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Introduction
» Imaging techniques are essential for medical diagnosis. The traditional scintillation detectors have limited
efficiency and resolution, while new semiconductor detectors are expensive.
» What do we need for imaging?
» A large active volume to reduce exposure time and doses
Good energy resolution
» A high fraction of “good” events Excellent spatial resolution
A powerful signal reconstruction software
» Easy to mount and low cost
The Idea/Concept
» Gas chamber detectors equipped with high granularity charge readout working with Xenon at high
pressure

»

» good energy resolution and excellent spatial resolution,
» competitive efficiency, uniformity and no dead areas
» easy to build, long term stability, low cost and the ability to scan large areas
¥ These novel detectors in the frontier of technology development are more and more used in particle physics due
to their high performance=> ready be transferred to medical imaging.

» RESTSoft (Software for Rare Event Searches with TPCs)=>A software package optimized for simulation, data
acquisition, event reconstruction and analysis

¥ The Zaragoza group offers its expertise, know-how and 2 lab to work on this concept.
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Potential Impact

A qualitative leap in terms of
imagen quality and cost thereof
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Introduction
5 - 42 keV
- Picosecond sensor for high-energy photons
i Lin bt s il - GHz frame rate

. Large data capability

The Idea/Concept
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Potential Impact
Accelerator driven light sources: Synchrotron/XFEL, Fusion, Dynamic material research
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for advanced radiation therapies

/ Introduction \
¥ 1 out of 2 persons born today will be diagnosed N o v s

with cancer in their lifetime (SEER Cancer
Statistics Review 1975-2013)

» >50% ofall cancer patiens will receive
radiotherapy for curative or palliative aims

¥ Hadrontherapy is a fast-growing modality of ’ "
radiation therapy Proton therapy centers

1950-2015

There are 61 hadrontherapy centers in the world with 32 others
under construction (19 and 10 in Europe, respectively).
(Nuclear Physics European Collaboration Committee) /

/ The Need \ / The Expertise

¥ The Spanish National Center of Microelectronics
(IMB-CNM) has more than 15 years’ experience of
producing advanced silicon detectors for nuclear
and high energy physics experiments

¥» Treatment planning systems
are used to determine the
dose distribution obtained for

a certain beam arrangement . . .
to be applied to a tumor ¥ Together with experts in dosimetry (USC) and

volume. radiobiology (IMNC), CNM has developed a silicon
microsensor technology that can provide cell-like
silicon sensitive volumes to allow for unprecedented -
spatial and dose resolution.

% No adequate bio-dosimeters
are currently available for the
routine verification of

biological dose in ¥ Proof-of-concept devices have already been used to ;-
hadrontherapy characterize with high accuracy the radiation quality
\ / \parameters of carbon and proton beams.

4 The Idea
Our objective is the realization of a complete microdosimetry system for the verification of the biological efectiveness
of hadron treatment plans based on this novel silicon technology.

We propose to address this challenge with a well-balanced, multidisciplinary team with a strong combination of

expertise including: microelectronics technology, electronics, system integration, data processing, Monte-Carlo
simulation, radiation therapy and radiobiology.

4 Potential Impact N
The successful development of a new type of silicon-based microdosimetry system will improve the cancer treatment
planning in the growing modality of radiation therapy with hadrons. Millions of cancer patients worlwide could be
benefited.

The system could also address the radiation protection requirements in avionics and space radiation environments,
helping to understand and thus minimize the cancer risk for aircrew personnel and astronauts.
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The use of energetic heavy ions to produce nanometre
resolution molecular images in ambient conditions
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Introduction

