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SiPM / 3

Performance studies of Silicon Photomultipliers with quench re-
sistors integrated to silicon bulk
Author: Christian Jendrysik1

Co-authors: Gerhard Liemann 1; Hans-Guenther Moser 2; Jelena Ninkovic 3; Laci Andricek 4; Rainer Richter
1

1 Max-Planck-Institute for Physics
2 MPI fuer Physik
3 Max PlanckInstitute for Physics
4 Werner-Heisenberg-Institut-Max-Planck-Institut fuer Physik-Max-

Corresponding Author: jendrysik@hll.mpg.de

A Silicon Photomultiplier (SiPM) is a novel type of photon-counting device. Due to ongoing develop-
ments in SiPM technology, it becomes promising candidate to replace conventional photomultiplier
tube in a multitude of applications. The Geiger-mode operation of SiPMs requires a high ohmic
quench resistor which is realized in conventional devices by surface growth of a polysilicon layer.
This, together with the contacts for the individual resistors, results in an obstacle for incident light
and limits the photon detection efficiency of the device. At Max-Planck semiconductor laboratory
a novel detector concept was developed in which the quench resistor is integrated into the silicon
bulk resulting in a free entrance window for light. Simulations show the feasibility of the device
and the first prototypes were produced. Geometrical variations of cell size and gap region were im-
plemented in order to study the influence on detector parameters (recovery time, optical cross talk,
etc). The concept of the device and its advantages and disadvantages will be presented. The results
of the characterization of prototype production will be discussed. Possible future developments of
the concept will be presented.

Posters A / 4

DEVELOPMENT OF SCINTILLATION DETECTORS BASED ON
MICRO-PIXELS AVALANCHE PHOTODIODES (MAPD)
Authors: Elmaddin Guliyev1; Farid Ahmadov2; Ziraddin Sadygov3

1 Ecole Polytechnique
2 Joint Institute for Nuclear Research
3 JINR

Corresponding Author: farid-akhmedov@yandex.ru

This article describes performance of a new generation of the Micro-Pixel Avalanche Photodiode
(MAPD). MAPD has the especially advances: gain can reach values of 105, photon detection effi-
ciency is 30-35 % in a wide wavelength range and pixels density is 15000 pixels/mm2. Results of
gamma-ray detecting measurements performed using LFS scintillating crystal by MAPD are also
presented. Energy resolution was 11.5% and 6.5% for Cs-137 and Co-60.

Posters A / 5

Noise Factor ofMicro-channel Plate no/with IonBarrier Film
Author: shulin Liu1

Page 1



International Workshop on New Photon-detectors 2012 / Book of Abstracts

Co-author: Yufeng ZHU 2

1 Institute of High Energy Physics
2 National Key Laboratory of Science and Technology on low-light-level

Corresponding Author: liusl@ihep.ac.cn

According to definition of noise factor of microchannel plate and test basic principle, we established
test installation , and measured numerical values of MCPs which made of different material and
channel pore include no / with ion barrier film in input of MCP. At the same time, we tested and
analyzed relation between noise factor and MCP voltage, combined relation between signal-to-noise
ratio of GEN Ⅲ image intensifier and MCP voltage, open out relation between signal-to-noise ratio
of GEN Ⅲ image intensifier and noise factor of MCP with ion barrier film.

Vacuum photo-detectors / 6

Lifetimemeasurements of recentMicrochannel-Plate PMTs
Authors: Albert Lehmann1; Alexander Wolfgang Britting2; Fred Reinhard Uhlig2; Wolfgang Karl Eyrich2

1 University Erlangen-Nuremberg
2 Friedrich-Alexander-Univ. Erlangen (DE)

The PANDA experiment at FAIR will study ppbar-collisions at an energy range of 1 GeV to 15 GeV.
The particle identification will be done with two DIRC (detection of internally reflected Cherenkov
light) detector systems. Attractive photo sensors for these DIRCs are micro-channel plate (MCP)
photomultipliers (PMT), which provide an excellent time resolution of <50 ps and can stand high
magnetic fields up to 2 Tesla. Further requirements are a high photon rate stability of >300 kHz/cm²
and lifetime for the expected integrated anode charge of >5 C/cm² within 10 years. The demands
for the DIRC in the forward hemisphere are even more challenging. We were investigating vari-
ous MCP-PMT models of different manufacturers with respect to their magnetic field resistance,
time resolution, uniformity, dark count rate, rate stability and especially aging. Some of these are
illuminated under PANDA conditions to study their lifetime. The results of these measurements,
especially the investigations of recent MCP-PMTs with significantly improved lifetime, will be pre-
sented.

Posters A / 7

Status of ASIC readout for the prototype Si-W electromagnetic
calorimeter
Author: Elmaddin Guliyev1

1 Ecole Polytechnique

Corresponding Author: elmaddin@llr.in2p3.fr

In this work the status of developed readout chain of prototype Electromagnetic Calorimeter for
future Linear Collider experiment is presented.
The prototype of Electromagnetic Calorimeter developed base on silicon
as a detector and tungsten as a absorber. For the fine granularity of the
calorimeter, pixel size of 0.5x0.5 cm2 silicon diode is optimized. There is a 36 channel, dual gain, low
noise and low power consumption ASIC chip
readout has been developed to readout of silicon detector .
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Vacuum photo-detectors / 8

Anewdesign of large areaMCP-PMT for the next generation neu-
trino experiment
Author: Yifang Wang1

Co-authors: Jun Cao 1; Sen Qian 1; Shudong Liu 1; Shulin Liu 1; Tianchi Zhao 1; Yuekun Heng 2

1 Institute of High Energy Physics,Chinese Academy of Sciences
2 Institute of High Energy Physics

Corresponding Author: hengyk@ihep.ac.cn

A new design of large area MCP-PMT for the next generation neutrino experiments is proposed. The
mainmotivation of the design is to improve the quantum efficiency (photo detection efficiency) of the
PMT. Two sets of small MCP units, the transmission photocathode coated on the front hemisphere
and the reflection photocathode coated on the rear hemisphere are assembled in the same glass
envelope to form nearly 4πviewing angle to enhance the efficiency of the photoelectron detection.
The photoelectrons from the 4πphotocathode are collected and amplified by two sets of MCP units
.Our goal is eventually to produce 20 in. diameter PMT following such an approach. We will report
preliminary results of our photo-electronic simulation and the results of a 5 in. diameter prototype
PMT. Future plans and prospects are discussed at the end.

SiPM / 9

Simulation of Silicon Photomultipliers

Author: Patrick EckertNone

Co-authors: Hans-Christian Schultz-Coulon 1; Rainer Stamen 1

1 Ruprecht-Karls-Universitaet Heidelberg (DE)

Corresponding Author: patrick.eckert@kip.uni-heidelberg.de

In this talk a generic framework for the simulation of the response of Silicon Photomultipliers
(SiPMs) is presented. The framework allows a custom definition of the SiPM parameters and ge-
ometry and provides a detailed model of the SiPM response. The simulation generates the signal
charge and pulse shape for arbitrary incident light pulse distributions and the specified SiPM prop-
erties which can be determined from basic characterisation measurements. The simulation has been
validated in the full dynamic range for a Hamamatsu MPPC with 100 pixels and was used to study
the effect of optical cross-talk and after-pulsing on the response curve and the photon-counting
resolution.

Posters A / 10

Timing properties measurements of STMicroelectronics Silicon
Photomultipliers for time-of-flight PET scanners
Authors: A. Piana1; B. Carbone1; D. Sanfilippo1; Francesco Riggi2; G. Fallica1; G. Valvo1; M. Mazzillo1; Paola La
Rocca3

1 STMicroelectronics, Catania
2 Dept. of Physics and Astronomy and INFN, Catania
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3 Museo Storico della Fisica e Centro Studi e Ricerche E.Fermi

Corresponding Author: franco.riggi@ct.infn.it

Positron Emission Tomography (PET) is a medical imaging technique able to observe functional
processes in vivo. It is based on the simultaneous back-to-back emission of the two 511 keV pho-
tons following positron annihilation by a chemical tracer doped with appropriate radioisotopes. The
possibility to use high timing resolution detectors allows to localize the emission source with higher
precision along the line defined by the two gammas. This technique, usually known as time-of-flight
(TOF) PET requires photo-sensors with an optimal time resolution. Silicon photomultipliers (SiPM)
are potentially promising devices for such applications, due to their small size and insensitivity to
magnetic fields. Several progresses have been made in recent years to improve also their timing
properties, which is the main point of concern.
This contribution describes the setup and preliminary results obtained during a study of the energy
resolution and timing properties of recent SiPM devices produced by STMicroelectronics. A study of
the dependence of energy and timing resolution in PET-like applications on different SiPM’s layout
parameters (total area, number of microcells, geometrical fill factor) is under way. The SiPM struc-
tures investigated in this work are fabricated on silicon epitaxial p-type wafers and formed from
planar N+-P microcells. The quenching resistor, made from low-doped polysilicon, is integrated in-
side the cell. Thin optical trenches filled with oxide and metal surround the microcell active area
in order to reduce electro-optical coupling effects (crosstalk) between contiguous pixels. A suitable
double-layer antireflective coating is deposited on the surface of the device to enhance its spectral
response in the blue and near ultraviolet wavelength ranges.
In order to measure the time resolution of individual SiPM’s with the two 511 keV photons detected
in two LYSO crystals, a dedicated setup was designed and built in our lab, to allow for an easy
handling of the different devices under test. All the setup is enclosed in a dark box to shield from
ambient light.
Preliminary measurements were carried out by means of standard NIM and CAMAC electronics.
Signals from the detectors are sent, either directly or through low-gain fast amplifiers, to Constant
Fraction Discriminators (CFD) to provide start and stop signals to a CAMAC TDC. Amplitude infor-
mation was collected as well, employing two CAMAC QDCs, for off-line data processing. Binary
files collected during the measurements are further processed and analyzed by the ROOT data anal-
ysis package to carry out multidimensional data analysis. To characterize the SiPM response in a
wide energy range, measure their energy resolution and study non-linearity effects, different gamma
sources (22Na, 137Cs, 54Mn, 65Zn) were employed.
To characterize the timing response of such devices, coincidence measurements are better carried
out by means of a high performance digital oscilloscope. In our case a Tektronix DPO7254 2.5 GHz,
20 Gs/s per channel was used, allowing to sample the signals of the two SIPMs with 50 ps steps.
Various algorithms for a digital processing of the signals are being tested, in order to optimize the
time resolution. The value of the unfolded time resolution was extracted by a set of measurements
performed at different bias voltages by a proper selection of the photoelectric peaks in the amplitude
spectra. Further developments are in progress and will be reported during the Conference.

11

Overview of SiPM applications
Author: Gabriela Llosa1

1 IFIC-Valencia

Multicell Geiger-mode avalanche photodiodes or silicon photomultipliers (SiPMs) have proven to
be a sound alternative to other types of photodetectors in different fields, and their advantages
can significantly overcome the performance previously achieved or enable new possibilities. Their
development continues with the improvement of general properties, and/or the enhancement of de-
termined characteristics to fulfil specific requirements for different applications. As the number of
SiPM manufacturers rises, their properties improve, and more possibilities for readout appear in the
market, an always increasing number of physics experiments tend to replace other type of photode-
tectors by SiPMs, or to employ them in innovative applications.
SiPMs have been successfully applied, or are being tested, in numerous applications in high energy
physics (in calorimeters for CALICE, in T2K or in Cherenkov detectors), in astroparticle physics
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(such as MAGIC or EUSO), and in medical imaging, for example in the combination of PET and MR
imaging modalities, or for time of flight PET. An overview of these and other applications will be
given.

