the allowed regions and the best fit point of the
combined analysis. For all regions, the innermost area (red),
the middle area (green) and the outermost area (blue) show
68.3, 95, 99.7 % C.L. respectively.

The flux value of 8B neutrinos can be extracted using
the oscillation parameters obtained from the fitting of
the global solar and KamLAND result. As in Equation
4.1, β is a free parameter to minimize the χ2 and there
is no constraint from the SSM prediction in χ2

SK+SNO.
Table VII summarizes the scaled 8B flux values by us-
ing βm at the best fit point obtained by the global solar
analysis and the global solar + KamLAND analyses in
both two and three flavor analyses. The size of the error
corresponds to the maximum and minimum flux values
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FIG. 33: Allowed region in (θ12, θ13) space obtained by the
three-flavor analysis. The definitions of marks and lines are
same as in Figure 32.

8B flux (×106cm−2s−1)
Global solar (2 flavor) 5.3 ±0.2
Global solar + KamLAND (2 flavor) 5.1 ±0.1
Global solar (3 flavor) 5.3 ±0.2
Global solar + KamLAND (3 flavor) 5.3 +0.1

−0.2

TABLE VII: 8B neutrino flux obtained from the oscillation
parameter fitting.

among the 1σ oscillation parameter region. As shown in
the table, the 8B flux agrees well with the latest SSM
prediction [32], and the size of the uncertainty is 2 ∼ 3%
which is consistent with the SNO result [20].

V. CONCLUSION

Super-Kamiokande has measured the solar 8B flux to
be (2.32± 0.04(stat.)± 0.05(sys.))× 106 cm−2sec−1 dur-
ing its third phase; the systematic uncertainty is smaller
than for SK-I. Combining all solar experiments in a
two flavor fit, the best fit is found to favor the LMA
region at sin2 θ12 = 0.30+0.02

−0.01 (tan2 θ12 = 0.42+0.04
−0.02)

and ∆m2
21 = 6.2+1.1

−1.9 × 10−5eV2. Combined with the
KamLAND result, the best-fit oscillation parameters are
found to be sin2 θ12 = 0.31±0.01 (tan2 θ12 = 0.44±0.03)
and ∆m2

21 = 7.6± 0.2× 10−5eV2, in excellent agreement
with previous solar neutrino oscillation measurements.
In a three-flavor analysis combining all solar neutrino ex-
periments and the KamLAND result, the best fit value
of sin2 θ13 is found to be 0.025+0.018

−0.016 and an upper bound
is obtained as sin2 θ13 < 0.059 at 95% C. L..
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Solar + KamLAND

12年2月19日日曜日
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Super-Kamiokande

39.3m 

41.4m 

50kt water Cherenkov detector 
22.5kt fiducial volume 
 
         20�PMT  photocathode  
          (inner)       coverage  
SK-1  11,146        40% 
SK-2    5,182        19% 
SK-3  11,129        40% 

Placed inside the Kamioka mine 
1000m underground 

1000m 

SK 

Cherenkov light 

charged 
particle 

neutrino 

32kton fiducial volume for SN 
20’ PMT   photocathode 

(inner)      coverage 
SK-1     11,146         40% 
SK-2       5,182         19% 
SK-3     11,129         40% 
SK-4   same as SK-3 
          with new electronics

νe,x e-   

✓ Underground in Kamioka 
mine, (almost BG free) 
✓ 3.5MeV energy 
threshold for recoil electron 
✓ Dominant process is 
inverse beta decay 
✓ Good directionality for νe 
elastic scattering

charged 
particle θ

50kton Water Cherenkov detector
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Super-Kamiokande
For supernova neutrinos 

(~MeV)

ID

OD

vertex 55cm hit timing
direction 23deg. hit pattern
energy 14% # of hits.

Detector performance

~ 6 hits/MeV 
well calibrated by LINAC / 
DT within 0.5% precision

Ee = 8.6 MeV (kin.) 
cosθsun = 0.95

Resolution@10MeV   Information

How to reconstruct?
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Expected number of events at SK

For 10 kpc, 5 MeV 
threshold,

no oscilation

Expected number of events from a supernova at SK

~7,300 ne+p events
~300  n+e events
~100 ne+16O events

~5o pointing from n+e ES

(-)

Neutrino flux and energy spectrum  from Livermore simulation 
(T.Totani, K.Sato, H.E.Dalhed and J.R.Wilson, ApJ.496,216(1998))

Nakazato simulation: ~50% less flux
( K.Nakazato, K.Sumiyoshi, H.Suzuki, 
T.Totani, H.Umeda,and S.Yamada,  
ApJ.Suppl. 205 (2013) 2 )

M.Vagins

T.Sudo
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Diffuse Supernova Neutrino Background 
(DSNB)

Neutrinos emitted from past supernovae

1.

