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Solar neutrino anomaly

• ~2σ discrepancy in
solar Δm2 measured
by solar experiments
and KamLAND

07/20/2020 Solar neutrino anomaly and NSI 3

F. Capozzi, S.W. Li, G. Zhu, J.F. Beacom (2018)
arXiv:1808.08232

1, 2, 3 σ



Neutral-current NSI in Sun

• 2-flavor model
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O.G. Miranda, M.A. Tórtola, J.W.F. Valle (2006)
arXiv:hep-ph/0406280

(extended with up-quark NSI)

SM vacuum oscillations + matter effect NSI
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SM vacuum oscillations + matter effect NSI

ε = 0NSI1

O.G. Miranda, M.A. Tórtola, J.W.F. Valle (2006)
arXiv:hep-ph/0406280

(extended with up-quark NSI)



Solar neutrino anomaly and NSI

Current NSI constraints

P. Coloma, I. Esteban, M.C. Gonzalez-Garcia, M. Maltoni (2019)
arXiv:1911.09109

90% CL

90% CL2.7

2.7
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• Our simplified model
• 𝜀𝑒𝑒

𝑑 = 𝜀𝑒𝑒
𝑢 = −𝜀′

• 𝜀𝜇𝜇
𝑑 = 𝜀𝜇𝜇

𝑢 = ⋯ = 0

Assume red curves
as current constraints



Resulting solar νe survival probability with NSI

07/20/2020 Solar neutrino anomaly and NSI 7

• Correcting KamLAND
result (blue) with
𝜀′ = −0.125
(dot-dashed) produces 
same survival probability 
as solar fit (green)

adding 𝜺′ = −𝟎. 𝟏𝟐𝟓



How well could DUNE do?

• SNO+SK detected ~80,000 ν’s

• Assume best-case 15,000 solar ν’s per 10 kt∙year detected in DUNE
• 𝐸𝜈

𝑚𝑒𝑎𝑛 = 8 MeV (𝐸𝑣𝑖𝑠
𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 3 − 4 MeV)

• Ignore systematics

• ~40 kt∙years of DUNE could already validate SNO+SK
• 10 kt∙years: 0.19 SNO+SK (2.3 σSNO+SK)

• 40 kt∙years: 0.75 SNO+SK (1.2 σSNO+SK)

• 160 kt∙years: 3 SNO+SK (0.58 σSNO+SK)

• 400 k∙t years: 7.5 SNO+SK (0.37 σSNO+SK)

• 1600 k∙t years: 30 SNO+SK (0.18 σSNO+SK)
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10 kt∙years of DUNE 
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40 kt∙years of DUNE 
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160 kt∙years of DUNE 
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400 kt∙years of DUNE 
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1600 kt∙years of DUNE 
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Estimated DUNE sensitivity
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• 40 kt∙years
improves on 
SNO+SK result

• 400 kt∙years
improves NSI limit



Conclusions

• Solar neutrino anomaly could potentially be well explained
by NSI within current restrictions

• If solar neutrino anomaly persists, after 40 kt∙years of DUNE,
current NSI constraints can be improved
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Backup slides
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NSI under consideration

• Focusing on neutral-current models
with heavy mediators (𝑚𝑍′

2 ≫ 𝑄2)

• ℒ𝛼𝛽
𝑓𝑃

= −2 2𝐺𝐹𝜖𝛼𝛽
𝑓𝑃

ҧ𝜈𝛼𝛾
𝜇 1 − 𝛾5 𝜈𝛽 ҧ𝑓𝛾𝜇𝑃𝑓

• Parameterized by ϵ’s
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Matter oscillations

• Survival probability
depends on energy

• Measurements
agree with theory

• Need better statistics and
more measurements in
transition region
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http://pdg.lbl.gov/2020/reviews/rpp2020-rev-neutrino-mixing.pdf



Possible NSI constraint from SNO+SK
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Current NSI constraints: 2σ
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P. Coloma et al. (2019)

https://arxiv.org/pdf/1911.09109.pdf



Adding current NSI constraint
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Current NSI constraints: 2σ
https://arxiv.org/pdf/1911.09109.pdf
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P. Coloma et al. (2019)



θ uncertainty
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LMA-Dark solution
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Estimated DUNE sensitivity (with LMA-Dark)
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DUNE NSI constraint vs. exposure
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