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SOLAR NEUTRINOS



Physics motivation
Neutrino oscillation

- Can the spectrum up-turn 
to the vacuum oscillation 
dominant region be seen?

- Can the day-night 
asymmetry be seen?

Astrophysical point of view

- Separate high/low heavy 
metal model?

- Short term variation, etc.
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FIG. 5. Electron neutrino survival probability as a function
of energy. The red line corresponds to the measurement pre-
sented in this letter. The pp and 7Be measurements of Pee

given in [5] are also shown. The 8B measurements of Pee

were obtained from [3, 4, 25], as indicated in the legend. The
MSW-LMA prediction band is the 1� range of the mixing
parameters given in [22].
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Precise flux measurement is a key.



Spectrum up-turn

Energy (MeV)
5 10 15 20

SK
-ra

te
/M

C(
un

os
ci

lla
te

d)
0.4

0.5

Spectrum up-turn
Strongly depends on 
Energy threshold

Energy (MeV)
5 10 15 20

SK
-r

at
e/

M
C

(u
no

sc
ill

at
ed

)

0.4

0.5

����������
�����������	������� 2 

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

Lowering energy threshold is crucial.
It strongly depends on the photo-coverage and Q.E.
(the current HK configuration is same as SK-II.)

Typical expected spectrum

6.5MeV (kin.)

No chance to see the up-turn in the current configuration... 
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What’s new for muon 
spallation B.G.

Spallation background was based on the SK-2 (half # of 
PMTs) data. 

- SK-1 data was used in the previous meeting.

Use modified spallation cut

- The remaining spallation events becomes ~10 times higher 
than SK (20 times in the previous meeting).

- Calculate the sensitivity in the case of several factors.

Did not introduce high dark rate in this analysis.
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Solar neutrino signal in HK

cosθsun

10 times higher B.G.

same level as SK

Signal : ~1.0 x 106

Back ground : ~5.4 x 108

Statistic error of fitted flux :
- 10 times higher B.G. : ~1.0%
- same level as SK : ~0.4%

(SK 3904 days ~ 1.6%)

HK 10 years
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Day-Night asymmetry in 
Water Cherenkov detector

KamLAND

6.5MeV (kin.) energy threshold

-2.0% KamLAND best
-3.8% Solar best

Adn = (day-night)/((day+night)/2)

SK combined
2.3σ to zero
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SUPERNOVA BURST 
NEUTRINOS



Supernova burst neutrinos

In case of a galactic 
SuperNova, very large 
statistics, precise 
directionality and time 
profile are available.

Detection of burst 
neutrinos from 
SuperNova in nearby 
galaxies is also possible.
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FIG. 54. Expected number of supernova burst events for each interaction as a function of the distance to a

supernova. The band of each line shows the possible variation due to the assumption of neutrino oscillations.
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What’s new

Try to study SNs with several Mpc. (nearby Galaxy)

Update the expected plot by Horiuchi-san.

Use modified spallation cut.

- The cut efficiency becomes better, 80% (44% in the 
previous meeting.)

- The remaining B.G. level becomes worse, 6.56 e-3 
events/18sec. (1.23 e-3 in the previous meeting)



Mini3bursts:*reach*into*our*neighbors*
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Supernova burst neutrinos
S.Horiuchi, 1st HK open meeting 0.2~0.6 SN/year is expected at 

4Mpc.

If the analysis energy threshold 
for HK is set to 18MeV for 
reduce B.G., the # of expected 
events : 0.37~0.83 @4Mpc. While 
the expected accidental B.G. is 
0.00656 events.

The detection probability : 
31~56% (N≧1) @4Mpc

1 event from SN@4Mpc (need 
another information e.g. GW) 
every 3~10 years is expected. 



