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Motivation

* Dose/specific energy is the
standard magnitude for
expression of the exposition to
radiation.

* BUT radiobiological effects are
not described through dose
only!

Hadrontherapy

Radiation
Protection

-
\

H = j Q(L) D(L) dL
Q(L)?

Neutrons * LET/lineal energy related
magnitudes are not available
in current instruments.
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Motivation , . o
 Different kinds of radiation yield

different results on living tissue at the

-3 same physical dose.
290 eV famu - §
5 * The RBE is a comparison between the
-, % effects of a given radiation and a
2 reference radiation at the same
-2 physical dose.
" | :
E ' 3 * RBE depends on physical dose,
E - radiation quality, target tissue,
% . fractioning...
g o0~ | | | |
0 50 100 150 200 * Using RBE a biological dose can be
Pepthinwater fmm established.

Source: Relative Biological Effectiveness In lon Beam Therapy.
Technical Report Series TRS-461.

* TEPCs/Silicon detectors are used for
this task
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Experimental setup

Control room

Wedge controller
Ethernet | I:I
3D

microdosimeter

-ll——

Beam power supply

Multi-channel analyser
Amptek MCA8000A

Preamplifier, shaper and I

amplifier stages

Variable depth of PMMA
Ethernet

PMMA wedge thickness Lo lies I

uncertainty: 30 um (1 o) power supply |:|

e
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Methods

* Energy deposition spectra over | W ///// // ///

Several depths Of LUCite (PM MA). AAAANAANRANNNNNANN \ \i Q!i\”lllflil?'f*"l’f’f'lf"tl‘"l’l"ll‘l

e Results compared with Monte
Carlo simulations.

* Three parameter ¥
minimisation.

— 1 Y 1 { In:»

2
Utotal
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Monte Carlo simulations

e Simulations were performed with FLUKA (and GEANT4).

* For FLUKA: Hadrontherapy settings with a shorter step in
the scoring region.

* 10° primary histories simulated.
 No detailed simulation of the beamline.

* Detailed geometry of the detector and experimental
setup.
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Detector — First version

Passivation SizN4 50 nm+ SiO, 50 nm

Aluminum 500 nm

B G G o B o G 5 S 6 s S SR
[e:mime

NN

Field oxide
SiO, 350 nm

Si0, 1 um

e Tests with first version of the
microdosimeter.

R R R R S R R
T e

* Performed on May 2014.

k S
e o e o A e o o e e e e o S o A e s

* Compared with GEANT4 and FLUKA MC.
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CRC Proton test (Column detector)

12
* 62 MeV proton beam from ~e-2mm
CYLONE-110 cyclotron at 1] % o
Centre de Recherches du ‘ a9
Cyclotron (CRC) at Louvain- i i B
la-Neuve (Belgium). s 05 E +Z:
* Measurement of 04 i,\ —
microdosimetric
distributions at several i
thicknesses of solid water ;

slabs.
y (keV/um)
Source: C. Guardiola, C. Fleta, J. Rodriguez, M. Lozano and F. Gdmez,
“Preliminary microdosimetric measurements with ultra-thin 3D silicon

d Reconstruction Of the Bragg detectors of a 62MeV proton beam,” Journal of Instrumentation, Vol 10, Jan.
. . . 2015
peak from total ionization of
the detector normalized to
air ionization.
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CRC Proton test (Column detector)

lonization [a.u]
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Source: C. Guardiola, C. Fleta, J. Rodriguez, M. Lozano and F. Gomez, “Preliminary microdosimetric measurements
with ultra-thin 3D silicon detectors of a 62MeV proton beam,” Journal of Instrumentation, Vol 10, Jan. 2015
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Test at GANIL — Carbon lons (Caen,

France)

2 4 6 10 12 14 16 18 20 22
900 [ I I I [ [ [ [ [
i ¥ - »- Experimental data ~-test
800 ¢ a -~ FLUKA ~-test i
700[ —
: ) 11 * 94.98 AMeV
— 600 L ‘\ ) — .
E | / 12C jon beam.
S 500F . 15 3%
< : 2
15400 S 14 =« Approximately
vV [ o a ) . '/'(' A .
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o00f | ¢ FLUKA 15 per second
- |—GEANT4
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P m— - '..ﬂ;;'i
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Depth in PMMA (mm)
Tolerances: az= 30um; ay=0,54 keV/um

Source: F. Gomez et al. Phys. Med. Biol. 61 (2016) 4036

Juan Prieto-Pena First joint Workshop IGFAE / LIP, 4 May 2018, Braga, Portugal

juan.prieto@usc.es
INIVER!



