
eRD105: SciGlass R&D  
 
Introduction 

SciGlass is a radiation hard material optimized to provide characteristics similar to or 
better than PbWO4. SciGlass fabrication is expected to be cheaper, faster, and more flexible than 
PbWO4 crystals. SciGlass is being developed by Scintilex, LLC in collaboration with the Vitreous 
State Laboratory at CUA. Tremendous progress has been made in the formulation and production 
of SciGlass that improves properties and solves the issue of macro defects. Scintilex has 
demonstrated a successful scaleup method and can now reliably produce glass samples of sizes up 
to ~15 radiation lengths. Simulations combined with initial beam tests at photon energies of 4-5 
GeV suggest that high resolution competitive with PbWO4 can be reached for ≥15 X0. SciGlass 
has excellent radiation resistance (no damage up to 100 Gy electromagnetic and 1015 n/cm2 
hadron irradiation, the highest doses tested to date), response time of 20-50 ns, and good 
transmittance in the near UV domain. The SciGlass insensitivity to temperature is also a clear 
advantage over PbWO4, which has a dependence of about 2-3%°C and has to be continuously 
monitored. The main goal of this R&D project is to demonstrate that SciGlass is a viable 
cost-effective solution as EIC calorimeter technology. The FY22 has made good progress 
towards completion. 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. 
Beam tests in the 1980s with a 3x3 array of 8x8x66cm3 long scintillating glass (SCG1) – different 
formulation from SciGlass – resulted in a measured energy resolution of 1.46%/E + 2.4%/√E + 
1.63%1. Scintillating glass SCG1-C has been used in combination with lead glass as 
electromagnetic shower calorimeter for the Fermilab 705 experiment. The SCG1-C blocks were 
stacked behind a layer of lead glass resulting in a total radiation length of X0=20.9. The measured 
resolution for this mixed setup was 0.99% + 4.58%/√E2.  
 
eRD105 R&D Plan for FY23 

The R&D plan for FY23 focuses on the full block optimized for the calorimeter. Scale-up 
of large rectangular blocks (40+cm) will be completed. The transverse shower development needs 
to be characterized and the arrangement of the photosensors needs to be optimized based on 
measurements of the response of the scintillating glass blocks. The FY23 milestones are therefore 
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 – and 
the implementation of the process production and performance comparison of different glass 
geometry shapes.  

A prototype (a 5x5 array as needed) will be constructed and instrumented with 40+cm 
SciGlass. The characterization of and beam tests with 40+cm SciGlass are important as it is not 
obvious that one can extrapolate all characteristics from the shorter samples. Good progress was 
made in FY22 and it is anticipated that tests with a 3x3 array with 40cm SciGlass will be 
completed ahead of our original schedule submitted in 2022. However, a beam test with a 5x5 or 
larger array may be needed for full understanding of the transverse shower, and is therefore 
planned for FY23. The prototype will be installed behind the Pair Spectrometer in Hall D at 
Jefferson Lab. This method for calorimetry tests has been established with a series of successful 
measurements during the eRD1 program since 2018.  

The readout electronics chain with PMTs has been previously optimized with PWO 
crystals as a baseline. The EIC electronics readout is envisioned to consist of SiPMs. Due to the 
different properties of light output of radiators it is of paramount importance to test and optimized 

 
1 U. Buchner et al.. Nucl. Intrum. Meth. A 272 (1988) 695 (https://inspirehep.net/literature/261664) 
2 L. Antoniazzie et al., “The Experiment 705 EM Shower Calorimeter”, FERMILAB-Pub-93/001 
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their readout and amplification chain. In the case of SciGlass the large size of the blocks will 
require a large instrumented area in order to collect photoelectrons from scintillation.  
Considering that commercial SiPMs have a maximum active area in the range 0.1 cm2 (3x3 mm2) 
– 0.4 cm2 (6x6 mm2), each 4 cm2 (2x2 cm2) block will require 10-20 SiPMs to fully instrument 
one side. To avoid an uncontrolled increase of the capacitance, SiPMs need to be read out 
properly. To reduce the number of electronic channels we will test a combination of 
series/parallel chains of sensors as well as individual sensor readout with a dedicated ASIC. 
Design and tests will be performed in collaboration with eRD109 (ASICS/electronics) and 
eRD110 (photosensors) consortia in order to optimize the effort and exploit solutions already 
developed for ePIC subdetectors. This readout concept will be tested with different cell size 
configurations (75µm, 25µm, 15µm, 10µm, ..) to find the best compromise between light readout 
efficiency and linearity. A SiPM based prototype will be constructed featuring multiple SiPMs 
per block. The planned studies will include energy resolution, noise, light collection, linearity, 
and threshold studies, as well as trigger-less (SRO) DAQ options. Readout optimizations, e.g., 
light collection with minimum number of electronics channels, are also included.   
 
