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HPS 2021 Triggers
3.7 GeV and 1.9 GeV

Two beam energies suggest MonteCarlo simulation for all HPS 
processes under study
• Positron Trigger (with/without Hodoscope) for A’ search, used in 

2019
• Pair trigger for A’ search, used in 2015 1nd 2016
• Elastic electron scattering, so called Full Energy Electron trigger, 

to study the energy calibration
• Moller Trigger for the invariant mass resolution study
• Muon Trigger

2



What was done

• Tongtong produced MC for 3.7 and 1.92 GeV
҆Pure radiative tridents
҆A’ with different masses in the range 50-210 MeV
҆Pure Moller sample
҆Tritrig-WAB-beam
҆Moller-WAB-beam

• Tongtong developed a complete set of codes in HPS analysis 
platform to tune various triggers for HPS 2021 run, including A’ 
pair triggers, FEE and Moller. This code was used to extract 
trigger conditions for 3.7 GeV and1.92 GeV beam energy

• Sam is tuning trigger conditions using his own code
• Comparison shows that the results of two independent analysis 

generally consistent with each other.
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e+e- Invariant mass and acceptance
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• The A’ cross section is proportional to 
the radiative trident production

• 2021 HPS run will be sensitive to the 
mass range 50-200 MeV

• This interval determines the study of 
the HPS trigger for upcoming run

• The HPS acceptance is pretty flat for 
the A’ mass >100 MeV 



Elastic electron scattering: FEE trigger

• Elastic scattering cuts
҆Ecluster>2.1 GeV
҆Nhits per cluster>2
҆New prescale regions 

suggested
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Ecluster>2.1 GeV

Prescale regions
2021 version

Region Prescale

I 1

II 9

II 129

IV 1025

V 513

VI 13

VII 1



FEE Cuts for FEE (Tongtong)
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A’ Position Dependent Energy Cut (DPEc)

• 4 different versions to 
choose from
҆99% acceptance
҆97% acceptance
҆95% acceptance
҆93% acceptance

• Trident events and A’ 
events with masses 50-210 
MeV were used for the 
tuning PDEC

• Beam energy dependent
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Ci, xmin are trigger 
parameters

<latexit sha1_base64="XwMOO8at7ntLGAVxTwCUvVY+Y4w="></latexit>

Ecluster > C0 + C1x+ C2x
2 + C3x

3

xcluster > xmin

50 MeV 210 MeV



A’ Positron Trigger parameters
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Cluster Energy: [0.3,2.7]
Nhits >=2
Xmin=5
PDE from rad



Moller Trigger
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Moller Moller

X index Y index

ECAL
Energy



Moller: study of the PDE cut
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Moller 3.7 GeV
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pSum_h
Entries  367563

Mean    3.921

Std Dev     1.154
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Moller 1.9 GeV
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pSum_h
Entries  577

Mean     1.78

Std Dev    0.2721
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Hodoscope and Calorimeter 
Trigger delays

ns ns

Leading edge   Trailing edge Trailing 
edge

Arrows indicate position of the calorimeter delay in respect with the hodocope signal in production runs



Trigger Commisioning Plan
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Trigger Validation
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Tongtong



Trigger Validation
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Tongtong



Trigger Validation: Single 2
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Hodoscope only trigger.
Efficiency(single2, positron witgout hodoscope) >98.5%

Rafo



2021 HPS Trigger Zoo
• Moller 1 cluster trigger (top, bottom)
• Positron trigger

҆ 2 tops 
҆ 2 bottoms

• Pairs (top+bottom)
҆ old 2016 trigger
҆ Moller
҆ 2 gamma
҆ Muon trigger

• 2 gammas (anywhere in the 
calorimeter)

• 3 gammas (anywhere in the 
calorimeter

• FEE
҆ Top
҆ Bottom

• Special triggers
҆ Pulser
҆ Hodoscope
҆ Cosmic
҆ LED
҆ Faraday Cup
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Removed

• I=125 nA
• DAQ rate 31 kHz
• Lifetime 84%
• Trigger version hps2021_2.3



Positron trigger
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Emin Emax PDEC Hodo Rate Pre
scale

#00 Single-0 Top 150 8191 2.5M 20000

#01 Moller Top 200 2700 228K 500

#02 Single-2 Top 400 2500 93% 13K 1

#03 Single-3 Top 300 3000 97% Geom 14K 1

#04 Single-0 Bot 150 8191 2.9M 20000

#05 Single-1 Bot 200 3000 262K 500

#06 Single-2 Bot 400 3000 93% 13K 1

#07 Single-3 Bot 200 3000 99% Geom 14K 1

I=125 nA

• Trigger version    hps2021_v2_3 
• Current              125 nA
• Total trigger rate 30kHz, 
• Lifetime              84%

Main

HPS

Trigger

Cut’s values 
are beam 
energy 
dependent



Pair Triggers, FEE and others
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Emin Emax Rate Pre
scale

#08 Pair-0 Old e+e- 300 2500 15K 100

#11 Pair-3 Muons 80 300 780 1

#18 FEE Top 2600 5200 170 1

#19 FEE Bot 2600 5200 161 1

Muons

No prescale

FEE



Special Triggers

21

Rate Prescale Rates

#12 LED Calorimeter 15K 0

#13 Cosmic Calorimeter 120K 0

#14 Hodoscop
e

4.0M 0

#15 Pulser 100 1 100

#16 
Front 
Panel

Faraday 
Cup

4446 5(17) 250



Conclusion
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• The 2021 triggers were simulated for 2 beam energies1.9 and 3.7 GeV.
• All main triggers were analyzed and trigger conditions established
҆Positron Trigger (with/without Hodoscope) for A’ search
҆Pair A’ trigger
҆Full Energy Electron trigger
҆Moller Trigger
҆Muon trigger (stays the same)

• Trigger validation was done for all major production triggers
• Trigger efficiency was determined not less than ~99%
• The one cluster Moller trigger shows good results
• Many thanks to the team that supported this job that demands very high 

expert qualification: Ben, Nathan, Sergey, Sam, Tongtong and Rafo
• Special thanks to Norman and Cameron for providing us useful off-line 

analysis information
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