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Plot extracted from Neutrino22 contribution of Yusuke Koshio, SK collaboration

Solar parameters tension
• There is a  tension 

between KamLAND and 
SK+SNO measurements.


• KamLAND: reactor 
neutrinos.


• SK+SNO: solar neutrinos 
sensitive to Earth matter 
effects.


• OUR MAIN GOAL: solve 
tension using SN neutrinos 
sensitive to Earth matter 
effects.

∼ 1.5σ
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Supernova neutrinos
• Fluxes at the detector:


• Earth matter effects contain information on 
the solar mixing parameters:  and .Δm2
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Supernova neutrinos
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Results
• Forecasts for a SN burst at 10 kpc.


• Current KamLAND allowed regions


• Current SK+ SNO allowed regions


• Forecast assuming as “true=nature” 
value KamLAND best fit 


• Alleviate tension between reactor 
and Earth matter effects.


• Forecast assuming as “true” value 
SK+SNO best fit 


• Increase tension between reactor 
and Earth matter effects.
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PRELIMINARY

PRELIMINARY
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Results: Projected uncertainties



Tension exacerbates 
for NO.


Tension much larger 
for Warren high 

progenitor star mass 
models.


Tension increases 
with matter effects.


Tension could be 
 in future 

detectors 
> 10σ
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Results: Projected uncertainties and tension
σJUNO = 0.024 eV2

μ21 =
Δm2

21 |KL − Δm2
21 |solar

σ2
KL + σ2

SN(cz)



A future galactic SN explosion could provide:


• A competitive measurement of 


• A reduction of the uncertainty on .


• A solution to the longstanding tension between solar 
neutrino and reactor antineutrino data.
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BCK 1

Supernova neutrinos
• Adiabatic transitions make neutrinos go out from the SN as mass eigenstates.
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Supernova neutrinos
• Fluxes at detectors are a 

combination of fluxes at 
production:

• In order to obtain p we need 
to know neutrino evolution: ℋflavor =

1
2E

U𝕄2U† + 𝕍
Vacuum Matter

U = U23ΓδU13U12
PMNS matrix

𝕄2 =
0 0 0
0 Δm2

21 0
0 0 Δm2

31

𝕍 =
V(ne) 0 0

0 0 0
0 0 0
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Supernova neutrinos
• Fluxes at detectors are a 

combination of fluxes at 
production:

Vacuum probabilities Constant density probabilities

V ≠ 0
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Supernova neutrinos
DUNE 

(LIQUID ARGON)
HK 

(WATER CHERENKOV)
JUNO 

(LIQUID SCINTILLATOR)

20% ENERGY RESOLUTION

 


MEDIUM ENERGY RESOLUTION GOOD ENERGY RESOLUTION

NAr
t = 6.03 ⋅ 1032 Np

t = 2.94 ⋅ 1034 Np
t = 1.47 ⋅ 1033

νeAr − CC + νeAr − CC

ν − e−ES +νeO − CC + ν − e−ES
0.1 IBD + νeO − CC +

0.9 IBD
0.05 IBD + νeO − CC+
+νeO − CC + ν − e−ES

0.95 IBD
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Supernova neutrinos
• Warren20, 

, cz = − 1
dSN = 10 kpc

NO 
effect in 

antineutrinos

IO 
effect in 

neutrinos


