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NIM Status

Peer review status

The BigBite Calorimeter for the Super Bigbite .
Spectrometer Program at Jefferson Lab Under Review

Last review activity: 16th
e Reviews completed: 0 y

February 2026 ®
e Review invitations accepted: 2

e Review invitations sent: 2+

Watch to learn what we're doing behind

the scenes 7
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Detector Overview
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BigBite Spectrometer Stack
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BBCal Basics

* Lead-glass electromagnetic calorimeter

* High energy electrons shower through the lead-
glass, producing light that i1s measured by PMTs

* Composed of two layers: preshower (PS)
and shower (SH)

* Main purposes:
1. Act as main experiment trigger (need good
time resolution)
2. Measure total scattered electron energy
3. Differentiate incoming pions and electrons

4. Define region-of-interest for GEM tracking
algorithm
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Preshower Layer
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' Mean = 89.0 (1) MeV, o = 21.0 (1) MeV |

" I MIP peak
— Fit

,,Sza-ozuGev

Simple cut on PS energy allows
for easy background reduction
in analysis.

-
=

e 26 rows, 2 columns

* Particles traverse 3y,
e Initiate electron
shower

* Increase electron
signal above MIP
signal

* Low probability for
charged pions to create
large signal

* Pion signature 1s
readily identifiable 1n
energy distribution



Shower Layer

* 27 rows, 7 columns AT
¢ PartiCICS traverse 14X0 n,—;?.-nuﬂ: E ;;;;:LI?I;LE-;LL;I;F
* Combined with the e i
proiie e d (0 CO GG KT

PS, the scattered
electrons fully deposit

their energy within
BBCal

 PS and SH both have
mu-metal sheets
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BBCal on the Floor
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BBCal Front End Electronics

PS signals sent to a 10x amplifier,
then:

1. One signal copy sent to fADC250

2. Other signal copy sent to a splitter.
then 5x amplifier, then a LFI/O il L
module to create the trigger sums ' =t T T T

N N A JtofADCs

SH signals sent to a summer/amplifier
module, then:

1. One signal copy was 5x amplified Tty
then sent to fADC250

2. Other signal copy sent to a 3.5x  Discriminators
& Logic Modules

amplifier then sent to the trigger (BB trigger)

|||||

|
i g
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Trigger Sums

Trigger Sums Associated SH & PS Rows sher Psg25+zeﬁgH(2e+27) @
SC 1-2 SH-1 + SH-2 + PS-1 + PS-2 PS5 sSHsi20) . .
SC2-3 SH-2 + SH-3 + PS-2 + PS-3 — " aeases | ¢ PS and SH s1 gna]s combined
SC34 SH-3 + SH-4 + PS-3 + PS-4 — PS(22+23)+SH(23+24) — —| . . . .
SC 4-5 SH-4 + SH-5 + PS-4 + PS-5 | PS(21+22)+5H(22+23) f 1nt0 2 5 trlgger Sums Wlthln
SC 5.6 SH-5 + SH-6 + PS-5 + PS-6 I N N e 2
SC 6-7 SH-6 + SH-7 + PS-6 + PS-7 ] R D O the LFI/O modules
SC7-8 SH-7 + SH-8 + PS-7 + PS-8 i 8 O s
SC 8-9 SH-8 + SH-9 + SH-10 + PS-8 + PS-9 | e | .
SC9-10 SH-9 + SH-10 + SH-11 + PS-9 + PS-10 | o | mOvemMTERL @ Tl’lg gCr Sums arc used to
SC 10-11 SH-10 + SH-11 + SH-12 + PS-10 + PS-11 | =7 [T I"" ol . .
SC11-12 SH-11 + SH-12 + SH-13 + PS-11 + PS-12 b i o Create the eXperlment tr1 g gel‘
SC 12-13 SH-12 + SH-13 + SH-14 + PS-12 + PS-13 I A Y
SC 13-14 SH-13 + SH-14 + SH-15 + PS-13 + PS-14 | il I Rt i A o O . d f .
SC 14-15 SH-14 + SH-15 + SH-16 + PS-14 + PS-15 S esueapsizeey — rganize to Tocus on main
SC 15-16 SH-15 + SH-16 + SH-17 + PS-15 + PS-16 [(H) % .
SC 16-17 SH-16 + SH-17 + SH-18 + PS-16 + PS-17 s | | Llsormpliromsrs} 1 reglon Of acceptance and
SC 17-18 SH-17 + SH-18 + SH-19 + PS-17 + PS-18 SH1D | o ipmtopsiostont L .
SC 18-19 SH-18 + SH-19 + SH-20 + PS-18 + PS-19 roenapbltseovior L account fOI‘ dl fferent numb Cr
SC 19-20 SH-20 + SH-21 + PS-19 + PS-20 ol | T .
SC 20-21 SH-21 + SH-22 + PS-20 + PS-21 B | id Of rows 1n PS and SH
SC 21-22 SH-22 + SH-23 + PS-21 + PS-22 IR L
SC 22-23 SH-23 + SH-24 + PS-22 + PS-23 IED
SC 23-24 SH-24 + SH-25 + PS-23 + PS-24 Ly
SC 24-25 SH-25 + SH-26 + PS-24 + PS-25 T s [T ek
SC 25-26 SH-26 + SH-27 + PS-25 + PS-26 EEEPTEERE Bl

c T ‘ F'S(1+2tFSH(1+2} P;

B
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Threshold Determination

Threshold value was set to record scattered electrons above a certain energy -- helps keep DAQ rate reasonable.

