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30 years anniversary of SN1987A

Kam-II  (11 evts.) 
IMB-3  (8 evts.) 
Baksan (5 evts.) 

24 events total 

Workshop at Koshiba hall in U.of.Tokyo 
on February 12-13, 2017

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

(in 2017)

No Supernova neutrino detection since then..



No chance for Supernova neutrino 
detection for next hundred’s years?

We believe, yes!
Galactic Supernova burst 
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Neutrino interaction for SNν
Inverse beta decay

νe + p → e+ + n

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

✓ νe sensitive 
✓ Obtain the neutrino energy from the positron energy 

• Ee ~ Eν - (mn - mp), Eν > 1.86MeV 
✓ Well known cross section 
✓ Poor directionality 
✓ Neutron tagging using delayed coincidence 

• n + p → d + γ, n + Gd → Gd + γ

(Charged Current interaction)
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Neutrino interaction for SNν
Inverse beta decay

νe + p → e+ + n

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

νe+p

Total cross section for water 
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✓ Dominates for detectors with lots of free proton 
• Detect positron signal in water, scintillator, etc. 

✓ νe sensitive 
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Neutrino interaction for SNν
Inverse beta decay

νe + p → e+ + n

Possible to enhance this signal if Gd loaded
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νe+p

Total cross section for water 

νe+e

νe+e νx+e
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Neutrino interaction for SNν
Elastic scattering

νe,x + e- → νe,x + e-

✓ All neutrinos are sensitive 
✓ The cross section for νe is larger 
than others because of CC effect. 
✓ Well known cross section. 

• few % of inverse beta decay 
✓ Good directionality 
✓ Measurable for only recoil 
electron energy, not neutrino energy

(Both Charged Current and 
Neutral Current interaction)



18 July, 2019 KCL !9

Neutrino interaction for SNν
Elastic scattering

νe,x + e- → νe,x + e-

✓ All neutrinos are sensitive 
✓ The cross section for νe is larger 
than others because of CC effect. 
✓ Well known cross section. 

• few % of inverse beta decay 
✓ Good directionality 
✓ Measurable for only recoil 
electron energy, not neutrino energy

(Both Charged Current and 
Neutral Current interaction)

Water Cherenkov
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νe,x e-   

Eν=10MeV

Angular distribution 
 between incident neutrino 

and  recoil electron



Three generations of 
“Kamiokande”

Kamiokande 
(1983-1995)

3kton 
20% coverage 
with 20’ PMT

Super-Kamiokande 
(1996-)

Hyper-Kamiokande (~2027-)

260k (190k) ton 
40% coverage 

with high-QE 20’ PMT

50k (22.5k) ton 
40% coverage 
with 20’ PMT

Kam-II  (11 evts.) 
IMB-3  (8 evts.) 
Baksan (5 evts.) 

24 events total 

1998 Takayama

SN1987A



Three generations of 
“Kamiokande”

Kamiokande 
(1983-1995)

3kton 
20% coverage 
with 20’ PMT

Super-Kamiokande 
(1996-)

Hyper-Kamiokande (~2027-)

260k (190k) ton 
40% coverage 

with high-QE 20’ PMTSuperK-Gd 
(2020-)

50k (22.5k) ton 
40% coverage 
with 20’ PMT



SN search at 
Super-Kamiokande
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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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Super-Kamiokande
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Super-Kamiokande
41

.4
 m

39.3 m

50000 tons of 
Water Cherenkov detector

Charged 
particle

Cherenkov light

~1km

~3km ~2km
(2700 mwe)

Phase Period
Fiducial vol. 
(kton)

# of 
PMTs

Energy 
thr.(MeV)

SK-I 1996.4 ~ 2001.7
22.5

11146 
(40%) 4.5

SK-II 2002.10 ~ 2005.10 5182 
(20%) 6.5

SK-III 2006.7 ~ 2008.8 22.5 (>5.5MeV) 
13.3 (<5.5MeV)

11129 
(40%)

4.5

SK-IV 2008.9 ~ 2018.5
22.5 (>5.5MeV) 
16.5 (4.5<E<5.5) 
 8.9 (<4.5MeV)

3.5

SK-V 2019.1 ~

Kamioka mine Japan

ID

OD

(coverage) (Kin. energy)
Running and improvements over 20 years

just started!
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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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Super-Kamiokande

