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See Silvia’s talk for

Context: Precision EM Calorimetry

Scattered electron kinematics measurement is essential at the EIC
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Precision Electromagnetic Calorimetry

electron kinematics measurement is essential at the EIC

d Homogeneous EM calorimeter — typical
materials in lepton induced hadron scattering:
crystals and glass, a well-established detector
technology

(J Barrel EMCal readout electronics can be
identical with the backward EM calorimeter =2
no additional technology required

d Experienced team of institutions (AANL, CUA,
FIU, JMU, UK, MIT..) including many early-
career researchers working on design,
simulation, prototypes

d Opportunities for many early-career in-kind
contributions for radiator, design/construction,
simulation, readout




eRD105: SciGlass R&D

The main goal of this R&D project is to demonstrate that SciGlass is a
viable cost-effective solution as EIC calorimeter technology

dThe R&D effort benefits from a separately funded DOE SBIR/STTR A SCINTILEX
Phase 2 providing facilities and resources for the glass fabrication
and scale-up production SBIR/STTR DE-SC0020619

JeRD105 made good progress in FY22 towards completion — albeit
there are delays due to Covid19 and start of R&D funding

A The remaining R&D in FY23 aims at optimizing the readout matched

to glass and comparison of different glass geometry shapes with
prototypes and beam tests.



FY22 Milestones and Accomplishments

Milestones for FY22 - Beam test with small prototype
Task 1: Leverage SBIR/STTR for SciGlass optimization and production
of test samples
Task 2: Receive ~25-50 test samples; initially 20 cm and 40 cm late in
FY22
Task 3: Characterize blocks at collaborating institutions including cross
comparisons for systematic uncertainty
Task 4: Construct a small 3x3 prototype and finalize readout
infrastructure Completed for 20-cm block,
Task 5: Commission the 3x3 prototype ongoing for 40cm blocks
Task 6: Carry out test beam program and validate readout concepts
including streaming RO



Task 1+2: SciGlass optimization and
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SciGlass Scale-up production
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Task 1+2: SciGlass optimization and production  /\ **™*

O SciGlass 20cm has been produced reliably and 40cm can now we produced routinely; We have an SBIR
phase-Il to start large-scale production of larger blocks (40+ cm, rectangular and projective shapes)

O A total of 25 SciGlass block test samples was produced over the last year - of these ten SciGlass blocks were
of dimensions 20mm x 20mm x 400mm and fabricated with an optimized formulation — better transmittance

O Anissue in the fabrication method was identified. A new setup is being constructed that has the potential to
even further improve the transmittance of long glass blocks.

SBIR/STTR DE-SC0020619



Task 3: SciGlass Characterization ®Cuob Camon D
e

Longitudinal Transmittance of 40cm (and 20cm) long glass blocks
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g/ Significant improvements made in 40cm SciGlass performance within
one year

L Maintaining and optimizing optical properties is one of the biggest challenges in scale-up of scintillating glass
for nuclear physics experiments

U Testbench: optical characterization and response to cosmics and radioactive sources to benchmark against
specific experiment requirements and to prepare for detector prototype beam tests

J Testbenches set up for rapid feedback loop on SciGlass 8



Task 3: SciGlass Characterization

Irradiation of 20cm long blocks

SciGlass overall
consistent with
specification
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Figure 3: Measured transmittance of a recent
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20-cm-long SciGlass sample before and after 30
Gy of radiation at 1 Gy'min. The formulation of

this block had an imbalance of the radiation-

protecting Cerium ionization state compared to

the one that increases the light yield. However,
even with the relatively reduced transmittance

the observed radiation damage is within the

acceptable limit of the EIC. Further tests are
anticipated with the 40cm blocks.

