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Hadron therapy in cancer treatment

CAL (Centre Antoine Lacassagne) Nice
Cancer treatment using proton beams

v
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Hadron therapy in cancer treatment

CAL (Centre Antoine Lacassagne) Nice Dose delivery / incident ionizing particle
Cancer treatment using proton beams
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Hadron therapy in cancer treatment

CAL (Centre Antoine Lacassagne) Nice
Cancer treatment using proton beams
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ClaRyS French collaboration
* Time-of-Flight Compton/

collimated gamma cameras
* Beam hodosope

lon beam

Hodoscope (X,Y;tsop) :

Scatterer (E,x,y)

Absorber (E,X,Y,tsar)

Secondary radiation emission from
fragmentation is correlated to ion range

mmp Need for online

control



ClaRyS French collaboration

Compton camera > IN2P3 : 4 laboratories

— 1 CPPM Marseille

J IPNL Lyon

 LPC Clermont Ferrand
1 LPSC Grenoble

Hodoscope (x,Y,typ)

o\
TOF (&)
A

Scatterer (E,x,y) > CREATIS Lyon

Absorber (E,X,Y,tar)

> LIRIS Lyon

» Centre Antoine Lacassagne Nice




ClaRyS French collaboration

Compton camera > IN2P3 : 4 laboratories

-  CPPM Marseille

J IPNL Lyon

 LPC Clermont Ferrand

1 LPSC Grenoble (MoniDiam project)

OdOSCOpe (X‘y: tstop)

Scatterer (E,x,y) > CREATIS Lyon

Absorber (E,X,Y,tar)

> LIRIS Lyon

» Centre Antoine Lacassagne Nice



Beam tagging hodoscope development : LPSC MoniDiam project

Existing development : Limitations :

Array of scintillating O Radiation hardness
fibres coupled to
multichannel
photomultiplier tubes
(PMT).

O PMT count rate capability
(107 cps per PMT)

1 Time resolution 500 ps — 1 ns



Beam tagging hodoscope development : LPSC MoniDiam project

Existing development : Limitations :

Array of scintillating O Radiation hardness
fibres coupled to
multichannel
photomultiplier tubes

L PMT count rate capability
(107 cps per PMT)

(PMT).
- — [ Time resolution 500 ps — 1 ns
==
Foreseen development : =l = Diamond Advantages :

PCB

. : : O Intrinsic radiation hardness
MoniDiam project aims ]

: TOP X Strips
to develop a diamond —BOTTOM : ..
based hodoscope and its Y strips O Fast signal risetime enables
. . timing precision of a few
dedicated integrated fast X strps &P
. LA A AL A AA tens of ps
read-out electronics SRS s ]
e e e e e e
Tl e d O Low noise




Beam tagging hodosope specifications

> Proton therapy (Cyclotron IBA/C230 Orsay, Dresden...): » Counting rate:
3 Bunch: 1-2 ns L 100 MHz for the whole detector
d HF:9.4ns O ~10 MHz per channel
O 200 protons/bunch » Time resolution:

> Proton therapy (Synchro-cyclotron Nice $2C2) O At the level of 100 ps

3 Micro-bunch: 7 ns (16 ns) > Spatial resolution:

Q Milli-bunch: 4 ps (1 ms) 0 1mm (readout strip)

d 10* protons/ micro-bunch > Radiation hardness:

> Carbone therapy (HIT/CNAO): O 10 protons/cm?treatment,

d Bunch: 20-40 ns about 20 treatments a day
d Bunch interval: 200 ns =>10% protons/cm?%year.

O 10ions/bunch




Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

O Several synthetic CVD grown diamond detectors were tested:

v’ single crystal and polycrystalline from the Element 6 manufacturer

v" Diamond on iridium heteroepitaxially grown from Audiatec (spin-off Augsburg Univ. Contact M. Schreck)



v’ single crystal and polycrystalline from the Element 6 manufacturer

Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

O Several synthetic CVD grown diamond detectors were tested:

v Diamond on iridium heteroepitaxially grown from Audiatec (spin-off Augsburg Univ. Contact M. Schreck)

L Caracterization of the samples => development of a Labview automated test bench for online measurement of the diamond
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Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf
» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Contact : A. Bess, A. Lacoste l
P A. Lacoste et al., Multi-dipolar plasmas for uniform processing: physics,
(eren~®.< design and performance, SCi. Technol., 11 pp 407-412, 2002

2 1
&‘ - 1' Metal contact process
%

’ !‘ v" Chemical scouring (acids — 100°C)

) 4 (J . v’ Ultrasound cleaning using Acetone / Isopropanol

Chemical hoods W >
NANOFAB / Néel Institut / WEL



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method
Contact : A. Bess, A. Lacoste l

Gre[,-bLe

A. Lacoste et al., Multi-dipolar plasmas for uniform processing: physics,
design and performance, SCi. Technol.,

11 pp 407-412, 2002

Polarization
{DC. RF)

-
: =
A & -
- s

Gas —
(inert, reactive)

Plasma sources
(microwave)

Pumping +——

Target(s)/
P2e4%4_
Plasma .
0.1-10 mTorr
n, >10" cm2
V, ~20V
cpuliernd atome
g o
Substrate

(base pressure ~ 10" Tom)

Polarization
(DC, RF)

The crystal surface preparation and metal
deposition is performed by a sequential
plasma process consisting in two steps of
reactive plasma processing followed by
plasma-assisted sputtering.