Expected number of event

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

7.3k~10.2k ev (inverse beta decay) 
320~380 ev (νe elastic scattering) 
12~610 ev (νe CC)  
95~580 ev (νe CC) 

at 10kpc, 4.5MeV energy threshold
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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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Super-Kamiokande
Time variation of νe+p at 10kpc
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Diffuse Supernova Neutrino Background 
(DSNB)

Neutrinos emitted from past supernovae

DSNB expected spectrum

Constant SN rate (Totani et al., 1996) 
Totani et al., 1997 
Hartmann, Woosley, 1997 
Malaney, 1997 
Kaplinghat et al., 2000  
Ando et al., 2005 
Lunardini, 2006 
Fukugita, Kawasaki, 2003(dashed) 

大気ν

Reactor ν

Solar νNow

5 billion 

10 billion

13.8 billionBig Bang

Neutrinos from 
past SNe

years ago

years ago

years ago
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DSNB in Super-K

It is notable that this result is less stringent than the 2003
result of 1:2 !! cm!2 s!1 positron energy >18 MeV. There
are multiple reasons for this.

First, a 0th order approximation of the inverse beta cross
section was then used. Now, the full cross section from [25]
is used. This raises the limit by about 8%. If events with
postactivity are also removed, the old-style analysis limit
becomes 1:35 cm!2 s!1. Furthermore, the binned "2

method used assumed Gaussian statistics, while
Poissonian statistics are more appropriate considering the
low statistics. This alone would change the limit from 1.2
to 1:7 cm!2 s!1. When all these corrections are combined,
the original analysis result of 1:2 !! cm!2 s!1 instead be-
comes 1:9 !! cm!2 s!1.

With our improved analysis, if we neglect atmospheric !
background systematics (which were not fully included in
the 2003 study), the SK-I only LMA result is
1:6 !! cm!2 s!1 (> 18 MeV positron energy), which is
more stringent than the published analysis with these cor-
rections. However, the SK-II and SK-III data show a hint of
a signal, which causes the limit to become less stringent
when all the data are combined, for the final LMA result
(with all systematics) of 2:0 !! cm!2 s!1 > 18 MeV posi-
tron energy, or 2:9 !! cm!2 s!1 > 16 MeV positron energy.

B. Typical SN ! emission limit

Most of the elements involved in a comprehensive pre-
diction of the SRN flux are now fairly well-known [32]
(e.g., initial mass functions, cosmic star formation history,
Hubble expansion, etc.), and thus we can parametrize
typical supernova neutrino emission using two effective
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FIG. 17 (color). True positron spectra in SK for each neutrino
temperature, from 3 to 8 MeV in 0.5 MeV steps (SN !!e

luminosity of 5" 1052 ergs assumed).
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FIG. 18 (color online). Results plotted as an exclusion contour
in SN neutrino luminosity vs neutrino temperature parameter
space. The Irvine-Michigan-Brookhaven (IMB) and
Kamiokande allowed areas for 1987A data are shown (originally
from [35]) along with our new 90% C.L. result. The dashed line
shows the individual 90% C.L. results of each temperature
considered separately, which is not a true two-dimensional
exclusion contour. Results are in the form of Fig. 6 from [32].
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FIG. 19 (color online). Exclusion contour plotted in a parame-
ter space of SRN event rate vs neutrino temperature. The red
shaded contour shows our 90% C.L. result. The dashed line
shows the individual 90% C.L. results of each temperature
considered separately, which is not a true two-dimensional
exclusion contour. CGI is cosmic gas infall model, HMA is
heavy metal abundance model, CE is chemical evolution model,
LMA is large mixing angle model, FS is failed supernova model,
and the 6 and 4 MeV cases are from [13]. For the 4 and 6 MeV
cases a total uncertainty is provided and shown, and the HMA
model gives a range which is shown. Other models have no given
range or uncertainty and are represented by a star.

TABLE V. 90% C.L. flux limit ( !! cm!2 s!1), E! > 17:3 MeV.

Model SK-I SK-II SK-III All Predicted

Gas infall (97) <2:1 <7:5 <7:8 <2:8 0.3
Chemical (97) <2:2 <7:2 <7:8 <2:8 0.6
Heavy metal (00) <2:2 <7:4 <7:8 <2:8 <1:8
LMA (03) <2:5 <7:7 <8:0 <2:9 1.7
Failed SN (09) <2:4 <8:0 <8:4 <3:0 0.7
6 MeV (09) <2:7 <7:4 <8:7 <3:1 1.5

SUPERNOVA RELIC NEUTRINO SEARCH AT SUPER- . . . PHYSICAL REVIEW D 85, 052007 (2012)

052007-13

It is notable that this result is less stringent than the 2003
result of 1:2 !! cm!2 s!1 positron energy >18 MeV. There
are multiple reasons for this.

