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" Forthe next couple of years (at least) Hall
A’s future is SBS.

" 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:

O Pre-Shower (PS) Calorimeter
O Shower (SH) Calorimeter
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The BigBite Spectrometer in Hall A (Side View)




Design: Pre-Shower (PS)
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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.

SH Modules




Basic Working & Purpose

" 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.
Provides handle for pion background rejection (PS energy deposit is used for this purpose).

2
3. Provides trigger for the BigBite spectrometer.
4

Gives constraint for the track search region.




1. Energy Measurement

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

SH+PS Cluster Energy Distribution (GeV)
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2. pion Background Rejection

Pre-Shower Cluster Energy Distribution (GeV) " pions produce MIP like signal in PS modules
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BigBite Trigger: Logic & Implementation

Shower " Qverlapping SH and PS row sums
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BigBite Trigger: Performance

BBCal Trigger Sums vs BBSH rows
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= All the trigger sums associated to same SH row, fire uniformly.




4. Constraint for Track Search Region
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necessary to use this feature.

" SH cluster position also gives
+* Better calibration lets us optimize the search region which in turn improves the

starting vertical position and
vertical angle for track search. reconstruction efficiency significantly.




Cosmic Calibration

" Two primary methos of calibration — 1. Cosmic Calibration & 2. Beam Calibration (using LH,)

" We then follow 2 simple steps to perform cosmic calibration:
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"  Perform HV scan over a broad range. | ® Take a cosmic run with enough ®  Generate new HV settings that align
"  Get a by fitting Peak Position vs. HV events. Peak positions at the trigger to

plot, using: Peak Pos. = const X HVe | ® Fit the ADC amplitude distributions target ADC amplitude, using:
: and extract peak positions for
i individual SH and PS blocks. HVyew = HVoiq {

Target ADC Amp. o
Current ADC Amp.

** Only need to do this once since «
value for a PMT should be stable.




Beam Calibration: Procedure

> Method:
> x? minimization:

k=0

> Minimizing y? with respect to the coefficients:

_ ;»zz(m i) ~o
i=0ki=0 |, | =
B cC M

> Solving M linear equations to get the (;s:

C=M'B

EL: Track momentum at i'" event.

Al:Energy deposited in kt" block at it" event.
C,: Gain coefficient of the k" block.

N: Total # events being analyzed.

P: Total # BBCAL (189 SH + 52 PS) blocks.

2 M
(E1) (2 O ) —2E. ) Cip4;
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% Primary Cuts
1.

No. of tracks per event = 1

No. of GEM planes that had hit > 3
|(vertex),| < 0.08 m

HCAL cluster energy > 0.025 GeV
PS cluster energy > 0.2 GeV

SH + PS cluster energy > 1.9 GeV
|E/p—1]<0.3
2.1 < prec <3.0 (GeV)




Beam Calibration: Preliminary Results

E .1us/Prec Distribution
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" [|nitially we see a strong negative correlation between E j,;s/Prec aNd Prec
which almost disappears with just 15t round of calibration with beam.

" Energy resolution improves drastically with beam calibration.




Beam Calibration: Preliminary Results contd.

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

E E. Magnet Current (A) BBCAL Resolution (%)
Configuration beam e
(GeV) (GeV) :]:] SBS Before Calib.  After Calib.
750 0 8.9 6.5
SBS-4 3.728 2.11 750 630 8.6 6.6
750 1050 9.5 6.6
SBS-7 7.906 2.67 750 1785 9.4 6.8
750 0 12.3 7.8
SBS-11 9.91 2.67
750 2100 12.2 7.9
750 0 10.5 7.8
SBS-14 5.965 2.00
750 1470 10.7 7.3
750 0 9.8 6.0
750 1050 9.8 5.8
SBS-8 5.965 3.59
750 1470 9.8 5.9
750 2100 9.8 5.9
SBS-9 4.015 1.63 750 1470 9.7 7.8

Completed initial calibration of all 13
different settings across 6 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?

change of gain coeff. before & after calibration (%)

SBS-7, (BB 100% + SBS 85%), [Set 78, Iter 0&1]
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"  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

SH ADCtime offset w.r.t. BBHodo mean time
= 20— ProjectionY of binx=108 [x=107.0..108.0]
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®  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 G}; Run! — The Issue

o SBS-1 | Best Cluster Energy (SH+PS)*1.21 (GeV)

6:— 559, SBS Frold SBS Field Mean Sigma f:?sgg

- 90 e % GeV GeV N

- 0 SBS Field (%) (GeV) (GeV) field (%)
S; 25% SBS Field

- 50% SBS Field -25 0.9606 0.0831 9.5
a4 Full_SBS Field 0 1.0612 0.0954 0

- 25 1.0323 0.0894 2.7
3_

- 50 1.0295 0.0948 3.0
2:_ 100 0.9091 0.0834 14.3
1 < Configuration: SBS-1

- % Target: LH,

) SRR R PRI N % Events selected: Elastic (Tight cut on W)

0 02 04 06 038 1 12 14 16 1.8 2

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

"  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.