Must convert energy in MeV to threshold setting in mV using;:
ThCF =(C X ATrig

* Thcr is the threshold conversion factor in units of mV/MeV
 ( is a constant in units of MeV-!
Aryig 1s the signal amplitude at trigger level in units of mV after cosmic calibrations

An upper bound on Arpj, Was established during calibrations based on our electronics.

Central E7 (GeV) Minimum E (GeV) Maximum E (GeV) 0% (GeV/e)  Epem (GeV)  Thep (mV/MeV)

1.6 1.43 1.86 4.5 4.0 0.44
2.0 1.75 2.31 7.4 6.0 0.35
21 1.8% 239 3.0 3.7 0.35
2.7 2.27 3.15 9.9 1.9 0.26
2.7 129 3.25 13.6 9.9 0.26
3.6 3.09 4.14 4.5 6.0 0.18
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Signal Amplitude Mapping

* There was a discrepancy

:.E ZDD | | I I I I | 1
: : o ® Shower (SH)
between signals at the trigger g17s 2. Shower(SH) -
level and at fADCs Z 150 o 1
: G 125 . -
* A mapping was made foreach 3 o P
channel to account for b ‘W .

. . . U s -
variation 1 the 2 050 l
summer/amplifiers 2 0z ]

. ° m
* Match signal amplitudes at 200555 75 00 1% 150 175

. Block ID Number
trigger level
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Cosmic Ray Calibrations
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* Initial energy calibrations done using cosmic rays
* Select events using a verticality cut (reject events with horizontal tracks)

* Signal amplitude peaks were fitted and then aligned by adjusting the PMT HV
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Magnetic Field Mitigation
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* BB and SBS magnets produced
fringe field of ~50G at the PS and
SH positions

* This caused shifts in PMT gains

* Set 1: gain-matched cosmic ray
data with both magnets OFF

* Set 2: same gain-matching with
both magnets ON

* Set 3: gain-matched with magnets
on during cosmic calibrations

15



Clustering and Calibrations
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BBCal Event Formation

Raw Data:
25 4-ns fADC .

waveform
samples Estimate Pedestal:
Average four Subtract pedestal
voltage samples B fom cach waveform
from beginning ‘
and end of
waveform Locate Threshold
Crossing:
Reconstruct pulse 1
amplitude, charge integral,
and leading-edge time Convert Charge Integral:
“Good” events are Use calibrations to
sent to the clustering — extract an energy
algorithm! deposition value

% Jefferson La ) 17
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Clustering Algorithm — SH Clusters

Island clustering:
* “Good” hits are ordered by descending energy

* First block 1n the “good” hit list is used as the “seed” for the cluster

* When blocks are added to a cluster, they are removed from the “good” hit list to avoid double
counting

* “Good” hits are 1terated through and compared to each previously added block 1n the

cluster:
1] = (xj — -)2 + (yi — }’j)2 tj = [ty — 4 I'max = 15cm

I'j; < rmax tj < tmax tmax = 10ns
The i block is one already added to the cluster

The 0% block is the seed block
The jt block is an “unused” block in the “good” hit list

s th tral positi f a given block
f?’yt)hls AI? g etn & POSHION 01 4 SIVER HIOE total energy threshold before
15 Hhe fme being considered

% Jefferson Lab ) 18
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Each cluster must pass a final



Clustering Algorithm — PS Clusters

e PS blocks are similarly ordered in __ SHCleter PSCuser
descending energy sl ]
* Central block position 1s compared to H | - ﬂ
energy-weighted centroid of the SH a1 ®
cluster, projected back to the PS o T Tl
» Each PS block must be within 15cm E -
vertically and 20cm horizontally of the 5;3 T
energy-weighted centroid of the SH ] N .