First, a 0th order approximation of the inverse beta cross
section was then used. Now, the full cross section from [25]
is used. This raises the limit by about 8%. If events with
postactivity are also removed, the old-style analysis limit
becomes 1:35 cm!2 s!1. Furthermore, the binned "2

method used assumed Gaussian statistics, while
Poissonian statistics are more appropriate considering the
low statistics. This alone would change the limit from 1.2
to 1:7 cm!2 s!1. When all these corrections are combined,
the original analysis result of 1:2 !! cm!2 s!1 instead be-
comes 1:9 !! cm!2 s!1.

With our improved analysis, if we neglect atmospheric !
background systematics (which were not fully included in
the 2003 study), the SK-I only LMA result is
1:6 !! cm!2 s!1 (> 18 MeV positron energy), which is
more stringent than the published analysis with these cor-
rections. However, the SK-II and SK-III data show a hint of
a signal, which causes the limit to become less stringent
when all the data are combined, for the final LMA result
(with all systematics) of 2:0 !! cm!2 s!1 > 18 MeV posi-
tron energy, or 2:9 !! cm!2 s!1 > 16 MeV positron energy.

B. Typical SN ! emission limit

Most of the elements involved in a comprehensive pre-
diction of the SRN flux are now fairly well-known [32]
(e.g., initial mass functions, cosmic star formation history,
Hubble expansion, etc.), and thus we can parametrize
typical supernova neutrino emission using two effective
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FIG. 17 (color). True positron spectra in SK for each neutrino
temperature, from 3 to 8 MeV in 0.5 MeV steps (SN !!e
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FIG. 18 (color online). Results plotted as an exclusion contour
in SN neutrino luminosity vs neutrino temperature parameter
space. The Irvine-Michigan-Brookhaven (IMB) and
Kamiokande allowed areas for 1987A data are shown (originally
from [35]) along with our new 90% C.L. result. The dashed line
shows the individual 90% C.L. results of each temperature
considered separately, which is not a true two-dimensional
exclusion contour. Results are in the form of Fig. 6 from [32].
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FIG. 19 (color online). Exclusion contour plotted in a parame-
ter space of SRN event rate vs neutrino temperature. The red
shaded contour shows our 90% C.L. result. The dashed line
shows the individual 90% C.L. results of each temperature
considered separately, which is not a true two-dimensional
exclusion contour. CGI is cosmic gas infall model, HMA is
heavy metal abundance model, CE is chemical evolution model,
LMA is large mixing angle model, FS is failed supernova model,
and the 6 and 4 MeV cases are from [13]. For the 4 and 6 MeV
cases a total uncertainty is provided and shown, and the HMA
model gives a range which is shown. Other models have no given
range or uncertainty and are represented by a star.

TABLE V. 90% C.L. flux limit ( !! cm!2 s!1), E! > 17:3 MeV.

Model SK-I SK-II SK-III All Predicted

Gas infall (97) <2:1 <7:5 <7:8 <2:8 0.3
Chemical (97) <2:2 <7:2 <7:8 <2:8 0.6
Heavy metal (00) <2:2 <7:4 <7:8 <2:8 <1:8
LMA (03) <2:5 <7:7 <8:0 <2:9 1.7
Failed SN (09) <2:4 <8:0 <8:4 <3:0 0.7
6 MeV (09) <2:7 <7:4 <8:7 <3:1 1.5

SUPERNOVA RELIC NEUTRINO SEARCH AT SUPER- . . . PHYSICAL REVIEW D 85, 052007 (2012)

052007-13

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

Upper limit from Super-K
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νe!

e+!

p!
n! γ#p!

!21

DSNB in Super-K
Current Super-K w/o neutron tagging

Only this signal

SK collaboration, Phys. Rev. D 85, 052007 (2012) 
SKでのSRN探索の現状（SK-I, II, IIIの結果） 

E (MeV) 

SK-I/III 
data 
νμ  CC 
νe CC 
NC elastic 
μ/π > C. thr. 
all background 
SRN signal 

Signal Events Low angle events Isotropic Events 

Qe e+ p 

n (invisible) 

42o 

μ, π 25-45o 
Q 

N 
Q 

reconstructed 
angle near 90o 

大気Q�
BG 

リングの開き角による仕分け 
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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 
✓etc.