Test at GANIL — Carbon lons (Caen, France)

* GEANT4 simulation
matches very well
the experimental
spectra.

* FLUKA does not have
a very good
agreement, but this
was solved changing
the simulation
parameters.

* Nevertheless, the

peak values are good
in both simulations.
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Second version of the detector

Optical microscope images of
QG IOSERSALS

Scanning electron microscope
__images of 3D-microsensor __

e The new version of the l
microdosimeter was tested at
CNAO.

e “. , triists
H
fummmnn

<=

‘.. - ' o.'
‘. I’ Cid
. i R

e sensOr
* Microdosimetric spectra for
both proton and carbon ions.

VEEreee .

* Tests at clinical intensity. P
cross-section

BB N e~

3D-microsensor array
top-view

Guardiola C. et al., Patent ref: PCT/ES2015/070056
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Tests at CNAO — Carbon lons (Pavia, Italy)

* Test performed on
December 9-10, 2016 in
treatment room 1 at
Fondazione CNAO.

* 12Cjons with 115.23
MeV/u at nominal
intensity

(1 07 partlcleS/Spiu sz) .

* N=10° particles.

* Results compared with
FLUKA Monte Carlo.
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Carbon test results — Bragg Peak

e Results show an excellent
agreement with Monte

350 Bragg peak reconstruction from experimental data
Carlo simulations. ?
300 P e v 11.2
o |n1
—_ %k i
* N . =0.8592 keV/(um*ch) 250 T E i
_ — nierpolation i
* C0=-2.7619 keV/um x Experimental data :‘
| =2.2027 mm 2001 | o FLUKA data 108 o
> -#-Gamma value i T
: 150 T {06 ©
« Gamma-index tolerances: ._
0.1 mm and 0.5 keV/um 100 0.4
* Gamma-index takes values 501 ¥ Lov | 102
less than 1.3, specially ; | | | | Ll ;
near the Bragg peak 0 5 10 15 20 25 30
. Depth
region. epth(mm)

Juan Prieto-Pena

First joint Workshop IGFAE / LIP, 4 May 2018, Braga, Portugal

juan.prieto@usc.es SC



Carbon test results — Spectra

2525 mm (exp)

0811 26,28 mm (orp)| * Good agreement

L reabind with beam particle
2B mmMA) | By distribution.

* Partial charge
collection in un-
depleted sensor
volume due to low
bias voltage adds
counts in the low-y
area.
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Proton test results

e Test performed on
January 10, 2017 in

treatment room 1 at 140 Bragg peak reclonstructicTn from exlperimentall data
Fondazione CNAO. % Experimental data
120 1 |——FLUKA interpolation
O FLUKA data
* 66.34 MeV protons. 100
E 80
* Test performed at S
o
nominal intensity < 60t
7 particles
(10 /spill cmz)' 40
201
*N_..=0.3423 o
k ! ! ! ! !
keV/(um Ch) 05 10 15 20 25 30 35
* C0=5.3235 keV/um Depth (mm)
*=1.2383 mm
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Proton test results — Spectrum

Lineal energy spectrum, 29 mm

1F * te*ﬂe* #* Experimental |-
r e -~ ~Monte Carlo * Good agreement
0.9r x x *%K%K %*% i
¥ on proton
0.8 . 1
gyl spectrum
N ¥ R OE OKRE |
E R S R *
S080 x g Se— 1 * As before, there
> ¥* ¥ oK ¥ )
— Eo = o E a0
R i A 1 are some
0.4F A we e : problems wit
Mok Kk BRE K * HECHEEENREE ok o I h
0.3f mm * *;j%%* . partial charge
e AR * . o
0.2k = , o | collection in the
ol ok T e v g detector area.
0 5 10 15 20 25

Lineal energy, y (keV/um)
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Concluding Remarks

* There was a very good agreement between experimental and simulated
spectra.

* This detector can quantify LET or linear energy distributions on clinical
beams allowing calculation of RBE and commissioning on said beams.

* The detector is capable of measuring in clinical conditions, under nominal
fluence rate.

* There is still some room for improvement in the new versions of the
detector and the electronics, regarding the low-energy part of the
spectrum.

J. Prieto-Pena and F. Gomez acknowledge funding from Spanish MINECO project
DPI2014-57645-R. J. Prieto-Pena also acknowledges funding from a Barrié
Foundation pre-doctoral research grant.
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Carbon test results — Spectra

Spectra comparison - 25.25 mm PMMA

----------- Experimental data
—FLUKA
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Carbon test results — Spectra

0.8 Spectra comparison - 26.25 mm PMMA

----------- Experimental data
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Carbon test results — Spectra
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