Posters A / 12

Application of continuous crystals and SiPM arrays to PET and
Compton detectors
Author: Gabriela Llosa1

Co-authors: Carles Solaz 1; Carlos Lacasta Llacer 2; Christophe De La Taille 3; John Barrio 1; John E. Gillam 1; Jorge
Cabello 4; Josep F. Oliver 1; Ludovic Raux 5; Magdalena Rafecas 6; Marco Trovato 1; Maria Giuseppina Bisogni 7;
Pierre Andreas Barrillon 8; Stéphane Callier 9; Vera Stankova 1; alberto Del Guerra 10

1 IFIC-Valencia
2 Universidad de Valencia (ES)
3 Inst. Nat. Phys. Nucl. & Particules (IN2P3)-Universite de Paris
4 University of Valencia
5 Laboratoire de l’Accélérateur Linéaire
6 Instituto de Fisica Corpuscular (IFIC), Universidad de Valencia/CSIC
7 Univ. + INFN
8 Universite de Paris-Sud 11 (FR)
9 OMEGA / IN2P3 - CNRS
10 University of Pisa

Silicon Photomultipliers (SiPMs) offer an alternative to PMTs that allow the implementation of in-
novative detector types. Continuous scintillator crystals coupled to SiPM arrays provide higher
efficiency than pixellated crystals. We are applying this approach in two different medical imaging
fields with successful results.
The use of SiPM arrays makes it possible stacking several detector layers in the development of a
Compton telescope for dose monitoring in hadron therapy within the European project ENVISION.
The prototype under development consists of a stack of three LaBr3 crystals coupled to a SiPM ar-
rays. Tests with two detectors in time coincidence have been carried out, each one consisting of a
16mm x 18mm x 5mm crystal (one LaBr3 and one LYSO) coupled to a SiPM array from Hamamatsu,
and employing the SPIROC1 ASIC as readout electronics. Imaging tests are ongoing, and larger de-
tectors are under development.
A small animal PET prototype scanner has been developed, comprising two rotating heads. Each
head is composed of a 12mm x 12mm LYSO crystal of 5 or 10 mm thickness coupled to a monolithic,
64 pixel SiPM matrix. The MAROC2 ASIC is employed as front-end electronics. Images of one and
two point sources have been reconstructed with a FWHM of 0.7 mm.

Posters A / 13

Single Photon THz Timer with Radio Frequency PhotoMultiplier
Tube
Author: Amur Margaryan1

Co-authors: Ian Cox 2; John Annand 3; Karlen Gyunashyan 1; Robert Ajvazyan 1; Simon Zhamkochyan 1

1 Alikhanyan National Science Laboratory
2 Photek Limited
3 Glasgow University
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Corresponding Author: mat@mail.yerphi.am

Principles of a time tagged time resolved single photon THz counting system, based on the GHz radio
frequency photomultiplier tube, RFPMT, is proposed. The time resolution and minimal time bin of
the technique is about picosecond. Prompt rate of the technique with dedicated spiral scanning
system can reach THz in a time period of about 100 ns, while average rate is about 1 MHz. The
detection and readout systems are based on commercial multichannel plates and regular nanosecond
electronics. Timing characteristics of the RFPMTwas obtained bymeans ofMonte Carlo simulations.
For electron optics simulations, SIMION 8 software has been used. The operation of the dedicated
GHz radio frequency deflector is investigated by means of thermionic electron source.

Posters A / 14

GEANT4 Simulation of the Time-Resolution of a Fast Scintilla-
tion Detector Read-out by a G-APD
Author: Kamil Sedlak1

Co-authors: Alexey Stoykov 2; Robert Scheuermann 3

1 Paul Scherrer Institut, Switzerland
2 Paul Scherrer Institut
3 PSI

Corresponding Authors: alexey.stoykov@psi.ch, kamil.sedlak@psi.ch

Wehave recently published [1] a time resolution studywith a plastic scintillator read out by a˜Geiger-
mode Avalanche Photodiode. Time resolution of sigma = 18/(Eˆ0.5) ps*MeVˆ0.5 was measured. The
work presented here aims to simulate that experiment using the Geant4 toolkit, and to identify the
parameters which have the largest effect on the total time resolution. We also compare different
timing definitions - e.g. leading edge discrimination and constant fraction discrimination.

[1] A. Stoykov, R. Scheuermann, K. Sedlak; Nucl. Inst. and Meth. in Phys. Res. A – in press;
http://dx.doi.org/10.1016/j.nima.2011.11.011

Posters A / 15

Characterization of a recently developed SiPM for PET
Author: Florian Schneider1

Co-authors: Dieter Renker 2; Sibylle Ziegler 1

1 TU München Klinikum rechts der Isar Nuklearmedizin
2 TU München Physik Department E17

Corresponding Author: flori.schneider@mytum.de

SiPMs are nowadays available from varying manufacturers. The investigated device was the latest
KETEK PM3350. Its peak sensitivity is for blue light, it has an active area of 3 x 3 mm² with 50 µm
cell size and operates in a large bias region from 24 - 32 V. The active area is covered with an epoxy
layer and the package is kept at the smallest possible size of 3.9 x 4.4 x 2.0 mm³
We determined the performance of the SiPM. From the single-photon spectrameasuredwith a pulsed
blue LED, we extracted the breakdown voltage (22.8 V) and photodetection efficiency (up to 40%).
Without illumination, the darkcount rate (1.5 MHz @ 26 V), I-V characteristics, single cell resistivity
(0.6 MOhm), crosstalk (13% @ 26 V) and afterpulsing have been determined. The SiPM shows a very
small temperature coefficient which is one of the main advantages of the device.

Page 6



International Workshop on New Photon-detectors 2012 / Book of Abstracts

Since our later application for the SiPMs is a prototype of a small animal Positron-Emimission To-
mograph for simultaneous PET/MRI (Magnetic Resonance Imaging), we also aquired energy spectra
with LYSO and different radioactive sources. The SiPM shows promising performance.
We will present our results as well as measurement methods.

Posters A / 16

Position, timing and particle ID measurement with scintillating
fibers readout by SiPMs
Author: Angela Papa1

1 Paul Scherrer Institut

Corresponding Author: angela.papa@psi.ch

High position and timing resolutions can be simultaneously achieved today using scintillation ma-
terial coupled with SiPM.
An active target for the MEG experiment based on very thin scintillating fibers readout by SiPMs
operating in a high magnetic field (1.3 T) is considered. The tool should provide a very precise mea-
surement of themuon decay vertex and its timing, with a consequently improvement on the positron
momentum and angular variable resolutions into the MEG experiment.
The high sensitivity and high quantum efficiency of SiPM allows us to collect few photoelec- trons
and to detect the positron and to measure its timing.
Thanks to the fast time response the device can be operated in a high rate environment and appli-
cations on beam monitoring are also considered. The detector can be used to measure muon beam
rate at the highest intensity on the world and to obtain 1- and 2-dimensional beam profile.
A particle ID can be performed to distinguish between positrons and muons and the information
about different particles can be measured in parallel.
Measurements are done using a fast signal digitize (DRS4 Evaluation board) and a custom waveform
analysis can be easy implemented.

Electronics / 17

Latest generation of ASICs for photodetectors readout
Author: Selma Conforti Di Lorenzo1

1 OMEGA/LAL/IN2P3/CNRS

Corresponding Author: conforti@lal.in2p3.fr

TheOMEGA group has designed a new generation of ASICs, the “ROC”family, in AMS (AustriamMi-
croSystem) SiGe 0.35 µm technology to read out signals from various families of photo-detectors.
The chip named MAROC (standing for Multi Anode ReadOut Chip) is dedicated to the readout Multi
Anode Photomultipliers (MAPMT), PARISROC(standing for Photomultiplier ARray In SiGe ReadOut
Chip) to read out Photomultipliers (PMTs) and SPIROC (standing for SiPM Integrated ReadOut Chip)
to the readout of SiPM (Silicon PhotoMultiplier) detectors.
The three of them have similar requirements in terms of low noise, low power and radiation hard-
ness and thus similar design: a low noise input stage for amplification, a slow channel for charge
measurement, a trigger channel for photo counting, a conversion stage for internal time and charge
digitization and a complex digital part to manage the acquisition, the conversion and the readout.
These multi channel ASICs are therefore real System on Chip (SoC) as they provide charge, time
and photon-counting information which are digitized internally. Their complexity and versatility
enable innovative frontier detectors and also cover spin off of these detectors in adjacent fields such
as medical or material imaging as well as smart detectors.
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In this summary, the three ASIC architectures and the test results will be described to give a general
panorama of the “ROC”chips performances designed for photo-detectors applications.

SiPM / 18

Silicon Photomultiplieres with enhanced Blue-Light Sensitivity

Author: Florian Wiest1

Co-authors: Christoph Dietzinger 2; Dieter Renker 3; Florian Schneider 4; Natsuki Miyakawa 1; Peter Iskra 1;
Thomas Ganka 2; Wolfgang Gebauer 1

1 KETEK GmbH
2 Universität der Bundeswehr München
3 Paul Scherrer Institute
4 TU München Klinikum rechts der Isar

Corresponding Author: florian.wiest@ketek.net

Geiger-mode multi-pixel photon detectors are evaluated and discussed since a few years to replace
the traditional photomultiplier tubes in several applications due to their potential high photon detec-
tion efficiency, miniaturized device size, insensitivity to high magnetic field and their prospectively
low production costs.
To leverage this device for industrial applications the manufactures have to further enhance photon
detection efficiency by a factor of 1.5 compared to PMTs as well as to overcome the crucial problems
of high dark count rate and high optical crosstalk.
In order to solve these problems, KETEK has recently introduced a new manufacturing technology
based on 200 mm wafers which significantly reduces dark rate and optical cross talk by a factor of
two and with potential for further refinement. In addition, KETEK was able to improve the photon
detection efficiency to 60% in the blue range for its 50µm cell pitch devices (see figure). This is due to
an optimization of the geometrical fill factor and the light entrance window. This progress in device
performance of the KETEK SiPMs is discussed in detail.

