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Introduction
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•SiPMs are the natural choice as photodetectors for a CALICE-like 
ECAL in the DUNE MPD 

•The CALICE community working on the Analog Hadron CALorimeter 
has been collecting experience with SiPMs for several years, e.g. 

•8k-channel AHCAL physics prototype operated 2006-2011 

•22k-channel AHCAL technological prototype in operation since 2018 

•medical physics applications (EndoTOFPET-US) 

•HGCAL for the high luminosity upgrade of CMS 

•SHiP EM calorimeter (SplitCAL)



A bit of history
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CALICE collaboration
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ECFA Review

CALICE ID & History 

CALICE is a collaboration with 59 institutes and  360 people from 4 continents.

Born in 2005 to provide the needed environment to develop a new generation of  
calorimeters for the  new linear e+ e- experiments for which new techniques are 
proposed: the Particle Flow Algorithms (PFA) 

The PFA techniques try to separate the contribution of each of the produced 
particles in a collision and then use the right sub-detector for the right 
energy/momentum measurement. This leads to an optimal Jet Energy 
Resolution(JER) 
and an optimal reconstruction of the event.
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Prototypes
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ECFA Review

Prototypes

2005 2007 2011 2012 20182010

-SDHCAL was operated also by adding 4 Micromegas layers in 2012

-DHCAL and AHCAL were operated with tungsten absorber in 2012

-Devices to measure timing were added to AHCAL, SDHCAL to study shower time evolution

-FOCAL (MAPS technology) was tested in 2016

Power-pulsed

Embedded electronics

compactnessTechnologicalPhysics

Granularity

Proof of principal

Si-W
Si-W Æ

Scint-W
AHCAL

AHCAL

DHCAL SDHCAL
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2003
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High Granularity Calorimeters  |  Felix Sefkow  |  November 27, 2018 !10

SiPM-on-Tile Evolution
A long way

separately using a wavelength-shifting (WLS) fiber
that is coupled to a photodetector. Further details
about MiniCal design, construction and quality
control can be found in [12].

The MiniCal is mounted inside an electrically
shielded light-tight box that can be positioned
horizontally to take beam data or vertically to
perform calibrations with cosmic muons. The box
is placed on a moving table allowing to aim the
beam at a particular transverse position in the
cassette.

2.1. Scintillator tile-fiber system

To optimize the light yield of the tile-fiber
system various studies of scintillators, tile shapes,
fiber configurations and couplings have been
carried out during the past two years [8]. Thus,
the group obtained tremendous expertise for the
assembly of a large number of tiles with very high
efficiency and low light yield spread.

For SiPM readout a plastic scintillator (BASF
130) produced by the Vladimir company (Russia)
has been chosen. The tile edges are chemically
treated to produce small reflecting bubbles on the
surface. This technique producing efficient diffuse
reflectors is thus suited for large quantity applica-
tions. A 1mm thick green WLS fiber is inserted in
a circular groove on the tile. The WLS fiber is a
double clad type (Y11, 300 ppm) from Kuraray.
The total length needed for one tile is about 13 cm.
The fiber ends are cut with a special zirconium-
dioxide blade that provides surface quality com-

parable to polishing. One end of the WLS fiber is
connected via a !100mm air gap to the SiPM
mounted on the tile. The open end of the WLS
fiber, and the tiles upper and lower surfaces are
covered with reflector foil (VN2000, superradiant
produced by the 3M company). The light
yield with such optimized tile-fiber systems is
!200 photons per minimum ionizing particle
(MIP), which is sufficient for SiPM readout. The
light yield non-uniformity over a tile, excluding the
tile edges, is about 4%. At the tile edges the light
yield loss is at most 20%. The optical cross talk
through the chemically treated edges of neighbor-
ing tiles is smaller than 2.5% [12].
The tile-fiber system for readout with multi-

