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Welcome to Trieste!

The Local Organizing Committee is delighted to welcome you to the 16" International Workshop
on Radiation Imaging Detectors, iWoRiD 2014, in Trieste, Italy. Despite of the Soccer FIFA
World Cup and many other interesting contemporaneous conferences we are pleased that also
this year more than 200 scientists have chosen iWoRID to share their results, exchange ideas
and knowledge on position sensitive detectors for radiation imaging.

We have done our best to promote fruitful discussions and a maximum of interactions between
attendees: the Scientific Committee has selected state-of-the-art contributions for oral and
poster presentations, and our invited speakers were chosen for their significant contributions to
their field. Industrial sponsors and exhibitors, who have contributed to detector research or
benefited from it, gave us their support and will present their innovative products or services.
And finally, we have set up a convivial Triestino social program to foster connections among
delegates.

We hope that you will enjoy your participation to this exciting scientific event, and we thank you
for your presence!

Renata Longo & Ralf Hendrik Menk

Benvenuti a Trieste!

I Comitato Organizzatore Locale ha il piacere di darvi il benvenuto al 16° Workshop
Internazionale sui rivelatori di radiazione per imaging, iWoRiID 2014, a Trieste. Nonostante il
Campionato del Mondo di Calcio e molte altre interessanti conferenze contemporanee siamo
lieti che anche quest'anno piu di 200 partecipanti hanno scelto questo workshop per condividere
i loro risultati, scambiare idee e conoscenze sui rivelatori di radiazione per I'imaging.

Noi abbiamo fatto del nostro meglio creare un evento adatto a promuovere discussioni fruttuose
e occasioni di conoscenza e scambio tra i partecipanti. Il comitato scientifico ha selezionato per
le presentazioni orali e per i poster le ricerche piu’ innovative ed i nostri relatori su invito sono
stati scelti per i loro significativi contributi nei rispettivi ambiti di ricerca. Gli sponsor e gli
espositori industriali, che hanno contribuito alla ricerca sui rivelatori o ne hanno beneficiato, ci
hanno dato il loro sostegno e presenteranno i loro prodotti o servizi innovativi. E, infine, abbiamo
organizzato un programma sociale “Triestino” per favorire una frequentazione anche conviviale
tra i delegati.

Ci auguriamo la vostra partecipazione a questo entusiasmante evento scientifico sia all’altezza
delle vostre aspettative e vi ringraziamo per la vostra presenzal

Renata Longo & Ralf Hendrik Menk

Istituto Nazionale
di Fisica Nucleare H H
Sezione di Trioate Elettra Sincrotrone Trieste
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Detect the Future with CdTe

Acrorad will create new technical worlds

by innovation of CdTe radiation detectors

The application area of Acrorad’s CdTe radiation detectors is spreading to
Medical, Non-destructive testing, Monitoring and Security fields.

Acrorad develops and produces the CdTe detectors with customer’s design.

Acrorad Co., Ltd. Okinawa (HQ and plant) & Tokyo (Sales office), Japan
Contact; e-mail: CdTe.jp@acrorad.jp  Web site: www.acrorad.co.jp
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/ Characteristics of CdTe detector: \

High energy resolution
Room temperature operation
Direct conversion from radiation to electric signal
Very sharp image ( X-ray imager )
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/Application examples of Acrorad’s CdTe detectors:

Medical: Dental Panorama System, Bone densitometer, PET

Industry: Non-Destructive Testing, Gamma-ray camera for decontamination
Security: Luggage Inspection System

Science: Astrophysics (Gamma-ray telescope), X-ray diffractometer

Gamma-ray Camera used for
the decontamination
program in Fukushima

Dental Panorama System

ourtesy of Mitsubishi Heavy Industries, Ltd.

by courtesy of Oy Ajat Litd:

8
by courtesy of Japan Aefospace Exploration Agency

Please contact us for further details
e-mail: CdTe.jp@acrorad.jp




CAENELS is a leading company in the design of power supplies and state-of-the-art
complete electronic systems for the Physics research world, having its main focus on
dedicated solutions for the particle accelerator community.

MTCA.4
MicroTCA for Physics

+ New standard for industry and science

« Infrastructure for management of
Rear Transition Module (RTM) boards

« Custom design solutions

Beamline Electronic
Instrumentation
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« TURN-KEY Solutions for Photon Beam
Position Monitors and Power Supply
Systems for Optics

« Low Noise and High Resolution
« Ethernet Connectivity

« Firmware Remote Update

CAENELSd.o.0.

Kraska ulica, 2
6210-SeZana- Slovenija

Precision Current
Transducers

» Precision current measuring
transducers with closed-loop current
transformer technology (Zero Flux
technology)

+ Galvanic isolation between primary
and secondary conductor

+ Current-Output and Voltage-Output
versions available

Magnet Power
Supply Systems

« Digital Current Regulation Loop:
easiness to adapt to any load condition

+ High Modularity and Extreme
Configurability

+ Ethernet Connectivity

« Firmware Remote Update

Phone +386 (0)5 7313 585
Fax+386 (0)5 7313 587
info@caenels.com

GCAENels

Geor For Science

www.caenels.com




CAEN spa

Via Vetraia 11
55049 - Viareggio
Italy

Phone +39 0584 388 398
Fax +39 0584 388 959

info@caen.it

. www.caen.it

m CAEN Electronic Instrumentation

Tools for Discovery

CAEN SpA is acknowledged as the only company in the world
providing a complete range of High/Low Voltage Power Supply
systems and Front-End/Data Acquisition modules which meet |EEE
Standards for Nuclear and Particle Physics.

Extensive Research and Development capabilities allowed CAEN
SpA to play an important long term role in this field. CAEN activities
have always been at the forefront of technology, thanks to years of
intensive collaborations with the most important Research Centres
of the world.

CAEN products appeal to a wide range of customers including
engineers, scientists and technical professionals who all trust them
to achieve their goals faster and more effectively.

Strong of the experience in the physics research world CAEN
instruments are today used in many advanced industrial
applications.

Products:
« Power Supplies
« Modular Pulse Processing Electronics
« Digital Multi Channel Analyzer
Educational Kit
Liquid Argon TPC Read out system

Accessories / Cables / Adapters

Applications:

« High Energy Physics

+ Astrophysics

 Neutrino Physics
Dark Matter Investigation
Nuclear Physics
Material Science
Medical Applications
Homeland Security
Industrial Applications




Solutions for science .
and advanced technologies

Crytur is the leading European producer of crystals for science and advanced technologies
with proprietary research and development and respected know-how.

xpertise in
matenal synthesis ,

Scintillation material and detectors
Detection units for electron microscopy
Laser rods and other laser components
Crystal based precision optics
Sapphire profiles

Monocrystalline phosphors

A
Clean rocom assembly

&=

Precize processing CRYPIX™ CRYCAM™

With over 70 years of tradition in crystal growing and processing, Crytur is the reliable parter
for projects requiring the best market available solution.

CRYTUR, spol. s r.o. | Palackého 175 | 511 01 | Czech Republic

tel; +420 481 319 511 | fax; #420 481 322 323 | e-mail: crytur@crytur.cz

www.crytur.com



DECTRIS®

detecting the future

PILATUSS

S AND X SERIES

Hybrid Photon Counting
detectors for everyone

- All proven benefits of PILATUS3
Hybrid Photon Counting detectors

- PILATUS3 S: Ample performance
for any standard application

- PILATUS3 X: Highest performance

for cutting edge beamlines

synchrotron

sales@dectris.com | www.dectris.com



Industrial Liaison Office

Your Elettra Entry Point

Elettra Sincrotrone Trieste

Born to cover the extreme needs of the most advanced large-scale
research infrastructure in the world.

Real-time mirror movers

Beam Loss Monitors and Beam Position Monitors
Data acquisition systems

Power Supplies

3D (x, Y, t) high count rate detectors
Picoammeters

Fast STM

Real-time radiation monitors

ASK FOR THE MEETING WITH THE Elettra Sincrotrone Trieste is an international research
PRODUCT EXPERT centre, serving science and industry.

