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Outline
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• Why low threshold 8B solar neutrinos? 

• High precision measurements with Borexino 

• Potential of JUNO 

• Future: CNO solar neutrinos 

• Conclusions



M. Maltoni and A. Yu. Smirnov, “Solar neutrinos and neutrino physics,” Eur. Phys. J. A, 
vol. 52, no. 4, p. 87, Apr. 2016.

High Precision Solar Neutrino Spectroscopy with Borexino and JUNO, Xuefeng Ding                                                                                                       PhD Defense @ L’Aquila, Italy 8 May 2019

Neutrino oscillations in Matter
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• Presence of matter (The Sun for solar neutrinos) adds 
potential to the evolution operator (Hamiltonian) and 
changes the flavor eigenstate and thus the mixing angle.
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Why transition region?
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• Neutrino oscillation transition region not observed yet.
• 2σ Discrepancy between KamLAND and solar on Δm212
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TransitionVacuum Matter Discrepancy: reactor vs solar
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Why transition region?
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• Transition zone: criteria for new physics (M.M. Guzzo, 
P.C. de Holanda, O.L.G. Peres 2002)

DocDB 1486

Maltoni et al. Eur. Phys. J. A (2016) 52:87

Maltoni et al. Eur. Phys. J. A (2016) 52:87

A. Friedland, C. Lunardini, and C. Peña-Garay, “Solar neutrinos as probes of neutrino–matter interactions,” Phys. Lett. B, vol. 594, no. 3–4, pp. 347–354, Aug. 2004. 
M. . Guzzo, P. . de Holanda, and O. L. . Peres, “Effects of non-standard neutrino interactions on MSW-LMA solution to the solar neutrino problem,” Phys. Lett. B, vol. 
591, no. 1–2, pp. 1–6, Jul. 2004.
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Why JUNO 8B solar neutrinos?
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✤ Can probe transition region.
• SuperK/BX: T 3—5 MeV Ev~7.4 MeV (almost outside the 

transition region). SuperK: high threshold. Borexino: too small.  
• JUNO: T 2—3 MeV Ev~6.2 MeV (in the transition region) JUNO 

is big and can cut external backgrounds.
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Signal and major backgrounds
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ν(8B) Elastic scattering on e-
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Signal and backgrounds
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External backgrounds: γ
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Signal and backgrounds
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Fiducial volume cut
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bkg. reduction and eff.
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• Residual ext. γ extrapolated using exponential law 
• S/B optimized to 100:1  => FV cut: r<14 m (εFV=49.48%)
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Cosmogenic: Scaling data
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Signal and backgrounds

• scale from data: power law

KamLAND 10.1103 / PhysRevC.81.025807. 
F. An et al. 10.1088/0954- 3899/43/3/030401 
Borexino 10. 1088/1475-7516/2013/08/049
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Cosmogenic backgrounds
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Signal and backgrounds

Contribution to ROI (no cut)

Normalized spectra
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Three-Fold-Coincidence cut

 13
DocDB 1486

bkg. reduction and eff.

• μ-associated n: dn2μ<2 ms, whole det. 
• Definition of TFC: dx2n<2 m and tx2n<111 s

Borexino, “Final results of Borexino Phase-I on low-energy solar neutrino spectroscopy,” 
Phys. Rev. D - Part. Fields, Gravit. Cosmol., vol. 89, no. 11, pp. 1–68, 2014.



2 MeV detection threshold of 8B solar neutrinos with JUNO, Xuefeng Ding                                                                                                  JUNO-European meeting@Finland 17–19 October 2018

TFC: optimization of the cut

 14
DocDB 1486

bkg. reduction and eff.

Residual cosmogenic S/Bcos
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Other backgrounds
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Signal and backgrounds

KamLAND 10.1103/PhysRevC.84.035804 

• atm/solar ν bkg scale from KamLAND 8B solar ν paper 
• Reactor IBD/ES taken from MH analysis 
• Will be negligible after cut

Contribution to ROI (no cut)
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radioactivity: α/β disc. + coincidence
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• By rejecting 212Bi—212Po and 214Bi—214Po, we 
significantly reduce bkg. in ROI (2~3 MeV)
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Summary of Signal and Backgrounds
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S/B = 2.5
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expected Pee
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• ROI: Kinetic energy of electron T ~ [2, 3] MeV 
• Average energy of contribution neutrinos: 6.18 MeV
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Sensitivity to upturn
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• Define ratio of avg Pee between JUNO and Super-K 
• r>1: evidence of upturn

140 days of data:  
   >3σ rejection of H0
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Discussions
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Signal and backgrounds
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• 238U & 232Th ~ 10-15 g/g: 1200 days to reach 3σ. 
• However, the leakage mainly comes from tail of 238U.  

A shape analysis or higher energy threshold can work.
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Conclusions
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• JUNO can uniquely detect 8B solar 
neutrinos in the 2~3 MeV range 
(recoil electron energies). [Actually 
SNO can also do it..] 

• S (3.6 per day) / B (1.4 per day) 2.5. 
• This contribute to one data point at 

6.2 MeV (neutrino energies) of 
neutrino survival probability. It’s in 
the transition zone. 

• JUNO can reject no-upturn 
hypothesis at 3σ within ~140 days.



Thanks

Dusk of L’Aquila



Backup
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External backgrounds: neutrons
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Signal and backgrounds

• neutron capture γ can fall in ROI. 

• neutron from (α,n) or Spontaneous Fission

Contribution to ROI (no cut)

(α,n) rate estimated using NEUCBOT based on TALYSOnly Acrylic ball contribution considered (as major contribution)
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LS internal backgrounds
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Signal and backgrounds

• Based on F.P. An et al, 10.1088/0954-3899/43/3/030401 

• 10-17 g/g 238U, 232Th (40K, 210Bi, 39Ar, 85Kr not contributing)

Contribution to ROI (no cut)
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Cosmogenic: scaling MC
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Signal and backgrounds

• MC are biased 

• Naive correction

Borexino 10.1088/1475-7516/2013/08/049
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Cosmogenic backgrounds

 27
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Signal and backgrounds

• Results
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Over-efficiency of TFC: 10C
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bkg. reduction and eff.

“TFC CAN removed 0-neutron-proc. cosmogenic”

TFC effciency:

>1n ratio

Borexino
Borexino, 10.1088/1475-7516/2013/08/049
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Over-efficiency of TFC: 11Be
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bkg. reduction and eff.
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• main ch: 12C(n, 2p)11Be 
• only 12% prod. is with n 
• <-dist. to nearest neut. 
• 2% μ track: no neut. 
• 97% nearest n <2 m

11Be

“TFC CAN removed 0-neutron-proc. cosmogenic”

Simulation by Geant4