Ambient mass spectrometry techniques relying on differentially-pumped mass spectrometers and various ionisation methods that can be
applied in air (e.g. lasers, charged droplets, plasmas, etc.) have been put to routine analytical use over the past decade. All ambient
ionisation methods have poorer imaging capabilities than secondary ion mass spectrometry (SIMS), which uses keVj/u atomic and cluster
ions in a vacuum to sputter material from a sample’s surface. MeV/u primary ions induce electronic sputtering and can be extracted from
a vacuum system to offer a comparable imaging performance to traditional SIMS. Our group has developed ambient MeV-5IMS to provide
simultaneous X-ray and molecular analysis [1-4] (see Fig. 2) with submicron lateral resolution, thus providing a completely new working
regime for SIMS. It has become evident that significant improvements can still be made to MeV-5IMS by increasing the mass of the
primary ion to achieve nanometre lateral resolution of massive (>45 kDa) intact molecular species with ambient MeV-SIMS. The proposed
method is outlined below.
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Figure 1. The proposed system
The Idea/Concept
The ideal heavy ion beam for ambient MeV-5IMS analysis can be provided by a linear accelerator or a superconducting cyclotron, such as
the one found at KVI-CART of the University of Groningen, Netherlands; specifically, the use of Pb ions or heavier at 1 to 3 MeV/u gives the
best possible useful lateral resolution for desorbing intact molecular species as massive as proteins. To achieve the reguired spot size, a
tapered glass capillary forms a nanoprobe to bombard the target with a low current of the heavy ions. A vacuum compatible XYZ
positioning system providing nanometre precision will be used to scan the samples to produce an image. A differentially-pumped
orthogonally-pulsed mass spectrometer will collect and analyse the molecular signal generated. The entire system will be transportable
for use at different facilities. Various ionisation sources can be attached when accelerator beam time is not available. To make vacuum
analysis possible with this system, a thin silicon nitride entrance window (see Fig. 1), which maintains a vacuum for the sample and the
mass spectrometer while allowing the primary ion beam to pass, can be attached.
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Figure 2. Prefiminary data of cu grid on PTFE polymer acquired using a focussed beam of 0.2 MeV//u oxygen in air
Potential Impact

The major impact of ambient MeV-5IMS is that it provides analysts with the only nanometre lateral resolution ambient imaging mass
spectrometry technique that also allows for simultaneous X-ray analysis. This offers a completely unique approach for chemical and
elemental analysis of samples in biology, materials scence, art, archaeometry, forensics and cultural heritage.
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Introduction

Ultra high brightness electron beams are used in advanced accelerator facilities, FELs and colliders, with micron level beam sizes. The
control of machine optics and transport requires transverse profile measurements of such small beams. In many FEL fadilities such as LCLS
and FERMI, optical transition radiation screens have shown severe performance degradation due to coherent emission from micro-
modulations in the bunch and an no longer being used. For such reasons wire scanners have regained strong interest: they employ free
standing very thin wires but with limited choice for materials an thicknesses. By a multidisciplinary approach to the problem, we have
adapted the nanofabrication technigue to electron beam diagnostics: the result is a new device allowing for much greater flexibility in the
choice of design parameters materials, thickness and width of the wires.

The Idea/Concept

A new wire scanner for application in FELs or Synchrotron beam lines for beam characterization

Fig.1 A carbon (left!) and metal (right?) based wire scanner at the The proposed device: a

present employed in the FEL, collimators and synchratrons beam SiN thin membrane (100~
lines 2000 nm) is patterned to
The short term goal: to produce a device capable of produce suspended the

.

R

NanoFabrication approach device:
SiN

Present technology:

T silicon

Fig.2 Scheme of the proposed device

overcoming the present wire-scanner technological micro “bridges”, 1-2 mm

limitation offering: long and 1 to 50 pm wide

- Higher resolution, B ESi=; =
- Higher mechanical stability and reliability ﬂl F'Q-sd ngffbﬂf a t{’ﬂdﬂ ofa
- higher flexibility in terms of design parameters such | : f pre ridge” device

as wire width, thickness and material

- lower impact on the electron/photon beams of this novel device to:

-monitor high brilliance photon

The long term goals:

- Toreach an non perturbing operation leading to an
online diagnostics suitable for slow feedbacks

- Application to both electrons and soft X-ray beams

facilities (test on BEAR beamline at
Elettra).
-characterization in FEL beamlines

are produced (in progress).
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Fig.4 {Up) Beam verticol scan obtained at 1000 eV (Down) Out of focus scans (focus position is at x=-7mm].

Potential Impact

The enhanced range of design parameters offered by nanofabrication can lead to devices which are much more adaptable to different
beam parameters, more flexible and applicable also to photon beams. Potentially designable to be almost not invasive, allowing for online
optics measurements and use in feedbacks. This would lead to a real breakthrough in the management of electron optical functions in
FELs which define the stability of transverse electron distribution and thus photon density in FELs. The long term goal is to demonstrate
devices capable of sub micron transverse beam size measurements reaching the demanding resolutions of colliders such as ILC and CLIC.

(1) Scanning wire beam position monitor for alignment of o high brightness inverse-Compton x-ray source, Michael R. Hodmack, Eric B. Szarmes, Proceedings of
I1BIC2013, Oxford, Lk (WEPF21) ; 2) hitp://sl-div-bi-pb.web_cern.ch/sdiv-bi-pb/Welcomes ws_html

First results: extension of application

source such as synchrotron radiation

where micron-level FEL beam spots
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Introduction i
‘We evaluate solid state particle detectors by localized wolume generation (voxels) of electron-holes pairs with femtosecond infrared lasers. The localized charges allow calculation of
the built-in electric field applying the Ramo theorem directly. Classical Transient Current Technigue (TCT) uses ps-long pulsed visible lasers [short penetration, reduced spot area) or
wvery near infrared ps-pulsed lasers (up to 1064 nm, full detector penetration, no spatial resolution along the beam) . Ultrashort Pulsed Lasers, with a photon energy shorter than the
detector bandgap, can excite camriers by Two Photon Ab: ion (opposed to linear pl ic effect] giving both localized eh pairs generation and full device length penetration.
TPA Transient Current Technigue [TPA-TCT) can be applied both to iradiated and non-irradiated semiconductor detectors.

