
Event-by-Event Direction Reconstruction 
of Solar Neutrinos in a High Light-Yield 
Liquid Scintillator 
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Who is SNO?
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Te-loaded LS

SNO+: upgrade of SNO

Ø The nature of neutrinos

Ø Probe of neutrinos mass hierarchy

Ø Lepton number violation & leptogenesis

Ø Matter-antimatter asymmetry
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Courtesy: Mark Chen @34
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Courtesy: Jeff Tseng @LNGS
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“通过纯⽔的切伦科夫效
应测量反应堆中微⼦是⼀
个全新的成就，实验技术
上极其困难。这种新⽅法
和技术为未来中微⼦实验
开辟了⼀条新的道路。祝
贺⼭东⼤学张洋教授及其
团队！”
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v Solar 8B flux is measured with extremely low background.
ü Signal rate ~1 evt/(kton*day) vs bkg 0.25 evt/(kton*day)

Solar study in pure water

9

Exposure:62.9 kton*day

Phys. Rev. D 99, 012012 (2019)

Courtesy: Jie’s PhD thesis

e.g, 𝑬𝝂 = 𝟏𝟎 MeV, 𝑻𝒆=6 MeV
à 𝒄𝒐𝒔𝜽𝒔𝒖𝒏 = 0.97 ~ 1
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Liquid scintillator: LAB + PPO
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JINST 16 (2021) 05, P05009

v Developed for SNO+, used by many LS experiments.
v Generally high LY of isotropic emission, with only ~5% Cherenkov light.
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Background budget for 0𝝂𝜷𝜷

Is it possible to reconstruct the direction of Solar 8B neutrinos?
11
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Time profile of LS
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Empirical formula,

LAB + PPO (singlet + triplet)

Fraction of singlets dependent
on dE/dx, thus 𝜶/𝜷 classfication

Lower PPO concentration would facilitate the !𝑪 separation.
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Validation of the models
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0.6 g/L PPO

Bi-Po214 tagging



Extraction of #𝑪 light
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!𝑪 light can be extracted using early time.



Backward peak
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v If we use true position, there is no backward peak.
ü The peak is due to the reconstruction effect.

Courtesy: Josie @IOP HEPP & APP 

~15-20 cm



Reconstruction based on MC
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0.6 g/L PPO

v Direction can be reconstructed better with
higher energy.



Solar 8B in partial fill
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Ø 1500 nHit ~ 5 MeV
Ø Select a pure solar

sample by E>5 MeV

Livetime: 92 days



What do we actually see?
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~40% events have
𝒄𝒐𝒔𝜽𝒔𝒖𝒏>0.8

Partial + full: ~1.5 more months
from full fill with 0.6 g/L PPO.
5.7 𝝈

First event-by-event directional recon. in a large-scale HLYLS (MeV energies)
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Summary

q First event-by-event directional reconstruction of
solar neutrinos in a large-scale High-LY LS detector
(5<E<10 MeV).
v arXiv:2309.06341

q Further study with lower energy & 2 g/L PPO is
underway.
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https://arxiv.org/abs/2309.06341
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BACKUP

20


