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SNν Selection and Trigger Cut Setting 

  

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

Distance (800mm) 
6. Energy cut 

AD candidate rate :  
(Near site) DYB ~0.018Hz   LA ~0.013Hz  

FAR Site ~0.0013Hz 

Gd neutron 
capture  

H neutron 
capture  

Reactor Neutrino 
Background 

Fast Neutron 
Background 

Acc coincident 
background 

Single AD SN𝝂 efficiency:  ~70% GdLS LS 

Phy. Rev. D 86, 125031 (2012) 

SNν Monte Carlo Production & Selection  

𝑓ν 𝐸 ∝ 𝐸α𝑒−(𝛼+1)/𝐸𝑎𝑣   

Supernova Early Warning Online Detection Probability 

Daya Bay is online looking for increases in multi-AD signals in a 10s-time-

window with 2(8) MeV online energy threshold. 

A datagram due to a packet types including supernova online trigger date 

time, duration, significance level, number of signals etc. is transferred to 

SNEWS server with ~3 seconds time latency. 

Aug.  8, 2013: The supernova online trigger system was official installed. 

Dec. 27, 2013: Communicate with SNEWS for debugging and testing.  

Feb. 21, 2014: Real test with normal trigger threshold. 

Summary for Supernova Online Trigger 

Function Performance 

Access Database, 

Email Alert, DAQ 

status cross check, 

Auto error report & 

daily report 
Online Detection 

Probability > 95% 

within Milky Way 

Workload to DAQ: 

Minor CPU 

consumption; 

Be able to handle 1kHz 

candidates of each AD 

Time Latency from 

trigger to alarm <10s 

More powerful than a 

single site or detector  

Specific Feature 

Entire design works 

smooth and effective. 
Low Energy Threshold: 

Online 2(8)MeV 

Good Energy 

Resolution 

0.3MeV@10MeV 

Time Accuracy (GPS) 

IBD selection, 

Combination, Control 

the false alarm rate  

Ready for official participation in SNEWS 

Sent supernova trigger 

datagrams to SNEWS 

& DYB backup server 

Daya Bay 
reactors  

Ling Ao 
reactors  

Ling Ao II 
reactors 

Reactor 
power 

6 × 2.9 GWth 

~1600m 

~1200m 

~1200m 

Annu. Rev. Nucl. Part. Sci. 2012. 62:81—103 

SNν Spectrum Integrated over 10s 

Astron. Astrophys. 517(2010) A80 

>95% 

luminosity 

within 10s 

Daya Bay offline Threshold 
Daya Bay 

near 

Ling Ao 

near 

Far 

site 

Number of 

Antineutrino 

Detectors 

(ADs)  

2 (AD1, 2) 2 (AD3,4) 4 (AD5~8) 

Target Mass 

(t) 

40(GdLS) 

+43(LS) 

40(GdLS) 

+43(LS) 

80(GdLS) 

+86(LS) 

Overburden 

(m.w.e)  
250 265 860 

Muon Rate 

(Hz/m2) 
1.16 0.86 0.054 

Reactor IBD 

rate (Hz/AD) 
0.013 0.012 0.0015 

Highlight 

 Get access to all raw data and make a simple reconstruction. 

 Trigger decision is issued from a prompt analysis of the candidate distribution 

in all the ADs and the experimental halls. 

 In order to exclude any unexpected triggers in one detector or experimental 

hall, an additional uniformity cut based on a chi-square assuming a uniform 

multi-AD candidate distribution is applied. This results in a <1% detection 

probability loss for supernova explosions. 

 A method for background combination rate prediction has been studied so as 

to set the trigger cut. 

 ~99% of the stellar collapse 

gravitational binding energy is 

converted to neutrinos 

 SNν arrive a few hours before 

optical SN explosion (Early 

Warning) 

 Expect ~3 SN explosions per 

century within the Milky Way 

Red Box: SNν 

selection regime 
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AD1: IBD 
Selection 

AD2: IBD 
Selection 

AD3: IBD 
Selection 

AD8: IBD 
Selection 

…… 

1. Cache individual 
trigger  

2. Rate Combination 
3. Supernova Trigger 

Golden Trigger 
1/3month 

Tight Cut, 
Rate=1/3month 

Silent Trigger 
1/month 

Loose Cut, 
Rate=1/monh 

Latency: 
<40mins 

Latency: 
~10s 

Pure offline analysis/cross check 

Monitor 
1.DAQ status 
2.Supernova 
server status 

3.IBD 
selection 

status 
Data base and mail alert 

Error Report 
Daily Report 

Offline 
program2 

Offline 
program1 

Latency: 
~3s 

1. SNEWS 
Coincidence 

Server 
2. Daya Bay 

Backup Server 

Supernova Online Trigger System Diagram 

 Every 1s count the SNν candidates of previous 10s time window for each AD, 

thus form a combination, e.g. 1-0-1-1-0-0-0-0 in which the numbers denote the 

the number of candidates from AD1 to AD8. 

 Powerful and prompt rejection to muon-induced fast neutron background  than a 

single site or single detector 

Background false 

alarm control performs 

well. 

8AD Golden Trigger:  

 false trigger rate < 1 

per 3 months 

8AD Silent Trigger:  

false trigger rate < 

1/month 

Single Detector:  

false trigger rate < 1 per 

3 months and 8-AD 

target mass merged into 

one single detector 

 Single AD’s expected SNν events (𝑁𝐴𝐷) in 10s-window.  

 Model: SN1987A-type 

 𝑁𝐴𝐷 typical value is ~8 at 10kpc  

 Based on the single AD’s expected SNν events, detection probability is achieved by 

summing up the probabilities of the combination cases that pass the trigger threshold. 

 

1987A-type SN 

with various 

distance to Earth  

Test communication with SNEWS 

Y-axis: AD candidate rate is the basis for the combination P-value prediction. 

The variations in the AD trigger rate for each experimental hall (EH#) are dominantly 

affected by the reactor flux (6 reactor cores variation in power). 

X-axis: Since officially installed at Daya Bay 

 

Green Vertical Line: Start to communicate with SNEWS for debugging and testing. 

Black Vertical Line: Real Test with normal trigger threshold.  .   

AD candidate distribution for each trigger sent to SNEWS 

Y-axis: 

ADs in all three sites 

X-axis: Trigger numbers in chronological order according to 

the plot on the left. 

Far 
site 

Ling Ao 
near site 

Daya Bay 
near site 

Abnormal 

Expected Gold Trigger Threshold 

Expected Silent Trigger Threshold 

Y-axis: Inverse of “Expected Trigger Rate” of the combination [unit: month] 

(refer to the definition of “Expected Trigger Rate”) 

Threshold: cut for “expected trigger rate” and indicate the acceptable total false 

alarm rate  

The triggers above in the plot have been sent to SNEWS since Real Test [Feb. 21, 

2014].  

Offline analysis and some shift log files pin down the two abnormal triggers. 

[online energy reconstruction abnormal & unusual electronic spike] 

Abnormal  

Communicate with SNEWS for debugging 

Expected trigger rate [Hz] of the combination [for background false alarm control] 

Step 1: List of combination cases ordered by occurrence probability for sliding 10s 

time window [Background only] 

Step 2: Calculate the accumulated probability for each combination based on Step 1 

summing up the combinations with lower occurrence probability 

“cross-section” 

Prompt: e+ annihilation   Delayed: neutron capture 
Neutrino events: coincidence in time and energy  


