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Performance requirements for backward ECAL
Goals:
 Electron/pion separation
 Improve electron resolution at large |η|
 Measure photons with good resolution
 Separate 2-γ from π0 at high energy 

Requirements:
 Energy resolution: 2-3%/√E + (1-2)%
 Pion suppression: 1:104 (together with other PID detectors)
 Minimum detection energy: > 100 MeV

Detector requirements established and 
documented during the Yellow Report exercise

Requirements documented by the EIC project

Charge Qn 1



In general, for high-precision electromagnetic calorimetry, the 
following are of relevance for readout selection:

 Operational in the expected magnetic field
 Large dynamic range to detect particles from 50 MeV to 15 

GeV and good linearity
 Low dark current to trigger signals close to the single p.e. 

amplitude of the radiator
 Compatible with streaming readout data acquisition method
 Photosensor curve should be in agreement with crystal 

transmittance spectrum

Silicon Photomultipliers (SiPMs) meet the 
requirements for the backward EMCal
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Context for SiPM Specifications

SiPM readout and monitoring system

Crystal transmittance spectrum
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Anticipated SiPM model for backward ECAL
Charge Qn 3

 4 SiPM per crystal (S14160-6010PS)

 A total of 1.4M pixels per crystal: sufficiently large dynamic range

 Photon detection curve in agreement with crystal transmittance

Backward ECAL readout :

Crystals



See Calorimetry WG discussion on July 12:  
https://indico.bnl.gov/event/20029/contributions/78495/a
ttachments/48567/82578/20230712CaloMeeting.pdf

SiPM        SiPM stability                Pre-amp   FEB, RDO

EEEMCAL SiPM Specifications Charge Qn 3

For FE design, 
not an 
individual SiPM 
specification

For FE design, 
not an 
individual SiPM 
specification

For FE design, 
not an 
individual SiPM 
specification

For high-precision calorimetry one needs to pay a lot of attention 
that all pieces works together even after the SiPMs are in hand 5

https://indico.bnl.gov/event/20029/contributions/78495/attachments/48567/82578/20230712CaloMeeting.pdf
https://indico.bnl.gov/event/20029/contributions/78495/attachments/48567/82578/20230712CaloMeeting.pdf


Waveform (top) and integrated signal (below) showing single p.e. signals in 
Hamamatsu S14160-6015, produced with a low-intensity LED.

 Calorimeters at EIC require photo-sensors with a very 
large dynamic range expanding more than 3 orders of 
magnitude.
o Both the Hamamatsu S14160-6015 and S14160-6010, high 

density, large array SiPMs were tested at IJCLab-Orsay and 
were shown to have linearity within 2% over 3 orders of 
magnitude and were within statistical expectations

 The SiPM must also detect at low energies
o Requires low dark current in order to trigger signals 

close to the single p.e. amplitude 

o These SiPM waveforms were measured using a low 
intensity LED and show a clear separation between the 
individual p.e. signals allowing for valid small signal 
identification 

SiPM tests at Universities

Charge Qn 3
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JLab SiPM tests and prototype

 SiPM matrices have been 
characterized on the test bench
 PCBA with SiPMs, thermal correction 

circuit, pre-amp circuit, coax and 
connectors for LV and SiPM bias

 Test setup to measure laser pulse 
response, signal linearity, PCB dynamic 
range, scaling of the PCB output with 
multiple SiPMs

 Beam test facility with tagged 
photon beam up to 4-5 GeV
 Technique demonstrated successfully 

with eRD105 (studies concluded) can be 
adapted for EEEMCAL prototype tests
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Prototype Beam Test Campaigns at JLab
3x3 prototypes (2022)
9 scintillating glass blocks
1 x 6x6mm 50um Hamamatsu

5x5 prototypes (2023)
25 scintillating glass blocks
2 x 6x6mm2 50um Hamamatsu 
mounted on a PCB

eRD105
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eRD105eRD1053x3 prototypes (2022)
9 scintillating glass blocks
1 x PMT (Hamamatsu R4125) baseline

• SiPM works with SRO
• rate-dependent gain variation – traced 

back to the biasing circuitry

With SiPM coupled to homogeneous radiators
Charge Qn 2

Example of how all pieces must work 
together even when SiPMs are in hand
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Mechanical design

Installation into the DIRC frame using rails

 Advanced preliminary design of mechanical assembly 
and installation procedure

 SiPM readout using short cables to electronics sitting 
behind the crystals (inside cooled boxes)

Charge Qn 5



SiPM Quality Assurance 
Protocol
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 Quality assurance on the SiPM and 
SiPM assemblies builds on the process 
developed for previous prototype tests
o Linearity
o Dark noise variation
o PCBA testing (signal response, linearity,  

dynamic range)
 No special requirements on the vendor 

beyond providing the characteristics 
that were provided with purchases for 
previous prototype tests

Charge Qn 7

Certificate of compliance

SiPM characteristics 
provided by vendor



SiPM Quality Assurance 
Documentation

 SiPM quality assurance results will be 
documented in a central location, e.g., a 
master spreadsheet or Wiki
o SiPM assemblies may be tracked by ID

Charge Qn 7
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SiPM Timeline in the 
EEEMCAL

Charge Qn 4
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 Backward ECAL installation window integrated into 
the overall schedule

 Photosensor procurement and signal processing DAQ 
tasks are aligned with this overall schedule

EEEMCAL in Smartsheets

Photosensors

Signal Processing/DAQ



Summary Backward ECAL
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The Backward ECAL technical performance requirements are complete and understood 
Plans for achieving Backward ECAL detector performance and construction are in place. 
The Backward ECAL design and resulting SiPM specifications meet the performance 

requirements for high precision calorimetry with scintillating crystals
The fabrication and assembly plans for the Backward ECAL system are consistent with the 

overall project and detector schedule
Advanced preliminary design of mechanical assembly and installation procedure in place
QA considerations have been incorporated in Backward ECAL procurement planning
A procurement approach and schedule have been developed
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