2.

3.

TIME AXIS

z = 0

"

"

z = 1

z = 5

We need information 
concerning...

WE ARE 

HERE.

2. Formulation and Models
How to Calculate the SRN FluxS.Ando

νe�

νe�

(Ando	model)�

KamLAND

νe�
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DSNB search in Super-K
Current Super-K w/o neutron taggingSearches)by)SuperVKamiokande)

Shunsaku(Horiuchi((VT)( 35(

Bays)et)al)(2012))

•  Invisible(muons(
•  Atmospheric(νe(

Kamiokande/II&
Flux(<(226(cm@2(s@1(

[Eν(=(19(–(34(MeV,(90%CL](

(

(

Super/Kamiokande&(SK/I)&
Flux(<(1.2(cm@2(s@1((

[Eν(>(19.3(MeV,(90%CL](

(

(

SK/I,&SK/II,&and&SK/III:&&
Flux(<(2.0(cm@2(s@1((

[Ee+(>(18(MeV,(90%CL](

Zhang)et)al)(1988))

Malek)et)al)(2003))

Bays)et)al)(2012))
LowVE)update,)Zhang)et)al)(2014))

S.Horiuchi
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DSNB in upgraded Super-K
GADZOOKS!

νe!

e+!

p 
n 

γ#

γ#p 

Gd 

(2.2MeV)

~8MeV

•Delayed coincidence 
• Suppress B.G. drastically 
for νe signal 
• ΔT~20µsec 
• Vertices within ~50cm

Dissolve Gadolinium into Super-K 
J.Beacom and M.Vagins, 

 Phys.Rev.Lett.93 (2004) 171101



Proposed in 2004, 
but not so easy..
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(Evaluating Gadolinium’s Action on Detector Systems)

Purpose 
✓Water transparency 
✓How to purify 
✓How to introduce and 
remove 
✓Effect on detector 
✓Effect from 
environment neutrons 
✓

Super-Kamiokande 
50m 

Water system 

20� PMT 

W
ater transparency m

easurem
ent 

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

R&D for Gd test experiment

EGADS as R&D

Detailed presentation by M.Vagins
Substitute detector of SN during SK refurbishment

Y.Takahira



Approved the project by 
the Super-K collaboration 
in 2015 as “Super-K Gd”
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Physics expectation in SK-Gd
Expected signal and sensitivity

• It depends on typical/actual  SN 
emission spectrum 

6

Total (positron) energy  MeV

ev
en

ts
/y

ea
r/

1.
5M

eV

DSNB flux:
Horiuchi, Beacom and Dwek, 
PRD, 79, 083013 (2009)

Expected total BG
Tn = 6MeV
Tn = 4MeV
Tn = 1987a 

HBD models 10-16MeV
(evts/10yrs)

16-28MeV
(evts/10yrs)

Total
(10-28MeV)

significance
(2 energy bin)

Teff 8MeV 11.3 19.9 31.2 5.3 s
Teff 6MeV 11.3 13.5 24.8 4.3 s
Teff 4MeV 7.7 4.8 12.5 2.5 s
Teff SN1987a 5.1 6.8 11.9 2.1 s
BG 10 24 34 ----

First observation is within SK-Gd’s reach! 

DSNB events number with 10 years observation
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Physics expectation in SK-Gd
For Supernova burst neutrinos

ν̅e w/o tagging 

ν̅e tagged with 80% eff. 
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K.Nakamura
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Multi-messenger signals
Neutrino emission warning

Toyama SNeGWv2018 SB 11/58

From Odrzywolek et al. 2004

Toyama SNeGWv2018 SB 12/58

Important for obtaining light curve

gravitational wave

neutrino

electromagnetic wave

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

S.Blinnikov

Y.Nakano

Search for neutrinos in Super-Kamiokande

associated with gravitational wave event

Kamioka Observatory *Yuuki Nakano for the Super-Kamiokande collaboration.

(ynakano@km.icrr.u-tokyo.ac.jp)

See detail: Astrophys. J. Lett. 830, L11 (2016), Astrophys. J. Lett. 857, L4 (2018).