Industrial Liaison Office Its state-of-the-art facilities exploit the power of synchro-
Elettra - Sincrotrone Trieste S.C.p.A. tron light to reveal the structure and the behaviour of
S.S. 14 - km. 163.5 in Area Science Park atoms and molecules with unprecedented detail. Elettra
34149 Basovizza - Trieste, Italy Sincrotrone Trieste offers solutions to global challenges
T. +39 040 3758303 - F. +39 040 3758623 in pharmacology, medicine, engineering, nanotechnology
ilo@elettra.eu - http://ilo.elettra.eu and cultural heritage.




X-ray Imaging

High performance X-ray sources
and imaging device

Features:
Microfocus x-ray sources
X-ray line-sensors
X-ray flat panels
X-ray digital cameras

Applications:
Non destructive inspection
Microtomography
Digital radiography
Baggage inspection
Dental radiography

HAMAMATSU

PHOTON IS OUR BUSINESS

HAMAMATSU PHOTONICS ITALIA S.r.l.
MAIN OFFICE: Strada della Moia, 1 int. 6 20020 Arese (Milano), Italy « Telephone: (39)02-93581733 « Fax: (39)02-93581741 « E-mail: info@hamamatsu.it
www.hamamatsu.com



Material Sciences

Bio-medical S,

Small pixels { L L
Ultra fast gate
Stacking

Fast image rate: 700 fps

PAD

Ultikate
vltimate

CdTe sensor
DQE: 80% @60 keV
Low price

S10
1x1.5cm?

Silicon sensor
DQE: 70%@15 keV

S70
1.5x 7.5 cm?

WAX open for SAX

15 x 7,5 cm?

12 x 7,5 cm?
www.imxpad.com



KETEK SiPM News

Silicon Photomultipliers for
Low Level Light Applications

High Performance SiPM
with best-in-class blue light sensitivity

KETEK is further expanding its SiPM portfolio with very high
photon detection efficiency, especially in the blue range:

" Photon detection efficiencies (PDE) up to 60 % for blue light

= Dark count rates down to 200 kHz/mm?

" Huge range of stable operation up to 30 % relative overvoltage
" Low temperature coefficient of the gain (< 1 % / K)

= Microcell pitches from 15 ym up to 100 ym

= Active areas from 1.4 mm? to 36.0 mm? in

" Pin- and SMD packages

Photon detection efficiency versus wavelength (50pum, 70% GE)
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KETEK Trench Technology

with very low noise and improved timing

Most single channel devices of the KETEK SiPM family
will be available with the new trench technology and :

" Optical crosstalk below 20%
for encapsulated PM3350 at 20% overvoltage

= 4 different chip / package sizes

" 5 micropixel sizes

15 ym

|y oy

Xhow.
KETEK ISO 9001:2008
Creative Detector Solutions Certified

Relative Temperature Coefficient of the Gain

—
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Temperature Coefficient of Gain [%)]
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KETEK GmbH

Hofer Str. 3

81737 Miinchen - GERMANY
TEL +49 89673 46770
FAX +4989 673 46777

www.ketek.net - info@ketek.net



KETEK SIPM News

Silicon Photomultipliers for
Low Level Light Applications

KETEK Standard SiPM Modules

Geometrical PDE Dark Rate
Type Active Area Cell Pitch Efficiency @ 420 nm @ 20% OV Package Size | Connection Order Code
[mm?] [um] [%] [%] [MHz] [mm?]
1.2x1.2 25 48 230 <0.18 2.0x2.5 SMD PM1125NS-SBO
PM11
1.2x1.2 50 70 254 <04 2.0x2.5 SMD PM1150NS-SBO
PM22 2.0x2.0 50 70 245 <20 2.8x3.3 SMD PM2250NS-SBO
SMD* PM3350NS-SBO
>
PM33 3.0x3.0 50 70 250 <45 3.8x4.3 Pin PM3350NP-SBO
KETEK SiPM Modules with Optical Trench Isolation
12x1.2 50 63 >50 <04 20x2.5 SMD PM1150TS-SBO
PM11 1.2x1.2 75 72 260 <08* 20x2.5 SMD PM1175TS-SBO
12x1.2 100 80 263 <062 20x2.5 SMD PM11100TS-SBO
20x2.0 50 63 248 <2.0 2.8x3.3 SMD PM2250TS-SBO
PM22
2.0x2.0 100 81 250 <20 2.8x3.3 SMD PM22100TS-SBO
SMD PM3350TS-SBO
. . 24 <0. 8x4.
3.0x3.0 50 63 8 0.5 3.8x4.3 Pin PM3350TP-SBO
SMD* PM3360TS-SBO
PM33 0x3. > 3 8x4.
3.0x3.0 60 68 60 <0.5 3.8x4.3 Pin PM3360TP-SBO
SMD PM3375TS-SBO
0x3. 2 >62 ! 8x4.
3.0x3.0 75 7 6 <0.5 3.8x4.3 Pin PM3375TP-SBO
SMD PM6660TS-SBO
PM . . 242 <1 . 7.
66 6.0x 6.0 60 66 8 6.8x7.8 Pin PME660TP-SBO
KETEK GmbH
- Hofer Str. 3
. ‘ %VD— 81737 Miinchen - GERMANY
TEL +49 89 673 46770
KETEK 150 90012008 FAX  +49 89 673 46777
eative Detector Solutions Cemfuéd www.ketek.net - info@ketek.net
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Insertion Devices for Light Sources

Kyma was established in 2007 as a joint venture between Elettra Sincrotrone Trieste S.C.p.A.
and the industrial companies Cosylab d.d. {Ljubljana) and Euromisure Sas {(Cremona). More
than twenty years of experience in design, assembling, characterization and operation of in-
serfion devices at Elettra Synchrofron met the manufacturing capabilities of industrial
partners to build up a world class company for insertion devices design and manufacturing.

The Kyma head office is located in the premises of the Elettra Laboratory, Area Science Park,
Trieste, while a fully equipped temperature confrolled laboratory for assembling and magnetic
characterization is situated in the Technology Park of SeZana, a town just 10 km from Elettra.

A further lab for mechanical design,
assembly and characterization is
operating at Euromisure.

The competencies and resources
available at Kyma allow the
realization of top performing
insertion devices at competitive
prices and unexpectedly short
delivery fimes.

riding the wave f

Kyma S.r.l.
8.5. 14 km 163,5 in Area Science Park — IT-34149 Trieste, Italy, EU — VAT no.: IT-01131640326
Voice: +39 040 375 8796 - Fax: +39 040 375 8029 - E-mail: info@kyma-undulators.eu — Web: www.kyma-undulators.eu



PIXCEL3D 2X2

Super sharp vision and a large field of view

Field of view up to 28.8 deg 26

in one frame

Smallest pixel size (55pm x 55pm)

Point spread function = 1 pixel

High dynamic range (>1010)

Window energy discrimination
Contact your local PANalytical

True photon counting detector sales representative.

Maintenance-free info@panalytical.com
www.panalytical.com/pixcel

\/ PANalytical

get insight

PN9589.indd 1 @ 18/06/2014 15:04
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Imaging Counters s.r.l.

PIXIRAD is a INFN Spin-off introducing
an innovative, high quality X-ray

imaging sensor based on Chromatic
Photon Counting technology.

It represents a radical leap forward
compared to the standard methods
currently available on the market.

PIXIRAD is able to count individually the
incident X-ray photons and to separate
them in real time according to their
energy (two colorimages per exposure).
Global count rate > 200 GHz (4 tiles)

Energy range 1 - 100 keV

The individual PIXIRAD block is a two-

- : side buttable semiconductor radiation

Characteristics (4 tiles): detector made of a thin pixellated CdTe

12.3 x 2.5 cm?image area, 1 Mpixels crystal coupled to a large area VLSI
60 um pixel pitch (hexagonal pattern) CMOS pixel ASIC (51 2x476 pixels).

2.5 pixels dead space
> 150 frames/s, two 15 bits ctrs/pixel 19§ -Zie="?

Graph

MTF = 0.7@7.94 Ip/mm
.
*s.,  MTF=0.5@11.00 Ip/mm
-
.

exp. MTF
c 3
by
3

PIXIRAD is able to deliver extremely clear and highly detailed images
for medical, biological, industrial and scientific applications. 1,2,4,8
tile units are available.