The Concept
Two Photon Absorption in semiconductors operates at photon energies below the bandgap. Conventional photoelectric effect is strongly suppressed so the device is
basically transparent. Only in the focal volume the light intensity is strong encugh to generate current carriers by means of electron virtual state assisted absorption.
We use femtosecond pulsed lasers because, for the same average power, the two photon absorption probability increases with shorter light pulses. Transient Cument
laser axcitation in the TPA regime opens tha possibility to generate charge voxels at any depth in the device. Collected charge correlated with focus position resolves
|position and size of charge collection junctions. Analyzing the current transients we @n estimate the built in detector electric field limits and its medification due to
radiation damage.
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Potential Impact

Transient Curment TPA shows in real time the detector signal response at different voxels. With that information we can determine the geometry of the alectric
field in the detector. For a fresh (non-irradiated) detector, is a test method to know if the by doping) electric field design is correct. For irradiated detectors, TPA-
TCT enables a higher resolution on the electric field measurement, compared with other classical TCT. Drawing the electric field geometry, we can evaluate the
detector design efficiency and also determine the radiation effects, both very useful data to improve detector design for radiation hardness.
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Automated Multimodal Correlative Microscopy 5,
'S for high resolution in vivo imaging. .
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Introduction

Modern research in Lfe Sciences is integrating multiple and diverse data from complex biological models, to understind at the malecular
lewl, the mechanisms underhying the develapment, the function and dyfunction of Iving organims, For thi, imaging technologies ane
playing a crucial role. One big challenge is to record the living state {functional and dynamic) at the highest resolution possible
{ultrastroctural level). One of the most efficient solution is 1 combine and correlate on the same $pecimen, various imaging technologes,
such as light microscopy (LM) and electron microscopy (EM). Correlathee Light and Electron Microscopy (CLEM) 18 nowan imaging field per
se that covers a large spectum of applications on multiple bblogical domains and models. The challenge, when 1t comes to correlate
intravital imaging (by LM) to subcellular recordings (by EM), is to improve the targeting precision in 30but also to enhance the speed and
the resolution of the imaging. In doing 0, the enhanced reconfing throughput o expected o enable guantitative analpss of biolegical
phenamens,

We have recently demonstrated the power of multimodal correlative microscopy that combines intraultal imaging of single metastatic
cells to lange volume election microscopy (1). With this technology it & now feasible o study the cellular mechanims, for example of
cancer $preading, in relevant models n vivo, Working chosely with numerous laboratorie in the Life Sciences, we are now establishing
workflows for various applicationsin the fields of cell biology develor t bilology bilalogy and physology.

The Idea/Concept

Intravital imaging
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Potential Impact

‘We alm to dramatically improve the Multimodal CLEM processes to diow aven faster correlation and more importantly, to make it more:
0 o 5p In doing so, we will answer to the needs of a growing and eager community witha unique, versatile

and powerful tool to link function to structure in biclogically relevant mutticeliular models. Achieving this goal will only be possible with key

technological development to offer new Instrumentation and lon in the areas of image pr ing [software), of sample preparatl

{mechanics) and of the large volume imaging [microCT, EM)
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Lighting up a photonic network inside a living body

E. DelRe and F. Di Mei

Dipartimento di Fisica, Universita di Roma La Sapienza, italy
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There is a need for real-time imaging of the inside of a living body. For example, the exact position
of bones in space to fix fractures and disfunctions. Light cannot penetrate inside living tissue
because it is absorbed and scattered.

Guiding light into the body

Imaging viscoelastic tissues and organs

Fluorescence tagging Gold nanoparticle tagging

The idea is to couple light into the body using adaptive
optics and the body itself as a photonic infrastructure to
achieve fluorescence and reflection infrared imaging at
high resolution from the inside.

Experiments on Anderson localization
in disordered PMMA fibers

Adaptive optics and localized transmission in disordered fibers

Potential impact is in the field of surgery, diagnostics, and in the
understanding of the human body. A surgeon could evaluate the shape
and deformations of an organ surface without having to operate.
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