1. Introduction & Physics motivations

2. Super-Kamiokande detector and its analysis methods

3. Event search and results

4. Discussion and conclusion

LIGO 90% C.L. contour

for GW150914 . 

1σ angular resolution for the reconstructed 
direction of each charged particle.

Advanced LIGO (Virgo) experiment observed the gravitational wave 

from the merger of two black holes [1, 2, 3] as well as two neutron stars [4].

〇Multi-messenger astrophysics [5]

- Unique opportunity to study astrophysical mechanisms

→ particle acceleration and high energy emission from compact object.

〇 Experimental search for neutrinos coincidence with GW events.

- No positive signal is observed so far.

- New physics is expected if the coincidence of neutrino is observed. 

Experiment Energy range

ANTARES, IceCube

Pierre Auger [6, 7, 8, 9]

100 GeV – 100 PeV

100 PeV – 25 EeV

KamLAND [10] 1.8 MeV – 111 MeV

Borexino [11] 0.25 MeV－ 15 MeV

GW event Time [UTC]

GW150914 [1] 2015/09/14 9:50:45

GW151226 [2] 2015/12/26 3:38:53

GW170104 [3] 2017/01/04 10:30:43

GW170817 [4] 2017/08/17 12:41:04

〇 Interpretation of remaining events on GW150914 (GW151226).

- 4 events remain below 15.5 MeV around GW150914 (±500 sec).

- No event is found around GW151226 (±500 sec). 

→ Consistent with the estimated background rate.

→ 4 or more (0) events passing the reduction cuts: 33.0% (5.5%).

No.1 & No.2: spallation event, No.3: Radon daughter, No.4: Solar ν.
〇 Interpretation of remaining events on GW170814.

- No event is found in ±500sec time window.

→ LINAC calibration was performed at that time (removed).

- 14-days time window is also searched in order to find neutrino

from longer-emission process (kilonova [16]).

→ No significant excess has been observed in the 14-days window.

41.4 m

39.3 m

〇 Super-Kamiokande detector

- Multi-purpose water Cherenkov detector [12].

- 50 kton pure water, 11129 PMTs for the ID detector.

- Energy range: 3.5 MeV ~ 100 PeV. 

〇Available analysis tools for

(1) Solar neutrino [13].

(2) Supernova relic neutrino [14].

(3) Atmospheric neutrino [15].

Target BG rate [event/1000sec]

Solar 2.90±0.01

Supernova

relic
(1.45±0.09)×10-3

FC (9.41±0.07)×10-2

PC (7.5±0.2)×10-3

UPMU (1.65±0.03)×10-2

-500 sec +500 sec

Poster #25, Deciphering multi-Dimensional nature of core-collapse SuperNovae via Gravitational-Wave and neutrino signatures SNeGWv2018)@Toyama, Japan on October 8-10, 2018.

〇 Fluence limit (See our papers)

- Flat or Fermi-Dicac spectrum below 100 MeV.

- Above 100 MeV, a spectral index of -2 (→∝ 𝑬−𝟐) is assumed.

〇Conclusion

- 4 events remain around GW150914, No event is found around GW151226.

- No significant excess is observed around GW170814 (as well as after 14 days).

Reference: [1] Phys. Rev. Lett. 116, 061102 (2016). [2] Phys. Rev. Lett. 116, 241103 (2016).  [3] Phys. Rev. Lett. 118, 221101 (2017). 

[4] Phys. Rev. Lett. 119, 161101 (2017). [5] Astrophys. J. Lett. 848, L12 (2017). [6] Phys. Rev. D 93, 122010 (2016). [7] Phys. Rev. D 94, 122007 (2016).

[8] Phys. Rev. D 96, 022005 (2017). [9] Astrophys. J. Lett. 850, L35 (2017). [10] Astrophys. J. Lett. 829, 2 (2016).  [11] Astrophys. J. 850, 21 (2017). [12] Nucl. Inst. Meth. A 501, 418.
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GW150914

GW151226

90% C.L. limit on fluence considering UPMU

https://indico.cern.ch/event/663474/contributions/3062775/

14days

window

No significant signal associated with GW150914, 
GW151226, GW170104, GW170817

Y.Suwa’s art
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Schedule of the Super-K Gd
Start refurbishment of Super-K on 31st May, 2018

2018 2019 2020 202X 202X
T0:Leak stop work (~4 months)

fill water (~3 months)
Operation by pure water

T1:Load first Gd2(SO4)3 up to 10ton

Observation T2:Load full Gd2(SO4)3

Observation

Neutron tagging efficiency : ~50%

100 ton 
~90% efficiency 

Stabilize water quality



SN search at 
Hyper-Kamiokande
Promising future experiment
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Hyper-Kamiokande

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

~40000 PMTs

96 III HYPER-KAMIOKANDE DETECTOR

2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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FIG. 59. Transit time distribution at single pho-

toelectron, compared with the Super-K PMT in

dotted line.
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FIG. 60. Single photoelectron distribution with

pedestal, compared with the Super-K PMT in

dotted line.

