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Introduction
 High precision, hermetic detection of the scattered electron is 

required over a broad range in η. Particularly in the backward-
going direction over an energy range from 0.1 to tens of GeV

 In ECCE, we emphasize this also for the barrel EM calorimeter 
choice driven by high-x and high-Q2 science drivers.

 Scintillating glass was chosen to provide comparable energy 
resolution to PbWO4 crystals at significant lower cost

Requirements
Good energy resolution
e/h separation up to 10-4

Scattered electron kinematics measurement is essential at the EIC 

From Yellow Report
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e/π SEPARATION NEEDS

3rd EIC Yellow Report Workshop (CUA), Sept 2020



The barrel EMCal in the ECCE Reference Detector
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Homogeneous, projective calorimeter based on 
SciGlass, cost-effective alternative to crystals

Barrel ECAL(BEMC)

 The barrel is one of the largest sub-detectors 
with 8000 homogeneous scintillator blocks of 
45.5cm length (and ~10cm radial readout space)

 It is extended in the negative rapidity direction  
(with η coverage from -1.7 to +1.3) to provide 
hermeticity with the backward ECal.

 In the backward direction hermeticity is provided 
by the combination of barrel, backward ECals, 
and mRICH complements (3σ e/h up to 2 GeV) . 
Readout and supply lines are included.

 In the forward direction the barrel EMCal faces 
much higher range of particle rates across the 
acceptance of the forward endcap



Overview of Barrel EMCal Specifications
Coverage: -1.7 < η < 1.3
 Rmin=80cm
 Rmax=125.5cm (i.e., glass blocks are 45 cm long  17 X0)
 Electronics:125.5cm < R < 134cm
 Outer support: 134cm < R < 140cm 
 Length along z= 445m (192.5cm(start) < z < 252.5cm (end))

Egamma: 0.1 – 35 GeV
Energy resolution (based on simulation): 2.5%/SqrtE + 2.7%/E + 1.5% 
Maximum Annual dose at top luminosity
 EM: ~3 krad/year (30 Gy/year)
 Hadron: 10^10 n/cm2

Signal dynamics: 2 V dynamic range



Homogeneous Design based on PANDA
PANDA ECCE Based on realistic CAD design (CUA)

We optimized the geometry so 
that ECCE barrel calorimeter can 
be made from 6 families of 
blocks (PANDA has 11 families)



 High-resolution PbWO4 (PWO) crystals are available from two vendors 
 SciGlass 20cm has been produced reliably; We tested a 3x3 20 cm SciGlass

prototype detector in beam and measured its performance as per simulation 
(ongoing R&D EEEMCAL consortium, eRD105)

 Received the first polished 40 cm SciGlass with more on the way
 We have an SBIR phase-II to start large-scale production (40+ cm, rectangular 

and projective shapes)

2019: 2cm x 2cm x  4cm

2018: 1cm x 1cm x  1cm

Example: G4 glass
Dec 2020: 2cm x 2cm x 40cm ( 10-20 X0)

Feb 2021: 2cm x 2cm x 20cm (7 X0)

Homogeneous materials: Crystals and Glass
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Results from 1980s scintillating 
glass calorimeters encouraging 
 Need to establish 
performance for SciGlass 
(different formulation)

Scintillating Glass of different formulation 
has been used for beam tests and as 
EMCal in the 1980s

Resolution for mixed calorimeter 
(lead glass and SCG1-Glass)

Previous Scintillating Glass Calorimeters



Ongoing Beam Tests

Prototype 3x3 array installed 
and tested – energy 
resolution measured for three 
different beam energies

Promising results for ~7 X0
blocks – matches with Geant4

Plans for 2022: Test with 
~15X0 long blocks



Barrel EMCal in Simulations

 Implemented with the active components and support structures
 Also important to consider materials in front of the EM 

calorimeter as it impacts performance (resolution, rejection, etc.)



Barrel EMCal Performance
Energy resolution Pion Rejection

Exceeds requirements from Yellow Report



PANDA

Mechanical Design based on PANDA



Advancing the Design (making use 
of work already done at PANDA)

 Slice/supermodule details – also 
cooling, cabling, etc. 
 Ongoing studies (CUA/MIT)

 Support structure optimization
 Ongoing studies (MIT)

 Access and maintenance

Barrel ECAL FEA analysis 
(Avishay Mizrahi, MIT)



Advancing the Design – barrel support structure
Barrel ECAL support FEA analysis (Avishay Mizrahi, MIT)

One promising option



BEMC Institutional Interest





Barrel EMCal Complementarity
Pi0 merging fraction 

 ECCE emphasized electron detection 
from YR requirements

 Jet measurements might benefit from 
good 1photon/pi0 separation

 A good reason for 2 complementary 
EIC detectors
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REFERENCE
• ECal as main actor 
• Complemented by Cherenkov detectors 

• Backward, mRICH : e/π separation 3 σ up to 2 GeV/c
• Forward, dRICH: e/π separation 3 σ up to 15 GeV/c
• Barrel: no support from reference detector (DIRC)

e/π SEPARATION

ECal
studies 

GEM-TDR as specific detector to 
complement  e/π SEPARATION
• Also precise tracker 

NEEDS
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