anode vacuum phototubes is slightly different.
In this case BICRON BC408 scintillator
material is used, which yields a factor 1.5 times
more light than the BASF 130 scintillator. The
same type of WLS fiber is housed in a 7.5 cm
quarter-circle groove. An additional ! 50 cm of
WLS fiber is needed to connect the vacuum
phototube which is mounted on a window
on the MiniCal light tight box. The tiles are
entirely wrapped with reflector foil since the edges
in this case are not chemically treated. This system
also produces a light yield of ! 200 photons
per MIP.
The construction procedure has been tested on a

sample of over 130 pieces for the latter configura-
tion and a light yield spread of 7% is achieved. For
each tile the homogeneity is better than 4% for
more than 90% of the area.

ARTICLE IN PRESS

Fig. 1. (a) An open cassette housing 9 tiles with a WLS fiber placed in a circular groove read out by a SiPM. (b) Zoom on the SiPM
connection on tile. The SiPM mounted on a plastic support is inserted in the tile in front of the open end of a WLS fiber. The signal is
read out from the two rear pins via a coaxial cable.

V. Andreev et al. / Nuclear Instruments and Methods in Physics Research A 540 (2005) 368–380370
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Experience with a small (108ch) prototype (MINICAL)

Tile with SiPM

cassette

3x3 tiles

SiPM

Moscow Hamburg



DUNE MPD WorkshopL. Masetti  - 19/03/19

2006: physics prototype
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The CALICE Analog Hadron Calorimeter.

�3Page

Applicable to DUNE ND?

• First large scale use of SiPM: ~8k channels used between 
2006-2011 at DESY/CERN/FNAL


• Based on 3x3x0.5 cm3 plastic tiles with WLS fiber, 
MEPhI/PULSAR SiPM, 1.1 x 1.1 mm2, 1152 pixels (32 x 32 µm2)


• Custom readout electronics outside, LED calibration system

Eldwan Brianne | DUNE ND WS Meeting | 18/03/2019

JINST 5 (2010) P05004 

JINST 6 (2011) P04003

JINST 8 (2013) P07005
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AHCAL technological prototype
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General description
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• 38 layers active (tiles on SiPM) + absorber (steel) 
• Layer: 72x72 cm2 → 4 boards per layer → 576 ch. per layer → 22k total ch.

The Large AHCAL Technological Prototype 
• TB at CERN / SPS H2 beam line in 2018 
• Large prototype: 38/39 active layers of 72x72cm2  
 in steel absorber, ~22000 channels, ~4λ 

5 

The Large AHCAL Technological Prototype 
• TB at CERN / SPS H2 beam line in 2018 
• Large prototype: 38/39 active layers of 72x72cm2  
 in steel absorber, ~22000 channels, ~4λ 

5 

online event display 

data analysis ongoing

The Large AHCAL Technological Prototype 
• TB at CERN / SPS H2 beam line in 2018 
• Large prototype: 38/39 active layers of 72x72cm2  
 in steel absorber, ~22000 channels, ~4λ 

5 
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MPPC

S13360-1325PE

The S13360 series is an MPPC (SiPM) for precision measurement. It inherits the superb low afterpulse

characteristics of its predecessor and further provides lower crosstalk and lower dark count. They are suitable

for precision measurement, such as flow cytometry, DNA sequencer, laser microscope, and fluorescence

measurement, that requires low noise characteristics.

FFeeaattuurreess

-Reduced crosstalk and dark count (compared to previous products)

-Outstanding photon counting capability (outstanding photon detection effeciency against incident photons)

-Compact

-Operates at room temperature

-Low voltage operation

-High gain

-Excellent time resolution

-Immune to the effects of magnetic fields

-Operates with simple readout circuits

Datasheet
443 KB/PDF

MPPC for precision measurement, Photosensitive area: 1.3 x 1.3 mm,
Pixel pitch: 25 μm

Specifications

Effective photosensitive area 1.3 × 1.3 mm

Pixel pitch 25 μm

Number of pixels 2668

Number of channels 1 ch

Package Surface mount type

Cooling Non-cooled

MPPC S13360-1325PE | Hamamatsu Photonics:MPPC (SiPM) ... https://www.hamamatsu.com/eu/en/product/type/S13360-1325PE...