2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20
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• Efficiency x 2, Timing resolution x 1/2
• Pressure tolerance x 2 (>100m)
• The impact is large to physics sensitivities 
and detector design optimization

• enhance p→νK+ signal, solar ν, neutron 
signature of np→d+γ(2.2MeV) 

New 50cmΦ PMT

Super-K PMT

Hyper-K PMT

S
in

gl
e 

P
ho

to
n 

D
et

ec
tio

n 
E

ffi
ci

en
cy

 (a
rb

itr
ar

y)

Injection position (degree)

96 III HYPER-KAMIOKANDE DETECTOR

2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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FIG. 59. Transit time distribution at single pho-

toelectron, compared with the Super-K PMT in

dotted line.

Charge [photoelectron]
-1 0 1 2 3

En
tri

es
 (a

.u
.) 50cm high-QE box&line PMT

50cm Super-K PMT

50cm high-QE box&line PMT

50cm Super-K PMT

50cm high-QE box&line PMT

50cm Super-K PMT

50cm high-QE box&line PMT

50cm Super-K PMT

FIG. 60. Single photoelectron distribution with

pedestal, compared with the Super-K PMT in

dotted line.

2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20

ー Hyper-Kー Super-K

Time [nsec]

 

improved 
photosensor

H 60 m

D 74 m

260 kton tank

High statistics (~10 × Super-K) 
keeping low energy threshold 
and low background

M.Shiozawa, I.Shimizu

Achieve ~70% neutron tagging 
efficiency using 2.2MeV gamma. 

(~20% for SK)

M.Harada
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Expected number of events at HK
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Livermore simulation 
Totani, Sato, Dalhed, Wilson, ApJ. 496 (1998) 216

98k~136k ev (IBD) 
4.2k~5k ev (νe ES) 
(12~80 for neutronization) 
160~8200 ev (νe CC)  
1300~7800 ev (νe CC) 

at 10kpc
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Fruitful physics targets
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onset time ~ 1 msec accuracy
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27 solar mass

Mass Hierarchy Determination

H. Duan, G. M. Fuller, and J. Carlson, Comput. Sci. Dis. 1, 015007 (2008), 0803.3650.

JJ.Cherry

New results of collective neutrino 
oscillation studies are shown.

M.Zaizen, M.D.Azari, T.Morinaga
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Search for nearby galaxy in HK
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DSNB at Hyper-K

Year
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ਤ 107: ϋΠύʔΧϛΦΧϯσʢ੺ʣɺSK-Gdʢփ৭ʣɺ JUNOʢࢵʣͰ͖ىΔ௒৽੕എܠ
χϡʔτϦϊࣄ৅ͷੵࢉ਺Λɺԣ࣠Λ੢ྐྵͱͯࣔ͢͠ [4, 5, 6, 7]ɻ͜͜Ͱ͸ɺ֤ݕग़ثͷ༗
ޮ࣭ྔͱղੳΤωϧΪʔྖҬͷΈΛྀͨ͠ߟʢ4.6અ಺ɺද 6ʣɻ௒৽੕಺ͷχϡʔτϦϊͷ
Թ౓ Teff ͸ɺ6MeVͱԾఆͨ͠ɻ࣮ઢ͸͢΂ͯͷ௒৽੕രൃ͕Թ౓ Teff ʹରԠ͢ΔΤω
ϧΪʔͷχϡʔτϦϊΛ์ग़͢Δ৔߹ɺ఺ઢ͸ͦͷ಺ 30%͕ϒϥοΫϗʔϧΛੜ੒͠ɺΑΓ
ΤωϧΪʔͷχϡʔτϦϊΛ์ग़͢Δ৔߹ͷ༧ଌΛࣔ͢ɻ͍ߴ