(Contacts:pixirad1@gmail.com, see more at http://pixirad.pi.infn.it



/‘ N R— photon
W IMATEK &% -
detectors services

A New Readout System for All Medipix Detectors

X-Ray Imatek introduces the eX Series, a high-speed readout system based on the Medipix detectors
family, with different sensor options, expandable areas of detection and multi-platform compatibility.

©, ®
7 \MATEK -

The Medipix2
Removable Sy status Power
Memory
=
© 0 ° mmm

Collaboration
oo Mgz i'

]
S E R I E S X/Gamma-Ray Photon Counting Detector

Find more details about the eX Series in thel6th iWoRiD

ARl Series UNO & QUATRO

Photon Counting X/Gamma-Ray Camera
based on Medipix2/Timepix CMOS detector

and...

The XRI Series X/Gamma-Ray cameras are based in the
Medipix2/Timepix ASIC and provide a compact and ready-to-use
imaging solution suitable for a wide range of applications.

Both models, XRI-UNO and XRI-QUATRO have become a essential

tool for small to medium facilities, and the top-selling product in
their market sector.

and...

Meet Our Lab Services
Bump-bonding -

Flip-Chip -

Wire Bonding -

Assembly & Testing -

X R A Y X-Ba}/lmatek, S.L. ) ) E E A Spin-Off company from

Edifici Eureka. Campus de la UAB Get more information at: = IEA= I;

Bellaterra 08193 Barcelona .
T:+3493 586 8961 www.xray-imatek.com OO0OAAEs
contact@xray-imatek.com E Institut de Fisica d'Altes Energies






Plug in.
Turnon. i
Shine

Contact us for digital signal processors
for nuclear physics, nuclear medicine,
x-ray analysis and synchrotron research,
with optimized algorithms for:

* Single & multi-channel input
* Timing coincidence
* Pulse shape analy5|s

Instruments thattAdvancesthe r;&

www.XIA.com
sales@XIA.com +15




Image of a mouse skull recorded with GaAs (500 pm thickness) detector module.

Medipix2 and Timepix pixel detectors

High resolution detectors with 55 pm and 110 pm pixels
Modules with 65 K and 400K pixels
Sensors for high efficiency:

Silicon, GaAs and CdTe

X-RAY
I MAG I N G X-ray Imaging Europe GmbH

Stefan-Meier-Strasse 21, D-79104 Freiburg, Germany
EU RO PE Phone: +49 761 50391713 Fax: +49 761 551877

Email: info@xi-europe.de www.Xxi-europe.de
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Developments of particle and photon detectors have paralleled developments in electronics over the last half
century. | will provide a brief glimpse on the origin of some detectors which are likely to continue playing an
important role in the next few decades. understand detectors as being comprised of sensors and
electronics. The technologies of the two have become increasingly intertwined over the last two decades, and
it is this close integration that has made possible all the most productive detectors in science. Among sensor
and electronics technologies | will address silicon detectors and vertically integrated microelectronics,
monolithic active pixel sensors, silicon photo multipliers (SiPMs), gas and noble liquid time projection
chambers (TPCs), including cryogenic electronics. A question often asked these days is about the future of
microelectronics technology: “Beyond CMOS?”. There is a considerable activity in industry and at universities
in exploring different device principles, increasingly in the domain of nanotechnology, in the quest for smaller
and faster devices with lower power. | will illustrate some of these in the context of the requirements such
new devices will have to satisfy if they are to replace fully CMOS technology. | will conclude with suggesting
how the sciences based on radiation detectors might make use of developments in microelectronics
technology.
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The European Spallation Source (ESS)in Lund, Sweden will become the world’s leading neutron source for
the study of materials by 2025. First neutrons will be produced in 2019. It will be a long pulse source, with an
average beam power of 5 MW delivered to the target station. The ESS is just entering the construction phase,
which started in 2013 with the completion of the Technical Design Report (TDR). The instruments are being
selected in yearly rounds selected from conceptual proposals submitted by groups from around Europe. These
instruments present numerous challenges for detector technology in the absence of the availability of
Helium-3, which is the default choice for detectors for instruments built until today and due to the extreme
rates expected across the ESS instrument suite. Additionally a new generation of source requires a new
generation of detector technologies to fully exploit the opportunities that this source provides. To meet this
challenge at a green-field site, the detectors will be sourced from partners across Europe through numerous
in-kind partners. This contribution presents briefly the current status of detectors for the ESS, and outlines the
timeline to completion. For a conjectured full instrument suite, which has been chosen for demonstration
purposes for the TDR, and updated based upon chosen instruments and submitted instrument concepts, a
recently updated snapshot of the current expected detector requirements is presented. A strategy outline as to
how these requirements might be tackled by novel detector developments is shown, with a focus on
applications with higher resolution requirements.

N
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Cryo-Microscopy
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The quest for direct detectors for electron microscopy was initiated in our laboratory shortly before the 2nd
iWoRID in Freiburg (2000). It was clear by that time that 'indirect' detection methods, such as are used in
phosphor fibre optics coupled CCDs could not attain the highest values of DQE at all spatial frequencies,
essential for high resolution imaging using 300keV electrons. Encouraged by developments in semiconductor
detectors, particularly in CERN, we started investigations into their suitability for electron microscopy as
‘direct detectors’. | will give a brief overview of some of the stages in the design of electron detectors initially
with Medipix1 followed closely by Medipix2 and finally CMOS based monolithic active pixel sensors
(MAPS)[1]. There were a number of fundamental limitations in the design of hybrid technology, such as the
inability to carry out backthinning, necessary for optimum performance at 200 — 300 keV. Theoretical
considerations and preliminary tests indicated that CMOS based monolithic active pixel sensors may have the
necessary properties. This has indeed proven to be the case but several improvements, in hardware design and
processing software, were essential to obtain the dramatic improvements in performance reported here [2, 3];
results were obtained with Falcon Il, a backthinned detector from FEI[4]. Two main factors, which contributed
to the improvements were the high DQE and the minimising of effects due to specimen movement during
imaging by recording in a 'movie-mode' [5]. Some of the most recent structures include the yeast
mitochondrial ribosome at 3.2 A and the F420-reducing [NiFe] hydrogenase at 3.36 A, reviewed recently [6].

1) ARR. Faruqi, G. McMullan, Electronic detectors for electron microscopy, Q. Rev. Biophys., 44 (2011) 357-390
2) AR Faruqgi, R.Henderson., G.McMullan, Recent Developments in Direct Electron Detectors for Electron
Cryo-Microscopy, in: Proceedings of Science (Vertex 2013), http://pos.sissa.it/cgi-
bin/reader/conf.cgi?confid=198, 2013, pp. 1-11

3) N. Guerrini, R. Turchetta, G. Van Hoften, R. Henderson, G. McMullan, A.R. Farugi, A high frame rate, 16
million pixels, radiation hard CMOS sensor, JINST, 6 C03003 (2011).

4) http://www fei.com/

5) X.-c. Bai, |. Fernandez, G. McMullan, S. Scheres, Ribosome structures to near-atomic resolution from thirty
thousand cryo-EM particles, eLife, 2 (2013)

6) W. Kihlbrandt, The Resolution Revolution, Science, 343 (2014) 1443-1444
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Electron backscatter diffraction (EBSD) is a scanning electron microscope (SEM) technique used to obtain
accurate crystallographic information from bulk materials, thin films and nanoparticles, ranging from metals,
to rocks, to ceramics, to semiconductors, on the nanometer scale [1]. An EBSD detector typically consists of a
high sensitivity CCD camera, lens and phosphor screen [1]. The detector is placed in front of the specimen,
which is tilted at = 70 degrees. When a focused electron beam strikes a point on the specimen surface, an
EBSP, consisting of overlapping Kikuchi bands (diffraction cones from different crystal planes), is produced.
The phosphor converts the EBSP signal into light, which is then imaged by the camera. These electrons to
light (phosphor) and light to electron (camera) conversions are very inefficient and limit the sensitivity of
EBSD detectors. Direct electron detection methods are the next logical step.

