esipap.. fvf

European School of Instrumentation

in Particle & Astroparticle Physics

UNIVERSITA
DEGLI STUDI
DI BRESCIA

I=bb =l dv—y Ayl
Université Mohammed V de Rabat

Pixel Detector Based System

for Beam and Quality

Monitoring in Hadron Therapy

Collimator
— Pixel detector .
Proton Beam mm >
Magnet
Target cells
of patient

Frenki Shgepa
Currently Master in
electronics engineering

Kawtar El Bouzaidi
Currently PhD in particle
physics



Pixel detector based system for beam and quality monitoring in hadron therapy

Motivation

Those who received proton therapy experienced far fewer serious side effects than in traditional
radiation, the researchers found.

Within 90 days of starting treatment, 45 patients (12%) in the proton therapy group and 301 patients
(28%) in the traditional radiation group experienced a severe side effect—that is, an effect severe
enough to warrant hospitalization(®,

Proton therapy appeared to work as well as traditional radiation therapy to treat cancer and
preserve life.

After 3 years, 46% of patients in the proton therapy group and 49% of those in the traditional
radiation therapy group were cancer free. 56% of people who received proton therapy and 58% of
those who receivedtraditional radiation were still alive after 3 years.

Inthe depth comparison, the 2 and 4 Gy dose cases yielded similar mean depth errors between1and
—1mm, and the deviation was <2 mml2,
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Motivation
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Figurel.Bragg Peak: Radiationdose vs penetration depth ata fixed
energy.
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Figure 2.Bragg Peak: Radiation dose vs penetration depth at different
valuesofenergy..
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Goals

Withthree layers of pixels, it's possibleto controlthe correctdirection of the protonbeam

Beam controlcanassurethatthedoseis givencorrectlytothe patient

This decreases the probability of irradiating healthy tissues and
organs, hence reducing the risk of side effects
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Methodology

Position measurement comes from segmentation

Pitch
Smallerthe pixel, higher the resolution!
Improve the resolution withsignal sharing c. = P
“lllll# X -
Must consider the problem of charge sharing. Pitch (S/N)
Solution may be managing the signal threshold,
software online processing
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Methodology

Knowing the 2D position of the beam as it
passes the detectoris fundamentalto know if
the directionis correct.

Even asmall difference can affectthe correct
application of the dose in the patient, thus
damaging healthy organs and tissues.
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Methodology

Fig. 3. Ghost trakcs in pixel detectors.
Semiconductor Detectors, Mengqging Wu, ESIPAP2023

Why 3 or more layers?

« Reducerisk of ghost tracks (Fig. 3)

« Wecanreconstruct the trajectory of the beam,
actually in 3D!We know where the pixel layers are

fixed (x-axis), then the position recorded by the
detector givesthe y and z position!

¢

Higher control of dose
Higher resolution of target hit

Lowerrisk of hitting healthy tissues and organs
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Silicon sensor
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Fig. 4.Basic building blockof a Silicon sensor.
Semiconductor Detectors, Mengqging Wu, ESIPAP2023

When the silicon is crossed by a particle:

« |tlosesitsenergybyionizing atomsthus
creating electron-hole pairs

» Typicalvelocity is~ 50 um/stocross the
depletion zone:

T = (width of silicon)/(drift velocity)
Thinsilicon— Very quick pulse

will flow to readout electronics — Fast readout electronics is
needed

Amplitude of the pulse proportional to the energy loss
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Other materials forthe pixels?

A mpl ifler

Diamond Silicon
Charged Particle |
' J—% Bandgap =5.5eV Bandgap =1.12eV
w;=13eV w;=3.6eV
-  Higher the bandgap, the lower the leakage
B current, the loweris the noise.
Electrodes B — * Higher ther energy w; to crete an electron hole
Fig.5. Schematic layout ofa diamond particle detector. [3] pair, the smaller the amplitude of the signal.

* Must consider the industrial processes currently used for the production.
* Must consider the cost of the material.

Solution:compromise.
Study on materialsisimportant
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Hybrid sensor Vs Monolithic sensor

silican sensor \F:I‘tlde
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Fig. 6. Structure of hybrid pixel detector
(on top) and monolithic pixel detector (on O ur fOC us

bottom). [4]
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Make or Buy?

Buy

 Immediate accessto existing expertise and resources.

PI'O « Noneedtoinvestinequipment or facilities.
 Reducedrisks associated with production.
« Shortertime to market.
 Less control over the design and production processes, which may lead to sub-optimal
performance and/or customization
Cons

« Limitedintellectual property ownership and reliance on the supplier.

 Higher long-termcosts and less potential for cost savings.

ll



Pro

Cons

Make or Buy ?
Make

Complete control over the design, production, and testing processes, which allows for
customization and optimization.

expertise can be developed, which can be beneficial for future projects and operations.
Intellectual propertyis owned by the organization.

The potential for lowerlong-term costs and greater cost savings.

The organization may need to invest in equipment, facilities, and personnel, which can be
costly.

The organization may have to take on additional risks associated with production, such as
quality control and liability.

Time-consuming, which can delay project timelines.
12
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Resources

Accesstoaproton source facilityis necessary during the project for R&D.

The project team should be composed by:
* Twophysicist: preferred one expertin medical physics and one in particle physics;
 Three engineers: these positions should require two electronics engineers for the

design of the required electronics, one electronic engineer with background on
semiconductor devices;

* One instrumentation technician is required to manage the instrumentation and help
during experimental trials;

 One project manager, with experience in business management, preferred in
scientific field

Collaborations with semiconductor facilities should be made to produce prototypes.

Dataanalysis tools for simulations and development are required

Esipap 2023, Archamps
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Direct
costs

Indirect
costs

Project costs

The costs canbe divided intwo groups: directs costs and indirect costs

Salaries of the project team members (physicists, engineers, technician, and project
manager).

Equipment, facilities, and supplies required for R&D, production, and testing.
Costs associated with collaborations with semiconductor facilities.
Cost of the proton source facility.

Cost of data analysis tools.

Overhead costs, such as rent, utilities, and insurance.

Administrative costs, such as legal and accounting fees.

Esipap 2023, Archamps
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Project costs

Assuming ateam of 7 people working full-time for 5 years, from January 2024 until December 2029

Direct
costs

With an average salary of $50,000 per year, the total salary cost would be around $1.75 million.

Equipment, and supplies required for R&D, production, and testing. depending on the complexity of

the design, the equipment and supplies required could be significant. A rough estimate would be
around $750,000.

Costs associated with collaborations with semiconductor facilities: depending on the extent of
collaboration, these costs could be around $250,000.

Cost of data analysis tools: The cost of these tools will depend on the specific software and licensing
fees. Arough estimate would be around $25,000
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Costs of the project

Indirect
costs

Direct Indirect Total

+

costs costs costs

2,775,000 <= 2,150,000% 4,925,000 %
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Time management

The projectis expected to startin January 2024, until December 2029, for a total duration of 5 years.

Jun, 23 Jan, 24 Jan, 25 Jan, 26 Jan, 27 Jan, 28 Jan, 29 Jan, 30
Name
H2 H1 H2 H1 H2 H1 H2 HA H2 HA H2 H1 H2 HA

Research state of the art -

Design of hybrid sensor _

Design of electronics _

Prototype fabrication _

Experimental setup design : _
Experimental setup fabrication -

Experimental trials

Data analysis and simulations

Data review and publication -
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Thank you for your attention

Frenki Shqepa Kawtar El Bouzaidi
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Kawtar El Bouzaidi
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