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§ The BigBite Spectrometer is being used to 
detect and fully characterize the kinematics 
of the scattered 𝒆!s for almost all the SBS 
collaboration experiments. 

§ The BigBite Calorimeter A.K.A. BBCAL is 
an integral part of it. BBCAL has two parts:

The BigBite Spectrometer in Hall A (Side View)

o Pre-Shower (PS) Calorimeter 
o Shower (SH) Calorimeter  

Shower
Pre-Shower

BBCAL

Introduction
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§ For the next couple of years (at least) Hall 
A’s future is SBS.

Ti
m

in
g 

Ho
do

sc
op

e

5th GEM
Layer



Design: Pre-Shower (PS)
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§ PS is made of 52 rad-hard lead-glass blocks.

§ Signals generated in each block are readout 
by a PMT.

§ Block dimension: 9 x 9 x 29.5 cm3

§ Blocks are stacked in 26 rows of 2 columns 
facing each other.

§ mu-metal shielding around each block.
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Design: Shower (SH)
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§ BB Shower is made of 189 lead-glass blocks.

§ Signals generated in each block are readout 
by a PMT.

§ Block dimension: 8.5 x 8.5 x 34 cm3

§ Blocks are stacked in 27 rows of 7 columns 
facing the spectrometer axis.

§ mu-metal shielding outside & between rows.
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§ High energy 𝑒!s lose energy in lead-glass by the formation of electromagnetic shower.
o PS thickness is not enough to stop them. So, 𝑒!s deposit only a fraction of their energy in it.
o SH, on the other hand, define the ‘End of the road’ for incoming 𝑒!s by containing them fully.

§ Primary uses of BBCAL:
1.   Measures the scattered 𝑒! energy and crudely determines the track position. 
2.   Provides handle for pion background rejection (PS energy deposit is used for this purpose).
3.   Provides trigger for the BigBite spectrometer. 
4.   Gives constraint for the track search region.

Basic Working & Purpose
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§ Detect, Digitize, & Convert (from mV to GeV) the signal produced by EM shower in PS and SH modules. 

SH+PS Cluster Energy Distribution (GeV)

SBS-4, SBS 30% field Data

1. Energy Measurement
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SBS-11, SBS 100% field Data

Pre-Shower Cluster Energy Distribution (GeV) § pions produce MIP like signal in PS modules 
in the momentum range of interest.

pion Peak
§ Peak due to pions is easily distinguishable 

from the 𝑒! peak.

v Hence, a simple cut on the PS energy can 
reject significant number of pions.

2. pion Background Rejection
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Acceptance

v One can also use pion peak positions to 
check the quality of PS calibration. 

SBS-9
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3. BigBite Trigger: Logic & Implementation
§ Overlapping SH and PS row sums 

constitute the trigger logic.

§ Logical OR of all the discriminated 
sums make the final trigger.
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BigBite Trigger: Performance
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3 SH 
Rows

2 SH 
Rows

2 SH 
Rows

* https://logbooks.jlab.org/entry/3927778

§ All the trigger sums associated to same SH row, fire uniformly.



Gas Electron Multipliers
(GEMs): 4+1 Layers

GRINCH

Shower +
Pre-Shower:
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Dipole Magnet
~𝟏Tm (𝑩𝒅𝒍)

Timing Hodoscope

𝒆!

4. Constraint for Track Search Region

* GEM Event Display credit: Xinzhan Bai
§ We reconstruct scattered 𝑒! 

tracks in BigBite backwards.
§ First, we define a search 

region around SH cluster 
position.

§ Then propagate that region to 
all the GEM layers and search 
for tracks within.

v This utility of BBCAL makes replay possible 
for SBS experiments!

§ The constraint reduces the search region 
to 2-3% of the entire GEM active area.

§ Good BBCAL energy calibration is 
necessary to use this feature.

v Better calibration lets us optimize the search region which in turn improves the 
reconstruction efficiency significantly.
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§ SH cluster position also gives 
starting vertical position and 
vertical angle for track search.



Cosmic Calibration
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§ We then follow 2 simple steps to perform cosmic calibration:

§ Perform HV scan over a broad range.
§ Get 𝛼 by fitting Peak Position vs. HV 

plot, using: Peak	Pos.	=	const	×	HVα

1
§ Take a cosmic run with enough 

events. 

v Only need to do this once since 𝛼 
value for a PMT should be stable.

§ Fit the ADC amplitude distributions 
and extract peak positions for 
individual SH and PS blocks.