Biggest Challenge During G); Run! — The Solution

@ Start off with a calibrated HV setting for both magnets OFF .
3 Step Solution: @ Turn the magnets ON and then take a quick cosmic run (~30 mins).

© Recalibrate and generate a new set of HVs.

Run# 13418 | Peak Position(Trigger) vs. Block No. for PS Blocks | 1/20/2022 Run# 13424 | Peak Position(Trigger) vs. Block No. for PS Blocks | 1/21/2022 Run# 13438 | Peak Position(Trigger) vs. Block No. for PS Blocks | 1/22/2022

40 60 60

35

50 50

30

(ARENELEEN RN

Calibrated again with

40 both the magnets ON.

40

25

Fringe Field

Effect on PS :>

Peak Position at Trigger (mV)
Peak Position at Trigger (mV)
Peak Position at Trigger (mV)
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\

20F » 30 30
iti 15[ . :
Peak Positions E Calibrated with BB 20 20
E & SBS magnets off. 0 Effect of 100% BB field 1ots%eese 0000®090900.0000900000%0000000%4  ene
5F + 70% SBS field.
0:‘.‘1|..‘.zl‘...l‘.‘.“l‘.‘.l.. b R T R
X-axis: Block Number (PS/SH) 0 ¢ 0 s0 . Blocﬁ?\lumber 0 10 20 30 40 Bloci?\lumber Block Number
Y-axis: Peak Position (at Trigger) o i -
Run# 13418 | Peak Position(Trigger) vs. Block No. for SH Blocks | 1/20/2022 Run# 13424 | Peak Position(Trigger) vs. Block No. for SH Blocks | 1/21/2022 Run# 13438 | Peak Position(Trigger) vs. Block No. for SH Blocks | 1/22/2022
o~ 40 S 60 < 60
E F e g C
% 355 % 50(- % 50
e F = L = C
: S0E : F . 8 r Calibrated again with
. . s Ea o g 40f S 4o0F
Fringe Field 2 2ANAANAS IS eSO, g L. . o 3 r both the magnets ON.
x C X [ ° L] e o x .
Effect on SH :> 8 20f »a S N S IR T LT 7 e »l 30
‘e E Y \s":\ q.'g'"lo}: ot X T AN r
Peak Positions 15F T R R AT S 2o
10F Calibrated with BB e * -
F & SBS magnets off. 1oL Effect of 100% BB field 10 VAN APA BRI AG SIS, ...
3 . + 70% SBS field. .
C e b by v e b e b b e b b e by by C ol b b b e b b b by by 1y Con b b b b b b b b b by
% ™20 20 60 80 100 120 140 160 180 200 % 20 a0 60 80 100 120 140 160 180 200 % ~"20 40 60 80 100 120 140 160 180 200
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** We tried this solution for all the later SBS configurations, and it worked beautifully.




Summary & Future Work

= \We came across a lot of different challenges during SBS-Gy; run.

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

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

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

= 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-G% experiment which is scheduled to run later this fall.
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1. Introduction

