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, ORNLLFHCal details
Slide from I. Mooney TIC 11/3/25

• Goals: good energy, spatial resolution; few gaps; multiple-radiation-length 
coverage; distinguish shower max
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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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Timeline

3

September 2025  
Debrecen Cassette  
Test stand arrives 

at Yale

December 2025 
Debrecen finalizes 
robotic tester, Yale 

builds extended dark 
box. Testing complete 

for 13,000 SiPMs. 

March 2026 
Debrecen robot 
arrives at Yale, 

testing resumes 

May 2026 
All received SiPMs 
(~20,000) tested.
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First Batches: 
Cassette Setup
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• Debrecen team contributed hardware and software for 
testing 32 SiPMs at once, ~45 mins

SiPM quality control

5

Grounded 
dark box/
Faraday 

cage

User-
friendly GUI

Temp- & 
humidity-

controlled lab

Slide from I. Mooney TIC 11/3/25
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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

SiPM Quality Control

6
Good Bad

Note ESD-
safe mat

2.63 m
m

460 SiPMs per tray

Test Stand

Antistatic Packing

Slide from I. Mooney TIC 11/3/25
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Vbd: 37.826V @ 19.55C
Vbd: 38.012 +/- 0.012V @ 25C
Steepness: 92.267 +/- 0.300
Chi2/NDF: 0.657

Yale SiPM Test Setup @ Debrecen
 Test StandePIC SP14160-1315PSHamamatsu 

Tray ID #250911-1606

SiPM (13,17)

Cassette Measurements
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SiPM (13,17)
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SiPM (13,17)

We measure: 

• IV, SPS Breakdown Voltage 

IV Curve  (SMU and DMM)
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Cassette Measurements
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Yale SiPM Test Setup @ Debrecen
 Test StandePIC  Tray #250717-1302S14160-1315PSHamamatsu 

 Temperature corrected to 25CNOT
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Yale SiPM Test Setup @ Debrecen
 Test StandePIC  Tray #250717-1302S14160-1315PSHamamatsu 

Temperature corrected to 25C

Temperature Correct to 25C
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 Test StandePIC
Yale SiPM Test Setup @ Debrecen

We measure: 

• IV, SPS Breakdown Voltage 

• Dark Current

• Temperature Correction
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Breakdown Voltage Outlier Counts
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Systematics and Other 
Considerations
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Temperature Correction

11

24 25 26 27 28
C]°Average Temperature During Test [

37.6

37.7

37.8

37.9

38

38.1

38.2

38.3

38.4

38.5

38.6

 [V
]

br
M

ea
su

re
d 

V

IV (ambient)
C)°IV (25

SPS (ambient)
C)°SPS (25

 0.7±36.9 
 0.2±2.9 
 1.8±34.4 

 1.7±0.4 

/NDF = 0.0042χ

/NDF = 0.0442χ

/NDF = 0.1862χ

/NDF = 0.1922χ

C]°Fit Slope [mV/
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Yale SiPM Test Setup @ Debrecen
 Test StandePIC S14160-1315PSHamamatsu 

Tray 250717-1302 SiPM (0,0)

Test Stand Systematics: Temperature Scan
31 Total Tests During Cooldown

SiPM Breakdown voltage 
changes roughly linearly on the 
temperature around room 
temperatures. 
 
All values are corrected to 25C, 
as agreed with Hamamatsu. 


Spec. sheet says 34 mV / C but 
we do see some variation here. 
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Reproducibility Test
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Reproducibility Test
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 Test StandePIC S14160-1315PSHamamatsu 

Temperature corrected to 25C
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Recent Batches: 
Automated Setup

14
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Automated Setup!
SiPM Testing Robot

Ethylene Glycol Cooling

Thermal Insulation

3’ x 4’ Dark Box
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Components of the Robotic Tester
SiPM Testing RobotEthylene Glycol Cooling Thermal Insulation3’ x 4’ Dark Box

16
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First Robot Tray (260409-1702)

17

Consistent with previous observations!

0 50 100 150 200 250 300 350 400 450
SiPM index [flattened]

38

38.2

38.4

38.6

38.8

39 [V
]

brV

 outliers)25( bdIV V
 outliers)36( bdSPS V

Average over tray

 50mV±Average 

Test Runs (32 SiPM per test)

Yale SiPM Test Setup @ Debrecen
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All Results
Almost 20,000 SiPMs Tested!
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Tested with Robot!
All data consistent with Hamamatsu  
reported  (with constant offset)Vop

Breakdown Voltage Averaged per Tray
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All Results
Almost 20,000 SiPMs Tested!
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Tested with Robot!More outliers in new data:  
Caused by Robot or SiPMs? 

Outlier Count Per Tray
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Tested with Robot!
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Temperature corrected to 25C
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Robot Systematics

21
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Verifying Consistency
Correlating New (Robot) Results Against Old (Cassette)

22
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Roughly Consistent within uncertaintiesClear small offset!
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Due to Dark Current? 
Correlating New (Robot) Results Against Old (Cassette)
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Correlated Dark Current Above Breakdown Dark Current All Trays

Clear Large offset!
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Robot consistently higher: additional 
current source in the system.
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Comparing Outliership

24

No strong evidence for correlation of outliership with breakdown voltage, more outliers 
for robot/cassette test stands
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Future Studies
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Surface Imperfections
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Yale SiPM Test Setup @ Debrecen
 Test StandePIC S14160-1315PSHamamatsu 

Systematics: Imperfection Correlation

Control—Not On Pixels

26

In addition, we inspect each SiPM under a microscope to check for surface defects
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Surface Imperfections
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Automated setup

• Design and inspector code by 

Levente Pirint

• Structural supports designed 

by Jesse Lior

Jesse also Looking into CNN for 
damage classification on SiPM 
surface, after success in LFHCal 
tile studies
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IV Breakdown Methods
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Michal Nguyen exploring 
alternative methods of 
extracting  from IV 
curve, following  
NIM-A 849 (2017) 55–59.


First results consistent 
with Debrecen extraction 
using Python code. 

VBr

https://www.sciencedirect.com/science/article/pii/S0168900217300025?via=ihub


Ryan Hamilton (Yale)TIC Meeting—June 29th, 2026 

IV Breakdown Methods

29

Michal Nguyen exploring 
alternative methods of 
extracting  from IV 
curve, following  
NIM-A 849 (2017) 55–59.


First results consistent 
with Debrecen extraction 
using Python code.  
 
4 alternate methods 
showing promise, but 
more study must be  
done to confirm this. 

VBr

https://www.sciencedirect.com/science/article/pii/S0168900217300025?via=ihub
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Summary and Status
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SiPM Contract Margins 
• Robotic setup capable of testing 500 SiPMs/day.  
• We see around 6-8% outliership among 20,000 tested 

SiPMs after correcting for systematic errors.  
• One bad SiPM was found (  dark current), and 

several have had very large surface defects. 
• Dark current well below spec., but not computed 

correctly in new robotic setup (additional relay).  
Points of Interest 
• Outliership may be somewhat correlated with operating 

voltage, but more data needed to verify.  
• Exploring CNN to classify SiPM surface damage.  
• Large statistics sample offers detailed study of 

alternate IV breakdown determination methods. 

𝒪(mA)
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Robot in Action
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