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Electromagnetic Calorimetry in EIC
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EEEMCAL consortia

The Electron-Endcap Electromagnetic Calorimeter (EEEmCal) will enable unique detector
capabilitiesfor scattered electron and f nal-state photon detection crucial at theEIC

EEEMCAL consortium E l] 5 E ﬂ{ )E

Institutions (9):

CUA (contact: Tanja Horn), Lehigh U. (contact: Rosi Reed), MIT and MIT-Bates Research and
Engineering Center (contact: Richard Milner), U. Kentucky (contact: Renee Fatemi), AANL
(contact: Ani Aprahamian/Hamlet Mkrtchyan), FIU (contact: Lei Guo), Charles U.-Prague
(contact: Miroslav Finger), |JCLab-Orsay (contact: Carlos Munoz-Camacho), James Madison

U. (contact: Gabriel Niculescu)

eRD105 A. Asaturyan, M. Battaglieri, V. Berdnikov, J. Bettane, M. Bondi, A.

Dedicated EIC proj ect Celentano, J. Crafts, R. DeVita, T. Horn, G. Hull, M. Josselin, |.L. Pegg, S.
iGlass Mayilyan, C. Munoz-Camacho, A. Mkrtchyan, H. Mkrichyan, M. Murray, N.

R&D on SciGl Pilleux, A. Shahinyan, P. Stepanov, V. Tadevosyan, R. Trotta, H. Voskanyan

| nCl u deS m any Of the A.l. Alikhanyan National Science Laboratory/Yerevan, Catholic University of America, The
EEEEMCAL Vitreous State Laboratory, IJCLab-Orsay/France, INFN-GE, Jefferson Laboratory, U of Kansas
consortium
THE &
c.““:;;]'il\l“r.:::::fl“n %J ( Lab @ v— {\ SCINTILEX
Jefferfon Lab ., INFN KUKANSAS

EEEMCAL isvery active working group, meetings started 2020 , every 2-3 weeks

ggteails Wiki page: https.//wiki.jlab.org/cuawiki/index.php/Electron-lon_Collider Detectors. EEEMCadl

EOI: https://wiki.jlab.org/cuawiki/images/7/77/Expression_of Interest %28E01%29 -EEEmMCal-10312020.pdf



EEEMCAL in EIC detector proposals

EEEMCAL project iswell-def ned
and could ft with any global EIC
detector concept providing high
precison EM calorimetry
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Figure 1.1 Crosscut view of the ATHENA central detector. The detector acronyms are defined in the text and are summarised in the Glossary.

Barrel Tracker

Si Vertex

B Beam Directions:
Tracker  gj g iAd

— .

Barrel Tracker

SAILMNEYAYD YNIHLY T'T

LLCE

EIC Comprehensive Ch dynamics Experiment
Collaboration Detector Proposal

Figure 2.18: The electromagnetic and hadronic calorimeters in ECCE 4



EEEMCAL Preliminary Mechanical Design

o The example how the EEEMCAL might
structure look like in the EIC electron endcap

Light guide

Additional
cooling
Internal Class 1000 : — :?:: ::::;s
structure .r STt
Cables = |
- i
Support PWO g_ .
PCB and
cooling i
E—_a-" —~ AN
B Mu: :: ~ 1000 -500 : {::m] 500 1004
e PWO: compact, radiation hard,
Geometry: T luminescence yield to achieve
i z=-'125cm B _ high energy resolution, including
* R_in=11 cm (eta ~-3.5) =R_min PWO the lowest photon energies
* R max PWO=53 cm (eta ~2)=R_min Glass Sensor SiPMs
* R max total=100cm (eta ~ 1.4)=R_max_Glass SciGlass: EIC eRD1
Modules PWO 1976 (2x2x20 cm”3) Eﬂjﬁ‘;ﬁ’“ﬁ”ﬂeﬂf;““;i‘;miiy};ﬁ
Modules Glass 1104 (4x4x40 cm”3) depending on longitudinal length
All PWO for this volume: ~7600 PWO modules Sensor: SiPMs

