
Solar Neutrino Experiments 
– Results and Prospects

Dave Wark
Imperial/RAL

IoP ½ Day
RAL

June 28, 2005



νe



IoP ½ Day
RAL

Imperial College/RAL
Dave Wark 

Where it all began – the Davis Experiment
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Neutrino Oscillations
• If neutrinos have mass, then there are two 

distinct types of neutrino state we must 
consider – the eigenstates of the weak 
Hamiltonian νl = νe, νμ, ντ; and the 
eigenstates of the free particle Hamiltonian 
νi = ν1, ν2, ν3.

• There is absolutely no reason to believe that 
these are the same thing.

• In general:
ilil U νν ∑=
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For two neutrino flavours this leads to the 
appearance of a new neutrino flavour

With the corresponding disappearance of 
the original neutrino flavour
These oscillations can be significantly 
modified by the MSW effect when the 
neutrinos pass through matter…
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Matter Effects – the MSW effect
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Matter Effects – the MSW effect
Day – Night Effect
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Which left us where?

But no smoking gun for oscillations….
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1000 tonnes D2O

Acrylic Vessel

Phototube Support
Structure (PSUP)

104 8” PMTs

6500 tonnes H2O

Surface: 2 km
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The enemy…..

βs and γs from decays in these 
chains interfere with our 
signals at low energies

And worse, γs over 2.2 MeV
cause d + γ → n + p

Design called for:
D2O     < 10-15 gm/gm U/Th
H2O     < 10-14 gm/gm U/Th
Acrylic < 10-12 gm/gm U/Th Ne
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Construction
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ReconstructionEfficiency

Energy ScaleCalibrations:
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Internal

External

SNO Backgrounds
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2 tons of NaCl added  to D2O on June 1, 2001

3H 36Cl

2H+n 

35Cl+n 

6.0 MeV

8.6 MeVσ = 0.0005 b

σ = 44 b
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Blind Analysis Technique Used
• Unknown fraction of muon followers 

included in data set for analysis
• NC cross-section “spoiled” in Monte Carlo
• Data pre-scaled by unknown 80±10%
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Comparison of pure D2O and Salt results
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All new SNO 
salt results!

nucl-ex/0502021

Comparison of pure D2O and Salt results
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All new SNO 
results!

nucl-ex/0502021

Comparison of pure D2O and Salt results
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Global Solar Analysis with 391-day salt data
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LMA Shape Distortion
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Expected Day/Night Shape Distortion

red night
black day
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New Salt Day-Night Analysis
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• raw event rate:

• day and night fluxes:

• ANC = 0 applied:

above in units 106 cm−2 s−1



KamLAND
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1st KamLAND Results …

K. Eguchi et al., hep-ex/0212021
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What does this mean about solar ν?

Observed/Expected = 0.611 ± 0.085(stat.) ± 0.041(syst.)
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Newer KamLAND Results …

KamLAND Collab, Phys. Rev. Lett 94 081802 (2005)
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Newer KamLAND Results …

KamLAND Collab, Phys. Rev. Lett 94 081802 (2005)
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The Future - SNO

Now taking solar neutrino
data…

Data taking ends
next year.
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Low-E solar neutrinos
• Now that we have those annoying neutrino 

oscillations sorted out, we can get back to using 
neutrinos to study the core of the sun.

• Total neutrino flux measured by SNO already 
constrains non-standard solar physics.

• Producing high-statistics, real time measurements of 
the lower energy solar ν would allow:
– Verification of the transition from vacuum → MSW 

oscillations
– Better constraint on oscillations parameters, in particular, θ12
– Solar neutrino spectroscopy allows strong tests of solar 

models
– Observation of CNO neutrinos would produce first direct 

experimental test of the main nucleosynthesis reaction in the 
Universe

• Many experiments proposed – LENS, HERON, 
CLEAN, SNO++,….

IoP ½ Day
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Conclusions
• Solar neutrinos provided the first evidence for 

what was subsequently confirmed as physics 
beyond the Standard Model.

• Arguably after the gallium experiments the 
default model was neutrino oscillations.

• (Super-K then confirmed that neutrinos have 
mass)

• SNO confirmed that neutrinos change flavour.
• KamLAND confirmed that neutrinos oscillate.
• Future solar neutrino experiments may 

provide further tests of MSW oscillations and 
valuable insights into stellar physics.
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Reactor Neutrinos

Accelerator Neutrinos

Let’s get digging!