Milestones for FY23 
• 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) 

 HallD Jlab beam test logistic: installation, safety, DAQ etc. (JLab) 
 Beam test preparation and data analysis (CUA, AANL) 

o Develop and implement a SiPM-based readout (INFN-GE) 
o Design and test an optimized streaming RO chain (INFN-GE) 
o Sciglass blocks characterization, including Irradiation (IJCLab-Orsay, Kansas U.) 
o Implement process for different geometries (CUA) 

• FY24: Final test of different geometries 
o Receive 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 
Suggested funding profile including funding split among the participating institutions for 
FY23 

The distribution is shown in Table 1. CUA/VSL will coordinate the overall project and be 
responsible for SciGlass production and organization of the beam tests, including construction of 

 

 

 

Table 1: FY23 request 
by institution 



prototypes. CUA will also further develop simulations to support the beam tests. JLab will 
contribute to organizing and maintaining the beam test program. IJCLab-Orsay will perform 
characterization of the produced large (40+cm) SciGlass blocks, and in particular evaluate the 
radiation hardness from low to high doses, produce analysis software, and contribute to 
mechanical designs, prototype construction, and beam tests as possible. INFN-GE will be 
responsible for optimizing the readout framework and developing matched SiPM matrices and 
services for the beam tests including boards and communication/analysis software, and in 
particular for streaming readout tests. U. Kansas will contribute with irradiation tests at the 
Radiation Facility of UMD3. AANL will contribute their expertise in scintillator characterization, 
prototyping, simulation development, etc., as continuing our successful collaboration on 
crystal/glass projects, e.g., the NPS at JLab.  
 
Manpower required and available for FY23 

• CUA/Scintilex: Y. Ghandilyan (postdoc), J. Crafts (graduate student), T. Horn, I.L. Pegg, 
P. Stepanov (postdoc), Richard Trotta (graduate student), Vitreous State Laboratory staff 

• IJCLab-Orsay: M. Josselin, J. Bettane, N. Pilleux (graduate student), G. Hull, C. Munoz-
Camacho, Y. Zhu (postdoc) 

• INFN-GE: M. Battaglieri, M. Bondi, R. deVita, S.Grazzi, M.Spreafico 
• Kansas U.: M. Murray, graduate student 
• AANL/Armenia: A. Asaturyan, S. Mayilyan, A. Mkrtchyan, H. Mkrtchyan, A. Shahinyan, 

V. Tadevosyan, H. Voskanyan 
• Jlab: Vladimir Berdnikov, Alexander Somov 

 
 
Preview of remaining R&D after FY22 and until FY24 
After FY22 the remaining R&D will focus on different geometries. The prototype will be 

upgraded and modified to check projective SciGlass as required for barrel EMCal application. 

 
3 https://radiation.umd.edu 

 

 
Table 2: Estimated timeline for SciGlass development 
 



Another prototype test will focus on the optimization of reflector and impact of a carbon fibre 
inner support structure for the glass blocks on calorimeter performance.  
 
Accomplishments 
 
Milestones for FY22 - Beam test with small prototype 

o Task 1: Leverage SBIR/STTR for SciGlass optimization and production of test 
samples 

o Task 2: Receive ~25-50 test samples; initially 20 cm and 40 cm late in FY22 
o Task 3: Characterize blocks at collaborating institutions including cross comparisons 

for systematic uncertainty 
o Task 4: Construct a small 3x3 prototype and finalize readout infrastructure 
o Task 5: Commission the 3x3 prototype 
o Task 6: Carry out test beam program and validate readout concepts including 

streaming RO 
 
What was accomplished under these goals? 
 
Major Activities and Significant Results 
 
Task 1: SciGlass optimization and production 
 
A total of 25 SciGlass block test samples was produced. Of these samples ten SciGlass blocks 
were of dimensions 20mm x 20mm x 400mm and fabricated with an optimized formulation 
compared to the 20cm long samples. The new formulation further increases the glass 
transmittance in the region of interest and further eliminates bubbles in the bulk. An issue in the 
fabrication method that impacted the transmittance was identified. It is due to particles from the 
crucible contaminating the glass block volume. A new setup is being constructed that has the 
potential to even further improve the transmittance of long glass blocks. The uniformity of the 

thus far produced SciGlass blocks was much improved over earlier samples, and in particular for 
the transverse dimensions, and a revised cutting and polishing techniques now allow for the 
routine production of 20mm x 20mm x 400mm glass blocks with the required tolerances. An 
issue with the cutting of the longitudinal dimensions was identified. It is due to the limited travel 
distance of the cutting device, which necessitated the purchase of a customized part. Figure 1 
shows the first of these blocks before polishing.  
 