2
§ Generate new HV settings that align 

Peak positions at the trigger to 
target ADC amplitude, using:

SH Row 20

Cosmic Run, 11878Cosmic Run, 11817

§ Two primary methos of calibration – 1. Cosmic Calibration & 2. Beam Calibration (using LH2) 



Beam Calibration: Procedure
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Ø Method:
Ø 𝜒# minimization:

• 𝑬𝒆𝒊 :	Track momentum at 𝒊𝒕𝒉 event.
• 𝑨𝒌𝒊 :	Energy deposited in 𝒌𝒕𝒉 block at 𝒊𝒕𝒉 event.
• 𝑪𝒌:	Gain coefficient of the 𝒌𝒕𝒉 block.
• 𝑵:	Total # events being analyzed.
• P:	Total # BBCAL (189 SH + 52 PS) blocks. 

1. No. of tracks per event = 1

2. No. of GEM planes that had hit > 3

3. |(vertex)z| < 0.08 m

4. HCAL cluster energy > 0.025 GeV

5. PS cluster energy > 0.2 GeV

6. SH + PS cluster energy > 1.9 GeV

7. |E/p – 1| < 0.3

8. 2.1 < 𝑝"#$ < 3.0 (GeV)  

v Primary Cuts

Ø Minimizing 𝜒#	with respect to the coefficients:

Ø Solving 𝑀 linear equations to get the 𝐶,s:
<latexit sha1_base64="f7oHyDPuVFwDI+tFcvfIkiIspow=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4sewWUS9CaS9ehAr2A9q1ZNNsG5pNliQrlKV/w4sHRbz6Z7z5b0zbPWjrg4HHezPMzAtizrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDa1TBShDSK5VO0Aa8qZoA3DDKftWFEcBZy2glFt6reeqNJMigczjqkf4YFgISPYWKlbQzfo7jE99yao2isU3ZI7A1omXkaKkKHeK3x1+5IkERWGcKx1x3Nj46dYGUY4neS7iaYxJiM8oB1LBY6o9tPZzRN0apU+CqWyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z+skJrz2UybixFBB5ovChCMj0TQA1GeKEsPHlmCimL0VkSFWmBgbU96G4C2+vEya5ZJ3WSrfXxQr1SyOHBzDCZyBB1dQgVuoQwMIxPAMr/DmJM6L8+58zFtXnGzmCP7A+fwBmqCQHA==</latexit>

C = M�1B

𝑴𝑪𝑩



Beam Calibration: Preliminary Results
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--- Cosmic, Res. 9.8%
--- Beam, Res. 5.9%

𝑬𝒄𝒍𝒖𝒔/𝒑𝒓𝒆𝒄 Distribution

𝒑𝒓𝒆𝒄 𝒑𝒓𝒆𝒄

𝑬 𝒄
𝒍𝒖
𝒔/
𝒑 𝒓

𝒆𝒄

Cosmic Calibration Beam Calibration

𝑬𝒄𝒍𝒖𝒔/𝒑𝒓𝒆𝒄 vs. 𝒑𝒓𝒆𝒄 

§ Initially we see a strong negative correlation between 𝑬𝒄𝒍𝒖𝒔/𝒑𝒓𝒆𝒄 and 𝒑𝒓𝒆𝒄 
which almost disappears with just 1st round of calibration with beam.

§ Energy resolution improves drastically with beam calibration.

SBS-8, SBS 70% field Data



Beam Calibration: Preliminary Results contd.
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§ Completed initial calibration of all 13 
different settings across 6 SBS 
configurations.

Configuration Ebeam

(GeV)
Ee’ 

(GeV)
Magnet Current (A) BBCAL Resolution (%)

BB SBS Before Calib. After Calib.

SBS-4 3.728 2.11

750 0 8.9 6.5

750 630 8.6 6.6

750 1050 9.5 6.6

SBS-7 7.906 2.67 750 1785 9.4 6.8

SBS-11 9.91 2.67
750 0 12.3 7.8

750 2100 12.2 7.9

SBS-14 5.965 2.00
750 0 10.5 7.8

750 1470 10.7 7.3

SBS-8 5.965 3.59

750 0 9.8 6.0

750 1050 9.8 5.8

750 1470 9.8 5.9

750 2100 9.8 5.9

SBS-9 4.015 1.63 750 1470 9.7 7.8

Table I: BBCAL energy resolution before and after calibration for all SBS configurations.

