
Validation of Production SiPMs for the sPHENIX
Experiment

N. Grau

Augustana University for the sPHENIX Collaboration

October 17, 2019

Grau (sPHENIX) SiPM Testing 10/17/2019 1 / 14



Introduction

sPHENIX Experiment

  

I A new detector
at RHIC

I Microscopic
properties of the
QGP from

I jets
I direct

photons
I heavy flavors
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Introduction

Electromagnetic and Hadronic Calorimeter

sPHENIX Detector Sub-Systems

9/10/19 MIng Liu, the sPHENIX Experiment at RHIC 7

MVTX (based on ALICE ITS/IB):
• 3-layer MAPS vertex tracker, R = 2.5 – 4.0cm
• Excellent DCA resolution, < 50 μm @ pT > 1 GeV/c
INTT:
• 2-layer Si strip, R = 7 – 10cm 
TPC:
• 48 layer, continuous readout, R = 20 - 78 cm
• Excellent momentum resolution pT = 0.2 - 40 GeV/c

•Outer HCAL ≈3.5λI

•Magnet ≈1.4X0

•Inner HCAL ≈1λI

•EMCAL ≈18X0 (≈1λI)

EMCal: Scintillating fibers embedded in W powder
• Dh×Df = 0.024×0.024
• sE/E  = 16%/√E ⊕ 5%

HCal: Plastic scintillating tiles + tilted Steel/Al plates
• Dh×Df = 0.1×0.1
• sE/E = 100%/√E

DCAr�
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I Electromagnetic Calorimeter: Scintillating
fibers embedded in W powder

I ∆η ×∆φ = 0.024×0.024
I σE/E = 16%/

√
E ⊕ 5%

I Hadronic Calorimeter: Plastic scintillating tiles
+ tilted Steel/Al plates

I ∆η ×∆φ = 0.1×0.1
I σE/E = 100%/

√
E

I Common readout via SiPMs (e.g. 4 per EMCal
Tower): 106,000 total devices

EMCAL block fabrication (UIUC)

2019.07.30 DPF 2019

April 30, 2019                                                                       sPHENIX EMCal PDR & FDRSR

Fiber filling and storage (1)
1.L3 manager regularly restocks a white board with clothes pin that determines the order of fiber 

filling. 1 clothes pin represents 1 block. 

2.Student worker takes topmost clothes pin from white board and proceeds to assemble the mesh setup 
of the design number X written on the clothes pin.  
- takes 2 cups, 3D printed screen holder and spacers, 6 screens (1-6) of design X from the drawer 
cabinet.  
- assembles screens on the screen holder, which rests on a cup, starting with lowest number, adds set 
of 2 spacers between each layer 

3.Student worker takes sleeves with fibers cut to length corresponding to design X from box, which 
has two labels: design and fiber batch. 13-14 sleeves with each 200 fibers are sufficient for 1 set. 
Then the worker covers the box again and uses the other cup to store the fibers to be filled in it.  
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Epoxy filling (potting)

• Carried out in a fume hood in temperature- and 
humidity-controlled environment. 

• The resin and hardener bottles are warmed up to 50oC 
prior to mixing the components. The epoxy is mixed 
at the proper ratio using the digital scale near the fume 
hood where the epoxy is used. The epoxy mixing 
occurs in plastic cups and is mixed in batches of 175g 
using 140g of resin and 35g of hardener. 175g is used 
to pot 1 block. 

• To enhance the flowing properties, small amount of 
ethanol is added to the final epoxy mixture.  

• The epoxy is added to the open top mold from the top. 
To ensure that the epoxy reaches the bottom of the 
mold a vacuum pump is connected to the ports at the 
bottom of the mold. 