1 of 3 18.03.19, 11:53

Choice of MPPCs
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• Technological evolution over time 
• More pixels per unit area → larger dynamic range for MIPs and showers 
• Lower dark count rate using trenches → less noise via less cross talk 
• Better performance uniformity over a large number of MPPCs

MC

High Granularity Calorimeters Felix Sefkow   June 8, 2017

Progress in SiPMs and tile design

• SiPMs sensitive to blue light → no need for WLS fibres 
• New generation of industrial SiPMs: significantly 

improved over the past years 
– Dramatically reduced dark rate and increased photon 

detection efficiency 
– Better signal-to-noise ratio, allows simpler tile design 
– Noise rate decreases quickly with threshold, much 

more stable operation 
• Excellent uniformity (operating voltage, gain) 

– Simplified calibration  
• High over-voltage operation 

– Reduced temperature sensitivity

!12

Surface mounted SiPMs & tiles 
• with MPPC SiPMs 2700 px

Physics prototype
2006 - 2011

Technological prototype

Old ITEP tiles with WLS fibre 
1200 px SiPMs Suitable for automated mass assembly

For comparison: SiPMs in physics  
prototype 2 MHz dark rate, 30% cross talk

MPPC

S13360-1325PE

The S13360 series is an MPPC (SiPM) for precision measurement. It inherits the superb low afterpulse
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1 of 3 18.03.19, 11:53

Katja Krüger  |  The new analog HCAL Prototype  |  LCWS2016  |  Page 5/17

Improvement in components: SiPMs

previous generation SiPM: 
~500 kHz dark rate
~20% cross talk

new generation SiPM:
~20 kHz dark rate 
~0.1% cross talk

> recently, SiPMs with trenches 
between pixels became 
available

" dramatically reduced dark 
rate and pixel-to-pixel cross 
talk

" for typical trigger 
threshold of AHCAL     
(~7 p.e) noise-free

➔ allows auto-trigger 
operation 

> recent SiPMs show very much 
improved sample uniformity

" operating voltage
" gain
➔ no need for equalisation

for comparison: SiPMs in physics prototype
2 MHz dark rate, 30% cross talk

Hamamatsu MPPC S13360-1325PE
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SiPM readout
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MC

Scintillator-SiPM HCAL Prototype Felix Sefkow   October 3, 2017

Board level electronics

11

MPPCs on HBU 

Unwrapped and wrapped 

Explanatory view of HBU backside 
showing surface-mount MPPCs 

and scintillating tiles M.Reinecke 11

> HBU with 144 detector channels, 36x36cm².  

> New SPIROC2E ASICs in BGA packages 

> Interface modules DIF, CALIB and POWER 

> DAQ and control interface, LED steering, 
power management  

> One set per AHCAL layer  (4 in prototype, 
up to 18 in ILD) 

> Production of original connector was 
discontinued; two types HBU, CIB, flex leads

Katja Krüger  |  The new analog HCAL Prototype  |  LCWS2016  |  Page 6/17

Improvement in components: readout ASIC and HBU

SPIROC: readout ASIC for SiPMs
> designed for power pulsing
> 36 channels
> channel-wise HV and gain adjustment
> 3 trigger modes: external trigger (LED 

calibration), auto trigger without and with 
validation

> SPIROC2B: working horse so far
> SPIROC2E: many improvements: better 

time measurement, less pedestal shift, 
reduced power

HBUs
> several revisions, following developments  

of components 
> most recent: HBU5

" surface mount SiPMs
" SPIROC2E in BGA package: simpler 

PCB production (no cutout), cheaper

MC
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Automated assembly
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High Granularity Calorimeters  |  Felix Sefkow  |  November 27, 2018 !14

Automated Production and Quality Assurance
Establishing the concept.