χϡʔτϦϊఱจֶʹ͓͍ͯ΋ɺϋΠύʔΧϛΦΧϯσ͸େ͖͘͜ͷ෼໺ΛݗҾͰ͖Δɻ

ਤ 107ʹɺ֤࣮ݧͰͷ༗ޮମੵ಺Ͱ͖ىΔ௒৽੕എܠχϡʔτϦϊࣄ৅ͷੵࢉ਺Λɺԣ࣠

Λ੢ྐྵͱͯࣔ͢͠ɻJUNO࣮ݧͷ؍ଌ։࢝Λ 2020೥ͱԾఆͯ͠ൺֱ͍ͯ͠Δɻݧ࣮ߦݱͰ

͋ΔεʔύʔΧϛΦΧϯσ͸ɺݕग़ثʹΨυϦχ΢ϜΛ༹ղ͢Δ͜ͱͰ௒৽੕എܠχϡʔτ

Ϧϊͷॳ؍ଌΛ໨͢ࢦվྑܭըΛਐΊ͍ͯΔʢSK-GdܭըʣɻSK-GdͰ௒৽੕എܠχϡʔ

τϦϊͷൃݟΛ੒͠਱͛ɺதஅͳ͘ϋΠύʔΧϛΦΧϯσʹΑΔ؍ଌʹͭͳ͛ɺͦͷେ࣭ྔ

Λੜ͔ͯ͠௒৽੕എܠχϡʔτϦϊͷϑϥοΫεͷਫ਼ີଌఆ΍εϖΫτϧଌఆΛ࣮͢ݱΔͷ

͕ɺ͜ͷ෼໺Ͱ΋զ͕ੈ͕ࠃքΛϦʔυ͠ଓ͚ΔͨΊͷຊܭըͷઓུͰ͋Δɻ4.3અͰड़΂

ͨ௨ΓɺϋΠύʔΧϛΦΧϯσʹΑΔ௒৽੕എܠχϡʔτϦϊͷ؍ଌ͸ɺ੕΍ϒϥοΫϗʔ

ϧܗ੒ͷྺ࢙ͷղ໌ͳͲɺଞͰ͸Ͱ͖ͳ͍·ͬͨ͘৽͍͠Ӊ஦ɺఱମڀݚͷ൶Λ։͘΋ͷͰ

͋Δɻ

௒৽੕രൃ͕ۜՏܥ಺΍ۙ๣ͷۜՏͰͨͬ͜ى৔߹ɺϋΠύʔΧϛΦΧϯσ͸ɺ͔ͦ͜Β

์ग़͞ΕΔ௒৽੕രൃχϡʔτϦϊͷྔ΍ΤωϧΪʔͷ͔ࡉͳ࣌ؒมԽΛେ౷ྔܭͰৄࡉʹ

ଌ͠ɺ௒৽੕രൃͷϝΧχζϜͷղ໌ʹഭΔ͜ͱ͕Ͱ͖Δɻ·ͨɺͦͷੑೳΛੜ͔ͯ͠؍

165

expected number of events



10th October, 2018 Area workshop !28

DSNB at Hyper-K
expected spectrum

A Supernova 281
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FIG. 190. Expected spectrum of SRN signals at Hyper-K with 10 years of livetime without tagging

neutrons. Left figure shows the case without tagging neutrons, assuming a signal selection e�ciency of 90%.

Neutron tagging were applied for right figure, with the tagging e�ciency of 67% and the pre-gamma cut for

invisible muon background reduction. The black dots show the sum of the signal and the total background,

while the red shows the total background. Green and blue show background contributions from the invisible

muon and ⌫e components of atmospheric neutrinos. The SRN flux prediction in [295] is applied.
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FIG. 191. The left (right) plot shows the number of observed SRN events (the discovery sensitivity) as

a function of observation period. Red solid line shows the continuous measurement with 1 tank and red

dashed line shows the staging scenario, respectively.

discussion the expected SRN signal with gadolinium neutron tagging is considered.5173

Inverse beta reactions can be identified by coincident detection of both positron and delayed neutron5174

signals, and requiring tight spatial and temporal correlations between them. With 0.1% by mass of5175

gadolinium dissolved in the water, neutrons are captured on gadolinium with about 90% capture5176

e�ciency; the excited Gd nuclei then de-excite by emitting 8MeV gamma cascades. The time5177

correlation of about 30µsec between the positron and the Gd(n,�)Gd cascade signals, and the5178

without neutron tagging with neutron tagging
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• 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.

Toward the observation start



Thank you for your attendance!