• The epoxy must appear at the bottom ports for us to 
know that the block has been fully infused with epoxy. 
The epoxy takes ~24h to cure.
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SiPM

Hamamatsu S12572-015P SiPMs

Photosensitive Area 3x3 mm2

Pixel pitch 15 µm

# of pixels 40000

peak wavelength sensitivity 460 nm

photon detection efficiency 25%

Gain 2.3×105

Operating voltage ≈ Vbr + 4 V

Voltage-Temperature Slope 56 mV/◦C

I Immune to magnetic fields

I Susceptible to radiation damage

MPPC® (multi-pixel photon counter)

S12572-010, -015C/P

Low afterpulse, wide dynamic range, 
for high-speed measurement
Photosensitive area: 3 × 3 mm

1www.hamamatsu.com

These MPPCs utilize very small pixels arrayed at high densities to achieve a high-speed recovery time and wide dynamic 
range. Hamamatsu currently produces MPPC with a pixel density up to 10000 pixels/mm2 (pixel pitch: 10 μm). Utilizing 
advanced technology to enhance photon detection effi ciency minimizes the drop in photon detection effi ciency that usually 
occurs due to shrinking the pixel pitch.

High fill factor
High photon detection efficiency
Wide operating voltage range

High count rate
Short recovery time

Low afterpulse

Features

Scintillation measurement

MPPC module                                   C11209-110

Low-light-level detection
Scattered light measurement

Applications

Related product (sold separately)

When an MPPC detects photons, the output may contain spurious signals appearing with a time delay from the light input to the MPPC. 
These signals are called afterpulses. Compared to our previously marketed products, the S12572 series have drastically reduced afterpulses 
due to use of improved materials and wafer process technologies. Reducing afterpulses brings various benefi ts such as a better S/N, a 
wider operating voltage range, and improved time resolution and photon detection effi ciency in high voltage regions.

(M=1.25 × 106)

10 ns

50
 m

V

(M=1.25 × 106)

10 ns

50
 m

V

Pulse waveform comparison

Low afterpulse

Previous product Improved product (reference data:  S12571 series)
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Test Stand

Shipment Schedule

I 8000 devices shipped monthly to University of Michigan for testing

I Trays of full 12x13 or partial trays in 40 mV bins of operating voltage
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Test Stand

Test Stand

I Developed by University of Debrecen
I Testing at University of Michigan
I Perform both I-V and Single Pixel Spectrum (SPS) tests
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Test Stand

Test Stand

I Motorized arm with micron
precision and vacuum nozzle
moves SiPMs from tray to test
position

I Electrical connections by weight
and pressure

I National Instruments crate for
high voltage and data
acquisition

I 50 temperature sensors with
0.1◦C precision

I Rough I-V scan to estimate Vbr .

I LED pulses at 6 different Vop for SPS
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Results

I-V Scan

I Example I-V scan for single SiPM

I Measure current draw for low intensity DC LED light

I d(ln(I ))/dV maximum at Vbr

I Use measured temperature to correct to 25◦ C

Grau (sPHENIX) SiPM Testing 10/17/2019 8 / 14



Results

Single Pixel Spectrum

I 100,000 LED pulses at 6 different Vop

I GHz digitizer produces output signal that is integrated and
histogrammed
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Results

Single Pixel Spectrum

I Relative gain is determined by
the peak-to-peak differences in
SPS

I Linear relationship between
relative gain and Vop.

I Uncertainties are smaller than
the points.
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Results

Testing To Date

I We can test approximately 1 tray (156 SiPMs) per day

I First delivery in March 2019

I 8000 SiPMs delivered/month
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Results

Correlation With Hamamatsu

I Correlations of Our Vbr at 25◦C compared to mean tray Vop

I Each color a different monthly shipment
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Results

Slope Distributions

I Bimodal slope distribution possibly due to differences between wafers.
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Results

Effect on Calorimeter Energy Resolution

I Toy simulation of effect of
randomly combining 4 SiPMs
from a single tray

I Vary tray σG/G

I Gain variations contribute to the
constant term in energy
resolution

I σG/G ∼ 2%, σE/E � 1%
0 0.02 0.04 0.06 0.08 0.1

/G
G

σHamamatsu 

0

0.05

0.1

/G
Gσ

T
ow

er
 2

x2
 

0

0.005

0.01

/E
Eσ

T
o

w
er

 

Grau (sPHENIX) SiPM Testing 10/17/2019 14 / 14



Results

Summary

I sPHENIX has ordered and are receiving shipments of 106,000
Hamamatsu SiPMs for calorimeter readout.

I Test stand up and running.

I Small relative width of the tray gain distribution results in very small
addition to constant term in the energy resolution.
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