In addition test infrastructures: 

• Multi-channel SiPM tests 
• Automated ASIC tests 
• PCB tests using LEDs 
• Coscmic tests after tile assembly

AHCAL: latest mass assembly activities

23.05.2017 AHCAL Overview, TIPP17 (yong.liu@uni-mainz.de) 10

• Surface-mount tile design
– Baseline design for the tech. prototype
– 6 new SMD-HBUs assembled in 2016

• New SiPMs with updated tile design
– 2017: ~170 new boards will be fully 

assembled and tested

• New generation of SiPMs
– Reduced DCR and low inter-pixel crosstalk 
– Noise free in AHCAL
– Improved uniformity (SiPM- and pixel-wise)

Camera system 
with flash light

Pick-and-place 
head

Tray for tiles 
to be placed

1.3%

Low crosstalk SiPM

Tile position

SMD-SiPM

LED

25.09.2017 | Johannes Gutenberg-Universität Mainz

New Pick and Place Machine at Uni Mainz

8

Custom made reels (56 mm)
• 420 tiles stored in a reel
• Feeder for the pick and place machine.
• Test for placing the tiles stored in the reels in 

progress.

injection-moulded tiles reflector wrapping machine tile-board assembly

read-out boards LED tests



SiPM performance
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SiPM QA: standalone

�14

•Performed tests: 

•DCR < 500KHz 


•Cross-talk < 3% 


•PDE (@420nm) >20% 


•Gain >3x105 


•dV/dT < 1% of excess bias voltage 
(~50mV/k) 


•Vbd spread min-max within a batch 
200 mV 


•From each batch of 600 SiPMs 24 are 
tested 


•Batch rejection if fails > 1/24

QA	requirements	

April	2017 AIDA-2020 2

• DCR	<	500KHz
• Cross-talk	<	3%
• PDE	(@420nm)	>20%
• Gain	>3x105

• dV/dT <	1%	of	excess	bias	voltage	(~50mv/k)
• Vbd spread	min-max	within	a	batch	200	mV

• From	each	batch	of	600	SiPMs 24	are	tested
• Batch	rejection	if	fails	>	1/24

25oC,	5V	OV

SMD	SiPM	schematic	view

All	batches	(~40)	tested, 
none	rejected
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SiPM QA: standalone
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MC

Scintillator-SiPM HCAL Prototype Felix Sefkow   October 3, 2017

Testing setup - SMD SiPM

8.2.2017 4

SMD SiPM schematic view

SMD SiPM Setup with fibre fan-out (incomplete)

• System components:
• Laser head with 12 optical fibers
• Base plate

• Up to 144 SMD SiPMs
• SiPMs spaced with 3 cm x 3 cm 

(compatible to HBU)
• RO- 12 KLauS2 chips
• Multiplexing of Klaus2 output signals 

to 12 channels ADC
• Advantages:

• Measure 24 SiPMs in ~4 min
• Can be use for SMD SiPM QA and also 

directly on the equipped/semi-equipped 
HBU (if needed)

• Disadvantage
• Need to take SiPMs out of the sealed tape

(problematic if needed to QA all SiPMs)

SiPM procurement and tests
• Specs agreed in collaboration, international 

tender (CERN) 
• 24k MPPCs, latest low cross-talk generation, 

(1.3mm)2 2.7k pixels, delivered ahead of time  
• Voltage-sorted (+- 0.1V) lots (600) 
• Sub-samples (16) of each lot tested at 

Heidelberg 
– dedicated UV laser set-up for parallel test of 

SM-SiPMs 
– Vbd, Gain, DCR, XT 

• All within specs 
• Excellent uniformity, e.g. T coeff. 

