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Solar neutrino measurement 
in Hyper-Kamiokande
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EXECUTIVE SUMMARY

FIG. 1. Schematic view of the Hyper-Kamiokande detector.
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Physics motivation
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Survival probability as a function of neutrino energy• Neutrino oscillation
✓Can see the spectrum up-
turn to the vacuum oscillation 
dominant region?
✓Can see the day-night 
asymmetry more precisely?

• Astrophysical point
✓Can separate high/low 
heavy metal model?
✓Short term flux variation?

Vacuum oscillation 
dominant

Matter oscillation 
dominant

Spectrum distortion
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Spectrum up-turn
• Lowering energy threshold is crucial
• It strongly depends on the photo-coverage / Q.E.
• The current HK configuration is same as SK-II

Spectrum up-turn
Strongly depends on 
Energy threshold
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SK-I & II Final data samples 

!   Event rate of SK-II is 
still higher than SK-I. 

!   Dominant BG source 
in low-e region is 
external events from 
outside fiducial 
volume. 

!   Could the energy 
and vertex resolution 
explain the 
difference? 

 
High-e region could be explained by 
  energy resolution 
  vertex resolution at spallation cut 
  different 2nd reduction 

6.5MeV (kin.) in SK-II

Typical expected spectrum

6.5MeV (kin.)

Hard to see the up-turn in the current config...
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Physics motivation

• Neutrino oscillation
✓Can see the spectrum up-
turn to the vacuum oscillation 
dominant region?
✓Can see the day-night 
asymmetry more precisely?

• Astrophysical point
✓Can separate high/low 
heavy metal model?
✓Short term flux variation?

sin2(O12)=0.304±0.013 6m2
21=(7.44+0.20

 -0.19) 10-5eV2
sin2(O12)=0.310+0.014

 -0.015 6m2
21=(4.86+1.44

 -0.52) 10-5eV2
sin2(O12)=0.309+0.040

 -0.029 6m2
21=(7.49+0.21

 -0.19) 10-5eV2

6
m

2 21
 in

 e
V2 x10-5

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

2 4 6 8
1m 2m 3m

6r2sin2(O12)
0.1 0.2 0.3 0.4 0.5

2
4
6
8

1m

2m

3m

6
r2

Day-Night flux asymmetry

Expected
(day-night)/((day+night)/2)

Regenerate νe by 
earth matter effect
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SK-I/II/III/IV Combine Day/Night Asymmetry
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Indication of Day-Night asymmetry 
in SK 17yrs

Amplitude fitAmplitude fit Straight calc.
(D-N)/((D+N)/2)Δm221=4.84x10-5 eV2 Δm221=7.50x10-5 eV2
Straight calc.
(D-N)/((D+N)/2)

SK-I -2.0±1.8±1.0% -1.9±1.7±1.0% -2.1±2.0±1.3%
SK-II -4.4±3.8±1.0% -4.4±3.6±1.0% -5.5±4.2±3.7%
SK-III -4.2±2.7±0.7% -3.8±2.6±0.7% -5.9±3.2±1.3%
SK-IV -3.6±1.6±0.6% -3.3±1.5±0.6% -4.9±1.8±1.4%

combined -3.3±1.0±0.5% -3.1±1.0±0.5% -4.1±1.2±0.8%
non-zero significance 3.0σ 2.8σ 2.8σ

1σ KamLAND1σ Solar

SK-I,II,III,IV best fit

expected2.8σ2.9σ3.0σ

Day/Night asymmetry
(straight calculation)

✓ differ from zero 
by 2.9~3.0σ

✓agree with expect 
by 1.0σ

✓ differ from zero 
by more than 2.8σ
✓agree with expect 

by 1.3σ

Solar region

KamLAND region
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What’s for Hyper-K?

Evidence / Discovery of day-night asymmetry?

Possible separation between Solar and KamLAND best?
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Low energy backgrounds in SK
Reminder of 2nd HK meeting by Takeuchi-sanLow-energy backgrounds in SK 

2 

SK-II: PRD78, 032002 

Solar  signal 

Misfit 

External gamma 

Radon, Misfit, 
External gamma, etc. 

Removed spallation 
products 

Remaining spallation 
products (probably) 

SK-I: PRD73, 112001 

Solar  data reduction 
(in 2m fiducial volume, 22.5kt) 

Low-e vertex dist. 