Posters A / 19

Development of economical and large area microchannel plates
(MCPs) for photon detectors

Author: anil maneNone

Co-authors: Henry Frisch 1; Jason McPhate 2; Jeffrey Elam 3; Matthew Wetstein 4; Michael Minot 5; Oswald
Siegmund 6; Robert Wagner 3

1 Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637
2 Space Sciences Laboratory, University of California, Berkeley, California 94720
3 Argonne National Laboratory, Argonne, Illinois 60439
4 Argonne National Laboratory
5 Incom, Inc., Charlton, Massachusetts 01507
6 University of California

Corresponding Author: amane@anl.gov

Abstract
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The development of large area microchannel plate (MCP) - based photodetectors with high perfor-
mance has advantages for many potential applications including low-level signal detection, photo-
detection, astronomy, electron microscopy, time-of-flight mass spectrometry, molecular and atomic
collision studies, fluorescence imaging applications in biotechnology, field emission displays, medi-
cal imaging, and cluster physics. MCPs are also used tomake visible light image intensifiers for night
vision goggles and binoculars. The performance of MCP-based photodetectors depends not only on
the microchannel plates themselves, but also on their configuration (e.g. single, double; chevron-
type or triple; z-stack), as well as on the photocathode, the anode structure, and the signal readout.
The Large Area Picosecond Photodetector (LAPPD) Project is a US Department of Energy (DOE)
funded collaborative project [1] that addresses each of these critical components of the photodetec-
tor with the goal of developing low cost, large area (20cm x 20cm) MCP-based photodetectors.
The requirement of low cost poses a severe challenge to fabricating the large area MCP component
of the large area photodetector and rules out conventional methods. Our approach to this problem
combines two recent technical advances. The first is the capability to produce large micro-capillary
array blocks developed by Incom Inc. (Charlton, MA). The Incom process uses hollow, multifiber
borosilicate (non-leaded) capillaries, eliminating the need to remove the core material by chemical
etching. The capillary arrays are fabricated as large blocks that are sliced to form large area wafers,
without regard to the conventional limits of L/d (capillary length / pore diameter), and subsequently
polished. The second technological advance is the development of coating technology based on
atomic layer deposition (ALD) for functionalizing the capillary array plates to impart the desired
electrical resistance and secondary emissive properties. Atomic layer deposition is a powerful and
precise thin film deposition technique, which utilizes self-limiting chemical reactions between pre-
cursor vapors and a solid surface to deposit material in a layer-by-layer fashion. Gaseous diffusion
of the precursors, coupled with the self-saturating surface reactions generates extremely uniform
and conformal coatings on the high aspect ratio capillary glass arrays. ALD provides atomic level
control over the thickness and composition of the films, and allows the properties of the resistive
and secondary electron emission (SEE) layers to be tuned independently.
Figure 1 shows the photograph of the 33mm MCP processed at various steps. We have developed
several robust and reliable ALD processes for the resistive coatings and SEE layers to provide precise
control over the resistance in the target range for MCPs (106-109 ) and SEE coefficient (up to 8) [2,
3]. The MCPs are tested in stacks of one or two plates and exhibit gains as high as ˜107 for a pair of
MCPs. This approach allows the functionalization of microporous, insulating substrates to produce
MCPs with high gain and low noise. These capabilities allow separation of the substrate material
properties from the amplification properties. We studied the various MCP parameters such as gain,
background counts, and resistance as a function of the ALD process parameters. Figure 2 shows the
performance of the ALD functionalized 33mm MCPs. These MCPs shows the high gain (Figure 2a),
long life test (Figure 2b), high spatial resolution, high timing resolution, and very low background
rate. Following our initial development on the 33mm substrates, we scaled up the ALD process to
functionalize the large area 20cmx20cmMCPs (Figure 3) and similar performance was achieved [3,4].
Here we will discuss the complete process flow to produce fully functionalized working large area
MCPs and illustrate their performance.

Posters A / 20

Temperature Dependence of Response and Its Correction for a
Calorimeter Using PPD to Read out Photons from Scintillator
Strips
Author: Katsushige Kotera1

1 Shinshu University

Corresponding Author: coterra@azusa.shinshu-u.ac.jp

The CALICE collaboration is developing a granular electromagnetic calorimeter using (5-10) x 45 x
3 mmˆ3 plastic scintillator strips for a future linear collider experiment. A prototype module has
been constructed and tested at Fermilab in 2008 and 2009. It has 2160 scintillator strips and each of
them is read out by using a Pixelated Photon Detector (PPD). The experiment in 2009 was held in
the temperature condition from 19 to 27 degrees of Celsius. The response to the muon beams as the
minimum ionization particles was investigated in this large temperature fluctuation to make a com-
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prehensive temperature correction method. Additionally, the sensitivity to a few photons from LED
light also investigated to separately discuss the temperature dependence of PPD response.

The temperature correction established by using the results of these study improves the linear behav-
ior of response to the electron beams from 2 GeV to 32 GeV. The deviation of the measured response
from a linear behavior is reduced from greater than 10% to less than 1.5%. The energy resolution is
also improved.

Posters A / 21

Development of a Four-LayerDepth of InteractionDetector Based
on a 6 x 6 SiPM Array for MR-PET
Author: Tomoaki Tsuda1

Co-authors: Junichi Ohi 1; Keishi Kitamura 1; Tetsuo Furumiya 1

1 Shimadzu Corporation

Corresponding Author: tomoaki@shimadzu.co.jp

We are developing a PET scanner which has both depth-of-interaction (DOI) and time-of-flight (TOF)
information and can be placed close to a MRI scanner. Here we evaluated the positioning and en-
ergy performances of a four-layer DOI detector which consists of a single-layer of a 16 x 16 Lu2(1-
x)Gd2xSiO5 (LGSO) crystal array, a light guide, and a 6 x 6 SiPM (MPPC: S10985-050C, Hamamatsu
Photonics) array. The size of each crystal element was 2.9 mm x 2.9 mm x 20.0 mm. The four lay-
ers DOI encoding is allowed by changing the reflector arrangement of each layer. As results, the
four-layer DOI encoding method worked successfully and good energy resolution of 12.9% has been
obtained. Further details of experimental results including the timing performance will be presented
at the workshop.

SiPM applications / 23

SiPM Photodetectors for Highest Time Resolution in PET
Author: Stefan Gundacker1

Co-authors: Benjamin Armand Frisch 2; Etiennette Auffray Hillemanns 2; Hartmut Hillemanns 2; Paul Lecoq 2;
Pierre Jarron 3; Tom Meyer 4

1 Vienna University of Technology (AT)
2 CERN
3 Universita e INFN (IT)
4 Conseil Europeen Recherche Nucl. (CERN)

Corresponding Author: stefan.gundacker@cern.ch

Silicon photomultipliers (SiPM) have a wide range of applications in high energy and medical detec-
tor physics. Their excellent timing properties and compactness make them particularly interesting
for time of flight positron emission tomography (TOF-PET). This study aims at determining the op-
timum detector conditions for highest time resolution in a TOF-PET system. The measurements
are based on the time over threshold method in a coincidence setup using the ultra-fast amplifier-
discriminator NINO and a fast oscilloscope. We compare commercial SiPMs of different SPAD types
(Hamamatsu MPPC S10931-025P, S10931-050P and S10931-100P) and production batches. Similar to
crystal dimensions typically used in current PET facilities, we chose LYSO:Ce crystals of 2x2x10mm3
size and obtained, with SiPMs of 50x50μm2 SPAD size, a coincidence time resolution (CTR) of
175±6ps FWHM. To further explore the timing capabilities of the SiPM, we also coupled shorter,
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i.e. 2x2x5mm3, Ca-co-doped LSO:Ce crystals to the 50μm type and obtained 142±9ps FWHM CTR.
This performance makes SiPMs ideal candidates for photodetectors in high resolution TOF-PET sys-
tems. The results will be discussed in terms of SiPM dark noise, photon detection efficiency (PDE)
and photon yield.

SiPM / 24

Timing resolution of MPPCs
Authors: A. Kobayashi1; T. Takeshita 2

1 Shinshu
2 Shinshu Univ.

We present the results of measurements of the timing resolution of MPPCs for several pixel sizes.
By using LED light, we have measured time jitter of pulses which exceed the threshold voltage. The
number of photons illuminated on the MPPCs are from 10 to 10000 , while the timing resolution
stays more or less constant. There are several types of MPPPC which have different number of
pixels in 1mm x 1mm sensitive area. Here we show our results for 100, 400, 1600, 2500 pixels.
Timing resolution as a function of average number of fired pixels shows a clear scaling for several
MPPCs, which indicate timing measurement is dominated by the threshold behavior of the analog
signals and little relation the the size of the MPPC pixels.

Posters A / 25

Miniaturized multi-channels SiPM read-out electronics for med-
ical imaging application
Author: Taibi AIT IMANDO1

Co-authors: Dominique CUISY 1; Laurent MENARD 2; Laurent PINOT 2; Ludovic Raux 1; Michel GASPARD 1;
Stephane TROCHET 1; Stéphane Callier 3; Véronique Puill ; nicoleta dinu

1 Laboratoire de l’Accélérateur Linéaire
2 IMNC
3 OMEGA / IN2P3 - CNRS

Corresponding Author: imando@lal.in2p3.fr

This work presents a miniaturized photo-detection system based on a new semiconductor photon-
detector namely SiPM and a special read-out electronics build around a dedicated ASIC.
The used SiPM arrays have important advantages compared to classical photomultipliers tubes (com-
pactness, good sensitivity, low bias voltage) and the ASIC’s read-out electronics developed at LAL
offers multi-channels processing in a very small area.
The whole system is aimed to be inserted in an intra-operative probe for image guided surgery of
tumors. This on-going work is developed in collaboration between LAL, IMNC and Lariboisière
Hospital and is named SIPMED project (SIlicon Photomultiplier for MEDical applications).

Posters A / 26

Hybrid Photo-Detectors for the Hyper-Kamiokande Project
Author: Yasuhiro Nishimura1
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1 University of Tokyo

Hyper-Kamiokande is a huge Cherenkov neutrino detector with water of 1 million metric tons
planned for the near future in Japan. Several Photo-Detector (PD) candidates are being newly de-
veloped. At first, an 8-inch Hybrid-PD with an avalanche diode will be tested in a 200-ton water
Cherenkov detector loaded with Gadolinium. We report the plan and status, as well as the basic
performance measured before installing the Hybrid-PD into the 200-ton tank.

SiPM / 27

Novel approach for calibration breakdown voltage of large area
SiPM.
Author: Sergei Dolinsky1

1 GE Global Research Center

Corresponding Author: dolinsky@ge.com

SiPMs have a very good single photoelectron pulse (SPE) response which can be used for absolute
calibration of them and defining breakdown voltage. Unfortunately with increasing size of SiPM it
becomes more difficult to measure the SPE pulse due to pile up from the increased dark counts. Also
this SPE calibration method requires high gain low noise amplifier, which makes it impossible to use
with readout electronics designed for detection relatively big signals from scintillators.
In this work we propose a novel method for SiPM calibration using high intensity light pulse. The
duration of pulse must be much smaller than recovery time of SiPM and the intensity of light pulse
must be chosen big enough to trigger all u-cells simultaneously(˜10-30 primary e-h/ucell/pulse). In
this case, the signal is proportional to gain and number of cells in the device and practically linear
even at small over voltage. Since the amplitude of the pulse is big, it does not need a preamplifier for
measurements, even when SiPM operates as a regular avalanche photodiode below the breakdown
voltage. We will present this calibration method for different SiPMs. Also this method allows inves-
tigation of SiPM operating in the linear and avalanche (non-Geiger regime) modes and can be very
useful for study of the break down avalanche process and transition in to the Geiger mode.

SiPM / 28

Development of PPD Sensitive to Deep UV Scintillation Photons
of Liquid Xenon
Author: Wataru Ootani1

Co-authors: Alexey Stoykov 2; Daisuke Kaneko 1; Hajime Nishiguchi 3; Hiroaki Natori 4; Ryu Sawada 5; Satoshi
Mihara 3; Teppei Chiba 1; Toshinori Mori 6; Toshiyuki Iwamoto 4; Xue Bai 1; Yuki Fujii 1; Yusuke Uchiyama 1

1 ICEPP, University of Tokyo
2 Paul Scherrer Institut
3 KEK
4 The University of Tokyo
5 Uni Tokyo
6 CERN

Corresponding Author: wataru@icepp.s.u-tokyo.ac.jp

We are developing Pixelated Photon Detector (PPD) sensitive to deep UV scintillation photons of
liquid xenon. Liquid xenon scintillation photons are successfully detected by the first prototypes of
the PPD. The performance of the PPD measured in liquid xenon will be presented.
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Posters A / 29

Optical to electrical detection delay in avalanche photodiode based
detector and its interpretation
Author: Josef Blazej1

Co-authors: Ivan Prochazka 2; Jan Kodet 2

1 Czech Technical University in Prague
2 CTU in Prague

Corresponding Author: blazej@fjfi.cvut.cz

We are presenting a set of measurement to determination of the optical to electrical delay of the
photon counting detector. The absolute value of the time interval between the time of arrival of
the signal photon onto the detector input aperture and the time when the electrical output signal
is exceeding the predefined level have to be determined. Also results showing a temporal relation
between the optical input and the electrical output of a photodiode are presented to describe an
effect used device bandwidth. The presented results are a byproduct a of more complex experiment
which aims to identify the absolute delay contributors in picosecond time-resolved single photon
detection technique.

