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“High Energy” Solar Neutrinos
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unique laboratory: high neutrino flux, low neutrino energy, 
high flavor purity (all νe), high matter density, high magnetic 
fields, 8B ν’s are only produced in the very center of  the sun 
Cherenkov Detectors  measure only 8B Neutrinos, and hep 
neutrinos, since a few MeV of  energy are needed to make 
sufficient amount of  Cherenkov light 
high energy, O(10 MeV) solar 8B and hep neutrinos are the 
only neutrino sources producing a defined mass eigenstate 
high energy solar 8B and hep neutrinos are the only neutrino 
sources to directly probe Earth matter effects on neutrino 
oscillations: compare Pee with (night time) and without (day 
time) the presence of  Earth matter in the flight path
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Adiabatic Conversion of  Solar 
8B Neutrinos

convert νe’s to heavier of  the “solar” mass eigenstates 
survival prob. Pee measures directly this eigenstate’s flavor 
comp.: two experiments reject Δm221<0 (Pee>0.5) at >5σ 
… but what about the “resonance curve”?
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effective mass2 in the sun

νe’s are born here

“level crossing”

νe

νμ/τ



Expected “Resonance Curve”

matter oscillation dominant 
(solar MSW “resonance”)
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Water Cherenkov Detectors
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Kamiokande: pure light water 
electron—neutrino elastic scattering 

Super-Kamiokande: pure light water 
electron—neutrino elastic scattering,                            
search for anti-neutrino IBD 

Super-Kamiokande-Gadolinium: light water with Gd2(SO4)3 
dissolved to detect neutron captures on Gd 
Hyper-Kamiokande: pure light water 
SNO: pure heavy water and heavy water with NaCl 
dissolved to detect neutron captures on Cl 

deuteron break-up via CC or NC interaction, electron—
neutrino elastic scattering



submitted to ApJ

Michael Smy, UC Irvine

Water Cherenkov Detectors

5

Kamiokande: pure light water 
electron—neutrino elastic scattering 

Super-Kamiokande: pure light water 
electron—neutrino elastic scattering,                            
search for anti-neutrino IBD 

Super-Kamiokande-Gadolinium: light water with Gd2(SO4)3 
dissolved to detect neutron captures on Gd 
Hyper-Kamiokande: pure light water 
SNO: pure heavy water and heavy water with NaCl 
dissolved to detect neutron captures on Cl 

deuteron break-up via CC or NC interaction, electron—
neutrino elastic scattering



SK and SNO Oscillation 
Parameters
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SK measures

(w/o SK-IV update 
from this summer)
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Future Water-Cherenkov 
Detectors
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Theia (see next talk) 
WATCHMAN (ignore for this talk) 
Hyper-Kamiokande:

discovery from 0

separate solar from 
KamLAND

0.1% syst.

0.3% syst.

0.3% syst.

day/night effect spectrum “upturn” 

4.5 MeV threshold

3.5 MeV threshold

Courtesy Takatomi Yano (ICRR) Courtesy Takatomi Yano (ICRR)



Reduce Spallation Background: 
Tagging Hadronic Showers

Courtesy S. Locke, UC Irvine

very low threshold WIT system triggers 
on 2.2 MeV γ’s from hadronic shower 
neutrons capturing on hydrogen 
multiple spallation: several events >5.49 
MeV within 60sec and 4m tag a hadronic 
shower, even without a detected muon 
~45% of  spallation background is from 
multiple spallation

capture time: 208.2±1.8μsec

shower size
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Reduce Spallation Background: 
Tagging Hadronic Showers

Courtesy S. Locke, UC Irvine

additional  solar neutrino interactions in SK-IV 
from reduction of  “deadtime” of  20% to 10% by 
better spallation background tagging: >7,000 events



Study with Super-K Gadolinium

Courtesy S. Locke, UC Irvine

SK-Gd fillingexample hadronic shower

n captures

spallation 
nuclei decay

Gd period

pre Gd
Gd period

pre Gd
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Conclusions
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solar 8B neutrinos still have a role to play 
water Cherenkov detectors remain the cheapest way to get to large 
target masses and exposure 
Hyper-Kamiokande, the largest O(MeV) water Cherenkov detector, is 
located at shallow depth, rejection of  cosmogenic radioactive 
background is critical
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