Weight: 5-6 tons

https://wiki.jlab.org/cuawiki/images/e/e5/EEEMCAL_Mechanical _design_2.pdf



EEEMCAL activities

E resolution of inneeforysial] and outer]scl-glass)|

EEEmCal consortia items of interest and ongoing activities: o | gr1medl  fugus
BE g-17me ‘—Eﬂ o L

» Radiator: crystal/glass fabrication and characterization 51 g-120028  fayum

* Frame design/construction — to hold the crystal/glass bars ) — f-1meifelt

» Prototype construction/commissioning and beam tests j gos

Monte Carlo simulations and comparison with test beam results
Readout, electronics, detector cabling and infrastructure 2
Slow controls and online software |
Calibration and monitoring of performance !
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Questions: Pron rejecton tacios nnerirysta]and outesc glss]

* Cost vs Resolution 2
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EEEMCAL lead tungstate scintillating crystals

20.4

SICCAS specs
CRYTUR specs
02| Il SICCAS
- |l CRYTUR

l L
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20'10 100 200 300 400 500 600
Crystal ID

20.3

Quality check: dimension uniformity

Much effort into crystal evaluation over thelast decade

Benef tsfrom synergieswith other projects: Neutral Particle
Spectrometer (NPS) and FCAL-2 at JLab, PANDA

Resour ces, prototypes, softwar e development

Longlead item ! Production ~50 crystals per month
Crystal dimensions 20.5x20.5x200 mm3

Vendorsexist, but only two available wor [dwide

R&D related toraw crystal material powder completed

SICCAS/China: failurerate ~30% of crystals produced in
2014-2020 due to major mechanical defects

CRYTUR/Czech Republic: Strict quality control procedures
—100% of crystals accepted from morethan 1500

=05 :':_ “romew=- BICCAS Transmittance 360nm
0.45 :— s SICCAS Transmittance 420nm e e
0 4; ——— CRYTURTi i 420nm R T —
i " Constant 0.2959 + 0.3631
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0.35F | Ll Mean 69.27 +1.35
: C_T 360 | | Sigma 1.349 + 0.952

Constant 0.1472 £ 0.1817 S T 420 ]
Mean 4546 +2.73 %

Sigma 2.712 £ 1.961

Cons 1597 = 0.1999 |

Mear 6377 & 2.48 i

0 .60 o 7
Longitudinal transmittance; %

Longitudinal transmittance



1cm x 1cm x 0.5cm

EEEMCAL Scintillating Glass

Ongoing EIC project R&D program (eRD105)

Simulation suggests a resolution compar able to Pbw0O4
O 1 2.50/0 @ 2.7%
ETHEE E

Assumesthat 40cm long glass bars with these properties will
be available

@D 1.5%

SCINTILEX has developed the scale-up and can now fabricate
20cm long glass bars—further scale up optimization ongoing.
Within one year achieved scale-up to 20cm and improving
manufacturing. Goal: 40x40x400 cm3

Ongoing preparation for beam tests. bars need to be polished
(f Btness, rectangularity etc.), quality assurance, testing with
gamma sour Ces, Cosmic
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Scintillating Glass beam performance in the past

Performance of a scintillating glass calorimeter for electromagnetic showers, 1988

Fig. 3. Layout of the calorimeter setup in the test bea

U Buchmer et al /A scintillaring glacs calorimeter for electromagmeric showeres

o, /E [¥]

tion as a function of the ebectron energy (black circles) and th
the parametrization (4) deseribed in the 1

E [GeV]

e BGS prediction (open circles). The line shows
ext,

8x8x66 cm”3

ER=1.46%/E+2.4%/sqrt(E)+1.63%

https://inspirehep.net/literature/261664

The Experiment 705 Electromagnetic Shower Calorimeter, 1993

West Gas Tube Hodoscope (GTH)

West Active

Converter-

(Front and Rear EE
HH

Main Array
F5 Glass
[SCG 1-C Glass

Beam

Direction

Lead Gas

Calorimeter (LGC) M8

East Active

Converter

(Front and Rear) ;E

East Gas Tube Hodoscope (GTH)