Our current understanding of EBSD is that the predominant contribution to the EBSP formation comes from
electrons within a narrow energy range. Work based on the use of an electrostatic energy filter in EBSD
imaging has shown that the largest contribution to the EBSD pattern may be attributed to electrons having an
energy within 10% of the energy of the primary electron beam [2]. The contrast in the diffraction features
reaches a maximum when the energy of the filter is set at around 3% below the energy of the primary electron
beam [2].

In this presentation we will report the progress made in using a Timepix detector [3] installed in an FEI Sirion
field emission SEM for the direct, energy filtered acquisition of EBSPs. Energy filtered EBSPs show an increase
in the contrast and detail contained in the pattern, which is not visible using the conventional existing
technologies. Improved contrast may enable the application of the EBSD technique to a wider range of
materials for which the conventional EBSD analysis is currently problematic.

[1] Schwarzer, Robert A., et al. Electron Backscatter Diffraction in Materials Science, AJ. Schwartz et al.
(eds.), 1, Springer (2009)

[2] Eades, A., et al. Electron Backscatter Diffraction in Materials Science, A.J. Schwartz et al. (eds.), 53,
Springer (2009)

[3] Llopart, X., et Al. NIMA, 581(1-2), 485 (2007)
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With the first three years of the LHC running complete, ATLAS and CMS are planning to upgrade their
innermost tracking layers with more radiation hard technologies. Chemical Vapor Deposition (CVD) diamond
is one such technology. CVD diamond has been used extensively in beam condition monitors as the innermost
detectors in the highest radiation areas of BaBar, Belle, CDF and all LHC experiments. This talk will describe
the lessons learned in constructing the ATLAS Beam Conditions Monitor (BCM), Diamond Beam Monitor
(DBM) and the CMS Pixel Luminosity Telescope (PLT) all of which are based on CVD diamond with the goal
of elucidating the issues that should be addressed for future diamond based detector systems. The talk will
also present the first beam test results of prototype diamond devices with 3D detector geometry that should
further enhance the radiation tolerance of this material.

W
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PIXIE Il is the third generation of very large area (32x25 mm2) pixel ASICs developed by PiXirad Imaging
Counters srl to be used in combination with suitable X-ray sensor materials ( Silicon, CdTe, GaAs) in hybrid
assemblies using flip-chip bonding. The chip, fabricated in 0.16 micron CMOS technology, is organized as a
matrix of 512x402 square pixels at 62 microns pitch. Each pixel incorporates an octagonal electrode (top layer
of metal) connected to a charge-sensitive shaping amplifier feeding two discriminators and two 15-bit
counter/registers allowing to collect two color images in a single exposure.

The ASIC can be configured in several modalities, the most important being:

1)Pixel mode (PM)

In this modality each pixel counts independently from the others.

The pixel works in windowed counting mode and each counter can be read-out in less than 1 ms, allowing for
very high frame rates. PM is the modality showing the highest count rate capability ( higher than 1 MHz input
rate per pixel) but it could suffer for some multiple counts effect when working at very low thresholds with
polychromatic beams. The sharpness of the color separation is limited by the tail of the pixel charge collection
efficiency due to charge leak to neighbor pixels because of diffusion.

2)Neighbor Pixel Inhibit mode (NPI)

In this modality only one counter per event is allowed to count. This is accomplished exploiting the duration
(Time-Over-Threshold) of the discriminator output pulse. In case of an event spreading over several pixels, the
hit is allocated to the pixel receiving the highest fraction of the total charge.This modality has the highest
position resolution and the lowest possible noise,but the problem of the sharpness of the color separation is
not completely solved yet.

3) Pixel Summing Mode (PSM)

In PSM mode the signals of 4 neighbor pixels are summed together in each pixel to correctly evaluate the total
energy of any event involving up to 4 pixels. Because this evaluation is performed in each pixel, i.e. at the
same pitch of 62um in both X directions, the PSM mode, when used in combination with NPI, ensures that
both the spatial accuracy and energy resolution are finally preserved. A factor 2 increase of the pixel noise and
a factor 4 increase of pulse pile-up is the unavoidable trade-off.

In this presentation we will discuss results obtained with PIXIE Il both in a test bench set-up as well in X-ray
imaging applications with real detectors.

6
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The single photon counting detectors developed by the SLS Detectors group MYTHEN, PILATUS and more
recently EIGER operate at synchrotron facilities all over the world. They provide a high data quality and allow
reliable operation for the users. Since the only source of noise in the images comes from the Poisson fluctuations
on the number of X-rays and their dynamic range is virtually infinite, photon counters are optimal for
experiments where a small signal must be detected over a large background. However they present some
limitations which can only be partially overcome by technological improvements i.e. the count loss at high
impinging intensities, due to the shaping time of the frontend electronics, and the restrictions on the minimum
pixel size, due to the charge diffusion in the sensor.

In the last few years, charge integrating detectors with single photon sensitivity and large dynamic range have
also been developed, mainly motivated by XFEL applications. With low fluxes and high frame rates, detectors
as GOTTHARD, JUNGFRAU and MOENCH can be operated in single photon regime i.e. with less than one
photon per pixel detected on average. The analog information read out for each single X-ray can then be
exploited to mimic the photon counting behavior and to improve the data quality. The spectrum of the detected
radiation can be measured with an energy resolution limited by the electronic noise. Moreover, in the case of
small pitches, the charge sharing can be exploited to enhance the spatial resolution by means of interpolation.
As an example, with an energy resolution better than 130 eV, MOENCH can be used in energy dispersive
spectroscopy. Micrometric resolution is also achieved using GOTTHARD or MOENCH for imaging.

An overview of the detectors developed by the SLS Detectors group will be given. In particular, the
performances of charge integrating detectors operated in single photons regime will be compared to those of
photon counters. The new possibilities opened by analog detectors will be discussed together with the challenges
given by the huge data throughput and by the precise calibration required.
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MONCH is a 25 um pitch hybrid silicon pixel detector with a charge integrating analog read-out front-end
within each pixel. Its low-noise read-out chain allows spatial interpolation with high resolution. The small
pixel size brings new challenges in bump-bonding technique, in power consumption and chip-design in
general.

The MONCHO02 a prototype ASIC, manufactured in UMC 110nm technology with a field of view (FOV) of
4x4mm”*2 and 160x16072 pixels, has been characterized in single photon regime i.e. with less than a photon
acquired on average on a 3x3 pixel cluster.

The low noise and small pixel size allow allows spatial interpolation with high resolution.

In the present study, the spatial resolution of the MOENCH detector has been measured by acquiring images
of a sharp edge at the SYRMEP beamline of Elettra.

The performance of the detector has been characterized as a function of the X-ray energy (from which depend
the SNR and the average photon absorption depth) and of the sensor bias (on which depend the charge
collection time). Different position-finding algorithm approaches are also investigated. In particular the issues
arising from 2D image reconstruction will be discussed, compared to the experiments performed previously in
1D using GOTTHARD.

To further characterize the charge collection of the detector, the sensor was illuminated with a 20 keV photon
beam in edge-on configuration.

By vertically slicing the beam by means of a 5 mu slit and scanning through the 320um silicon sensor depth,
the charge collection is characterized as a function of the photon-absorption depth for different bias voltages.

The results obtained using the present prototype in terms of noise and spatial resolution, motivate the
development of a larger detector (MONCHO03) with a FOV of 1x1cm”2 (160k pixels) for energy dispersive
spectroscopy and high resolution imaging.
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We present a newly developed large area, single photon counting X-ray camera for in-house XRD named
HyPix-3000. The active area of 77.5 mm x 38.5 mm (approx. 3000 mm*2) consists of 298375 pixels. High spatial
resolution is achieved by 100 um pitch square-shaped pixels. Each pixel comprises two independent
discriminators followed by two independent 16-bit-long counters. The pixels support three different operation
modes: differential (two independent images), ultra-high dynamic range (single 31-bit-long counter) or zero
dead time (single 16-bit-long counter with memory). They allow effective background noise suppression and
measurements of very strong reflections. The readout time is 3.7 ms in differential and ultra-high dynamic
range modes, and 0 ms in zero dead time mode. HyPix-3000 can handle more than 2.9x10*1 cps per active
area (more than 1x10”6 cps/pixel) and has 99% efficiency with Cr, Fe, Co and Cu characteristic x-ray energies
with resolution better than 25% at Cu Ka. The camera also works in Time Delay and Integration (TDI) mode,
and can be used for conventional scanning with 0D or 1D detector mode.