9

Photo: LCT-SiPM in SMD Package 

26.06.2015 Yong Liu: IRL Monthly Meeting 3 

Wire bonding “blocks” 36 pixels 
(1.3 %) 
 
Total pixels: 52×52-36 = 2668 

1.3×1.3 mm² with 25µm 
pixel pitch 

Result- Gain

3.7.2017 AHCAL	meeting 8

• All	result	are	way	above	the	requirement	
• ~~6-7x105
• Will	be	calibrated	soon

σG=2.6%

Temperature	coefficients	

31.1.2017	 AHCAL	MeeCng		 8	

•  Example	plot	for	single	channel	
•  All	fits	add	good	chi2	

•  The	temperature	coefficients	has	very	
small	spread	(below	1mv)	

•  Mean	value	56mv/k	~	50mv/k	ok!	

σC=1% 
(4% overall)

Y.Munwes 
W.Shen

Measurements	

15.12.2016	 AHCAL	Mee;ng		-	DESY	 6	

•  Voltage	scan	range	51V-57V,	total	15	points	

•  12	fibers	coupled	to	12	SiPMs				

•  Average	of	~10	sec/ch	(for	15	HV	points)	

•  Extract	from	the	gain	curves	the	Vbr,	and	the	pixel	capacitance	(Cpix)	

•  Measure	the	temp.	near	the	SiPMs	

•  12	SiPMs	(one	board)	was	measured	in	control	oven	for	measuring	the	spread	of	

the	temp.	coefficients	

Example	SPS	from	the	online	monitoring	system	at	57V		

Very uniform 
performance within a 
batch (expected) 
but also among batches 
(positive surprise)
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SiPM QA: on HBU
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• All channels tested after assembly in a cosmic ray test setup 
• Measurements: pedestal, gain, light yield 
• Boards measured in parallel (mostly 4 can be up to 10), 1 day of data taking 

13.12.2017 | Johannes Gutenberg-Universität Mainz

• Up to 10 Boards could be aligned in our new stack
• An air circulation system within the box is installed

• Additional fans are installed next to DIF (right now not used because temperature is 
closer to test beam conditions if they are deactivated) 

• Right now we are testing 4 HBUs in parallel 

Cosmic Ray test stand upgrade

1413.12.2017 | Johannes Gutenberg-Universität Mainz

• Right now the measurement time window is around 24 h
• We estimate with 

• 1-2 h of installation (including PWR board settings)
• ~ 18-20 h of cosmic measurement is equivalent to 3.5 Mcycles

• Corner tiles with more than 500 hits (even 300-400 would be sufficient)
• 2 h of SPS + Pedestal measurement

Measurement time estimation

18
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SiPM QA: on HBU
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• Now gain depends on ASIC (4 per board) → 
SiPM uniformity can only be tested over one 
ASIC (36 channels) 

• About 2.5% spread confirmed for all ASICs 
• Light yield also very uniform over the whole 

detector (about 8%)

2%

8%
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SiPM gain at testbeam
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Katja Krüger  |  AHCAL  |  CALICE review | 6. November 2018  |  Page 11/18

Uniformity and Stability: Gain

> product of SiPM (charge/pixel) and ASIC 
(ADC/charge) gains

> determined from single-pixel-spectra in    
LED runs

! initial determination & daily checks
> µ=16.6 ADC/pixel, RMS=1.0 ADC/pixel (6%)

! within an ASIC: ~2.5%
> uniform and very stable gain
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Temperature compensation
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Katja Krüger  |  AHCAL  |  CALICE review | 6. November 2018  |  Page 9/18

Stable operation: Temperature compensation

> gain and photon detection efficiency of SiPMs depend on temperature
! can avoid changes by stabilizing temperature or adapting bias voltage (HV)

> temperature compensation: use mean temperature in a layer to adjust HV
> used routinely, HV changes as expected, gain stays stable

Katja Krüger  |  AHCAL  |  CALICE review | 6. November 2018  |  Page 9/18
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Stable operation: Temperature compensation

> gain and photon detection efficiency of SiPMs depend on temperature
! can avoid changes by stabilizing temperature or adapting bias voltage (HV)

> temperature compensation: use mean temperature in a layer to adjust HV
> used routinely, HV changes as expected, gain stays stable

temperature
compensation
off



SHiP SplitCAL prototype
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SplitCAL geometry

�21

SplitCAL design: 
• Large absorber planes of 6 m × 12 m cross section                  

(changed from 5 m × 10 m previous presentations for MUV acceptance!)