Figme 1. Plan view of the major comp

of the Bxner 705 caloc

SCoLC SES
Composition BaD 434% PO 5%
(by weight) Si02  425% Si02 3%
L20 40% K20 5%
M0 33% N20 1%
K20 3%
A3 20%
a0y 158
[Density _ 336 glem3 408 gom3 |
Radiation
| Length 4.25 em 247 em
Absorption
Length 456 cm 420 em
(30-200GeVic2
L___pions)

Table 1. Properties of SCG1-C Scintillating and SF5 Lead Glass

11

Figure 2. Beam view of the Main Ay (SOG1-C scintillating glass is cross-hasxched)

Resolution for mixed
calorimeter LeadGlass
and SCG-1 Glass

15.x15.x89 cm”™3
7.5x7.5x89 cm”™3

Rad. Length 20.9 X0

ER=0.99%+4.58%/sqrt(E)

https://inspirehep.net/files/1299a6aale200e0119d 71208
800a81f6

Results from 1980s scintillating glass
calorimeter s encour aging

Need to establish performance for SciGlass9
(different formulation)



EEEMCAL beam test program

Test beam facilities:

1. DESY

 EIC PWO prototype with PMT readout

2. JLAB

EIC PWO prototype with SiPM readout
EIC PWO prototype with SiPM matrix readout
EIC SciGlass prototype with PMT readout

EIC PWO prototype and Streaming RO DAQ

10



ESY beam test

DESY Test Beam Run - 15-29 November, 2021

Tests with a 5x5 lead tungstate calorimeter
- lead tungstate crystals generously on loan from Tanja Horn, CUA

- measurements performed at the DESY test beam facility area TB24

Multiple reasons for the tests

- performance of PbWQy calorimeter, compare with MC simulation
- EIC EmCal
- TPEX
- run with triggered and streaming data acquisition systems in parallel

- triggered DAQ using CAEN QDC
- streaming DAQ using JLab FADC250
- streaming DAQ using CAEN digitizer

Mostly very successful !
I"lir
DESY Test Beam December 10, 2021 2 /15
11



ESY beam test

Test Beam Configuration

D.K. Hasell

DESY Test Beam

December 10, 2021

8 /15
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ESY beam test

Data Collection

With 2x2 mm? collimator aperture
Following scans made at beam energies of 2, 3, 4, and 5 GeV

Horizontal scans -60 mm to +60 mm in 5 mm steps
-at¥Y =0, -5, -10, -15, and -20 mm
- similar vertical scans

- unfortunately made before disconnecting FADC250

Detailed horizontal scans -15 mm to +15 mm in 3 mm steps
-at¥Y =0, -3, -6,-9, -12, and -15, mm

Repeat detailed horizontal scans with 3.7, 7.8, 15.6, and 23.4 mm Pb

-
Repeat detailed horizontal scans with calorimeter rotated ~ 6° III||
DESY Test Beam December 10, 2021 14 / 15
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Jlab beam tests 2021

1 EEEMCAL (3x3) PWO + PMT PMT Hamamatsu
R4125-01
3 EEEMCAL 3x3 PWO+ matrix SIPM SIPM Hamamatsu
(CRYTUR RO)
5 EEEMCAL SciGlass + PMT without Amp. PMT Hamamatsu
R4125-01

6 PWO & Streaming RO PMT R4125 and
SiMP S13360-6025CS

Tests prepared and performed in collaboration with Jlab staff, big thanksto:

HallD: Sasha Somov, Tim Whitlatch, Robert Bunton
HallB: Sergey Boyarinov
Fast Electronics. Fernando Barbosa, Chris Stanidav

EPSCI: David L awerence, Nathan Brel



Calorimetry beam tests behind Pair Spectrometer in HallD

Q pscB PSB

PbWO4
Test setup

Vacuum

Magnet
Chamber

-]

Converter

PPN\ N ~eOAS A

Photon
beam

X

PSC A PSA
6.6 meters

v

&
|‘

Calorimetry beam tests method established 2018

« Theprototypes/test-stand installed in Hall-D downstream of the pair spectrometer (PS)

« Electron-positron pairs are produced by the primary photon beam interacting with 750 m beryllium
converter. Lepton pairs are def ected in a 1.5 T dipole magnet and detected using two layers of scintillation
counter s positioned symmetrically around the photon beam line.