Posters A / 30

Development of Intraoperative Beta Probes based on Silicon Pho-
tomultipliers
Authors: Laurent MENARD1; Nicolas HUDIN1

Co-authors: Batiste JANVIER 1; Didier BENOIT 1; Laurent Pinot 1; Marie-Alix DUVAL 1; Nicoleta DINU 2; Taïbi
Ait Imando 2; Véronique PUILL 2; Yves CHARON 1

1 Laboratoire IMNC
2 LAL

Corresponding Author: menard@imnc.in2p3.fr

Intraoperative localization of malignant tissues labeled with positron radiotracers opens up new
prospects to improve the efficiency of cancer surgery. Because Silicon Photomultipliers (SiPM) in-
troduced a breakthrough for the development of miniaturized imaging devices, we are currently
designing two intraoperative beta probes based on this technology: a light imaging device with a
small field of view (˜5cm2) to perform tumor localization and post-operative control of the surgical
cavity, and a miniaturized counting probe to guide in real time the excision of the tumor lesion.
The first step of our project was focused on the characterization and optimization of SiPM devices
as photodetectors for intraoperative beta detection. We studied the influence of temperature and
bias voltage on the thermal and correlated noises and photon detection efficiency of different SiPM
devices. The impact of these two parameters on the overall beta sensitivity was quantified as a func-
tion of the intensity of the scintillation light following a simple physical model. According to the
results of this comprehensive study, the optimization of the detection head design of the two intra-
operative probes was studied using Monte Carlo simulations. Detailed description of the simulation
study as well as the performance characterization of the first prototypes will be presented at the
conference.

Electronics / 31
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NECTAR: New Electronics for the Cherenkov Telescope Array

Author: Christopher Naumann1

Co-authors: David Gascon 2; Eric Delagnes 3; Fabrice Feinstein 4; François Toussenel 5; Jean-Francois Glicenstein
6; Jean-Paul Tavernet 5; Julien Bolmont 5; Pascal Corona 5; Pascal Vincent 5; Patrick Nayman 5; Serguei Vorobiov
7

1 CNRS / IN2P3
2 ICC-UB
3 CEA/DAPNIA
4 Université Montpellier 2
5 LPNHE Paris
6 CEA
7 LPTA - Université Montpellier II & CNRS

Corresponding Author: naumann@lpnhe.in2p3.fr

The international CTA consortium is currently in the preparatory phase for the development of the
next-generation Cherenkov Telescope Array (CTA), based on the return of experience from the three
major current-generation arrays H.E.S.S., MAGIC and VERITAS. To achieve an unprecedented sen-
sitivity and energy range for TeV gamma rays, a new kind of flexible and powerful yet inexpensive
front-end hardware will be required for the order of 100000 channels of photodetectors in up to 100
telescopes. One possible solution is the NECTAr (New Electronics for the Cherenkov Telescope Ar-
ray) system, based on the integration of as much as possible of the front-end electronics (amplifiers,
fast analogue samplers, memory and ADCs) into a single ASIC for very fast readout performance
and a significant reduction of the cost and the power consumption per channel, while offering a
high degree of flexibility both for the triggering and the readout of the telescope. The current status
of its development will be presented, along with newest results from measurements and simulation
studies.

Vacuum photo-detectors / 32

Study of 144ChannelMulti-AnodeHybridAvalanchePhoto-Detector
for the Belle II RICH Counter
Author: Ichiro Adachi1

Co-authors: Andrej Seljak 2; Hidekazu Kakuno 3; Hideyuki Kawai 4; Hideyuki Takagaki 5; Koji Hara 6; Luka
Santelj 7; Makoto Tabata 4; Masahiko Higuchi 8; Peter Krizan 9; Rok Dolenec 10; Rok Pestotnik 11; Ruben Verheyden
11; Samo Korpar 12; Satoru Ogawa 13; Shohei Nishida 14; Shuichi Iwata 15; Takayuki SUMIYOSHI 16; Takeo Kawasaki
17; Tetsuro Kumita 5; Toru Iijima 18; Wakana Mori 19; Yoshinori Sakashita 5; Yosuke Yusa 20

1 KEK
2 IJS Institute Ljubljana
3 University of Tokyo
4 Chiba university
5 TMU
6 Tokyo Metropolitan University (JP)
7 Josef Sefan Institute
8 TUS
9 University of Ljubljana
10 Institut ”Jožef Stefan”
11 Jozef Stefan Institute
12 Uni Maribor
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13 Elementary Particle Physics Laboratory, Department of Physics
14 High Energy Accelerator Research Organization (JP)
15 Tokyo Metropolitan University
16 Tokyo Metropolitan University
17 Niigata university
18 Nagoya University
19 Toho university
20 Virginia Polytechnic Inst. and State Univ.

Corresponding Author: ichiro.adachi@kek.jp

New hybrid avalanche photo-detector has been developed as a photon sensor for the Belle II RICH
counter.
Single-photon response was investigated in the presence of a magnetic field and excellent perfor-
mance was demonstrated. In addition, the radiation damage was studied in detail.
By building a prototype consisting of 6 photo-detectors, a test beam experiment was carried out. We
successfully obtained a clear Cherenkov image and potentail pi/kaon separation power is expected
to be more than 4 sigma at 4 GeV/c.

SiPM / 33

Delayed avalanches in Multi-Pixel Photon Counters
Author: Fabrice Retiere1

Co-author: Kyle Boone 2

1 TRIUMF
2 University of British Columbia

Corresponding Author: fretiere@triumf.ca

Hamamatsu PhotonicsMulti-Pixel Photon Counters (MPPCs) achieve high photodetection efficiency
with relativelity low dark noise. The MPPC gain is comparable to Photomultipliers but but the pixel
avalanches tend to trigger others either in neighboring pixels (crosstalk) or in the same pixel at a
latter time (after-pulsing). Cross-talk and after-pulsing avalanches are one of the main limitation
of MPPCs preventing operation at large operating voltage. Crosstalk avalanches are thought to be
due to optical photons created in the avalanche and absorbed in a neighboring pixels. On the other
hand, after-pulsing avalanches are thought to be due to charge carriers produced in the avalanches
that become trapped on impurities and released at latter time. We investigate the possibility that
after-pulsing avalanches are also due to visible photons created in the avalanches but absorbed in the
silicon bulk rather than in neighboring pixel high field region. Then, the charge carriers created in
the silicon bulk diffuse back to the high field region, yielding delayed avalanches. The MPPCs were
illuminated with laser light at wavelength ranging from 404 to 820 nm and the timing distribution of
the avalanches was measured. Delayed avalanches were observed at 637 and 820 nm showing that
some holes do diffuse to the high field region. Simulations show that optical photons are responsible
for at least half of the after-pulsing avalanches. The data also shows that the MPPC single photon
timing resolution cannot be described by a simple Gaussian distribution.

Posters A / 34

The developement of the calorimeter with a large MPPC-array

Author: Yuya Akazawa1
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Co-authors: Koji Miwa 1; Ryotaro Honda 1; Yuki Matsumoto 1

1 Tohoku University ,Japan

We are deveroping a calorimeter to detect the scattering proton
and measure its energy.
The calorimeter consists of BGO or LFS crystal and MPPC-array.
We will report the parformance of this calorimeter.

Vacuum photo-detectors / 35

Recent progress in vacuum photon detectors from Hamamatsu

Author: Yuji Yoshizawa1

1 Hamamatsu Photonics

Corresponding Author: yuji.yoshizawa@etd.hpk.co.jp

Hamamatsu Photonics has developed 12-inch large size PMT for Neutrino physics experiments and
3-inch metal bulb PMT for Dark Matter experiments. These PMTs and other new products will be
shown in this presentation.

SiPM applications / 36

Test beam experiment with FARICH prototype
Author: Evgeniy Kravchenko1

Co-authors: Alexander Barnyakov 1; Alexey Buzykaev 1; AlexeyOnuchin 1; ArtiomBorodenko 1; DanilyukAlexan-
der 2; Gulevich Vasili 1; Ivan Basok 1; Ivan Kuyanov 1; Ivan Ovtin 3; Mikhail Barnyakov 1; Sergey Kononov 4;
Viacheslav Prisekin 1; Victor Bobrovnikov 1; Vladimir Blinov 1

1 Budker Institute of Nuclear Physics
2 Boreskov Institute of Catalysis
3 Budker Instiute of Nuclear Physics
4 Budker Institute of Novosibirsk

Corresponding Authors: m.yu.barnyakov@inp.nsk.su, e.a.kravchenko@inp.nsk.su

TheFARICH (’Focusing’ Aerogel RICH) system is suggested for particle identification at Super Charm-
Tau Factory project currently being developed at Budker Institute of Nuclear Physics (Novosibirsk,
Russia). The only candidate for the photon detectors of the FARICH are SiPMs. The FARICH proto-
type was tested with 1 GeV electrons on the test beam line at VEPP-4M collider. Multilayer focusing
aerogels as well as a single layer aerogel were tested. The radius resolution of Cherenkov ring has
been obtained and agrees well with the predicted value.
The photon detector of the prototype consisted of 32 SiPMs with active area 2.1x2.1 mm produced
by the CPTA company (Moscow, Russia). The custom made discriminator boards and the CAEN
V1190B multihit TDC were used for the signal readout. The timing resolution for single photons
varies from 350 to 900 ps for different channels in the presence of a very high dark rate (up to 10
MHz per channel). The dependence of timing resolution from dark rate was investigated.
The new photon detector for the FARICH prototype with better coordinate resolution is under de-
velopment. This detector will consist of 64 SiPMs with active area 1.28 mmˆ2. The main purpose of
this detector will be detailed measurement of ‘focusing’ aerogel radiators parameters.
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Posters A / 37

Toward a Time Resolved Single Photon Image Sensor based on
SPAD array
Author: Salvatore Tudisco1

Co-author: Rosaria Grasso 1

1 INFN-LNS

Corresponding Author: tudisco@lns.infn.it

Time resolved imaging up to the single photon sensitivity is one of themost ambitious and important
goals of photonics. Currently there are no commercial devices able to provide both the information
on position (imaging) and arrival time of photons emitted by weak and ultra-weak source. Only very
expensive sensors (ICCD) are able to reach the single photon threshold with the possibility to get
information in small time window (few ns) but unfortunately such devices are not able to provide
any information on arrival time of photons.
There are applications where time correlation analysis is fundamental and actually this analysis is
performed only by using the information of few points in the image. Many scientific areas like as-
tronomy, biophysics, biomedicine, nuclear and plasma physics etc. can benefit from a time resolved
imaging device; it can provide physical information otherwise inaccessible.
Recently, thanks to technological developments on Single Photon Avalanche Diodes (SPAD) [1 and
internal ref.], the implementation of a time resolved imaging device, based on SPADs, has been pro-
posed [2].
The key point is the read-out strategy; it should be easy, in order to read a great number of elements,
and able to address the information of each individual sensor, in order to get its time response. The
simplest strategy is to address each diode, with a consequent requirement of a great number of chan-
nels, n2 for a square matrix of n x n diodes. We proposed an alternative solution, a [1], initially
based on the signals collection from both anode and cathode of the same diode. Signal extracted
from anode is used to determine the row position while the cathode signal for the column position.
The rows x columns strategy require a number of reading channels of 2n instead of n2. recent results
will be discussed. We will present also the R&D work in collaboration with FBK (Fondazione Bruno
Kessler) –Trento on the new bi-dimensional arrays, where we improved the pixel red-out by using
two quenching resistor and the large-scale integration. General performance of the first prototypes
will be presented.