21 22 23 24 25
Length (cm) 195 192 200 200 2.00
Width (cm) 185 195 200 200 2.00
Height (cm) 19.90 19.70 20.00 19.55 19.95




Task 3: Testbench Initial Measurements with SIPM  (iNex
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Task 4: 3x3 Prototype tests: 20CM b sawssrrn ot scoosoets

dPrototype 3x3 array installed and tested — energy
resolution measured for three different beam energies

JResults for ~7 X, blocks — matches with Geant4
dPlans for 2022: Test with ~15X, (40cm) long blocks
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Qe o, Lab,,F.wPre pa rations for Prototype Test — 40cm
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CATHOLIC UNIVERSITY

Preparations for Prototype Test —40cm Q.. e settader

DThomas Jeffersol NalnnaIA ccelerator Facility

Installation of the 3x3 (40cm SciGlass) prototype in the
beamline at Jefferson Lab
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First Data from Prototype Test —40cm @ ™5 o,

@ DThomas Jefferson National Accelerator Facility

10/17/2022
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Spin-off: SiPM Prototype
Tests with Crytur USA

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

Trigger
Scintillator

» Crytur
prototype 2.0




eRD105 R&D Plan for FY23

5000
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The R&D plan for FY23 focuses on the full block optimized for
the calorimeter

1 Characterization of the transverse shower development

1 Optimization of the readout (SiPM matrix and services)

 Measurement of the ratio of fast and slow components of

the scintillating glass —an important input for the electronics
optimization

J Implementation of the process production and performance
comparison of different glass geometry shapes.



Milestones for FY23 and outlook

1 FY23: Scale-up to 40 cm complete
o Receive ~25 test samples
o Beam test with 3x3 (5x5) prototype with 40+ cm. (CUA, AANL, JLab) @ Camouc Uiy

of AMERICA

= HallD Jlab beam test logistic: installation, safety, DAQ etc. (JLab) — JefferfonLab
= Beam test preparation and data analysis (CUA, AANL)
o Develop and implement a SiPM-based readout (INFN-GE) INFN
o Design and test an optimized streaming RO chain (INFN-GE) .
o Sciglass blocks characterization, including Irradiation (IJCLab-Orsay, Kansas U.) h KUKANSAS
o Implement process for different geometries (CUA) A SCINTILEX irf:e;@'misu:!e
A

O FY24: Final test of different geometries
o projective SciGlass as required for barrel EMCal application
o optimization of reflector and impact of a carbon fibre inner support structure
for the glass blocks on calorimeter performance

17



eRD105 Request and Responsibilities

CUA/VSL/Scintilex
Technical Support

Fringe
Materials
Equipment
Travel

Indirect Cost
IJCLab-Orsay
Student Support
Materials
Equipment
Travel

Indirect Cost
INFN-GE
Student Support
Equipment
Travel

Indirect Cost

FY23 Request

14,854

7,549

1,793

0

0

0

5,512

13,750
FY23 Request
AANL 13,500
Student Support 5,000
Fringe 1,500
Materials 2,000
Travel 5,000
Indirect Cost 0
Kansas U. 6,396
Student Support 3,000
Fringe 900
Materials 0
Travel 0

Indirect Cost 2,496

TOTAL 60,000

L CUA/VSL: coordinate the overall project; SciGlass production and
organization of the beam tests, including construction of prototypes;
further develop simulations to support the beam tests.

O 1JCLab-Orsay: perform characterization of the produced large (40+cm)
SciGlass blocks, evaluate the radiation hardness from low to high doses,
produce analysis software, and contribute to mechanical designs,
prototype construction, and beam tests as possible

O INFN-GE: optimize the readout framework and developing matched
SiPM matrices and services for the beam tests including boards and
communication/analysis software, and in particular for SRO tests

O U. Kansas: characterization of the produced glass blocks and analysis
software development.

L AANL: scintillator characterization, prototyping, simulation development,
etc.,

O JLab (unfunded): contribute to organizing and maintaining the beam test
program

R&D nearing completion. Modest request with large
fraction of resources contributed by the institutions



eRDlOS Tlmellne October 2022

I
ltem Task FY22 FY23 FY24

Ql Q2 Q3 Q401 Q2 Q3 Q4 Q1 Q2 A3 Q4

Glass fabrication J Scale up to 4x4x45cm’

J Show uniformity and reproducibility
J Fabrication process optimization
Process design verification to scale up
Large scale production study
Glass Characterization optical characteristics

Irradiation

Software Prototype

Design options
Prototype Small prototype

Upgrade and commissioning

o

e—

o Pe—
e

Beam test Beam test

Data analysis

Not yet taking into account delayed start in Project R&D Good progress towards completlng the R&D - some
contracts items complete ahead of schedule
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