« Each arm consists of 8 coar se counters and 145 high-granularity counters. The high-granularity hodoscope
isused to measur e the lepton momentum; the position of each counter correspondsto the specif t energy.

« Each detector arm coversthe lepton momentum range 3-6.2 GeV/c.

« Theenergy resolution of the PSisestimated to be better than 0.6%.

« The position of the prototype was surveyed and aligned with respect to the beam line and the center of the
pair spectrometer magnet, such that the lepton beam’s spot is focused on the center row of the prototype,

perpendicular to the front face of the crystals. s



Configuration #1: EIC PWO prototype with SiPM readout

Goal of the tests: Optimize and test SIPM readout chain with new generation PWO crystals

« Improved prototypewith new SIPM based assembly

« 3D printed frame (PLA plastic)

o Two piece SIPM holder concept, holdersare 3D printed

« PEEK plasticwill beused in real detector

« Silicon based gluefor frame, no SIPM glueing to crystal

o SIPM soldered to circuit board with SM A connector

o 25um cell Hamamatsu SiPM for beam testsinstalled

« LEMO output at the detector patch pand
(BIAS/Preamp or INFN Waveboard application)
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Configuration #1: EIC PWO prototype with SiPM readout

SICCAS PWO+ SiPM 6x6 25um

]

Sanity checks of the detector and readout
Testsin cleanroom with cosmic

Muon perpendicularly crossthe detector and
form thetrigger

Tests performed with coda based DAQ, signal
digitized by fADC250

Preamplif er gain adjusted for dynamic range

Save Save Save Recall Recall
Screen Image  Waveform Setup Waveform Setup



Configuration #1: EIC PWO prototype with SiPM readout

« Prototypetested with ~4.7 GeV electrons
« Stable detector performance
« Good energy resolution

« Light density or amount of photolectrons
per cm”™2 measured in fADC250 units

o Test bench measurementsneeded at the lab
with light sourcesto convert ADC unitsto
actual pixelsfred

« Detector disassembled for lab measur ements

« Next step isinstallation of new SIPM with
smaller pixel size

3 testaA
S ) ‘%450 slice_py_of_test5A ebhesie
. L E - Entries 20321
w r : | Mean 2634 | ;
"6400__. .............. ..... R Ms 1240 e S o e P i i o I A i s A
b = i | @/ ndf 211.8/39
8 - i Constant 4142+ 5.0 : : ] ]
5350__ | Mean 3434 2 0.6 |t Ml
Z F Sigma 4875058
300 i :
250
200
150
100f
50—
0 500 1000 1500 2000 2500 3000 3500 4000
ADC units
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Configuration #1: EIC PWO prototype with SiPM readout

« Exciting opportunity to measure energy resolution (stochastic term) of the
prototype in wider energy range, especially below 1GeV

* Reducing momentum of leptons by reducing magnetic field of the pair
spectrometer

* Monte Carlo simulations ongoing to calculate new lepton energy.
* Important to separate effects of Pair Spectrometer from detector effects.

* Not parasitic tests scheduling needed

Graph Total Charge Calib
- x? / ndf 0.3047 /6
o FJU 86.74 + 3.903 10° == sum_charge_Calib
3 ol ixozer2| | [EE
C - RMS 5260
- L 12/ ndf 288.2/ 277
- 1GeV (?) S| | Mean 4600404 4500000
E_ 10°E" | sigma 1080 + 4.0
= nominal |, /
i_ Th ‘
(N AT I A IS b b Py | ii . |||H ‘HINHH.HMH
0 10000 20000 30000 40000 50000 60000 70000

1 | |
700 800 900
PS magnet current

| 1 1 | 1 1
100 200 300 400 500 600
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Configuration #2: EIC PWO prototype with SiPM matrix readout