SiPM applications / 38

Development of a scintillation counter with MPPC readout for
the internal tagging system
Author: Hiroki Kanda1

Co-authors: Fumiya Yamamoto 1; Kazushige Maeda 1; Takashi Nishizawa 1; Yuma Kasai 1

1 Tohoku University

We have been developing an array of electron counters for the photon tagging spectrometer at the
Research Center for Electron Photon Science, Tohoku University (ELPH). Since it is installed in the
limited space of the bending magnet of the accelerator, compact size and insensitivity to the mag-
netic field are required.
We chose the multi-pixel photon counter (MPPC) HAMAMATSU S10362-33-100C as photon sensors
for the scintillation counters. The counter is a plastic scintillator in a shape of a small rectangular
prism with 3 mm-square cross section, coupled to the MPPC. We fabricated a prototype of the elec-
tron detector and performed a beam test at the NewSUBARU BL1. In this presentation, we report the
result of the test of the prototype detector and the current status of the development of the photon
tagging system.
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Detection of single photons with hybrid ThickGEM-based coun-
ters
Author: Stefano Levorato1

1 INFN Trieste

Corresponding Author: stefano.levorato@ts.infn.it

Architectures based on multiple layers of THick-Gas Electron Multipliers (THGEM) represent a pos-
sible answer to the quest for novel gaseous counters with single photon detection capability able to
overcome all the limitations of the present generation of gaseous photon detectors.
A systematic R&D programme has been performed to achieve a deep understanding of the THGEM
characteristics and to optimise their parameters in view of the photon detection application. Re-
cently a new hybrid approach has been considered: an architecture where the last multiplication
stage is obtained by using a Micromegas stage.
The R&D studies are summarised and some preliminary results obtainedwith the hybrid architecture
prototypes are reported.

SiPM / 41

SensL New Fast Timing SPM - High-Speed Silicon Photomulti-
plier Signal Output for High-Performance Timing Applications

Author: O’Neill Kevin1

Co-authors: Carl Jackson 1; Pavlov Nikolai 1; Sergei Dolinsky 2

1 SensL Technologies Ltd
2 GE Global Research, Niskayuna, NY, USA

Corresponding Author: koneill@sensl.com

In this paper we report on a new silicon photomultiplier (SPM) architecture with additional signal
output for a timing measurement. This additional output has very fast single photo electron re-
sponse (about 2 ns FMTM). This new device can be easily integrated into legacy systems by provid-
ing the ability to operate as a normal SPM with Anode readout or in new designs with an additional
fast output. As result the rise time of timing signal for LYSO scintillator coupled to this new fast
SPM is about 2ns, compared with typical 20-40ns for SPM’s anode signal. This enables unprece-
dented coincidence-timing performance improvements for SPM devices, from 570 ps (Coincidence
Resolved Time FWHM) to better than 380ps (CRT FWHM) coincidence timing resolution for SM
series devices.

Posters B / 42

SiPM PDE measurement with continuous and pulsed light
Author: Vincent Chaumat1

Co-authors: Cyril Bazin 1; Jean-François Vagnucci 1; Nicoleta Dinu 1; Véronique Puill 1

1 In2p3 LAL
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The absolute measurement of the Photo Detection Efficiency (PDE) of a SiPM over the whole visible
range using continuous light is not a straightforward task as it requires the accurate determination
of the detector gain. The SiPM gain given by the producer does not take into account all the sec-
ondary effects (cross-talks, after-pulses events), which leads to an overestimation of the PDE.
To measure the absolute SiPM PDE, we have carried out at LAL two kinds of measurements follow-
ing what we call “the “Counting method”and the “Photocurrent method”.
In the “counting method”, the very low number of photons in the short light pulses is Poisson dis-
tributed which allows us to count the photoelectrons produced. With this method, we do not need
to consider the SiPM gain and the PDE is measured with an accuracy of 5 %.
With the “Photocurrent method”, the SiPM is illuminated by continuous light and the number of
converted photons is determinate measuring the generated photocurrent and the gain.
We detail these two methods and compare their results.

Posters B / 43

Another step towards VSiPMT: recent developments.
Author: Giancarlo Barbarino1

Co-authors: Carlos Maximiliano Mollo 2; Daniele Vivolo ; Felicia Carla Tiziana Barbato 3; Gianfranca De Rosa 2;
Riccardo De Asmundis 4

1 University of Naples - ”Federico II”
2 INFN
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4 Universita e INFN (IT)

Corresponding Author: vivolo@na.infn.it

In the present work we show the most recent results of the preliminary work that our group is car-
rying out before the realization of a first Vacuum Silicon PhotoMultiplier Tube (VSiPMT) prototype.
It is divided in three phases, the first one consisting in the realization of a full characterization of
the SiPM with a laser source, the second one in the simulation of electron backscattering over SiPM
surface, while the third one consists in the characterization of our SiPM with an electron source. In
this work we will describe the last one, in particular describing our experimental apparatus and our
preliminary results.

Electronics / 44

Thedevelopment of themulti PPD readout electronicswithEASIROC
and SiTCP
Author: Ryotaro Honda1

Co-authors: Christophe DE LA TAILLE 2; Isamu Nakamura 3; Koji Miwa 1; Koji YOSHIMURA 4; Ludovic Raux 2;
Manobu Tanaka 5; Masahiro Ikeno 5; Stéphane Callier 2; Tomohisa Uchida 5

1 Tohoku University
2 Omega IN2P3
3 Department of Physics
4 High Energy Accelerator Research Organization (KEK)
5 Open-It
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We are developing an electronics to readout many PPDs for J-PARC (Japan Proton Acclerator Re-
search Complex) E40 in Japan. In the E40 experiment, differential cross section of hyperon-proton
scattering will be measured by using a liquid hydrogen target and high intensity pion beam (up to 10
MHz) in the K1.8 beamline. Two different types of new detectors, consisted of scintillation fibers and
PPDs, are under development. One is a beamline fiber detector to measure the pion beam position
and time of flight (TOF).The other is a cylindrical fiber tracker surrounding the target to measure the
energy and scattering angle of the scattered protons. The total number of PPDs for these detectors
will be about 5,000 channels. To handle such a large number of PPDs in our experiment, develop-
ment of a serial readout electronics for PPDs is indispensable. All essential functions such as gain
adjustment of PPD to data transmit to DAQ system should be included in one electronics to save
cost. In addition, both of charge and timing measurements are required for our readout system.
We are developing a new readout system for multi PPDs with Omega IN2P3 and KEK. The readout
electronics consists of Extended Analogue SiPM Integrated Read Out Chip (EASIROC) developed by
Omega in LAL in France and Silicon TCP (SiTCP) developed by KEK. EASIROC is an ASIC which can
operate 32 channels of PPDs. EASIROC has the implemented features such as gain adjustment, dou-
ble gain amplifier, discriminator, multiplexed analogue output and parallel discriminator outputs.
By using SiTCP, we can use TCP/Ethernet data transmission without any expensive CPU. Charge
and timing are measured by the pipeline ADC and digital Multi-hit TDC (MHTDC) in FPGA, respec-
tively. The first version of the readout board has been developed. We evaluated performance for
the charge and timing measurements and the data transmit speed. The mean DAQ rate is over 10
kHz. Implementation of MHTDC which has 2 us time window, 8 depth and 1 ns LSB resolution
was succeeded. These performances are sufficient for J-PARC E40. In this conference, I’ll introduce
about the evaluation board and the test results.

Posters B / 45

Study of photocathode aging in MCP PMT
Author: Mikhail Barnyakov1

Co-authors: Alexander Barnyakov 2; Alexey Buzykaev 1; Alexey Onuchin 1; Evgeniy Kravchenko 1; Sergey
Kononov 1; Victor Bobrovnikov 1; Vladimir Rodiakin 1

1 Budker Institute of Nuclear Physics
2 Budker Institute for Nuclear Physics

Corresponding Author: m.yu.barnyakov@inp.nsk.su

Photomultiplier tubes (PMT) based on microchannel plates (MCP) found a number of applications in
colliding beam experiments at Budker Institute of Nuclear Physics (Novosibirsk, Russia). We report
on the degradation of MCP PMT main characteristics after 8 years of operation in the threshold
Cherenkov ASHIPH counters of the KEDR experiment at e+e- collider VEPP-4M.
The photocathode aging inMCP PMT is systematically studied with the view of possible applications
of such PMTs in future HEP experiments. The comparison of different types of alkali-antimonide
photocathodes has shown that the treatment of photocathode with vapors of cesium and antimony
can dramatically reduce the photocathode aging rate. The photocathode lifetime of the best MCP
PMT sample has been measured at the photon counting rate of 10 MHz/cmˆ2 and the initial gain
of 10ˆ6. The peak quantum efficiency degraded by 20% after accumulation of 3.3 C/cmˆ2 anode
charge.

SiPM applications / 46

Initial Experience with Digital SiPMs in Detectors for Time-of-
Flight PET
Author: Dennis Schaart1
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Silicon photomultipliers (SiPMs) have recently been shown to enable better timing resolution than
photomultiplier tubes (PMTs) when used as light sensors in scintillation detectors. This makes them
interesting for use in time-of-flight (TOF) positron emission tomography (PET). Additional features
for this application are their compactness andmagnetic field compatibility, enablingMRI-compatible
PET detectors. Recently, a fully digital version of the SiPM, the so-called digital silicon photomulti-
plier (dSiPM), has been introduced. In these devices the quench resistor in each microcell is replaced
by active quenching circuitry. Integrated trigger logic is used to determine a time stamp and the
total number of photons detected in the light pulse. Here, we present an overview of recent results
obtained with single elements as well as 8 x 8 arrays of dSiPMs in combination with Ca-codoped
LSO:Ce crystals. A coincidence resolving time (CRT) of 120 ps FWHM was achieved with 3 mm
x 3 mm x 5 mm LSO:Ce,Ca crystals, illustrating that dSiPMs allow for excellent timing resolution.
Moreover, the use of dSiPM arrays in combination with monolithic LSO:Ce,Ca crystals appears to
enable a unique combination of sub-mm spatial resolution, good energy resolution (˜11.5% FWHM),
and a CRT < 350 ps FWHM. At the conference, the latest results of these ongoing studies will be
presented. Furthermore, the application of digital SiPMs will be discussed from the viewpoint of
achieving the best possible performance at the full system level in future TOF-PET and PET/MRI
scanners.

Posters B / 47

Study of Geiger-mode APDs performances at cryogenic tempera-
tures
Author: Andrey Sokolov1
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We compare the performances of different types of Geiger-mode APDs (GAPDs or SiPMs), manufac-
tured by CPTA company, at cryogenic temperature, namely at 87 K. Noise rate, gain characteristics
and signal shapes were measured, both at room and cryogenic temperature. Four types of GAPDs
were investigated, having an active area of 1x1, 2.1x2.1, 2.5x2.5, and 3x3 mm2. The best performance
showed the GAPDwith 2.1x2.1 mm2 active area, in terms of the maximum gain, minimum noise rate
and effective active area. This study is done in the frame of the project, developed in our laboratory,
on the Cryogenic Avalanche Detector (CRAD) with optical readout using combined THGEM/GAPD-
matrix multiplier. Preliminary results on the data acquisition system of the 3x3 GAPD-matrix are
also presented. This technique is aimed at applications in rare-event experiments, such as those of
coherent neutrino-nucleus scattering and dark matter search.