Mini3bursts:*reach*into*our*neighbors*

HyperK(MeeEng((Aug(21I23(2012)( Shunsaku(Horiuchi((CCAPP,(OSU)( 16(

Horiuchi*et*al.*(in*prep);*see*also*Ando*et*al.*(2005)*

High(nearby(supernova(rates:(
Both(observaEons(and(predicEons(
show(that(our(neighborhood(has(an(
enhancement(of(supernovae(wrt(the(
smooth(limit(

Ne+(18 < Ee+ < 30) ⇡ 5

✓
d

1Mpc

◆�2

Yields(in(HyperIK(without/with(Gd:(

Ne+(12 < Ee+ < 38) ⇡ 9

✓
d

1Mpc

◆�2

Can(probe(out(to(a(few(Mpc(

Smooth(limit(
Discoveries(

PredicEons(

Supernova burst neutrinos
S.Horiuchi, 1st HK open meeting 0.2~0.6 SN/year is expected at 

4Mpc.

If the analysis energy threshold 
for HK is set to 18MeV for 
reduce B.G., the # of expected 
events : 0.37~0.83 @4Mpc. While 
the expected accidental B.G. is 
0.00656 events.

The detection probability : 
31~56% (N≧1) @4Mpc

1 event from SN@4Mpc (need 
another information e.g. GW) 
every 3~10 years is expected. 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 1 2 3 4 5 6 7 8 9 10
Distance (Mpc)

Ex
pe

ct
ed

 e
ve

nt
s 

in
 1

8s
ec

.



Mini3bursts:*reach*into*our*neighbors*

HyperK(MeeEng((Aug(21I23(2012)( Shunsaku(Horiuchi((CCAPP,(OSU)( 16(

Horiuchi*et*al.*(in*prep);*see*also*Ando*et*al.*(2005)*

High(nearby(supernova(rates:(
Both(observaEons(and(predicEons(
show(that(our(neighborhood(has(an(
enhancement(of(supernovae(wrt(the(
smooth(limit(

Ne+(18 < Ee+ < 30) ⇡ 5

✓
d

1Mpc

◆�2

Yields(in(HyperIK(without/with(Gd:(

Ne+(12 < Ee+ < 38) ⇡ 9

✓
d

1Mpc

◆�2

Can(probe(out(to(a(few(Mpc(

Smooth(limit(
Discoveries(

PredicEons(

Supernova burst neutrinos
S.Horiuchi, 1st HK open meeting 0.2~0.6 SN/year is expected at 

4Mpc.

If the analysis energy threshold 
for HK is set to 18MeV for 
reduce B.G., the # of expected 
events : 0.37~0.83 @4Mpc. While 
the expected accidental B.G. is 
0.00656 events.

The detection probability : 
31~56% (N≧1) @4Mpc

1 event from SN@4Mpc (need 
another information e.g. GW) 
every 3~10 years is expected. 

0
10
20
30
40
50
60
70
80
90

100

0 1 2 3 4 5 6 7 8 9 10
Distance (Mpc)

D
et

ec
tio

n 
Pr

ob
ab

ili
ty

 (%
)

P(N *1)

P(N *2)

P(N *3)



Supernova burst neutrinos
Search for SN using optical measurement information
- expected B.G. is 0.00656 events/18sec/0.56Mton

Nobs Psignal @4Mpc Pbg

1 26~36% 99.3%

2 5~15% 0.65%

3 0.5~4% 0.002%



Summary

Solar neutrinos

- Honestly speaking, no chance of the big impact in the 
current configuration...

- Deeper (for everything) and Higher photo coverage (for 
spectrum up-turn) in HK is interesting.

Super Nova burst neutrinos

- Promising for our galaxy, (if happens)

- Also interesting for nearby galaxy up to several Mpc.



BACKUP



Assumption

Same condition as SK-II.

- Event rate : 328 events/day/22.5kton/(6.5-19.5MeV)

- 6.5MeV (kin.) energy threshold

HK 10 years sensitivity with the Solar best parameters.

100,000 toy-MCs are generated. 



up-turn sensitivity in SK
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