• About 50 scintillating planes with strips alternating in x and y    

with WLS fibre readout.

• 2 or 3 high precision layers for measurements of the shower 

development  ➜  photon direction in X ➞ γγ decays.

�2

SplitCAL Design

Rainer Wanke, SHiP Collaboration Meeting, June 6th, 2018

Absorber ScintillatorHigh precision layers

6 m × 12 m

~ 1-2 m

(micromegas)
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Scintillating planes
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Absorber plate with 7 strips
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Each scintillating plane consists of one absorber plate, 
with 7 scintillating strips mounted. 

• Double-sided readout  ➜  2 × 7 = 14 channels/plane.

• 2 horizontal & 2 vertical planes.

• SiPMs, preamps, and                                                          

bias voltage mounted                                                  
on a single PCB on the                                                  
front faces of the strips.

�6

Scintillating Planes

Rainer Wanke, SHiP Collaboration Meeting, Nov 8th, 2018
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SiPMs
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Two types of SiPMs used: 

• Hamamatsu S13360-3025PE

3 × 3 mm2, 25 µm pitch, 14400 pixels.                                                
Used with WLS fibres of 1.2 mm diameter.


• Hamamatsu S13360-6050PE 
6 × 6 mm2, 50 µm pitch, 14400 pixels.                                                
Used with WLS fibres of 2.0 mm diameter.


Large number of pixels necessary for dynamic                                                  
range between MIPs and electron showers.

�8

SiPMs

Rainer Wanke, SHiP Collaboration Meeting, Nov 8th, 2018

S13360-3025PE

S13360-3025PE
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SiPM readout
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• Preamps directly at the SIPMs.

- Amplify signal for transmission                                                  

through ~ 4 m of coaxial cables.                                      


• Front-end electronics:

- Shaping and digitization of SiPM pulses.                                                     

- Two CAEN DT5702 modules                                                            

• Each 32 channels with individual Vbias. 

• Multiplexed output, QDC functionality.

• ROOT based DAQ software.

• Very sensitive input                                                                                                  
➜ Amplified signal needs to be downsized!        


• Adapter board for CAEN DT5702

- Voltage dividers with 5 jumper settings                                              

for amplitude reduction.

CAEN DT5702



DUNE MPD WorkshopL. Masetti  - 19/03/19

Beam test setup
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Complete Setup

Rainer Wanke, SHiP Collaboration Meeting, Nov 8th, 2018

No additional absorber layers

2 Micro- 
Megas

2 scintillator 
layers (x & y)

2 scintillator 
layers (x & y)

With absorber layers in front

22 absorber layers (≈ 5 X0)

All kinds of setups easily possible.First data taken end of 2018, analysis ongoingScintillating 
strip

Each scintillating plane consists of one absorber plate, 
with 7 scintillating strips mounted. 

• Double-sided readout  ➜  2 × 7 = 14 channels/plane.

• 2 horizontal & 2 vertical planes.

• SiPMs, preamps, and                                                          

bias voltage mounted                                                  
on a single PCB on the                                                  
front faces of the strips.

�7

Scintillating Planes

Rainer Wanke, SHiP Collaboration Meeting, Nov 8th, 2018

Absorber plate with 7 stripsSiPM with preamplifier

P. Chau, H.-K. Lee
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Conclusion
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•The CALICE community working on the Analog Hadron CALorimeter 
has been collecting experience with SiPMs for several years 

•SiPMs are nowadays performing much better than in the past in 
terms of DCR, uniformity and stability 

•Beam tests for both proposed high and low granularity 
configurations are ongoing and show very promising results 

•Last time we checked only Hamamatsu MPPCs could meet our 
requirements, would love to have the choice of more vendors!