2m from wall 

(=final data sample) 

Spallation is dominant BG source in ~10-20MeV  

Z 

R 0 
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Spallation cut in SK
Reminder of 2nd HK meeting by Takeuchi-sanSpallation cut in SK 

 Likelihood method is used to reduce spallation products in SK 
 “Solar  spallation  cut”  (in  PRD73,  112001)   

– Likelihood = PDF(QRES) * PDF(T) * PDF(LTRANS) 

 “(supernova)  relic  spallation  cut”  (in  PRD85,  052007)   
– Likelihood = PDF(QPEAK) * PDF(T) * PDF(LTRANS) * PDF(LLONG ) 

 Improved  likelihood  function  is  used  in  “relic  spallation  cut” 
 

4 

LLONG  

LTRANS  

SK SRN: PRD85, 052007 

dE/dx plot PDF(LLONG) 

LLONG 



5th Hyper-Kamiokande open meeting21st July, 2014

Longitude (deg)
137.311 137.312 137.313 137.314 137.315

La
tit

ud
e 

(d
eg

)

36.354

36.355

36.356

36.357

6

7

8

9

10

11

12

/s)2 /cm-7muon flux (10

Longitude (deg)
137.311 137.312 137.313 137.314 137.315

La
tit

ud
e 

(d
eg

)

36.354

36.355

36.356

36.357

180

185

190

195

200

205

210
muon average energy (GeV)

Muon Simulation at Tochibora

muon average energy

muon flux    

Longitude (deg)
137.305 137.31 137.315 137.32

La
tit

ud
e 

(d
eg

)

36.352

36.354

36.356

800

850

900

950

1000

1050

1100

1150

1200

1250
Altitude (m)

HK position
LOI New (Basing point)

shallower in the west and south

higher flux and lower energy

9

Muon flux in HK
estimated by Shimizu-san
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Muon Simulation at Mozumi

muon average energy

muon flux    

HK position
Boring survey origin

shallower in the west and south

higher flux and lower energy

SK
HK(Tochibora) HK(Mozumi)

Altitude

Ratio of muon flux
HK/SK5.36 ± 1.07 2.23 ± 0.45

muon average energy
258GeV in SK200GeV 227GeV

density of spallation product
apply factor 0.8 to the muon flux ~2~4
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Spallation cut in HK
Reminder of 3rd HK meeting by Yano-san

  

Y. Takeuchi, 

2nd HK

open meeting
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Spallation cut in HK
Reminder of 3rd HK meeting by Yano-san

Muon flux 
comparing to SK Mu*1 Mu*2 Mu*3 Mu*4 Mu*5 Mu*7

Signal efficiency 80% 81% 81% 80% 80% 81%

Remaining 
spallation products 1.2% 2.1% 2.5% 3.0% 3.9% 4.6%

HK(Mozumi)
Factor ~1.8

HK(Tochibora)
Factor~3.3

• Keep ~80% signal efficiency in 17.5~20MeV

Increase factor
from Super-K

SK
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How much increase spallation
estimated by Shimizu-san and Yano-san
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Muon Simulation at Mozumi

muon average energy

muon flux    

HK position
Boring survey origin

shallower in the west and south

higher flux and lower energy

SK
HK(Tochibora) HK(Mozumi)

Altitude

density of spallation product
(proportional to 0.7-th power of the energy) ~2~4

Factor of spallation cut 1.83.3

Total ~3.6~13.2

Neutrino 2014 poster by Yano-san
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Day-Night asymmetry in HK
Reminder of 2nd HK meeting by Koshio

Day/Night Asymmetry
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in case of solar best is the solution

5 times higher B.G.
10 times higher B.G.

HK 10 years
Assume solar-best
(only statistic error)

100,000 toy MC
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Day-Night sensitivity in HK
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SK HK(tochibora)

Remaining B.G. factor to SK

Sensitivity for non D/N asym.

Sensitivity for KamLand parameter

(only statistic error)

HK(mozumi)

~2.6σ from non D/N asym.
~1.2σ from KamLAND best
(Similar as the current SK)

~4.6σ
~2.3σ
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Summary
The sensitivity of solar neutrino physics in HK is estimated.

• Hard to see the low-energy upturn expected by LMA-
MSW effect because of the reduced photo-coverage.

• The day-night asymmetry in HK(Tochibora) is almost 
same as the current SK, while ~4.6σ (to zero asym.) 
and 2.3σ (to KamLAND best fit param.) is expected for 
HK(Mozumi).

• Still have a possibility to be improved by the 
modification of the spallation reduction method.

• The realistic study, such as detector shape, photo-
sensor, dark noise and so on, which may change the 
energy threshold, should be done.