§ Achieved 5.9% energy resolution at 
3.6 GeV scattered 𝑒! energy.

§ Work in progress for the most 
challenging setting (SBS-11).



How Good is Cosmic Calibration?
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§ Y-axis represents:
 345	6789	:;<==.	 7=?<@	:7A8B@7?8;9	C8?D	EF*	G7?7

345	6789	:;<==.	 <H?8I7?<G	JH896	:;HI8: 	− 1 ×100%

§ For SH, the differences are mostly concentrated within ±10% but for 
PS the range is more like ±20%. Not bad at all!



ADC Time Offset Correction
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--- Before Correction
--- After Correction

§ Left Plot: Shows results of ADC time offset correction for individual shower blocks w.r.t BBHodo 
cluster mean time. Similar results were achieved for Pre-Shower modules as well. 

§ Right Plot: Shows the distribution of the difference between BBHodo cluster mean time and ADC 
time of all blocks of the corresponding SH cluster. Resolution achieved: 2.62 ns (Preliminary).

§ Time walk corrections are yet to be implemented.



Biggest Challenge During 𝑮𝑴𝒏  Run! – The Issue
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SBS Field 
(%)

Mean
(GeV)

Sigma
(GeV)

Change 
w.r.t. 0 

field (%)

-25 0.9606 0.0831 9.5

0 1.0612 0.0954 0

25 1.0323 0.0894 2.7

50 1.0295 0.0948 3.0

100 0.9091 0.0834 14.3

-25% SBS Field
 0       SBS Field
 25%  SBS Field
 50%  SBS Field
 Full   SBS Field

v Configuration: SBS-1
v Target: LH2
v Events selected: Elastic (Tight cut on W)

§ Above plots show the distribution of total BBCAL cluster energy at different SBS field settings. 
§ Analysis of SBS 0 field data shows that the energy calibration of BBCAL with cosmics was 21% off. In order 

to compensate for that discrepancy, we have multiplied the total cluster energy with a constant factor of 1.21.

§ Preliminary results show, SBS fringe field has non-negligible effect on BBCAL PMT gain.

* https://logbooks.jlab.org/entry/3932475



Biggest Challenge During 𝑮𝑴𝒏  Run! – The Solution
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Calibrated with BB
& SBS magnets off. Effect of 100% BB field

+ 70% SBS field.

Calibrated again with 
both the magnets ON.

Calibrated with BB
& SBS magnets off. Effect of 100% BB field

+ 70% SBS field.

Calibrated again with 
both the magnets ON.

o Turn the magnets ON and then take a quick cosmic run (~30 mins).
o Recalibrate and generate a new set of HVs.

Fringe Field 
Effect on PS 

Peak Positions

Fringe Field 
Effect on SH 

Peak Positions

3 Step Solution:
o Start off with a calibrated HV setting for both magnets OFF .1

2

3

X-axis: Block Number (PS/SH)
Y-axis: Peak Position (at Trigger)

v We tried this solution for all the later SBS configurations, and it worked beautifully. 



Summary & Future Work
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§ We came across a lot of different challenges during SBS-𝐺!"  run.

§ But we could overcome all of those by working as a team and kept notes of all the 
lessons learned.

§ Performance of BBCAL look promising even with very preliminary calibrations.

§ BBCAL trigger during SBS-𝑮𝑴𝒏  was very stable. It allowed us to set the threshold 
very high to keep DAQ rate manageable without loosing elastic events.

§ This is very encouraging since all the upcoming SBS experiments, except for 𝐺%
& 5, 

will use BBCAL for trigger as well as for energy measurements.
§ No hardware upgrade or major changes is required, so BBCAL is pretty much 

ready for the SBS-𝑮𝑬𝒏 experiment which is scheduled to run later this fall.
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24

https://sbs.jlab.org/DocDB/0001/000118/001/BBCal_s
ig_circuit_saturation.pdf

https://github.com/provakar1994/BBCal_replay

https://sbs.jlab.org/DocDB/0001/000118/001/BBCal_sig_circuit_saturation.pdf
https://sbs.jlab.org/DocDB/0001/000118/001/BBCal_sig_circuit_saturation.pdf
https://github.com/provakar1994/BBCal_replay


Cosmic Peaks – PS and SH
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ADC time calculation
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• “i” is the sample which has value greater than VMid and the next sample, “i+1”, is less than VMid. 

where,



SBS Fringe Field Effect – PS and SH
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Example HV Configuration – PS and SH
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