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ePIC LFHCal
Measuring hadronic jets

Longitudinally-segmented Forward Hadronic Calorimeter: SiPM-on-tile design with 
565,760 steel+plastic scintillator+SiPM components, summed within longitudinal 
segment of 10 tiles
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( )1.1 < η < 3.2
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1EIC Yellow Report

https://www.epic-eic.org/public/detector.html#hadron-calorimeter-detectors
https://arxiv.org/pdf/2103.05419
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LFHCal objectives
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Goals/requirements:


Good energy resolution (require1 
)


High granularity for good spatial resolution, allows 
for combination with tracking (“particle-flow”)


Few gaps


Multiple-radiation-length coverage ( )


Distinguish shower max

σE /E < 50 % / E ⊕ 10 %

∼ 6λint

Steel + plastic scintillator + SiPM
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, ORNLLFHCal details
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SiPM, on flex PCB, 
sits inside dimple

One scintillating tile, 
wrapped in ESR foil:

Hamamatsu 
S14160-1315PS SiPM
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Yale LFHCal SiPM QC team
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Helen Caines Prakhar Garg Isaac Mooney Emily Pottebaum Ryan Hamilton Langdan Zhu
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Motivation for SiPM quality control

CD-3A procurement shipments of Hamamatsu S14160-1315PS SiPMs arriving, 
33k/month starting summer 2025, ending April, 2026 (320k total)


Need to test for consistency of operating characteristics, e.g. breakdown 
voltage, dark current, etc.


As of September, Yale has a test stand for QC (visual, operational) of 5% of 
trays for acceptance; expectation of almost all SiPMs within 100 mV spread


Plan to automate in early 2026 for almost order of magnitude speedup
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http://www.apple.com
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• Debrecen team contributed hardware and software for 
testing 32 SiPMs at once, ~45 mins

SiPM quality control
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Grounded 
dark box/
Faraday 

cage

User-
friendly GUI

Temp- & 
humidity-

controlled lab
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• Debrecen team contributed hardware and software for 
testing 32 SiPMs at once, ~45 mins


• Yale received a first batch of 2.3k Hamamatsu 
S14160-1315PS SiPMs out of BNL’s 50k


• Started testing 9/26/25; finished first 4 trays (1.84k) 10/19/25
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Good Bad

SiPM quality control

Note ESD-
safe mat

2.63 m
m
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Testing procedure

Step 1: receipt of batch, visual inspection of trays with microscope, entered into 
spreadsheet (sent to Oleg Eyser, CAM, once values added)
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Testing procedure

Step 1: receipt of batch, visual inspection of trays with microscope, entered into 
spreadsheet (sent to Oleg Eyser, CAM, once values added)


Step 2 (daily): shifter sign-in/out using elog hosted on Yale server
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Testing procedure

Step 1: receipt of batch, visual inspection of trays with microscope, entered into 
spreadsheet (sent to Oleg Eyser, CAM, once values added)


Step 2 (daily): shifter sign-in/out using elog hosted on Yale server 


Step 3 (multiple times per shift): Following written  
procedures (being formalized in test bench document),  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Testing procedure

Step 1: receipt of batch, visual inspection of trays with microscope, entered into 
spreadsheet (sent to Oleg Eyser, CAM, once values added)


Step 2 (daily): shifter sign-in/out using elog hosted on Yale server 


Step 3 (multiple times per shift): Following written  
procedures (being formalized in test bench document),  
once grounded with grounding wrist strap, fill cassettes with 32 SiPMs from tray 
of 460 using ESD-safe tweezers while recording positions in user-friendly GUI, 
insert into grounded dark box/Faraday cage for testing in 
circuit with LED pulser, 8 temp. sensors 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Step 1: receipt of batch, visual inspection of trays with microscope, entered into 
spreadsheet (sent to Oleg Eyser, CAM, once values added)


Step 2 (daily): shifter sign-in/out using elog hosted on Yale server 


Step 3 (multiple times per shift): Following written  
procedures (being formalized in test bench document),  
once grounded with grounding wrist strap, fill cassettes with 32 SiPMs from tray of 460 
using ESD-safe tweezers while recording positions in user-friendly GUI, 
insert into grounded dark box/Faraday cage for testing in 
circuit with LED pulser, 8 temp. sensors 
 
Step 4: Run tests (goal of 5 cassettes per day (160 SiPMs), one hour each). Back data up 
to external disk frequently.

Testing procedure
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Work in progress

W
ork in progress

SiPM quality control: early results
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Single photon spectra used to extract the gain and find breakdown voltage 
extrapolated to zero gain assuming linearity (excellent /ndf). Also temperature-
corrected to 25 C by Debrecen setup.

χ2

Work in progress Work in progress…

Vbd = 37.76  0.03 V±

SPS at 40.77 V SPS at 42.27 V
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SiPM quality control: early results
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The derivative of the log of the IV curve gives an independent measurement of 
the breakdown voltage (not necessary to agree with SPS technique — differ by 
~0.5 V on average)

Vpeak = 38.33 V

I [
m

A] Work in progress Work in progress Work in progress
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The derivative of the log of the IV curve gives an independent measurement of 
the breakdown voltage (not necessary to agree with SPS technique — differ by 
~0.5 V on average — consistent across tiles)
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Work in progress Work in progress

Vpeak = 38.33 VSiPM quality control: early results
Analysis code on GitHub

https://github.com/imooney/Yale-LFHCal-SiPM-QC
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Vast majority of SiPMs within spec (  50 mV), few (~5%) percent outside. More 
studies to be done on these outliers.

±
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SiPM quality control: early results
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Effect of temperature correction
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Small effect, as SiPM temperatures are usually ~ 23.5 C with ~ 0.5 C width, and scaling is ~10-40 mV / C
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 Temperature corrected to 25CNOT
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Method comparison
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SiPMs within bVpeak ± 50mV , bVBD ± 50mV

Using the 100mV window centered around the mean, 

the "outlier" SiPMs fall outside that window

Vpeak outliers (IV):     29 (6.3%)

VBD outliers (SPS): 48 (10.4%)

Using the 100mV window centered around the mean, 

the "outlier" SiPMs fall outside that window

Vpeak outliers (IV):     22 (4.8%)

VBD outliers (SPS): 44 (9.6%)
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Intra-cassette comparisons
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 Temperature corrected to 25CNOT
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Intra-tray comparisons
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No noticeable effects of SiPM position in tray
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Inter-tray comparisons
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No noticeable effects of tray number
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Dark current measurement
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Dark current almost entirely within spec
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Outlook
The testing method is stable and has a history of use in other detectors (CMS 
calorimeters)


Finalized Batch 3 Hamamatsu SiPM sample characterization, which was overall 
consistent within 100 mV with few percent outliers 
 
Server-hosted database for storing per-SiPM 
properties/plots will be ready in the next few weeks


Vacuum sealing for storage planned


Robot to automate expected from Debrecen  
~ Feb. 2026


More to come!
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👍


