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What do we need for SN？

1. Prompt trigger

2. Direction

3. Energy

4. Time

5. 𝒗𝒆/𝒗𝒆 separation

6. Statistcis

arXiv:1507.05613
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Event rates

WS (/kton) LS(/kton)

IBD 228 300

ν e scattering 10 20
16O or 12C CC 3 60

ν p scattering - 300

ApJ.496,216(1998)

Note: This is for a 10kpc supernova.

 32 kton for SK @4.5 MeV;

 1 kton for KamLAND @0.35 MeV

Comment: High SBN rate may paralyze the online

system, special caution is needed.
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Signal signature

WC

 Direction

 Energy

 Time

 𝒗𝒆/𝒗𝒆 (w/Gd)

LS

𝜃

𝜃n

2.2 MeV 𝛾 or ~8.0 MeV𝛾’s

𝜃

𝜃n

2.2 MeV 𝛾 or ~8.0 MeV𝛾’s

× Direction

 Energy

 Time

 𝒗𝒆/𝒗𝒆 4



Bkg. for SN online trigger

Uniform vertexes of  SN neutrino 

events in a short time window 

Vertexes of  spallation events 

in a short time window 
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Signal and background shapes
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The Super-Kamiokande Experiment

2016/8/17 7
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A 50k tons water Č detector

located at 1k m underground

1 km
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Real-Time Burst Monitor

point line

plane

volume
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SN direction

7-10 MeV 10-15 MeV

15-22 MeV 22-35 MeV

35-50 MeV All
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Real-Time Burst Warning
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W/O n tag

W/ n tag
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Sensitivity

Since other flavor anti-neutrinos

are converted to electron anti-

neutrinos, the average neutrino

energy increase, resulting in a

high rate of IBD.
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Offline search @ SK-I，II
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Events within a time window

Caused by the blastings in the mine

Sophisticated cuts can be applied to suppress background

The Astrophysical Journal, 669:519Y524, 2007 14



Limit for Galactic SN  @SK

 ~10% 
probability at 
Andromeda was 
achieved in the 
distant search

 Upper limit: 
(90%CL)

0.32 Galactic  
SN per year 

The Astrophysical Journal, 669:519Y524, 2007 15
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Target mass comparison
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Daya Bay Super-K

Energy 

Resolution
0.3 MeV @10 MeV 1.6MeV @10 MeV

Threshold

2 MeV (online) 0.7 MeV(offline) ~10 MeV

Sensitive to full spectrum and 

other models

Multiple sites 

or single 

site/detector

8 ADs deploying in three sites: 

robust against cosmogenic 

backgrounds

Single detector

Prompt online trigger ~10s 

Increase online/offline sensitivity

Need complicated 

reconstruction for 

online

Detection

probability
100% within 30 kpc 100% within 100 kpc
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Algorithm for IBD trigger only

19



Online selection

Selection Cuts:
1. PMT Flasher 
2. Muon Veto
3. Time Coin.~400us
4. Multiplicity ~2
5. Prompt-Delayed 

Distance~1000mm
6. Energy cut

with all cuts

Single AD trigger rate: 
DYB ~0.015Hz   LA ~0.012Hz 

FAR ~0.0012Hz

Gd neutron capture 

H neutron capture 

Reactor Neutrino Muon-induced neutron

Acc coincident 
background w/o energy cut

Expect ~10/AD SN 𝝂𝒆 @10 kpc
in 10s (after 70% eff.)
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• ADs from different experimental halls (EHs) are independent

• An approach was developed to handle the correlation between two 
ADs in one experimental hall

• A table is generated for all IBD candidate combinations in 
multiple ADs and sorted according to the predicted rate of 
occurrence. 

• The combinations below kth row would be a SN candidate

• Loose trigger: 1/month

• Golden trigger: 1/3-months

For a false alarm rate threshold 

(PDYB =1/3months), 

kth row as a cut satisfies: 
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Sensitivity
• Assuming a 1987A-type SN explosion at some distance, 

summation of the probabilities of the combinations surviving 
from the trigger cut.

• The IBD selection efficiency for supernova burst neutrinos is
about 70%.

• Fully sensitive to 1987A-type supernova explosions throughout 
most of the Milky Way

Milky Way Center 
(~8.5kpc)

Milky Way Edge 
(~23kpc)

Single Detector curve:

• Target mass of all 8 

ADs combined into a 

single detector with the

sum of bkg rates in 8

ADs 

• Illustrate the significant 

gain in sensitivity of 

multiple detectors
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Offline searching at Daya Bay

• Analogous to online watching but

• Good data quality & reconstruction, less background

• IBD channel

• 75% efficiency

• Include NC-12C channel (a 3-sigma energy range
cut on one-fold event after IBD selection)

• expect 2/AD SN𝝂 @10 kpc after 40% eff.

• 40% eff. in full volumes including GdLS (20t), LS(22t),
and mineral oil (~40t, used for radiation shielding,
contribute <0.1% IBD, but a large fraction of single
gamma spill into LS)

• Background: ~8(6)×10-5 Hz/AD, far site ~6×10-6 Hz/AD
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natural
radioactivi
ty

Muon-induced 12B

Muon-induced
spallations

Offline analysis

Energy threshold >10 MeV [1+2+3] -- high signal-

to-background ratio (high sensitivity)

1

2

3

1-fold event
@EH1
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NC-12C (all flavors, 15.11-MeV

de-excitation 𝜸)



Sensitivity (8AD configuration)

Background

rate: 1/100-yr

Compared with LVD (1kt LS + 0.85kt Fe, 840 tanks,

trigger-level analysis containing all kinds of interaction

channels, 10-100 MeV, 21-yr data, world-wide most

stringent upper limit 0.114/yr)
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西昌机场

CJPL

10 km 26

西昌卫星发射基地

Jinping Underground LAB



Jinping Underground Lab

竖井型实验室

隧道型实验室

锦屏地下实验室
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Low Background at CJPL

锦屏

CJPL锦屏
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Plan to build two kton detectors
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Cavities under construction
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With slow liquid scintillator

Photons/MeV31



N.I.M. A830 (2016) 303

𝜃

𝜃n

2.2 MeV 𝛾
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Expected sensitivity

Kilo-ton detector

@Jinping 100%

detection probability

within 100 kpc

comparable to Super-K

Clean measurement

of supernova burst

neutrinos ~1000 (3 kt

LS) SN𝜈 @10kpc
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JUNO Experiment





Summary

• Experimentally, we have tried our best to
search SN in either WC or LS detectors.
No signal has been observed yet.

• Next phase of experiments are aiming at
increasing target mass, adding neutron
tagging and improving/providing both
directional and energy measurements.

• For few tens of MeV neutrinos, we are still
working on getting correct neutrino
energy.
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Thanks!
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