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What's “low energy”
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Solar neutrinos In
Super-K



Observation in Super-K
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Observation in Super-K
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1 neutrino-electron elastic scattering
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v+ e — vt+ie

Vv Find solar direction

v Realtime measurements
- day-night flux differences
- seasonal variation

v Energy spectrum
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Solar neutrino spectrum
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Motivation of the Super-K solar v

See the neutrino oscillation MSW effect directly

Spectrum distortion

The MSW resonance will lead to
the energy dependence of the
neutrino survival probability with
the signature “upturn”.

Super-K can search for the
“‘upturn” in its recoil electron
energy spectrum
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Motivation of the Super-K solar v

See the neutrino oscillation MSW effect directly

Day-Night flux asymmetry Ad”=(day-?ei§l(gte)§tf§)y+ni9ht)/2)
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Results in Super-K
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Data set

® 16 years (1996~2012) of data

- 1496 days (SK-I), 791 days (SK-II),
548 days (SK-IlI), 1306 days (SK-IV)

® Improvement for SK-IV

- Lower background
1.7% for flux

- Reduce systematic error (2.1% for SK-II)
(3.2% for SK-)

- Lower threshold (3.5MeV/(kin.))
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Lower background

Solar angular distribution
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Observed solar neutrino events

Flux in each SK phase
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Spectrum



15th Ag

=0.75—

Recoll electron spectrum

SK | Spectrum
T T I T T T I T T

o
\l

0.65

o
o))

0.55

Data/MC (unoscillated

0.5

L L e ,'ﬁ',,',,,'.;

IIIII Alllllllllllllllllllll-

6

8

10 12

14

16

Ekin

18
in MeV

o
N

o
o))

Data/MC (unoscillated)
o
(&)

o
~

©
w
TT T T[T TTT]

o
N

SK 1l Spectrum
1 I 1 1 1 I 1 1 1 I 1 1 1

8 10

0.7

—~

ted

$0.65
0.6

unoscil

$0.55

SK Il Spectrum
L I B B

: 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 E
8 10 12 14 16 _18
E..,in MeV
SK IV Spectrum
L rrrr 1 rrrrrrrrrr T [ ]
LT = :
T e =

i —t—
|||||||||||||||;

|
18
in MeV

Ll
16
E

. .14.
kin

16



Upturn?

SK I/II/III/IV LMA Spectrum
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Allowed survival probability
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Day-Night flux
differences



Analysis -1-

Day/Night asymmetry

\4 . Electron neutrino
V- Muon/Tau neutrino
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Analysis -2-

Day/Night amplitude
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Results

experiment

D/N amplitude

AbN
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Am? dependence
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Neutrino oscillation
analysis



Neutrino oscillation

* Mixing angle
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: - —id
0 -sméf,; cosb;)|-smb,e 0 cosb, 0 0 1 {v,
— N AN 4
Flavor atmospheric all neutrino sources solar Mass

eigenstate = accelerator reactor eigenstate

 Neutrino mass differences
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Theta-13
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Result In Super-K
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All solar neutrino data with

KamLand
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Supernova Relic
Neutrinos

the diffuse neutrino background originates all the past supernovae



Predicted SRN flux
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Observation in Super-K

Dominant process is inverse beta decay - 10 &
— n 0.1 |

Vet p — €9+ N 2

310-3

v Only positron is used for the L
current analysis. g 1
(Ee=Ev-1.3[MeV]) <107 ¢

v 2.2MeV gamma tagging is g o

also going on.
g g 10 20 30 40 50

Electron energy [MeV]

Expected number of SRN events
1.3 - 6.7 ev/yr/22.5kton for Ee : 10-30MeV
0.3 - 1.9 ev/yr/22.5kton for Ee : 16-30MeV
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Phys. Rev. D 85, 052007 (2012)

Spectrum fit
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Phys. Rev. D 85, 052007 (2012)

Constraint region
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Summary

e Super-Kamiokande is successfully keep going and has
several improvement.

e Solar Neutrinos:
® No significant spectrum distortion can be seen.

e First indication for the solar neutrino day/night flux
asymmetry (@2.70), gives direct indication for matter
enhanced neutrino oscillation.

e Supernova Relic Neutrinos:
e (Combined analysis from SK-1 to 3 have done.

® No significant signal can be seen, but SK derives the
most severe constraint results.
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