SiPM / 48

Development of very low threshold detection system for low-background
experiments
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A concept of readout of noble gas two-phase emission detectors by means of multipixel avalanche
Geiger photodiodes (MGPDs or SiPMs) and a THGEM structure is presented.
It is well known that a two-phase emission technique with noble gases is a very sensitive method of
detection of very small ionisation signals (down to few or single ionisation electrons). Electrolumi-
nescent “amplification”provides the unique possibility to detect reliably even the single ionisation
electron extracted from the liquid to the gas phase. Due to this reason such detectors are currently
successfully used in the Dark Matter search experiments and are considered for the use in the neu-
trino experiments: for coherent scattering of reactor antineutrino off atomic nuclei.
To increase the capabilities of a two-phase detector a system of THGEM +WLS (wavelength shifter)
+MGPD is used for its readout. Additional amplification of the charge in the THGEM holes gives the
large light signal of electroluminescence detected with an array of SiPMs. This readout system pro-
vides the mm accuracy for even very low-energy events, that is important for the reliable separation
of the rare physical events from the background ones caused by spontaneous emission of the elec-
trons from the liquid noble gas surface. The results of analysis experimental data and comparison
MC simulations are present.

Posters B / 49

Newdevelopments at LNS-INFNonTimeOf Flight PETwithDepth
Of Interaction feasible, based on SiPM detectors
Author: Luigi Cosentino1

1 LNS - INFN

Corresponding Author: cosentino@lns.infn.it

In our measurements at LNS-INFN we proved that by coupling two Silicon Photomultipliers on both
the sides of a LYSO scintillator finger, with suitable surfaces treatment, allow to achieve optimal per-
formances in terms of time and spatial resolution, thus strongly supporting the feasibility of a high
resolution TOF-PET probe. With a detector element of 1.5mm x 1.5mm x 10mm, we have achieved
simultaneously a time-of-flight resolution around 150 ps and simultaneously DOI resolution below
1 mm.
In our opinion this proof of principle paves the way to the feasibility of a TOF-PET probe with
unprecedented features and performance.

New devices / 50

Linear photon-counting with HgCdTe APDs
Author: Gautier Vojetta1
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HgCdTe APDs have been shown to exhibit single carrier multiplication (SCM) which gives desirable
properties such as low multiplication excess noise (F<1.2) and gain independent response time up to
multiplication gains exceeding 1000. Combined with quantum efficiencies (QE) which can approach
100 % in optimized detectors, theses detectors have the highest information conservation ratio QE/F
of all amplified detectors, from ultra-violet wavelengths up to the infra-red cut-off of the APDs.
Theses properties open new perspectives for photon-counting applications in a linear mode that
enables proportional photon-counting, high photon detection efficiency (PDE), low after-pulsing,
high count rates and low dark count rates (DCR).

In this communication we present the status of HgCdTe APD technology at CEA/Leti and show first
results on photon-counting circuits made of HgCdTe APDs hybridized with specially designed read-
out integrated circuits (ROICs). The ROICs are made using compact CMOS electronics to enable
integration into large area-small pixel focal plane arrays. The results will be discussed in terms of
the impact of the HgCdTe APD gain and response time characteristics on the most common photon-
counting figure of merits andwhich perspectives that can be expected from improved APD and ROIC
design.

Posters B / 51

Study of detection effciency distribution and areal homogeneity
of SiPMs
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Silicon photomultipliers (SiPM) are a very attractive option for light detection in highly granular
scintillator-based sampling calorimeters in future high energy physics experiments at Linear Collid-
ers (ILC, CLIC). The CALICE collaboration has already successfully operated a 1 m3 physics proto-
type with about 8 000 small scintillator tiles, each read out by a SiPM, demonstrating the power of
this new technology. We have developed a setup for the measurement of relative photon detection
efficiency (PDE), crosstalk probability and other important characteristics of SiPMs to study the per-
formance of different devices. The precise positioning system of the setup together with excellent
focusing of the light source provides scanning capabilities that allow a study of the spatial distribu-
tions of PDE, crosstalk etc. over large sensor areas with sub-pixel resolution. A brief description of
the setup, final results of a study of two types of Hamamatsu MPPCs and first scans of SiMPl devices,
developed at MPI Semiconductor Lab, will be presented.

SiPM applications / 52

COMPETahigh-resolution, high-sensitivity pre-clinical PET scan-
ner
Author: Kim-Eigard Hines1

Co-authors: Erlend Bolle 2; Michael Rissi 3; Ole Rohne 4; Volgyes David 1

Page 23



International Workshop on New Photon-detectors 2012 / Book of Abstracts

1 University of Oslo
2 University of Oslo (NO)
3 ETH Zuerich
4 EPF group-Department of Physics-University of Oslo

Corresponding Author: kimei@fys.uio.no

COMPET is aiming for high-resolution with a high
sensitivity by the use of a novel detector geometry. In classical
PET detectors where detector elements are mounted radially the
number of photo detectors to be read out scales with the square
of the detector resolution. The lack of depth of interaction information
contributes to a position dependent parallax error. The
COMPET detector overcomes these issues with a geometry that
consists of four modules forming a square barrel, each with five
layers. Each layer consists of 30 LYSO crystals (80×3×2 mmˆ3)
axially mounted interleaved with 24 wavelength shifting fibers
(80×3×1mmˆ3). The resulting detector has an effective voxel size
of 0.6×3×2 mmˆ3. The precise measurement of the gamma ray
point of interaction in three dimensions gives a small parallax
error which is uniform across the field of view thus allowing us to
place the detector elements close to the imaged object, effectively
increasing the sensitivity. There are in total 600 LYSO crystals
with 480 wavelength shifting fibers which are read out separately
with SiPMs. The DAQ chain consists of an analog pre-amplifier
which charge integrates and discharges linearly with a constant
current source. This signal is input to a comparator, and a Time-
Over-Threshold (ToT) signal as output. The ToT signal is input
to an FPGA where energy and event start time is extracted from
a deserializer running at 1 Gbps. One read-out card handles
one layer (54 channels), and a total of twenty read-out cards
are needed to read out all twenty layers. Synchronization is done
with a logic clock distributed by a central coincidence processing
unit (FPGA), and coincidence processing is done asynchronously
with the use of a 1 Gbps UDP/IP network.

SiPM applications / 53

First experience with the FACT camera
Author: Thomas Krähenbühl1
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The application of Geiger-mode multi pixel photon devices in the field of ground-based Cherenkov
astronomy is currently being evaluated in the FACT (First G-APDCherenkov Telescope) project. The
FACT collaboration built a camera with 1440 pixels for the use in Imaging Atmospheric Cherenkov
Telescopes, each pixel consisting of a Hamamatsu MPPC with a solid light collecting cone glued to
it. The full trigger and readout electronics is integrated in the camera. The photosensor signals are
digitized using the Domino Ring Sampling (DRS4) chip.

In October 2011, the camera was installed in a refurbished HEGRA telescope on the Roque de los
Muchachos (La Palma, Spain). Only hours after the completion of the installation, the first air show-
ers were observed. The camera is now being operated for several months both for commissioning
and observations, allowing us to evaluate the technology and gain important experience in the op-
eration of such a camera for future projects.

In this talk, the challenges and solutions in the assembly of the optical components as well as our
experience with the operation of the camera are presented.
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Study of PPDs with multi-wavelength laser microscope system
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Measurement of PPD (Pixelated Photon Detector) characteristics with various wavelengths is im-
portant for understanding and improvement of the sensor performances. We have developed a new
pulsed laser microscope system whose wavelength is continuously tunable from 410 nm to 2200 nm
by using OPO laser system. Laser spot can be focused to ˜2 um, small enough to measure pixel-by-
pixel performance of PPD. In this workshop, new multi-wavelength measurements of various types
of PPDs using the laser microscope system will be reported.

Posters B / 55

The stability of vacuum phototriodes to varying light pulse loads
and long term changes in response

Author: Peter Hobson1
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Corresponding Author: peter.hobson@brunel.ac.uk

Vacuum Phototriodes (VPTs) are radiation resistant photodetectors, designed to operate in a strong
quasi-axial magnetic field. This paper reports the long and short term changes in response of produc-
tion vacuum phototriodes to pulsed light for devices installed in the CMS experiment at the CERN
LHC. Both long and short term dynamic effects occur because of pulse rate changes during LHC
operation and the effect of increasing integrated charge taken from the photocathode. We have in-
vestigated these effects over time periods exceeding two years of simulated operation and discuss
the implications for the long term performance of the VPTs in CMS.
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Optimisation of SiPM intrinsic and coincidence time resolution
using digital techniques
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A variety of modern physics applications, ranging from medical to high energy physics, require
very fast light sensors, characterised by a response in the range of tens of picoseconds. Silicon
Photomultipliers (SiPMs, or Multi pixel photon counters (MPPCs)) are a relatively new solid-state
pixellated detector type that satisfies this requirement, with the advantage of being compact, cheap,
operating at low bias and insensitive to magnetic fields. Moreover, the device’s high photodetection
efficiency and high signal to noise ratio (SNR) make it a suitable candidate as scintillating crystal
readout detector, in place of traditional Photomultiplier Tubes (PMT).
In this work the timing properties of two different Hamamatsu MPPCs are studied. In particular,
the instrinsic time resolution, i.e. the time required for the pulse formation under a light stimulus
and the coincidence between a pair of sensors were measured, using a femto second pulse laser
(Ti:Sapphire). Digital filters were used to improve the SNR and the time jitter of the digitised signals
and three different algorithms for the time stamp pick-up were developed and evaluated. Very good
intrinsic time resolution, of the order of 35 ps and coincidence time resolution of the order of 45 ps
were found. These values are strongly dependent on the choice of the values of the filter parameters,
precisely the cut-off frequency. The main limitation to the time resolution is then represented by the
high frequency noise affecting the signals, which deteriorates the SNR, and not by the bandwidth of
the readout electronics.
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Development & performance of the Capacitive Division Imaging
Readout (CDIR) detector, and future applications
Authors: Jon Lapington1; Thomas Conneely1
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We present results from a photon-counting microchannel plate (MCP) imaging detector using the
Capacitive Division Image Readout (C-DIR), designed to provide moderate position resolution (of
the order of 100x100 pixelsˆ2), with timing resolution of 25 ps and a maximum event rate of 10 MHz,
limited by microchannel plate count rate saturation. The NINO and HPTDC ASIC combination,
developed at CERN, simultaneously provide picosecond event timing and time over threshold de-
termination of charge amplitude as required for position sensitivity using a centroiding technique.
Measurements of the detector’s performance will be presented, with a discussion of our experience
with utilising ASICs designed for high energy physics for alternative applications.

These electronics, in principle, can be extended to provide sub-pixel resolution for multi-anode MCP
detectors, SiPM arrays and other similar multi-channel devices. This approach can combine the
parallel event readout capabilities of multi-channel detectors, with the higher resolution provided
by centroiding imaging algorithms. This addresses the traditional limitation of using centroiding
techniques in high event rate applications, where the serial nature of these devices coupled with
slow shaping amplifiers limits the maximum event rate.

