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Background

• Super Big-Bite Programs: Completed nucleons form factors (GE and GM) experiments

• Hadron (protons/neutrons) Calorimeter is a primary detector in the hadron arm for the SBS 
Program !!
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HCAL Detector

• Hadron Calorimeter (HCAL) Detector

• Segmented Calorimeter to detect high energy nucleons: 
288 modules (12x24 blocks of 15x15x100cm dimension)

• Each module: 40 layers of Iron absorbers alternate with 
scintillators, and a wavelength shifter in the middle

－Iron: hadron shower and scintillator: sample energy

• Two different type 2” PMTs:

－12 stage XP2262: 192

－ 8 stage XP2282: 96 (Column 5-8)

• Expectation:

－Energy resolution ~ 30%

－Timing resolution ~ 0.5 ns

－Spatial resolution ~ 4 cm

－n/p detection efficiency ratio ~ 0.98
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HCAL Detector
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• Assembled in four Quadrant vertically

• Sub-system components

－2 NIM crates with 18 10x amplifiers

－2 NIM crates with 10 summing modules

－2 NIM crates with 18 Discriminators

－Splitters (50:50)

－1 CAMAC crate with 18 Discriminator/NIM-ECL

－2 VXS crates with CPU+TI+SD

－18 FADCs, 2 VTPs and 5 F1TDCs

－2 Lecroy crates with 18 HV modules

－100 m long coaxial signal cables

－LED set-up

• SBS magnet helps to separate charge 
hadrons from neutrals

Gen-RP



HCAL Data Acquisition

• Signals amplification (10x) at the Front end (HCAL upper platform) and readout at the 
back end (DAQ bunker)

• Signal waveform (ADCs) and timing (TDCs) information in data stream

• Summing modules for HCAL Analog trigger (threshold on 8x8 sum)
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HCAL Data Acquisition

• Signals amplification (10x) at the Front end (HCAL upper platform) and readout at the 
back end (DAQ bunker)

• Signal waveform (ADCs) and timing (TDCs) information in data stream

• Summing modules for HCAL Analog trigger (threshold on 8x8 sum)

• HCAL Digital trigger with VTP (3x3 cluster): ~2.5 us lookback window
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HCAL Trigger

• Analog trigger (GEn, GEn-RP):

－Sum of 8x8 blocks (10 overlapped regions)

－Common threshold for all sum (remotely controlled)

－‘OR’ of sum signals over threshold

• Digital trigger (GEp):

－VTP responsible for trigger

－3x3 clusters (seed and cluster threshold)

－Diaggui for monitoring the cluster position and energy in the VTP

－Correlation matching with e-arm
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HCAL Performance during GEp 
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• Plots from highest kinematics runs (5th pass beam) showing fADC scalers (real-time) 
and CLUSTER heatmap (50k replay)



HCAL Performance during GEp
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• Cluster Energy and time for HCAL blocks



HCAL after GEp

• De-cabling after GEp in Hall-A

－Some cables are reused by Moller

• Two halves of HCAL moved to Test Lab

• NIM paper is still in progress
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Issues/Challenges: Lessons
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HV Controls

• Bad state of Lecroy HV modules: 
Vset voltage also dropped to 0 V

• No alarms for shift crew (as standard 
alarm available only for difference of 
Vset and VMon voltages

• Added second set of delayed (4 min) 
alarms on HCAL Vmon for shift-crews 
during Gen-RP

• Few spare HV modules
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TDC Timing: F1TDC

• Double peaking: Rollover and decoding

• Missing TDC: Hardware (discriminator) and 
F1TDC buffer (high rate)
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Bad Channels

• pedestal-signal unseparated and long 
tail in signal distribution
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Bad Channels

• pedestal-signal unseparated and long 
tail in signal distribution

• Distribution changed after stacking in 
the hall

• No change in behavior after PMT swap
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Analog Trigger Threshold

• Fluctuation of Trigger threshold: 
readback or real?
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Background Noise and VTP Trigger

Not an issue for offline analysis 
which estimates pedestal in every 
event for each channel

Trigger-> one pedestal value/ch in 
config file
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• Graduate students: 
Mahmoud, Jhih-ying

• All the others who 
helped de-cabling

• Many thanks to 
all SBS 
Collaborators !
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