High-resolution two-dimensional measurement of rocking curve profiles of InGaN/GaN using no attenuator
was performed with HyPix-3000 and conventional scintillation counter. With ultra-high dynamic range mode,
HyPix-3000 shows no saturation of the counter with the intensity of more than 1x1076 cps/pixel. By
introducing the shutterless operation in the zero dead time mode, in which no photon is essentially lost, in situ
and time resolved measurement can be easily performed. In situ exposure of ceramic in zero dead time mode
was performed. The phase transition with intermediate phase images was successfully captured. We also
performed a measurement of reciprocal space map of a (Pb, La)TiO_3 (PLT) oriented film on a Pt based layer
and Si substrate, where the data collection of the map was done in only 10 minutes.



International Workshop on Radiation Imaging Detectors iWoRID 2014 / Book of Abstracts

166
Energy Resolving Imaging with Large Area Pixel Detector WIDEPIX

Author: JAKUBEK, Jan '
Co-Authors: VAVRIK, Daniel % ZEMLICKA, Jan'’
! Institute of Experimental and Applied Physics, Czech Technical University In Prague, Czech Republic

2 Institute of Experimental and Applied Physics, Czech Technical University in Prague

Corresponding Author: jan.jakubek@utef.cvut.cz

The recently introduced particle counting pixel detector WIDEPIX 10x10 with resolution of 2560 x 2560 pixels
(6.5 Mpixels) and continuously sensitive area is composed of a matrix of sensitive detector tiles. Each tile
consists of single Timepix hybrid detector (256 x 256 pixels) with edgeless silicon sensor. Every pixel has
integrated discriminator and digital counter which counts number of particles (e.g. X-ray photons) with
energy over certain preselected threshold level. The particle counting principle assures noiseless registration of
particles without added noise. The intrinsic energy sensitivity of the device can be applied in field of X-ray
radiography for material sensitive imaging such as K-edge imaging technique.

The effective usage of WIDEPIX device for energy sensitive imaging requires optimization of the detector and
system parameters. Assuring homogenous settings of the energy threshold level in the whole detector area is
of special importance. Each Timepix device has integrated DAC for common threshold settings. Furthermore,
each pixel allows local adjustment of the threshold value using 4-bit DAC. Thus, the whole WIDEPIX detector
has in total 100 threshold DACs for all its tiles and 6.5 millions of local adjustments for individual pixels. The
optimal settings of all these parameters has to be determined for certain target energy threshold (e.g. K-edge
energy). The process searching for optimal setting of local threshold adjustments is usually called a “threshold
equalization”. It presents very complex task especially when several target threshold levels are needed in color
radiography.

Current equalization techniques use signal of (i) noise, (ii) analog test pulses or (iii) monochromatic
irradiation. The common problem of these methods is difficult settings of arbitrary target energy.

In this work we present a very fast and flexible routine allowing to perform full optimization of the large
multidetector system such as WIDEPIX device for any target energy threshold. This procedure is very general
and it can be used for other similar detectors such as Medipic2 or Medipx3. It doesn’t require any radiation
source other than X-ray tube. The optimized energy spectra recorded with WIDEPIX device and few other and
several energy sensitive radiograms will be shown in the presentation.

This work is carried out in frame of the Medipix Collaboration.

10
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Currently nearly all large area X-ray detectors in the medical field are using amorphous silicon (a-Si) large
area electronics on a glass plate. We investigated the possibility of a ‘glass-less’ X-ray detector made on plastic
foil substrate. Instead of using glass a foil-based detector could enable an extremely light weight, robust, and
finally even flexible portable detector with many expected benefits in terms of workflow and patient comfort.

We demonstrate a device using an array of high-mobility amorphous oxide thin-film transistors (AOS-TFTs)
integrated with organic photodiodes (OPD). To our knowledge this is the first X-ray detector combining these
two large area electronics technologies. Both processes can be run at temperatures below 150°C and are
therefore compatible with plastic foil. Optical images and, using a scintillator, also X-ray images are shown
with a PEN-foil based device of QQVGA-format having 120 x 160 pixels of 126 um size. The heterojunction
OPDs are made by coating a specific polymer-fullerene blend that exhibits a very low dark current of only 1
pA/mm2. In contrast to earlier work featuring a-Si or organic TFTs (OTFTs) on foil, we used amorphous oxide
(Indium Gallium Zinc Oxide, IGZO) TFTs, which can be made with much higher mobility. Dynamic imaging
with several frames per second could be demonstrated. The IGZO TFTs are currently made by sputtering
techniques, but in future also solution processing will become possible. The radiation hardness of our
integrated arrays was tested up to the expected lifetime dose of a radiographic X-ray detector.

The final goal is to realize a full size detector of more than 30 x 40 cm2. Although still work has to be done to
achieve this goal, we do not see any severe roadblocks in upscaling the used processes to this size, so that we
envision a cost efficient production of future foil-based X-ray detectors.
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The Heavy Flavor Tracker (HFT) was installed in the STAR experiment for the 2014 heavy ion run of RHIC.
Designed to improve the vertex resolution and extend the measurement capabilities in the heavy flavor
domain, the HFT is composed of three different silicon detectors based on CMOS monolithic active pixels
(MAPS), pads and strips respectively, arranged in four concentric cylinders close to the STAR interaction
point.

The two innermost HFT layers are placed at a radius of 2.7 and 8 cm from the beam line, respectively, and
accommodate 400 ultra-thin (50 um) high resolution MAPS sensors arranged in 10-sensor ladders to cover a
total silicon area of 0.16 m2. Each sensor includes a pixel array of 928 rows and 960 columns with a 20.7 um
pixel pitch, providing a sensitive area of ~ 3.8 cm2. The architecture is based on a column parallel readout with
amplification and correlated double sampling inside each pixel. Each column is terminated with a high
precision discriminator, is read out in a rolling shutter mode and the output is processed through an integrated
zero suppression logic. The results are stored in two SRAM with ping-pong arrangement for a continuous
readout. The sensor features 185.6 ys readout time and 170 mW/cm2 power dissipation.

The detector is air-cooled, allowing a global material budget of 0.50% radiation length per layer. A novel
mechanical approach to detector insertion enables effective installation and integration of the pixel layers
within an 8 hour shift during the on-going STAR Run.

After a detailed description of the detector characteristics, the experience of the first months of data taking
will be presented in this talk, with a particular focus on sensor threshold calibration, latch-up protection
procedures and general system operations aimed at stabilizing the running conditions. Issues faced during the
2014 run will be discussed together with the implemented solutions. A preliminary estimation of the detector
performance meeting the design requirements will be reported.
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The ALICE experiment at CERN will undergo a major upgrade in the second Long LHC Shutdown in the
years 2018-2019; this upgrade includes the replacement of the Inner Tracking System (ITS), deploying seven
layers of Monolithic Active Pixel Sensors (MAPS).

For the development of the new ALICE ITS, the TowerJazz 180nm CMOS imaging sensor process has been
chosen as it is possible to use full CMOS in the pixel and different starting materials (including high resistivity
epitaxial layers).

The ALPIDE (ALice Plxel DEtector) pixel chip is one of the candidate sensors to instrument the new ITS. This
development is carried out by a collaboration formed by CCNU (Wuhan, China), CERN, INFN (Italy), and
Yonsei (South Korea). Its readout architecture is based on an in-pixel binary front-end combined with a
hit-driven architecture, which aims to reduce power consumption and integration time to fulfil the ALICE
specifications.

First prototype chips have been fabricated to study charge collection and diode layouts, as well as the effect of
back-biasing and the influence of different epi-layer thicknesses and resistivity. These prototype chips have
been tested with X-ray sources and high momentum particles (4GeV/c to 6GeV/c positrons), before and after
irradiation up to 1013 1 MeV neq. Charge collection efficiency has been measured with 55Fe sources; its
dependence on irradiation level, back bias voltage, epi-layer thickness and pixel layout will be discussed.
Signal-to-noise ratio with high momentum particles shows a decrease after irradiation, mainly due to the
increase of noise, while the signal amplitude is not substantially affected.