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

Now working well
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EGADS as R&D200 ton tank

15 ton buffer tank Control panel of circulation system Filter

UDEAL
water transparency measurement
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Very stable and continuous data taking

EGADS as R&D
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Neutron tagging efficiency

Neutron tagging with delayed coincidence

2178±44ppm(� 1055±21ppm� 225±5ppm�

Data� 29.89±0.33� 51.48±0.52� 130.1±1.7�
MC� 30.03±0.77� 53.45±1.19� 126.2±2.0�

Neutron capture time

Data� MC�

84.36±&1.79%& 84.51±0.33%�

Neutron capture efficiency

Am/Be 

γ

��� 

Gd 4.4 MeV γ"

BGO 
�	��
��	� 

EGADS

241Am → 237Np + α 

 9Be + α→ 12C + γ(4.4MeV)+ n 

Gd γ#

�	���
����500µsec 

�	 
�� 
�	
�

�	 
�� 
�	
�


����
��� 



Approved this project by 
the Super-K collaboration 
in 2015 as “Super-K Gd”



Big work toward 
SK-Gd in last year
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Next topic: fixing the SK Leak 

15 

Water leakage from SK tank
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Super-K tank refurbishment
• Stop water leak (~3ton/day) 
• Change bad PMTs 
• Install new water pipe for better 
water control 
• Cleaning

Seal whole welding lines

Change bad PMTs

Install new water pipe
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Super-K tank refurbishment

Filling water

Water 
Level

June July Aug. Sep. Oct. Nov. Dec.

Drain water and working

• Start on 31st May, 2018, work on barrel part 
draining water. After complete draining in the end of 
August, working on bottom part. 
• Start filling water in the middle of October, 2018. 
• After complete filling water on 29th January, 2019, 
resume the data taking as SK-V.



18 July, 2019 KCL !33

09:00
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After refurbishment

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

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 

7th February, 2019. (7 days 4 hours 22 minutes in total)

•  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.



We are ready to 
introduce Gadolinium 

to Super-K
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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 et. al. MNRAS 461, 3296 (2016)
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SN search at 
Hyper-Kamiokande

Precise measurement
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Hyper-Kamiokande

60m

74m

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.

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

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

~40000 PMT / tank

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

Time [nsec]
-20 -15 -10 -5 0 5 10 15 20 25

En
tri

es
 (a

.u
.)
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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

ー Hyper-Kー Super-K

Charge [photoelectron]

Position angle [degree]
-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90R

el
at

iv
e 

si
ng

le
 p

ho
to

el
ec

tro
n 

hi
t e

ffi
ci

en
cy

  

0

1

2

R12860-R3600_䜹䜴䞁䝖䜾䝷䝣䠄Y㍈䠅 

17 

૚嵅崠崟嵏嵛峑峘崓崎嵛崰峼崘嵑崽৲قఏ૆ૉ峘崓崎嵛崰峼৊峂峕峁峉ৃ়ك 

岽峘崯嵤崧峘崓崎嵛崰க峙োೝ୾৕ਯ岶঳৒峕峔峵஘ଓਫ峁峐岬峵岶岝QE峒CE峘ಕ৬୷岶அ峨島峐岮峵岞
R12860峒R3600峑峙岝৊঳୾৕ਯ峼োೝ峁峉峒ෘ৒峁峉ৃ়峘崓崎嵛崰க峕ഄே峒୷岶岬峵岽峒岶ী岵峵岞 

�" !�����&.��%��#"%�����/
���$�$�*)+��
��
	��
������
��)�$'#��

�&'��"�-�

�&'��"�-�

�+'�(��������,�(� �/
���$�$�*)+���

	������������

�&.�

�"%��

3���3�

2��

2��

0���0�

1��

1��
��%�*"�%/
��#"%��

7

~2

• 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
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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

ー Hyper-Kー Super-K
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Hyper-Kamiokande

Expected number of event

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

49k~68k ev (IBD) 
2.1k~2.5k ev (νe ES) 
(6~40 for neutronization) 
80~4100 ev (νe CC)  
650~3900 ev (νe CC) 

at 10kpc
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Hyper-Kamiokande
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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
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DSNB at Hyper-K
expected spectrum
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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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Status of the project
• 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

Inaugural Symposium@Kashiwanoha, January 2015

Hyper-K meeting@Madrid, March 2018

NNSO Inaugural Ceremony@Kamioka, October 2017



Summary
Let’s go supernova!

Thanks