Goal of the tests: Optimize and test SiPM

matrix readout chain with new generation
PWO crystals

CRYTUR USA concept

9 CRYTUR crystals

16 SiIPMs per crystal

3x3mm"2 SIPMs

~90k cells per SIPM

Plug-n-play prototype

First working RO version for EIC

Programmable sipm bias supply
-4 (16) bias outputs (series pass regulators)
- Each remotely programmable (SPI)

Top Board

- Top side
-16 sipm's
-1 RTD

Bottom side
- Mezzanine connector (surface mounted)
- Sipm's supplies decoupling

2 I l I l I I //’\() e e e
- Preamp“ﬁgrs m ’¥:¥
- Summing amplifier / e
- Analog signals conditioners / el [}
4

- Mezzanine connectors (through wired)

ng:tgm_lmatd//\o

- Sipm's Power supplies (will need 2 boards if 16 power supplies)
-ADC / DAC

- SPI conditioner

- Interface connector (bottom side)

- Mezzanine connectors(top side)

SPI ADC (optional) reports

- Temperature corrected sipm temperature and monitors operation
Temperature .
correction signal sipm channel 1 gov power
[
T B ] \ﬂé.: = Return . . .
ot ooy | 1 L= « Direct performance comparison with
- § @ . .
is thermally coupled to board N N sipm channel 21 SPI DAC generates
top copper pFan? to meaatsure R BN N sipm supply voltages 3X3 PM T version ! I N F N SI PM
sipm's average temperature control signals.
N There calg be either Ver S on
Sipm's are mounted on top board, - 31 008 SnHl per dicanct . .
Top board upper layer ncudes SR i « Energy resolution studies
sipm connecting pads and a copper [ e
plane thermally coupled to all sipm’s ™ . .
| g o « Noisestudies
SRR —1 Return
] — SPI Bus (4 lines)* H h I I H d
A « Light collection studies
4 channels
Each channel

- Includes 4 sipm's

- Single output = X (sipm signals) signal

summing amplifier

Analog

Linearity studies

- One bias supply per channel lines*
- Or(optional) H
-Eachspmhmlisomowpy [ R . « Threshold studies
signals can be transmitted on 20
: differential lines to minimize
sipm (S14160-3010/3015) sipm supply decoupling noise and cross-talk.

Preamplifier Signal conditioner (4 channels)



Configuration #2: EIC PWO prototype with SiPM matrix readout

« Dueto COVID related issues prototype delivered
at Jlab at thevery last day

« Detector have been installed and tested with the
beam

 Issueobserved with the SIPM matrix
preamplif ers cooling. Perfor mance degradation
with thetime.

« Direct feed-back to CRYTUR with lot of useful
and detailed information for improvements

« New prototype delivery expected in Fall 2022

CUA B

300

test6A
2067792

Entries

250

200

150

100

50

IIIIIIIII|fill|l!l|'f||||||llll|
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Mean x
Mean y
RMS x
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70.34
29.32
14.97
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Lead tungstate EEEMCAL prototype beam test results

PWO+SIPM (INFN RO) SIPM Hamamatsu 81518 4.698+-0.013 2.3% 2.1%
S13360-6025CS

22



Configuration #3: EIC SciGlass prototype with PMT readout

e SCINTILEX SciGlass blocks have
been ddlivered to Jlab

o Glasscharacterizations and visual
inspections performed

« Calorimeter towerswrapped with
tef bn ref kctor

« CCAL tower mechanic assembly

« PMT Hamamatsu R4125-01
o 9towersprepared for tests

o Cosmictest performed to set
proper applied HV

23



Configuration #3: EIC SciGlass prototype with PMT readout

o Glassblockstested with the beam using
12x1 scintillator test stand at the
calorimetry arm

« FCAL-2blocksinserted asreference

« All SciGlass blocks showed good
performance

oo




Configuration #3: EIC SciGlass prototype with PMT readout

. &2 2@ §E

L+ Ak 2 B2 LAb? LA LA

. 35838 §§
) Jdld A ik Rl ek R §

i

¢ 8 3 p B 8

ey

g 5 38 8§
e

100

80

60

40

20

3x3 glasstower matrix assembled

Detector installed and tested with the beam

Energy resolution measured for 3 different

energies

First EM shower measur ements of
SCINTILEX scintillator glass

Next steps and plansfor 2022:

o 5x5assembly with ~7 X0 blocks

o 3x3assembly with ~20 X0 long blocks

Total Charge

sum_charge_raw

Entries 6313
Mean 1.316e+04
RMS 1508
%2/ ndf 114.7 /107
Constant 89.5+1.6
Mean 1.326e+04 = 1.988e+01
Sigma 1343 + 19.2