The pALPIDE chip, the first small-scale prototype matrix of the ALPIDE, was designed to address the
feasibility of both the analog front-end and the readout scheme. It was characterized with 4GeV/c to 6GeV/c
positrons at DESY. First results show a detection efficiency reaching 99.7% at Vbb = 0V. In February 2014 a full
scale chip (pALPIDEfs) has been submitted, which contains a matrix of 512x1024 pixels, whose cell
dimensions are 28x28umz2. The overall size of the pALPIDEfs is 15.3x30mm2. Its purpose is mainly to explore
microelectronics and system aspects related to the integration of a large scale MAPS chip and to the physical
and electrical interconnection of such a chip on flex printed circuits.

The design of the pALPIDEfs will be presented in this contribution, including the test results from the first
available prototypes
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The Compressed Baryonic Matter (CBM) experiment at FAIR is composed of 8 tracking stations consisting of

1292 double sided silicon micro-strip sensors. For the the quality assurance of produced prototype sensors a
laser test system has been built up. The aim of the sensor scans with the pulsed infra-red laser system is to
determine the charge sharing between strips and to measure the uniformity of the sensor response over the
whole active area. The prototype sensors tested with the laser system so far have 256 strips with a pitch of 50
micro meter on each side. They are read out by the self-triggering n-XYTER prototype read-out electronics.
The laser system measures the sensor response in an automatized procedure at several thousand positions
across the sensor with focused infra-red laser light (spot size =15 micro meter, wavelength = 1060 nm). The
duration (~ 10 ns) and power (<5 mW) of the laser pulses is selected such, that the absorption of the laser light
in the 300 micro meter thick silicon sensors produces a number of about 24000 electrons, which is similar to
the charge created by minimum ionizing particles in these sensors. Results from the characterization of
micro-vertex detectors for understanding the spot-size of the laser and laser scans for different sensors will be
presented.

Supported by Helmholtz International Center for FAIR, HGS-HIRe and H-QM.
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Aim of the work. This study aims at investigating the dosimetric properties of a polycrystalline Chemical
Vapour Deposited (pCVD) diamond bidimensional detector and its possible employment for pre-treatment
verifications in Intensity Modulated Radiation Therapy (IMRT). In modern radiotherapy, dose delivery to the
target volume is carried out with high conformation, to spare surrounding organs at risk. During a IMRT
treatment, dose gradients are generally high, with variations in space and time of both dose rate and beam
energy spectrum. Pre-treatment verifications and machine Quality Assurance (QA) are valuable tools,
necessary to measure the efficiency and accuracy of the delivery process. Here we present a novel device for
pre-treatment QA, based on a monolithic matrix of pixels made on a polycrystalline synthetic diamond film,
with a high spatial resolution and no energy dependence, potentially low costs and larger areas.

Methods & techniques:

A bidimensional pCVD diamond sample (thickness:300um,area:2.5x2.5cm#2) produced by Diamond Detectors
Ltd, has been equipped with house-made Cr/Au contacts at the University of Florence. The sample’s upper
contact, consists of a squared matrix of 12x12 pixels (pixel size:1.8x1.8mm"2 pitch:2mm), the back contact is a
square pad of about the dimension of the diamond film. Such a device was previously tested with different
beam qualities, and its dosimetric pivotal properties, such as response velocity and dose rate dependence, have
been studied at the Radiotherapy Unit of Florence University. In this work, the pCVD response to a 10MVRX
prostatic IMRT field were investigated. Dose maps measured with the device under study were compared with
the ones obtained with a commercial bidimensional detector (SunNuclear Mapcheck, matrix of diodes) and
with Treatment Planning System calculations.

Results:

The first measurement with a matrix of pixels of pCVD diamond has provided promising results on a map of
1.8x12.6cm”2. Absorbed doses measured along IMRT profiles by pCVD and Mapcheck are consistent and an
overall good agreement with respect to the TPS was found for the diamond dosimeter. The results
demonstrate that the pCVD diamond device is a suitable detector for dosimetric pre-treatment verification
analysis in IMRT and conformal beams, when used with low bias operation. This allows for the development
of a large area monolithic device with relatively low effective costs.
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Ultrahigh hardness particle detectors are needed in future particle accelerators for high energy physics. The
Large Hardron Collider (LHC) in CERN can be operated at a designed luminosity of 1034 cm-2s-1, and a
planned upgrade of the LHC, the super- LHC, will reach a luminosity of 1035 cm-2s-1. At the inner core of the
Collider, silicon detectors face directly the inferno surrounding, will experience unimaginable irradiation by
the high energetic particles, and should have ultrahigh radiation hardness. Irradiation damage was found to be
the main origin of the failure of the particle detectors after reaching a certain radiation dose.

We have analyzed the main issues of conventional silicon drift detectors, and propose a novel core-shell diode
design. The novel structure allows for a high homogenous electric field in the bulk even without additional
reverse bias, for short collection length <50 ym, and high spatial resolution down to sub-um range.
Conventional radiation detectors are made of pn-junction diodes that have been fabricated on high resistive
FZ-Si wafers, which can be reverse biased up to several hundreds volts, so that the whole volume is depleted.
An electric field is present in the entire volume, thus the motion of the carriers is merely a drift process driven
by the electrical field.

A dilemma in the conventional detectors is that a higher doping level in the volume is preferred for higher
electric field, which promotes the carrier collection. However, diodes made on Si-wafers with high doping
level will need a depletion voltage more than thousand volts. A compromise was found to stay at low doping
level while using a reverse bias in the order of hundreds volts, while scarifying the high electric field needed
for the carrier collection.

The novel core-shell structure tolerates much more to the high doping level, a very high electric field can be
reached even without additional reverse bias. This high electric field introduces a strong band bending, which
can empty the deep level traps in the bulk, suppressing significantly the carrier recombination. Such structure
is expected to have ultrahigh hardness against high energetic particle radiation, fast signal response, low
power consumption, and high spatial resolution down to sub-um range, which will probably meet the
requirement of the hard particle detector for the SLHC in the future, and opens many possibilities in high
resolution imaging, for example, bioimaging and astrophysics.

16
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Aim of the work presented

A YAG:Ce calorimeter has been designed and characterized to measure the residual energy in a proton
Computed Tomography (pCT) apparatus. The calorimeter has a 6x6cm”2 active area, to fully cover the tracker
area of pCT system, it is able to stop up to 200MeV protons and sustain 1MHz particle rate. The YAG:Ce
scintillator crystal is promising for charged particle detection applications where high-count rate, good energy
resolution and compact photodiode readout, not influenced by magnetic fields, are of importance. Aim of the
work is to show data acquired with proton beam energy up to 170MeV and to discuss the performances
of this calorimeter.

Methods and techniques employed

A severe constraint of the pCT apparatus is the acquisition rate of 1MHz. In order to achieve this aim, the
calorimeter has been divided into four optically separated crystals assembled in the same housing. Each
crystal was optically coupled with commercial photodiode. The electronic front-end has been designed using
hybrid electronic components. The proprieties investigated are: light yield and energy resolution for
different energy values, spatial homogeneity. Each electronic front-end channel has been calibrated in
order to have the same gain. Then, the calorimeter has been characterized at Laboratori Nazionali del Sud,
Catania Italy, with proton beam energy up to 60MeV and a The Svedberg Laboratory, Uppsala Sweden, up to
170MeV. Moreover, using a silicon tracker, the spatial response homogeneity of each crystal has been studied.

Results

Crystals show different light yields (about 50% between four crystals) and thus, a calibration procedure is
proposed in order to use this instrument for the pCT application. No optical crosstalk effects are observed
between four crystals. The energy resolution of a single crystal at 170MeV has been measured to be about 1%
rms. The spatial response is not homogeneous over the whole crystal area: results obtained will be discussed.