In this article, we report the linear region of operation for all the electronic modules involved in BigBite ' -
o rake Publc Ungn DUnwaich 1 - Y F v
calorimeter (BBCal) circuit. BBCal consists of a Shower (SH) and a Pre-Shower (PS) detector. We have « provakari994 [ BBCal_replay e - Lo, . S,
considered the electronic modules involved in the circuits of each of these two parts separately and have come
up with a maximum signal amplitude at FADC for the HV calibration using cosmics to avoid saturation - . - < . o
during all the proposed Q? points of SBS G, experiment. © Code () wswes 11 Pullrecuests Actions [ Projects (D wiki @ Secwity |2 Insights &3 Settings
¥ master -+ P ibanch ©0tags Gotefie Add tile ~ m About 8
2. Saturation of Electronic Modules
o Calbration and analysis scripts for
2.1 BigBite Shower Provakar Datta Added recommended verable settngs Tor il the fferent co s226a2ar cnMay 12 (O 188 commits BigBite Calorimeter (BBCal) that is being
Signals from SH PMTs go through the following steps [1], used for JLab Hall A SBS coliaboration
1. Signal from the detector goes into custom made Summer/Amplifier m oolden Run list for BECH HV scan pertomed on 1104/2022 sdded 3 months 800 experiments
(S/A) module via 12.5 m cable.
2. These S/A modules have one-to-one outputs on the back with an | macos Added recommended varisble setlings for sl the diferent configur.. ast month 0 Reader
approximate gain of 5x. Signals from these output channels go to the Xt . <r O stars
FADC via 50m long signal cable. W reply BOCal standakone repley mochinery sdded onths 2o : '
@ Vwatching
3. The S/A modules also have three outputs per sub-module on the front, 3 .gitignore pem catagery added
each of which gives the amplified (3.5x) sum of 7 inputs (i.e. all the Y Oforks
inputs from a single SH row). [ README md Updiate REA
4. Each such summed outputs then goes into a quad of PS 740 LFI/FO Y e S Y Ny O St S
module, where the overlapping row sum for SH and PS takes places D oet_calbrated_tw.sh 0 srts for conmic aneiyels and gals ratching adkied s Releases
in order to form the trigger logic.
D) run_cosmic_analyss sh Shel seripts for cosme analyus and gan matchng acded romths age
Each of the modules mentioned in the above steps have their own saturation "
point i.e. the output becomes non-linear when the input amplitude crosses ) run_cosmic_replay.sh Shell scripls 10r COMMIC Bnalysis 4nd gain Matching aoded ? MOMNS a9
some value. A rough estimation of those saturation points are as follows,
Figure 1: 7 channel Shower am- D soup bbcesh ooam Bo P .
1. The outputs on the back of S/A modules saturate when the input plifier/summer module o._boc ot - .
200 mV.
crosses m Y setup_itermcsh Ervror & satup file 1or ifarm aocount ackded 5 months a9 Packages
2. The outputs on the front of /A modules saturates at 300 mV. » ——
3. 740 PS LFI/FO modules has a single input saturation of 1200 mV.
4. FADC 250 saturates at input beyond 2 V.

It is clear from the above facts that for SH, the saturation is determined by
the back outputs of S/A modules. Hence the detector should be calibrated
in such a way so that the amplitude of the input signal to S/A modules do
not cross 200 mV.

https://sbs.jlab.org/DocDB/0001/000118/001/BBCal s https://github.com/provakar1994/BBCal replay
ig circuit saturation.pdf



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

5821 Amp 521 Amp SEHIZ| ADC Arp SHIZ| ADC rp EH3I4 | ADD Arp SHIS | ADC rp EHIG| ADC orp
T = i)
150pF
iy f— mi mp ik mp
o}
o " " " ST e, oE o oE - £ o
B 0 9% @ = 0 35 40 EE ‘ z 0 1% o = 0 o) 40 4 [
PSR Amp PSL22 Amp el - p d
o 510152035 303540 45 5 1015 202530 354045 5 10520 ZEE03S40 45 5 105 202550 354045 5 101520 ZEE0E5 4045
B 5H4.2| ADC Ao 5H4.3) ADC Arp SH4.4| ADS ATp SH4.5| ADC ATp SH4.5| ADC Arp
Bl o R =
1oob— = 18 iET] 8
mb
50 mb hELAl
318 ol
a L ") m
=) 10 1% o ) 0 3% 40 EE 4
F5A2Z1 Amp F5-L23 Amp
: I @} B “-
sap
1oal— 0 0 0 0 o
SI05205 30340 45 51005 202530 354045 50520 ZEE03S40 45 5 10% D02EE0 354045 5 101520 ZEE0E5 4045
e EHEZ| ADC Krp SHEE| ADC rp EH54 | ADC Arp EHE5 | ADC g EHE6| ADD urp
s
. 6T 20 25 a0 a5 a0 2 el
PSA24 Amp PSL24 Anp " =
- b 1wk
o . -
mr ap
0 figiagag

5105205 303540 45 5 1005 202530 354045 5 0520 25303540 45 5105 2050 354045 5101520 Z5E035 4045




ADC time calculation

Raw ADC Unit ( ped subtracted )

Sample R15 C2

1 lllIlllllIlIlllIlllllll'llllllllllll

h1502
Entries 50
Mean 22.44
Std Dev 5.641

{o“:n

Vie1 = Vi

FADCyime = 4ns * [i 1

(Vpeak + pedestal)
2

here, VMz'd =

* “[”is the sample which has value greater than V,,, and the next sample, “i+1”, is less than V).




SBS Fringe Field Effect — PS and SH

SBS-1 | PS Cluster Energy*1.21 (GeV) Best SH Cluster Energy u (sh.e)*1.21
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HV New (V) [25.0 mV Trig. Amp.]

-1008.44 49115

SH row

12 14 16 18 2 22 24 26 28 3

-1000.95
-1043.65
-976.23
-999.67

-976.77
-897.15
-292.80
-993.89

Example HV Configuration — PS and SH

HV New (V) [25.0 mV Trig. Amp ]

101289
102078 -

-954.28

-1019.09 473.58
100831 -1023.40