L | 1
15000

o dsssm b ] 2l 3 L 1
20000 25000
Sum Charge, ADC units
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SciGlass EEEMCAL prototype beam test results

GlasstPMT without Amp PMT Hamamatsu 81526 4.698+-0.013 12.3% 11.6%
R4125-01

GlasstPMT without Amp PMT Hamamatsu 81594 5.504+-0.013 11.1% 10.6%
R4125-01

Energy resolutions of the various crystal assemblys

« Promisingresultsfor ~7 X0 blocks

Energy resolution, %

3x3 SciGlass (beam 1.85x1 B5x19.3 em”)

O ———— « Matching with Geant4 predictions

3x3 SciGlass-4-1-L (nominal 2x2x40 om’)

3x3 SciGlass4-1-L (nominal 2x2x45 om’)

« Moredataneeded in wider energy range

26
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Incident particle energy, GeV



Configuration #4: EIC PWO prototype and Streaming RO

« SRO testsperformed in 2021 during GlueX
HighLuminosity run (350nA photon beam)

« Waveboard read-out 9 calorimetry channels (PMT's)

« ~1.5KkHZ rateper channel with BEAM ON , no
issues observed

« Waveboard+TriDAS+JANA2 DAQ chain tested

[
B
§ 8.t &

; ! - . Beam data acquired:
> Binary data (Waveboard stand alone)

> Without L 2 software trigger
(Waveboard+TriDAYS)

> With different combinationsof L2
trigger (Waveboard+TriDAS+JANA?2)

g
g & &

« JANAZ2 reconstruction and calibration off Ine plugin

27



Configuration #4: EIC PWO prototype and Streaming RO

The SRO data analysis was performed within the JANA2 framework, where a dedicated
clustering algorithm was implemented.

« The sdection algorithm identif ed events with a large energy deposited in the central crystals
(assumed to be the EM shower seed) and summed all hits in the other channels within a time
window of 100 ns.

« The cut on the energy-weighted x-y hit position was used to exclude events hitting the side crystals
after arough inter-channel energy calibration

y_avg:x_avg {x_avg>0 &8 x_avg<2 && Esum<2.5E4}

Total Charge Calib

i‘ 16 200l
B r sum_charge_Calib
1.4 = *?/ ndf 23.72/19
H 1000/— Constant 1213+ 129
- - Mean  1.363e+04 = 3.199e+00
12— 800 i Sigma 350.7 = 2.9
‘:_ 600 :—
o - 400 :—
0.6/— i
- 200 i
[]4 i | 1111 | 1111 1111 | 1111 | 1111 | 1111 1111 | 1111 | 1111 | 1 1 : : | i i l 2 i I i i |
0.6 00 1 BT i s e v % 5000 10000 15000 20000
- Waveboard ADC units
Detailed description in * Sreaming readout for next generation €l ectron scattering experiments’ 28

articlein preparation for EPJA journal



Outlook

EEEMCAL will enable unique detector capabilitiesfor scattered electron and f hal-state
photon detection crucial at theEIC

Detector performance validations with beam data is absolutely pivotal piece of
infor mation

The method for calorimetry beam tests behind PSin hallD established with series of
successful measurements since 2018

Different PWO vendors compared, CRYTUR crystals made with new powder tested
Forth generation Scintilex SciGlass measur ements with the beam, results are promising
Different electronicsreadout chainsPM T sand SIPM "stested, optimizations ongoing
Readout using SSPM matrix considered and development ongoing

Trigger and trigger-less(SRO) DAQ optionstested

Considering different EIC prototype conf gurations during 2022 run including PWO
crystals and new generation SciGlass bars, different photosensor readout and DAQ

options

Stay tuned for new results

29



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29