Comparison with other work and future prospects

Results presented are significant in research field of scintillation crystals: in literature, data about the
performances of the YAG:Ce at high energy protons are not present. This work permits to confirm the YAG:Ce
as pCT calorimeter and to fix the calibration procedure necessary for this specific application. Moreover, the
results presented open prospects of other application of this crystal.
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The India-based Neutrino Observatory (INO) is a proposed underground laboratory in southern India. INO
will house a large magnetised Iron Calorimeter (ICAL) detector to study the mass mixing and oscillation
parameters of atmospheric neutrinos. About 28000 of 2m x 2m Resistive Plate Chambers (RPCs) detectors will
be used as active element for ICAL. In view of the large number of RPC detectors required for ICAL, it is very
important to perform a panoramic study of all the properties of these detectors before finalising its material
and design. In this paper, we present an extensive study of optical, structural and electrical properties of
different materials as appropriate electrode for RPC detector. Various types of Glass and Bakelite electrode
materials are characterized for morphology, topography, composition, orderness and reflectance studies using
different techniques like Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM), Energy
Dissipative X-ray (EDX), X-ray Diffraction Spectroscopy (XRD) and Ultraviolet Visible Spectroscopy (UV-vis)
respectively. Small prototypes 30*30 cm2 RPC have been fabricated using different types of glasses and
Bakelite as electrode materials. Various characterization and performance studies were performed to select the
electrode and detector. We then correlate the performance studies with the characterization study to choose
the best detector. On the basis of studies like efficiency, noise rate, time resolution and charge spectra, we
have chosen the best electrode material for the ICAL RPC detectors. Various concerns such as RPC ageing
effects, optimization of gases and choice of different oil coatings are being pursued at the moment.
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To extend the physics reach of the LHC, upgrades to the accelerator are planned to increase the peak
luminosity by a factor 5 to 10 which will enable the experiments to collect up to 3000 fb-1 of data. This,
however, will lead to increased occupancy and radiation damage of the inner trackers, approaching fluences of
a 2-3e16 neq/cm2 at the innermost layer and still ~3e15 neq/cm2 at the outer pixel layers.

The ATLAS experiment plans to introduce an all-silicon inner tracker with the HL-LHC upgrade to cope with
the elevated occupancy. With silicon, the occupancy can be adjusted by using the unit size (pixel, strip or
short strip sensors) appropriate for the radiation environment. For radiation damage reasons, only electron-
collecting sensors designs are considered (n-in-p and n-in-n). Beyond a fluence of about 1e15 neq/cm2,
trapping becomes the dominant radiation effect and electrons are trapped significantly less than holes.

To investigate the suitability of pixel sensors using the proven planar technology for the upgraded tracker, the
ATLAS Planar Pixel Sensor R Project was established comprising 19 institutes and more than 90 scientists.
Main areas of research are

— performance assessment and improvement of planar pixel sensors at HL-LHC fluences

— the achievement of slim or active edges to provide low geometric inefficiencies without the need for
shingling of modules

— establishment of reliable device simulations for severely radiation-damaged pixel detectors

— the exploration of possibilities for cost reduction to enable the instrumentation of large areas with pixel
detectors

The presentation will give an overview of the R project and highlight its recent accomplishments, among them
— beam test and laboratory measurement results with planar sensors up to innermost layer fluences

— measurements obtained with irradiated thin edgeless n-in-p pixel assemblies

— characterization of large-area (“quad”) module prototypes after irradiation to realistic outer layer fluences

— prototyping efforts for large areas: sensor design improvements, 6” wafer production experience, 8" wafer
production possibilities, concepts for low-cost hybridisation

Together, these results will allow an assessment of the state-of-the-art with respect to radiation-hard
position-sensitive tracking detectors suited for the instrumentation of large areas.
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Silicon Photomultipliers (SiPM) are very promising devices for high energy physics (HEP) experiments due to
their high photon detection efficiency, miniaturized device size and insensitivity to high magnetic fields. Most
often detectors are exposed to a high radiation dose for which reason the performance should degrade only
minor under the applied radiation load. Decreasing the active depth of a SiPM microcell should help to
strengthen the radiation hardness. Additionally for high energy particle physics experiments a large dynamic
range is mandatory. This was a further driving reason at KETEK to scale down the microcell pitch and
thereby losing only small amount in geometrical efficiency. With these large dynamic range SiPMs a photon
detection efficiency in blue spectral range of 32% for 2500 microcells/mm? and 22% for 4400 microcells/mm?
was achieved. With an improved manufacturing technology the dark noise level was decreased to about 250
kHz/mm? at 20% overvoltage (measured at 20°C), while the gain variation was still less than 1%/K. Further
optimization of the depleted region increased the sensitivity in the output wavelength range of common
scintillators (515 nm) by 20% compared to the standard devices. The round shaped active area of 1.0 mm?, 6.16
mm? and 8.55 mm? enables optimal coupling to a fiber bundle. The recovery time constant of the tested
devices was 12 ns for the 1.0 mm? device and 20 ns for the devices with 6.16 mm? and 8.55 mm?2.
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The output from a radiation detector depends on the interaction of the photons or particles with the sensor
material, the transport of the resulting charge in the sensor, the pulse

processing in the readout circuit and processing of the resulting signal. In order to understand the full
behaviour of the device and to predict the performance of future devices it is important to have a framework
that can simulate the entire process in the detector.

Geant4 is a Monte Carlo based toolkit for simulation of charge interaction with matter which is developed and
actively used for CERN experiments and detector development [1].

By extending the Monte Carlo code in Geant4 with a charge carrier transport model of the sensor material
and basic amplifier functionality as well as read out logic, it allows for

simulating the behaviour of a complete detector system. The MEDIPIX readout chip is a state of the art hybrid
pixel detector that allows bonding of a wide range of sensor materials

[2, 3]. It is of growing interest and currently used for several studies [4]. Simulation models have been
developed and tested for different chips from the MEDIPIX family.

The simulation is defined using configuration files to set the geometry, sensor material properties, number of
pixels, pixel pitch and chip properties. Source properties as well

as filters and objects in the beam can be added for different experimental set-ups. The

interaction of radiation with the sensor is taken into account in the transport of the charge

carriers in the sensor material and a current induced in the pixel electrode that triggers an

amplifier response.

Simulation results have been verified with X-ray fluorescence and radioactive sources using MEDIPIX family
chips. In this paper we present the developed simulation framework and first results.

[1] S Agostinelli, J. Allison, K. Amako, et al. Geant4—a simulation toolkit

[2] X. Llopart, D San Segundo, E. Pernigotti, et al. Medipix2, a 64k pixel read out chip with

55 um square elements working in single photon counting mode

[3] X. Llopart, R. Ballabriga, M. Campbell, L. Tlustos, and W. Wong. Timepix, a 65k programmable pixel
readout chip for arrival time, energy and/or photon counting measure-

ments

[4] A. Korn, M. Firsching, G. Anton, M. Hoheisel, and T. Michel. Investigation of charge carrier

transport and charge sharing in X-ray semiconductor pixel detectors such as Medipix2
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The most convincing candidate as main constituent of the Dark Matter in the Universe consists of weakly
interacting massive particles (WIMP). WIMPs must be electrically neutral and interact with a very low
cross-section (o < 10”(-40) cm2) which makes them detectable in direct searches only through the observation
of recoiled nuclei induced by the WIMP rare scatterings. In the experiments carried out so far, recoiled nuclei
are searched for as a signal over a background produced by Compton electrons and neutron scatterings.

Signal found by some experiments have not been confirmed by other techniques. None of these experiments is
able to detect the track, typically less than one micron long, of the recoiled nucleus and therefore none is able
to directly detect the incoming direction of WIMPs. This proposal explores a very innovative method to
observe the incoming apparent direction of WIMPs, which would provide a new and unambiguous signature.
We propose an R program for a new experimental method able to observe the track of the scattered nucleus
based on new developments in the nuclear emulsion technique: films with nanometric silver grains, expansion
of emulsions and very fast completely automated scanning systems. Nuclear emulsions would act both as the
WIMP target and as the tracking detector able to reconstruct the direction of the recoiled nucleus.