 Compare ADC time to SH cluster “ :=

ADC time and accept within 10ns e K
* “Best” cluster = highest PS+SH RN
energy ;" —

SH Column PS Column
Jefferson Lab ) "Not to scale 19
OThomas Jefferson National Accelerator Facility



Timing Calibration
* Align BBCal ADC time to

Hodoscope ADC time o
Before Calibration
* PS and SH are aligned partist i 1] e
separately ét ‘ éj %{E; i SRAEERAY 1’&
» ABBCal cluster ADC time 3 - 7. LR i
1s the ADC time of the ST i o di
cluster seed block s TR B e

After calibration After calibration

e For the PS, its cluster ADC
time 1s the ADC time of the

.
o

highest energy block in the E f 2%
cluster & <
<L 4 25 4
* See student talks for more E : A PRI ke
details on SBS tlmlng PS module ID ’ SH module 1D

calibration updates

20
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Timing Calibration — Example Results

. 50 G E N 4 b hdt_HODO-—BBSH = 50 hdtcorr_BBSH_HCAL _vs_IDBBSH
@ = o M B g E “[Entries 126018 2 = Entries 421353
ST 40 Toeomn D e ir  Frae oz =we . . |Meanx  89.94 5 40F- Meanx  87.97 0
28 g, SRSEL L SRy ET o SRR -~ |Meany -0.4917 3. F Meany  0.2036
~ 30 S e - F a T TR s oz T |SuDevx 4215 2§ 30 StdDevx 3557
§ .. L ETTHEIT w2 | SidDevy 3535 ‘:71 - StdDevy 1.737 [0
< 20 S 20f
o< - %
= =% -
10E £8 40 . 400
of i
. = 300
-10[ -10F
-20F -20F— 200
30 -30F
c 5 100
-40 - 40
_50 v by by | -1 P 1_ L -|_+ TR Sl S SO AN RN T AN SO _50_1 PVIE T AT R A R R R NS (R GO Gl M T O M R R A vl B I v 1 A T 7 0
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
BBSH ID BBSH block ID
GEn-II GEn-RP

*Calibrations done by Jacob Koenemann and Bhasitha Dharmasena Purijjala respectively
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Energy Calibrations

* Use beam on (1deally) H2

e Used beam on 3He data for some of
GEn-II when H2 data were unavailable

30000[ _ i ]
. . . . Entries 522120 : Calibration w/ Cosmic Data
* Minimize the following: | R e
N Constant 2.501e+04 = 4,657e+01

2 . 1 1 2 20000 Vean 00049 00001 | , ...................... ........................ . -

i_ n 15000 _Elgma | 0.05416 = 0.00008 :

p' is the reconstructed track momentum 10000} | | -

E' is the total cluster energy of the best sk S N .

cluster and contains a dependence on - g | .
each block’s ADC pulse integral and gain Ty e e Y S—

coefficient EpenE',

N 1s the total number of events

% Jefferson Lab ) 22
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Energy Calibrations — Example Results

E/p (el. cut) Elp E/p
x10°
— Before calib., u = 0.99, ¢ = (6.358 = 0.041) p 3000| = Before calib., u = 1.04, o = (7.865 = 0.045) p 180| e Before cal, =106, 0=(11.062 + 0.008) p
1400 After calib., p = 1.00, o = (6.270 = 0.055) p — After calib., p = 0.99, o = (6.196 = 0.039) p 0] —— After calib., u = 0.99, 0 = (7.795 = 0.005) p
F
L 2500 !
1200 i B 140 .
1000 2000 120 - .
I 100}
800 - B
- 1500 [
i [ 80 [
600 B
1000 60 -
400 X
i [ 40
- 500 [
200 i 20
0- 0- 0-III|III IIIIIIII
04 1.6 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

GMn — Pass?2 GEn-II — Pass2 GEn-RP — Passl1

*Calibrations done by Provakar Datta, Kate Evans, and Andrew Cheyne respectively
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Performance
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Timing Resolution

0.10— . —
~ PS-SH (3.6 GeV), o= 0.4

_ [T Ps-SH (1.6 GeV), o = 0.49 [ |
0.08—— —

| |SH-SH,(36GeV).o= 06 .

- [5] sH-SH, (16 GeV). 0 = 081 | e Compare primary and
0.06[— — o

- : secondary blocks within a

' cluster
0.04— ] . . .
* Average timing resolution

- - 1s ~0.5ns
0.02— —
000k L S
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1.2-1.4cm

10N 1S

* Compare the BBCal
cluster energy-weighted
centroid position to the
track position measured
by the GEMs

* BBCal position
resolut
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Energy Resolution

o
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wn

5.25

—— Op/E'e = 3.91% IV(E'e) + 3.36 |

1.5

2.0
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2.5 3.0 3.5 4.0
E'c. [GeV]

o (3.9+0.1)
— =
E! J E’
e The first term 1s a stochastic term that
accounts for shower intrinsic fluctuations.
* The second term is a constant term that
accounts for inhomogeneities in the
detector that may arise from calibrations
or geometry.
* The random fluctuations of the

“undetected” energy deposited outside of
BBCal also contribute.

* The average energy resolution is ~6.2%

% + (3.4 +0.2)%

27



Questions?

Thank you to Arun and
Provakar!

Mark Jones, Bogdan, Andrew
Puckett

SBS Collaboration
Hall A Technicians
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