Posters B / 58

Studies for the evaluation of the performance of the Time over
Threshold technique for the digitization of the signal of a Very
Large Volume Neutrino Telescope
Authors: Antonios Leisos1; Apostolos Tsirigotis2; Georgios Bourlis1; Spyros Tzamarias1
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KM3NeT (km3 Neutrino Telescope) is planned to be a deep-sea multidisciplinary observatory in the
Mediterranean Sea that will provide innovative science opportunities spanningAstroparticle Physics
and Earth and Sea Science. KM3NeT will consist of several hundreds of vertical structures, which
carry photo-sensors and devices for calibration and environmental measurements. The photo-sensor
unit is a digital optical module (DOM) consisting of a 17-inch diameter pressure resistant glass sphere
housing 31 3-inch photomultiplier (PMT) tubes. The front-end electronics is based on the use of the
time over threshold (ToT) as the main signal processing technique.
The track reconstruction techniques applied to the KM3NeT data uses the arrival times of the first
photon on each PMT and the deposited charge. We report on the performance of the ToT technique
in reconstructing the PMT signal characteristics, in particular the first photon arrival time and the
charge deposited on the PMT. For this study, we have used simulated data generatedwith the HOURS
(HOU Reconstruction & Simulation) software package.

Vacuum photo-detectors / 59

Study on large area photomultipliers with super bialkali photo-
cathode
Author: Emanuele Leonora1
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Photomultipliers with large photocathode area have been widely used in proton decay, astrophysics
and neutrino detectors in recent years, since large detection volumes can be reached with a reduced
number of detectors. The sensitivity of a photomultiplier is described in terms of its quantum effi-
ciency (QE), i.e. the number of photoelectrons emitted from the photocathode divided by the num-
ber of incident photons. QE is currently limited to typical values of around 25% at the spectral
peak (400nm). Hamamatsu has developed a new super bialkali (SBA) photocathode which improves
quantum efficiency up to 35%. Considering the detection efficiency of a detector as the number of
detected events divided the number of events emitted by source, an increase of the quantum effi-
ciency improves the detection efficiency as well as an increase in detection surface. With that in
mind, a large study on performance of super bialkali large area photomultiplier type R7081 (10”pho-
tocathode) and type R5912 (8”photocathode) was done, and the results were compared to those of
standard bialkali photocathode with the same mechanical design.
Firstly, measurements of the increase of the detection efficiency were performed carefully. In order
to define whether the quantum efficiency improvement process could have secondary effects, time
and charge characteristics, fraction of spurious pulses and dark count rate were investigated and
compared with the measurements on a batch of 72 standard bialkali PMTs. Measurements of the pa-
rameters have been performed illuminating the whole photocathode surface using a 400 nm pulsed
laser attenuated in single photoelectron condition. The results confirmed an increase in the quantum
efficiency up to values of 35%, as declared by manufacturer. The main secondary effects of the super
bialkali photocathode were an increase for the dark count rate and a considerable increase of the
fraction of the after pulses. About the dark count rate, the tested SBA PMTs had a mean value of
about 2 times greater than that measured on the batch of standard PMTs. The noise rate decay time
after a short light exposure was measured for a standard and a SBA photomultiplier: the super bial-
kali PMT exhibited a decay time of over ten hours, greater of the time of about six hours measured
on the standard PMT. The local measurements performed scanning the photocathode surface with a
narrow laser beam confirm that the uniformity of the super bialkali photocathode is not worse than
that of the standard PMTs.
Another important issue was the study on the influence of the Earth’s magnetic field. It is well
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known that the performance of a photomultiplier tube is subject to significant variation due to mag-
netic fields. This is particularly true for large area PMTs, because of the long trajectories of electrons
from the photocathode to the anode. While the effects of Earth’s magnetic field on the performances
of a large area photomultiplier are principally due to deflections in the trajectories of the photoelec-
trons drifting from photocathode to first dynode, trajectories of secondary electrons in the dynode
chains can also be affected, depending on the orientation of the PMT relative to Earth’s magnetic
field. The influence of the Earth’s magnetic field on the main parameters was studied on two Hama-
matsu PMTs, 8-inch R5912 types, one of these with super bialkali photocathode, and compared with
measurements on a 10-inch R7081 type with a standard bialkali photocathode. The various charac-
teristics of the PMTs were measured while varying the PMT orientations with respect to the Earth’
s magnetic field. The effect of a mu-metal cage as magnetic shield was also studied. In general, for
the 8”PMTs the impact of the magnetic field was found to be smaller than that on the 10”PMT. The
super bialkali 8”PMT has shown the same behaviour of the standard one with respect to the Earth
magnetic field. The increased quantum efficiency in the 8”super bialkali PMT almost compensated
its smaller detection surface compared to the 10”PMT. It was also confirmed that the super bialkali
photocathode produced significantly greater type-1 and type-2 after-pulsing than the standard bi-
alkali photocathode.
At last, an accurate study and measurement about the ageing effects on two large area photomultipli-
ers has been performed for over three years. The PMTs were 10”, 10 stages Hamamatsu R7081, one
with standard bialkali and the other one with super bialkali photocathode. Gain, dark count rate,
charge and timing properties have been measured, as well as the fraction of the spurious pulses.
During the ageing cycles, the anode current of the two photomultipliers has been monitored and
recorded in order to measure the total output anode charge and determine the ageing grade. The
ageing conditions have been set by the use of a 400nm LED regulated to about 3 photoelectrons at
about 400 kHz. The ageing process was stopped when the total charge arrived up to about 2000 C for
both the PMTs. Considering the main results, only the gain showed a variation while all the other
parameters remain quite stable. A first phase of up-drift shows an increase of the gain of about 10%
and is followed by a final phase of down drift, which shows a faster diminution of the gain of about
30%. The mechanism of the gain drift has been modelled and compared with the results.

SiPM / 60

Characterization of Hamamatsu MPPC for use in liquid xenon
scintillation detectors.
Author: Francisco Neves1

Co-authors: Isabel Lopes 1; Vitaly Chepel 1; Vladimir Solovov 1

1 LIP-Coimbra

Corresponding Author: solovov@coimbra.lip.pt

Liquid xenon is an excellent scintillator with large atomic number, relatively high density, high
light yield and short decay time which makes it suitable for a number of applications in particle
physics, astrophysics and nuclear medicine. In particular, large liquid xenon detectors are being
used in several dark matter experiments. While in most cases the optical readout is done with
photomultiplier tubes (PMTs), the possibility of replacing the PMTs by solid state devices such as
silicon Multi Pixel Photo Counter (MPPC) are currently under investigation.

There are three main difficulties in using MPPC in a xenon scintillation detector. first, xenon scin-
tillation spectrum lies in the short wavelength region centered at 175 nm. Therefore, for efficient
detection of liquid xenon scintillation the photodetectors have to be sensitive to the VUV light.
Second, they have to be compatible with high purity liquid xenon environment. Third, they must
perform under rather severe conditions, namely, low temperature (about -100ºC) and external pres-
sure variations. On the other hand, cooling down the device in many cases helps to considerably
reduce the noise, in which case the cryogenic conditions turn in fact into an advantage.

In this work we present the performance results for several types of MPPCs (Hamamatsu) operat-
ing at temperatures down to -100ºC. Under these conditions, the devices demonstrated drastically
reduced noise count rate (<1 Hz for >1 photoelectron) and elevated gain (>10ˆ6). On the downside,
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the quantum efficiency for the xenon scintillation light is quite low (˜3%) compared to a typical PMT
(20-30%). Also the afterpulsing fraction seems to increase at low temperature (up to ˜20% probability
per photoelectron). The operation of MPPCs immersed in liquid xenon will be reported.
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Characterization of the Hamamatsu R11265 Multi-Anode Photo-
multipliers tube with single photon signals
Author: Matteo Maino1

Co-authors: Andrea Giachero 1; Clara Matteuzzi 1; Claudio Gotti 2; Gianluigi Pessina 1; Marta Calvi 3

1 Univ. degli Studi Milano-Bicocca (IT)
2 Universita e INFN (IT)
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The RICH upgrade in LHCb requires a new front-end electronics for the detector readouts at the
LHC frequency of 40 MHz. In particular the photon detector currently used in the RICH features an
embedded front-end elctronics inside the tube. This calls for a replacement of readout electronics
that involves the alteration of the whole HPD. On the other hand, the Milano-Bicocca group chose
to study a different kind of light detector for the RICH upgrade, that is multianode photomultipliers.
In the last three years the group has worked with two different multianode photomultiplier tubes
manufactured by Hamamatsu, the H9500 and the R7600. All these detectors were tested in the sin-
gle photon condition, a fundamental requirement for the RICH of LHCb. Dark anode current, single
photon signals spectra, gain and uniformity were measured. Also the
cross-talk level, the behavior of the phototubes in a magnetic field, time resolution and aging effect
were studied. In this paper the last measurements performed on the new R11265 Multi-Anode Pho-
tomultiplier are presented. A complete characterization will be available by the end of may.
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Multi-pixel Geiger mode imager for medical application
Author: Khalil JRADI1

Co-authors: Denis PELLION 2; Dominique GINHAC 1

1 LE2I/CNRS
2 LE2I/UB

Corresponding Author: khalil.jradi@u-bourgogne.fr

The domain of Geiger-APD has reached an advanced development in the last years. The idea of this
work is to use the spatial resolution and rapidity of the Geiger-APD in the field of very low light
intensities; it would be possible to explore new areas. The equipment that we intend to achieve will
be a series of Geiger-APD arrays (imagers) based on the principle detector unit.
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Evaluation of high UV sensitive SiPMs from MEPhI/MPI for use
in liquid argon
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The TUNKA EAS Cherenkov experiment operates in the Tunka Valley in Siberia. The main physics
goals of the experiment are measurements of energy spectrum and mass composition of primary
cosmic rays in the energy region of 10ˆ15-10ˆ18 eV and detection of high energy gamma-rays from
supernova remnants with energy threshold of 20-50TeV. New 8” hemispherical PMTs from Hama-
matsu and ET have been thoroughly studied. They are developed especially for such kind of appli-
cations and can withstand high anode current due to night sky background. In case of high energy
gamma-ray detection PMTs sensitivities to Cherenkov light are increased by depositing WLS foils
on PMTS.
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Evaluation of high UV sensitive SiPMs from MEPhI/MPI for use
in liquid argon
Authors: Bayarto Lubsandorzhiev1; Elena Popova2

1 Institute for Nuclear Research of RAS
2 Mephi

Corresponding Author: lubsand@rambler.ru

The results of evaluation studies of high UV sensitive SiPMs produced by MEPhI/MPI operating
in liquid argon. The SiPMs have PDE>50% in the wavelegth region of 350-400 nm. SiPMs were
coupled with different types ofWLS foils to reach high sensitivity to LAr scintillation light. Themain
parameters of SiPMs (PDE, noise, cross-talks, afterpulses, stability) in LAr have been thoroughly
studied.
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Detailed Monte-Carlo simulation of SiPM-based scintillation de-
tectors for PET
Author: Johannes Breuer1

Co-authors: Matthias Schmand 1; Ron Grazioso 1; Sanghee Cho 1

1 Siemens

A detailed model for a Monte-Carlo simulation of the response of Silicon Photomultipliers (SiPMs)
is presented. Comparisons with experimental data show a good agreement. The model allows in-
vestigating which SiPM-specific features affect energy and time resolution. Furthermore, the sim-
ulation is an important tool for the optimization of a detector layout and the design of read-out
schemes.
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RecoveryTime andDoubleHitResolutionMeasurements of SiPMs
Using a Double Pulsed Laser
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The Silicon Photomultiplier (SiPM) is an extremely versatile photo detector which can be used in
various fields ranging from astrophysics, particle and nuclear physics to medical imaging. One of
the important parameters of a photo sensor is the performance in high rate environments. In order to
characterize the rate capability and the double hit resolution of SiPMs, we performed an experimental
study to determine the cell recovery time for various sensors of different manufacturers.
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Bolometric light detectors for Neutrinoless Double Beta Decay
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Bolometric light detectors provide an efficient method to collect light signals at small thresholds
in cryogenic experiments and are being exploited in next-generation experiences for the search of
Neutrinoless Double Beta Decay. Sample light detecting bolometers made up of a ultra-pure Ge slab
read by a phonon sensor thermistor were assembled and tested at very low temperatures, below 30
mK; their performances are investigated in terms of their reproducibility, signal amplitude, signal to
noise ratio and energy resolution.
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Neganov-Luke effect assisted Light Sensors
Author: Emiliano Olivieri1

