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Current & Future Scintillator-based Detectors 
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LVD, 1 kt KamLAND, 1 kt Borexino, 0.3 kt
Daya Bay, 0.16 kt

Baksan, 0.33 kt

MiniBooNE, 0.7 kt

NOvA, 15 kt

LENA, 50 kt

SNO+, 1 kt

JUNO, 20 kt

Scholberg’s

review talk



The JUNO Experiment
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NPP Daya Bay Huizhou Lufeng Yangjiang Taishan

Status Operational Planned Planned Under construction Under construction

Power 17.4 GW 17.4 GW 17.4 GW 17.4 GW 18.4 GW

Yangjiang NPP

Taishan NPP

Daya Bay NPP

Huizhou

NPP

Lufeng

NPP

53 km

53 km

Hong Kong

Macau

Guang Zhou

Shen Zhen

Zhu Hai

2.5 h drive
Kaiping,
Jiangmen City,
Guangdong Province 

Previous site candidate
Overburden ~ 700 m

by 2020: 26.6 GW



The JUNO Experiment
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KamLAND Borexino JUNO

LS  mass 1 kt 0.3 kt 20 kt

Energy Resolution 6%/ 𝐄 5%/ 𝐄 3%/ 𝐄

Light yield 250 p.e./MeV 511 p.e./MeV 1200 p.e./MeV

 𝝂𝒆 + 𝒑⟶ 𝒏+ 𝒆+

Prompt signal:

𝑒+𝑒− ⟶ 2𝛾

Delayed capture on H;
2.2 MeV γ

Jiangmen Underground Neutrino Observatory 

• 20 kiloton LS detector

• 3% energy resolution@ 1 MeV

• 700 m underground

• 18,000 20’’ +25,000 3’’ PMTs

• 53 km to the NPPs

Data taking in 2020; Mass hierarchy @ (3~4)σ by 2026 

Top tracker

Steel support

structure

Acrylic sphere

d = 35.4 m

Water

Cherenkov

Neutrino Physics 
with JUNO, JPG, 16



B. Clerbaux
@NuFact17
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B. Clerbaux
@NuFact17

5



SN Models & Neutrino Spectra
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27 solar masses
Garching Group



SN Neutrino Event Rates
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27 solar masses
Garching Group

Neutrino Physics 
with JUNO, JPG, 16



SN Neutrinos @ LS Detectors
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Reaction channel Interaction type Sensitive to

 𝝂𝒆 + 𝒑 → 𝒆+ + 𝒏 CC  𝝂𝒆

𝝂 + 𝒑 → 𝝂 + 𝒑 NC 𝝂𝒙

𝝂 + 𝒆− → 𝝂 + 𝒆− CC+NC 𝝂𝒆

 𝝂𝒆 +
12C → 𝒆+ + 12𝐁

(14.39 MeV, 20 ms)

CC  𝝂𝒆

𝝂𝒆 +
12C → 𝒆− + 12𝐍

(17.34 MeV, 11 ms)

CC 𝝂𝒆

𝝂 + 12C → 𝝂 + 12𝐂∗ NC 𝝂𝒙

Reaction channel Interaction type Sensitive to

 𝝂𝒆 +
13C → 𝒆+ + 13𝐁 CC  𝝂𝒆

𝝂𝒆 +
13C → 𝒆− + 13𝐍 CC 𝝂𝒆

𝝂 + 13C → 𝝂 + 13𝐂∗ NC 𝝂𝒙

Natural abundance of 𝟏𝟑𝐂 is about 1.1% 

Fukugita et al., PLB, 90; Suzuki et al., PRD, 12

• Elastic ν-p scattering important

• Advantage of LS: low threshold

Beacom, Farr, Vogel, PRD, 02; 
Dasgupta, Beacom, PRD, 11

Event spectra @ JUNO

Lu, Li, Zhou, PRD, 16

KRJ-para. with
(12, 14, 16) MeV



SN Neutrinos @ LS Detectors
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Laha et al., 1412.8425; Lu et al., PRD, 2016

• IBD for  𝝂𝒆 + sub-leading effects from 12C CC

• Elastic ν-e scattering for 𝝂𝒆 + 12C CC

• Elastic ν-p scattering for 𝝂𝒙 + eES

• A global analysis of all reaction channels?



SN Neutrinos @ LS Detectors
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Errors @ 90% C.L.

Laha et al., 1412.8425; 
Lu et al., PRD, 2016



Test of Energy Equipartition Hypothesis
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Normal 

Hierarchy

Inverted

Hierarchy

Including only the MSW matter effects in the SN Lu, Li, Zhou et al., PRD, 2016



Total Gravitational Binding Energy
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Normal 

Hierarchy

Inverted

Hierarchy

Including only the MSW effects in the SN, and fixing the spectral indices at γ =3

• Conservatively assuming an uncertainty of 20% for the ν-p cross section (a few% ?)

• Possible to relax the constraint on the spectral index (important for <E>, not for Etot ?)

Lu, Li, Zhou et al., PRD, 2016

14% @ 1σ C.L.

[cf. Volpe’s talk for SK]



Unfolding of SN Neutrino Spectra
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Dasgupta, Beacom, PRD, 11 Li2, Wen, Zhou, 17,  to appear

• Reconstruct all SN spectra in

a single LS detector (JUNO)

• Full consideration of detector

response (e.g., E resolution)

• SVD w. proper regularizations
@LENA

@10 kpc

@1 kpc

@0.2 kpc



Elastic ν-p Scattering in LS Detectors
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Beacom, Farr, Vogel, PRD, 02; Dasgupta, Beacom, PRD, 11; Lu, Li, Zhou, PRD, 16; Li et al., to appear

Quenching effects on the proton recoil energy Tp ≤ 2 E2/mp

Eth # of events

0.1 MeV 2800
0.2 MeV      1600
0.5 MeV      500
0.7 MeV      250 

• Elastic ν-p scattering important

• Advantage of LS: low threshold



Borexino & JUNO: Radioactivity Backgrounds 
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A wonderful experience with Borexino
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After additional 

purification

Channel Reactor Geo-Neutrino

IBD (10 s) 0.01 0.0002

Signals and Background for Reactor Neutrinos @JUNO Background > 0.2 MeV for SN @ 10 kpc

Channel 85Kr 210Bi (210Pb)

ePS (10 s) 10 70

Beta decays of 14C dominate < 0.2 MeV

(per day)

Neutrino Physics 
with JUNO, JPG, 16

Fake events from dark noise 
removed by rejecting events
in the center



JUNO: SN Neutrino Trigger
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Request for the DAQ @ JUNO

Neutrino Physics 
with JUNO, JPG, 16

A slide from L.J. Wen (in JUNO Collaboration)

Raffelt & Zhou

• For important physics, send requests to 
the JUNO collaboration

• Need a balance between cost and gain



Further Discussions
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• Difficult to have a detector solely for the detection of SN neutrino burst, since we do not 
know when and where a star will explode (strong motivations from important physics?).

• Give the priority to DSNB (a topic for tomorrow), a guaranteed source of SN neutrinos. We 
have SK with Gd doping, but JUNO (available within 3 years) also has a good chance. 

• Fine with detectors, which take SN neutrino detection as a second physics goal. For JUNO, 
neutrino mass ordering fixed within 6 yrs, precision measurements <1% within 3yrs. Then, 
what we should do with JUNO? (Neutrinoless Double-Beta Decays? Solar or SN neutrinos?)

• Dark matter detectors, which will never see any signals of DM, could be further used as SN 
neutrino detectors?

Neutrino Physics 
with JUNO, JPG, 16