Task 2: Receive ~25-50 test samples; initially 20 cm and 40 cm late in FY22 
 

 

 
Figure 1: 2cm x 2cm x 40cm first detector prototypes 

  



A total of 10 SciGlass block test samples of length 40cm and 15 SciGlass blocks of length 20 cm 
were received. All of these samples had transverse dimensions 20mm x 20mm. This task is ahead 
of schedule regarding the 40cm long SciGlass blocks, which were anticipated later in the funding 
period. The 40cm long samples and the latest two 20cm long samples were fabricated with the 
newest techniques significantly reducing the contamination of the glass with particles from the 
crucible. Further optimized glass blocks are expected. The present SciGlass blocks allow for 
instrumenting a 3x3 array with 40cm long blocks. An additional 16 blocks are anticipated for a 
5x5 array.  
 
Task3: Glass Characterization 
 
Characterization of the SciGlass test blocks at CUA and IJCLab-Orsay included measurement of 
the transmittance, which is one of the areas where we believe further significant improvements 
are possible through ongoing process and formulation optimization. Measurements of the 20cm 
long samples were carried out at IJCLab-Orsay. The transmittance of the samples was measured 

using a Perkin-Elmer Lambda spectrophotometer. It was measured longitudinally for eight 
different orientations for each side and each face of the block. The transmittance before and after 
formulation optimization was compared and a significant improvement found. In particular, at 
450 nm, the peak of the emission spectrum, the transmittance is only 4% for the sample before 
optimization and 25-30% after optimization. The ten 40cm long SciGlass samples were measured 
by CUA. The longitudinal transmittance was comparable to that of the 20cm long samples 
measured at IJCLab-Orsay. This is encouraging as absorption is a major concern in glass block 
scale up. Further improvements are anticipated with a new crucible setup. 
 

 

 
Figure 2: (left) impact of the crucible particles in the glass volume on the 
longitudinal transmittance of 40cm long SciGlass blocks. Bar #0 was produced 
with the original crucible; all other bars were produced with the newer technique 
reducing the contamination in the glass volume; (right) comparison of the 
longitudinal transmittance of 20cm long and 40cm long SciGlass blocks. A new 
setup is being constructed that has the potential to even further improve the 
transmittance of long glass blocks. 

 



The light yield of the samples was measured with cosmic muons and radioactive sources at CUA, 
IJCLab-Orsay, and INFN-GE. The samples were wrapped in reflector material and coupled with 
optical grease to a photomultiplier that was read by a waveform digitizer. The light yield was 
evaluated as a function of the position of the sources. All measurements were made with the same 
acquisition time. Two methods were used to determine the number of photoelectrons per MeV. In 
the first method, the amplitude was measured and fitted with a Gaussian function. The quantum 
efficiency of the PMT was assumed to be 0.25. In the second method, one relies on the single 
photoelectron spectrum of the PMT that was measured. The two methods are consistent to 0.01 
photoelectrons/MeV. The light yield depends on the position of the sources along the SciGlass 
block, as expected.  
 
The samples were irradiated with a Co-60 source up to a dose of 30 Gy at IJCLab-Orsay. This is 
the estimated dose the blocks are expected to receive in one year at top luminosity. The 
irradiation was performed at 1 Gy/min. The transmittance of the samples was measured after the 
irradiation and compared to that before the irradiation. The values of the radiation induced 
absorption coefficient, which quantifies the radiation damage are better than 1.1 m-1 which is 
considered suitable for EIC. 
 
Task 4: Construct a small 3x3 prototype and finalize readout infrastructure 
 
A 3x3 prototype array was 
constructed for beam tests at 
JLab. The initial readout was 
based on PMTs.  
 
Task 5: Commission the 3x3 
prototype 
 
The prototype was 
commissioned in Hall D at 
Jefferson Lab. Data were 
taken with a 3x3 array 
holding nine 20-cm long 
glass blocks with a readout 
chain based on PMT. The 
R&D detector prototype was 
installed in the beam line. At 
JLab, the energy resolution 

 Figure 3: Measured transmittance of a recent 
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. 

 

 

 

Figure 4: SciGlass energy resolution at central 
beam energy of 4.7 GeV (solid star) compared to 
projections from the SciGlass GEANT4 simulation.  



was measured at three beam energies with a central energy of 4.7 GeV. Figure 4 shows the 
resulting energy resolution from this test beam campaign in comparison to our projections from 
our SciGlass GEANT4 Monte Carlo simulation.  The results for these ~7X0 long blocks match 
with GEANT4 projection. Further tests with a 3x3 array of the full-length 40cm long SciGlass 
blocks are planned for 2022. Our projections indicate that 40cm long SciGlass blocks will meet 
EIC requirements.  
 
Task 6: Carry out test beam program  
 
A beam test program with 40cm long SciGlass blocks in a 3x3 array will be subject of a planned 
beam test campaign starting in Fall 2022.  
 
 