Co-authors: Andrea Giuliani 1; Dmytro Cherniak 2; Laurent Berger 1; Louis Dumoulin 1; Margherita Tenconi 1;
Stefanos Marnieros 1
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Rare event physics like Direct Dark Matter and Neutrino-less Double Beta Decay detection strongly
benefit of event-by-event discrimination capabilities. Composite Heat and Light bolometric detec-
tors have shown excellent performance of environmental gamma’s, beta’s and alpha’s tagging and
rejection and therefore are widely used in such physics.
The rejection capabilities mainly rely on the light detector performance. We present here tantaliz-
ing results obtained with ultra-pure germanium light sensors, assisted by Neganov-Luke effect, and
showing a gain of the signal-to-noise ration of the order of four and a light detection threshold of
about 20 eV.
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The silicon photo-multiplier physics and technology: a review

Author: Gianmaria Collazuol1

1 Dipartimento di Fisica e Astronomia, Universita’ di Padova, Italy

Corresponding Author: gianmaria.collazuol@pd.infn.it

Thephysics of the device, the main technological issues and the related solutions adopted by the vari-
ous manufacturers together with the most recent advances and open issues will be discussed.

The device working principles will be covered in detail, by focusing on the phenomena related to
avalanches development and to carrier generation and transport in silicon, which are relevant to
explain the device intrinsic characteristics like gain, dark noise, after-pulsing, cross-talk, photo-
detection efficiency and timing properties.

The most relevant characterization measurements related to various types of SiPM devices will be
summarized, by focusing on the understanding of the device properties under the influence of var-
ious environmental factors (eg. low temperature performances, radiation hardness, light intensity
regime etc…)

Relationships (in terms of the underlying physics) among the above mentioned intrinsic characteris-
tics will be shown and the resultant tradeoffs (eg timing vs detection efficiency) in actual devices will
be discussed. The impact on front-end electronics and on selected application performances will be
briefly covered. Finally, possible improvements and future trends will be illustrated and eventually
suggested.
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Design andCharacterization of aMicro-Strip RFAnode for Large-
Area MCP-based Photodetectors
Author: Herve Marie Xavier Grabas1
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We describe an inexpensive micro-strip RF anode designed to measure
the time and position in large-area MCP-based photo-detectors. The
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anode has been optimized to match the bandwidth of the intrinsically
fast MCPs (risetime < 1ns). The timing, two-dimensional position, and
energy of the MCP pulses are extracted by fast waveform digitization
at both ends of the anode micro-strips. The anode geometry consists
of 30 equidistant, silver microstrips silk-screened on a 20cm-by-20cm,
2.75 mm-thick, Borofloat glass plate. A solid ground plane is
referenced on the opposite side of the glass. The anode is measured to
have an analog bandwidth of 2 GHz (175 ps risetime), cross-talk
coupling between strips of -10dB, and impedance control of the 50-ohm
lines of better than 10% over the entire bandwidth. The anode
geometry and construction allows for multiple anodes to be connected
in series, efficiently increasing the photosensitive area for the same
number of electronics channels.

Electronics / 74

A FastWaveform-Digitizing ASIC-based Electronics and DAQ for
a Position \& Time Sensing Large-Area Photo-Detector System

Author: Eric Oberla1

1 University of Chicago

Corresponding Author: ejo@uchicago.edu

A data acquisition (DAQ) system using 10-15 Gigasamples/second (Gsa/s) waveform sampling ASICs
for the readout of large active-area micro-channel plate photomultiplier tubes (MCP-PMTs) is pre-
sented.
Currently being developed by the Large-Area Picosecond Photo-Detector (LAPPD) collaboration, a
single MCP photo-detector tile’ has an active area of 400 sq. cm and a dual-end, 50-ohm transmission
line anode
comprised of 30 parallel microstrips. The position, timing, and energy of the incident pulse are
extracted from the full waveforms that are recorded at both anode terminals. With this anode ge-
ometry, a larger photo-sensitive area may be formed by connecting several detector tiles in series,
allowing for the use of the same readout electronics and acquisition system for many potential appli-
cations. A custom fast, low-noise, and low-power waveform digitizing ASIC,PSEC-4’, was designed
in 0.13 µm CMOS for the front-end readout of these detectors. With
6-channels, the PSEC-4 has a buffer depth of 256 samples on each channel, a chip-parallel Wilkin-
son ADC, and a serial data readout that includes the capability for region-of-interest windowing to
reduce dead-time. Sampling rates of up to 15 Gsa/s are possible on each channel with an analog
bandwidth of 1.5 GHz. A flexible DAQ system matched
to the large-area detector anode, in which PSEC-4 calibrations and signal feature extraction are im-
plemented in two layers of FPGAs, has been designed and code development is underway. Further
details of
the readout system, including the PSEC-4 ASIC capabilities and DAQ performance, will be reported.

Electronics / 75

Using ultra fast analog memories for fast photo-detector read-
out.
Author: Dominique Robert Breton1

Co-authors: Eric Delagnes 2; Jihane Maalmi 3
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The recent progresses in the field of photo-detection have pushed the performances of the detectors
toward the picosecond scale. Currently existing electronics dedicated to precise charge and time
measurement is mainly based on the use of high-end oscilloscopes. Numerous test benches are also
based on both Charge-to-Amplitude Converters and Constant Fraction Discriminators (CFD) asso-
ciated with Time to Digital Converters (TDC). The time resolution obtained with some commercial
modules is very good (Time to Analog Converters ˜ 5 ps rms after amplitude correction), but said
modules house very few channels. Some TDC boards offer a higher number of channels, based on a
coarse measurement performed by a digital counter associated with a fine measurement (interpola-
tion) using Delay Line Loops, but their overall resolution is only of the order of 30 ps rms.
Recently, alternative methods based on digital treatment of the analogue sampled then digitized
detector signal have been developed. Such methods permit an easy calculation of the charge and
amplitude, and achieve a timing resolution far better than the sampling frequency. Digitization sys-
tems have followed the progress of commercial ADCs, but the latter have prohibitory drawbacks
like their huge output data rate and power consumption. Conversely, high speed analog memories
now offer sampling rates far above 1GHz at low cost and with low power consumption.
The new 16-channel WaveCatcher board has been designed to provide high performances over a
short time window. It houses sixteen 12-bit 500-MHz-bandwidth digitizers sampling between 400
MS/s and 3.2 GS/s. It is based on the patented SAMLONG ASIC, a high-performance low-power
analog circular memory designed in a cheap pure CMOS 0.35µm technology. The board offers a lot
of functionalities like smart trigger configurations and embedded charge integration. It houses 480
Mbits/s USB and 1.5Gbits/s optical link interfaces.
The board will soon been tested in different test benches dedicated to the characterization of fast
MCP-PMTs or SiPMs, but a reproducible time precision better than 10 ps rms has already been
demonstrated.
The WaveCatcher board thus seems to be a powerful tool for photo-detector characterization and
high-scale readout.
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Overview of SiPM readout electronics
Author: christophe de La Taille1

1 CNRS LAL Orsay

Solid-state photomultipliers (SiPM/MPPC) are increasingly popular and replacing vacuum-based de-
vices inmany applications. Although their signal properties (gain, capacitance…) are similar and can
thus be readout with the same electronics, several dedicated ASICs have been developed worldwide
to take benefit of the high level integration that can be reached with these devices. Furthermore,
charge and timing measurements can reach unprecedented accuracy and enable new applications in
various domains of physics or medical imaging.
The talk will review the basic front-end architectures that can be used to take full benefit from the
device (voltage/current/charge sensitive preamplifiers, current conveyors…) to optimize their per-
formance. It will also compare the various readout architectures that are being used for readout
(discrete, ASICs, waveform digitizers, “digital SiPM” …).
Finally, it will review the status and performance of the variousASICs developedworldwide (SPIROC,
BASIC, NINO, PETA, KLAUS, SPIDER, EASIROC, RAPSODI…)
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Studies of timing properties of SiPms at Fermilab
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A short report of our Fermilab activity with SiPms timing.

SiPM applications / 78

The AX-PET experiment: A demonstrator for an axial Positron
Emission Tomography
Author: Matthieu Heller1
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The AX-PET (AXial Positron Emission Tomography) experiment proposes a novel geometrical ap-
proach for a PET scanner, in which long LYSO scintillator crystals are placed axially in the tomo-
graph. Arrays of WLS strips, placed behind each layer of crystals, provide the measurement of
the axial coordinate. Both the crystals and the WLS strips are individually read out by G-APDs
(Geiger-mode Avalanche Photo Diodes). Such a matrix of LYSO crystals and WLS strips allows for a
3D localization of the photons interactions (both photoelectric absorption and Compton scattering),
with good spatial resolution and without compromising on the sensitivity of the detector.
TwoAX-PETmodules have been built at CERN and fully characterizedwith point-like Na-22 sources,
demonstrating competitive performance in terms of spatial and energy resolutions. Operated in co-
incidence, the twomodules represent the demonstrator for a PET prototype, which has been success-
fully used for the reconstruction of images of several phantoms filled with F-18 in aqueous solution.
The AX-PET detector concept, its performance, the reconstructed images of different phantoms will
be described briefly. The emphasis will be put on the actual limitations of the current demonstrator
set-up and how part of these limitations could be overcome by the use of the novel digital Silicon
Photomultiplier (dSiPM) technology from Philips. With their highly integrated read-out electronics
and excellent intrinsic time resolution, dSiPMs may allow for compact detector modules with Time
of Flight capability (TOF-PET). We will present a number of performance measurements in view of
their application in the AX-PET concept.
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Conference diner at Musée d’Orsay

81

Summary talk
Corresponding Author: iouri.musienko@cern.ch

Page 35



International Workshop on New Photon-detectors 2012 / Book of Abstracts

82

Conclusion talk
Corresponding Author: dinu@lal.in2p3.fr

Posters A / 83

Light Emission from Light Detectors
Author: Max Knötig1

1 Max Planck Institute for Astrophysics

Visible light emission from both photomultipliers (PMT) and semiconductor p-n junctions in reverse
bias has been known for over half a century. As photomultipliers and silicon photomultipliers (SiPM)
are sensitive, their own light emission has a feedback, which needs to be understood. Furthermore
it can be used to develop new evaluation tools.
With light emission microscopy we can show that the avalanche size in SiPM is finite. With a new
method, it is also possible to measure the cross-talk morphology via the light emission. When de-
veloping small size cells, these results have to be taken into account, e.g. the timing resolution has
a lower limit.
PMTs show fast spurious signals, correlated to an incident photon. As sensitive light detectors, their
own light emission can cause fast afterpulses. We show how the electrons interact with the dynode
material, time resolved on the nanosecond scale. Wavelength dependent light emission proves that
not only the dynodes, but also their support structure emits light.
The performed experiments help to understand the fundamental effects of light emission in light
detectors, applied to afterpulses and backscattering in PMTs and cross-talk in SiPMs in particu-
lar.
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