This unique characteristic allows to achieve an unprecedented sensitivity in the search for WIMPs.
Experiments using gaseous targets may see the track of the recoiled nucleus, but they are limited in mass by
the extremely low density of gases and therefore cannot compete in sensitivity with our approach.
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PMTs are widely used as scintillation detector photosensors in y-ray spectrometry, high-energy physics and
rare event detection. PMT gain knowledge allows determining the number of photoelectrons released by the
photocathode, after measuring the total number of collected electrons. The absolute energy dissipated in the
scintillators is related to the number of photons produced, which is related to the number of photoelectrons
emitted by the PMT. An effective method for gain determination is obtained by the PMT response to single
photoelectron (SER). Usually, a PMT is illuminated with a LED at very low intensity inducing single
photoelectron response. Upon photocathode illumination the peak distribution associated to events resulting
from a given number of photoelectrons reaching the first dynode can be approximated to a Gaussian which
centroid position relative to the noise peak presents a linear increase with the number of photoelectrons
hitting the first dynode; the Gaussian area related with the probability for that event obeys a Poisson
distribution. Therefore, either the SER is deconvoluted to determine the position of the peak of events with a
single photoelectron emission, or the amount of LED light hitting the PMT is reduced so that the probability
of multiple photoelectron emission is less than few percent. In this case the SER pulse-height distribution fits
well a single Gaussian. In many experiments, the PMT gain is measured before assembling or by placing LEDs
and/or optical fibres inside the detector, to allowing PMT gain monitoring with time along the experiment.
However, in many cases the PMT is inside a sealed chamber inaccessible to LED light, like in most
scintillation detectors, or the electronic noise is high, being impossible to use this method.

We propose a calibration method that uses primary scintillation from the radiation interaction in the
scintillator. If this scintillation induces single photoelectron response of the PMT that could be approximated
to an exponential function in the high-energy region of this response, the PMT average gain can be
determined from the inverse of the exponent of the exponential fit. Our studies show PMT gain calibration by
fitting an exponential to the high-energy tail of the SER pulse-height distributions to be a valid procedure for
PMT illumination within suitable levels, inducing on average 1.0 photoelectron per scintillation pulse.
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Silicon microstrips are used in nuclear physics experiments when high granularity and high resolution is
required (e.g. particle-particle correlation). In addition microstrip detectors are used in the field of X-ray
detection for position resolved X-ray spectroscopy.

In the framework of the construction of a novel Femtoscope Array for Correlation and Spectroscopy, named
FARCOS, and aiming to perform the identification in charge and mass even of particles stopping in the first
detection layer, we are performing a thorough characterizations of the silicon detector layers in terms of the
efficiency and collection properties as a function of the point of incidence. We have experimental evidence —
as previously observed also in the literature for other strip detectors — that interstrip incidence alters the signal
shape not only for the trivial charge division but also affecting the shape of the induced signal on neighbor
strips. The phenomenon can be more or less pronounced depending on the energy and ion type but is always
present.

In order to surgically probe the response of the interstrip region we tested the detector response matrix both in
back and in front injection with an infrared pulsed laser at two different wavelengths (705 nm and 904 nm) in
order to probe different ionization profiles. The laser spot size below 10 um FWHM is well suited to probe the
interstrip. Thanks to the digital data acquisition we sample at high frequency (100 MS/s) the preamplifier
output waveform that are stored on disk for further investigation of the impact of the incidence in the
interstrip region with high precision. Depending on the side of interaction, on the position of incidence and on
the absorption length, the shapes of the induced signals are significantly altered and signals of opposite
polarity or bipolar signals arise. This phenomenon was already observed in the literature for other microstrip
detectors but not analyzed in detail and no detailed laser mapping has been performed yet.

In order to get a complete picture of the physical phenomena at the basis of the aforementioned behavior we
performed detailed device simulations with a custom semi-analytical code and compared the experimental
results with 3D simulations. The presentation will focus on the description of the experimental measurements,
their exhaustive interpretation on the basis of the device physics and of the 3D simulation and their relevance
in the use of the detectors on-beam.
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CMOS image sensors are widely used in several applications such as mobile handsets webcams and digital
cameras among others. Furthermore they are available across a wide range of resolutions with excellent
spectral and chromatic responses.

In order to fulfill the need of cheap systems as beam monitors and high resolution image sensors we exploited
the possibility of using commercial CMOS image sensors as X-rays and proton detectors.

Two different sensors have been mounted and tested. An Aptina MT9v034, featuring 752 x 480 pixels, 6 um x
6 um pixel size has been mounted and successfully tested as bi-dimensional beam profile monitor, able to take
pictures of the incoming proton bunches at the DeFEL beamline (1-6 MeV pulsed proton beam) of the LaBeC
of INFN in Florence. The naked sensor is able to successfully detect the interactions of the single protons. The
sensor point-spread-function (PSF) has been qualified with 1MeV protons and is equal to one pixel (6 pm
r.m.s) in both directions.

A second sensor MTOMO032, featuring 1472 x 1096 pixels, 2.2 x 2.2 uym pixel size has been mounted on a
dedicated board as high-resolution X-ray imager to be used in X-ray imaging experiments with table-top
generators. In order to ease and simplify the data transfer and the image acquisition the system is controlled
by a board embedding a digital media processor (DM3730 1 GHz ARM Cortex-A8) on which a modified
LINUX kernel has been implemented.

The presentation will focus on the description of the architecture of the sensor system and on the results of the
experimental measurements.
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EIGER is a single photon counting hybrid pixel detector being developed at Paul Scherrer Institute (PSI),
Switzerland, for applications at synchrotron light sources in an energy range from a few to 25 keV. EIGER is
characterized by a small pixel size (75x75 um”2), a frame rate up to 22 kHz and a small dead time between
frames (4 us).

An EIGER module is a hybrid detector composed of approximately 8x4 cm”2 silicon sensor bump bonded to
4x2 readout chips, for a total of 500 kpixels. Custom designed module electronics reads out the signals and
processes the data in the module before transferring it. A large dynamic range (32 bits) for the pixel counter
can be obtained through on-board image summation. Rate corrections can be applied on-board to compensate
for inefficiencies when the pixel counting rates approach pile-up levels around a million counts per second.

The EIGER modules are the building blocks of large area detectors: a 1.5 and a 9 Mpixel systems are under
development for the cSAXS beamline at the Swiss Light Source at PSI. The very high frame rate capabilities
are equally fast for multi-module systems due to the fully parallel data processing.

We will address the steps for the module construction, qualification and characterization. The module
calibration will be discussed, with emphasis on the choice of the optimal operation settings as a function of
photon energy. The performance regarding threshold dispersion and minimum achievable threshold will be
presented. In addition, the progress towards the production of larger multi-module systems will be discussed.
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In this work, we present the design and the results of a CMOS analog channel for silicon microstrips detectors.
The readout circuit was initially conceived for the outer layers of SuperB silicon vertex tracker (SVT), but can
now serve more generally other microstrip-based detection systems. The strip detectors considered show a
very high stray capacitance and high series resistance. Therefore, the noise optimization was the first priority
design concern. A necessary compromise on the best peaking time to achieve an acceptable noise level
together with efficiency and timing accuracy has been investigated. The ASIC is composed by a classical
processing scheme, composed by a preamplifier, shaping amplifier and TOT for the digitalization of the
signals. The chosen shaping function is the third-order semi-Gaussian function implemented with complex
poles. An inverter stage is employed in the analog channel in order to operate with signals delivered from
both p and n strips. The circuit visualizes the possibility to select the peaking time of the shaper output (250,
375, 500 and 750 ns). In this way, the noise performances and the signal occupancy can be optimized according
to the real background during the experiment. The first prototype fabricated in the 130nm IBM technology
which is considered intrinsically radiation hard. The results of the experimental characterization of a
produced prototype are matched with simulation.
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The aim of the ALPHA experiment at CERN is to trap cold atomic antihydrogen, study its properties, and
ultimately to perform precision comparison between the hydrogen and antihydrogen atomic spectra. Recently
the collaboration has reached important milestones beginning with demonstrating the ability to trap and
confine neutral cold antihydrogen [1][2], performing the first spectroscopic measurements of antihydrogen [3]
and of late through demonstrations of the first application of a new technique to measure the g