The sensor contact consists of a 50 nm thick
aluminum layer deposited both on the
growth and the substrate sides.



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf
» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Contact : A. Bess, A. Lacoste l
}:FSE A. Lacoste et al., Multi-dipolar plasmas for uniform processing: physics,
Sreneb.e design and performance, SCi. Technol., 11 pp 407-412, 2002

(-4 Polarization
(OC. RF)

50 Q adapted detector holder

Target(s)
Gas — 919493 <l
(inert, reactive) ém‘
. . Printed circuit
Plasma ===

Plasma sources — . o'n' ':?OTI:I

(microwave) V', oV \) Metallized Diamond

cputiernd stome
q 5 P

Pumping ~—— Substrate

(base pressure ~ 10" Tom)

Polarization
(DC. RF)

ML Gallin-Martel LPSC Grenoble 15



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble O

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method




Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble O

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

3 strips metallization in 2017 /TJZ_E[ NANOFAB
' Contact
JF Motte T. Crozes L. Abbassi



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

°

x//

rinted circuit

~

N

Metallized Diamond

» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 Mfé NANOFAB

Contact
JF Motte T. Crozes L. Abbassi

The Lift-off process is used to create the strips

It is a method of creating structures (patterning) of a
target material using a sacrificial material (e.g.,
photoresist).

=8

- N
| |
LTS

Heidelberd DWL66

ML Gallin-Martel LPSC Grenoble
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Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

Printed circuit

= S
N

Metallized Diamond

x//

» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 Mfé NANOFAB

Contact
JF Motte T. Crozes L. Abbassi

Four steps are needed :

v’ Substrate (squared metallized diamond 100 nm Al layer)
is prepared

v Photoresist is deposited

v An “inverse pattern” is created => extreme ultraviolet
lithography

v’ The rest of the photoresist is then washed away in a
solvent together with parts of the target ( target =
metallization) material

Heidelberd DWL66

ML Gallin-Martel LPSC Grenoble 19



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

°

x//

rinted circuit

S

N

Metallized Diamond

» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 Mfé NANOFAB

Contact
JF Motte T. Crozes L. Abbassi

=> Strips obtained by ultraviolet lithography on squared
metallized diamond

v" Automatic focus

v" Wave length 405nm

-
-
1'/’ V

v’ Filtre 3% Power 75% Defoc 2200

Heidelberd DWL66

ML Gallin-Martel LPSC Grenoble
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Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

/{r

» Metallization performed in Grenoble

Metallized Diamond

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 ﬂfféz NANOFAB

Contact
JF Motte T. Crozes L. Abbassi

=> Strips obtained by ultraviolet lithography on squared
metallized diamond

- 9 -
8,5 =
O
= f
0,1
ol & & %
©| © ™~ Guard ring
\
- \
2 ; ith
0.1 8 strings with a 100um step
)
0,95

Heidelberd DWL66

ML Gallin-Martel LPSC Grenoble



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble O E

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas metho

Q strips metallization in 2017 £E[  NANOFAB
" Contact

JF Motte T. Crozes L. Abbassi

=> Strips obtained by ultraviolet lithography on squared
metallized diamond

Metallized Diamond

Heidelberd DWL66

ML Gallin-Martel LPSC Grenoble 22



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

Printed circuit

= S
N

Metallized Diamond

x//

» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 Mfé NANOFAB

Contact
JF Motte T. Crozes L. Abbassi

=> Strips obtained by ultraviolet lithography on squared
metallized diamond

Heidelberd DWL66

Lift off

ML Gallin-Martel LPSC Grenoble

23



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble O E TN

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 /FF/ NANOFAB
" Contact

JF Motte T. Crozes L. Abbassi

=> Strips obtained by ultraviolet lithography on squared
metallized diamond

L |

Heidelberd DWL66

ML Gallin-Martel LPSC Grenoble
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Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017

EEEEEEERE - Fast pre-amplificator developped at LPSC
§ = o‘f‘O X Strips
= A LohA
D\P [ - X
: I l ‘I‘ - ’l _’-[‘ f— ‘[ p— [ J‘
8 i o e ﬂa{@ —
L piamone
TOP xstrlps | lamon
— _%
Sl Y Strips

Y Strips



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble

,“\‘ m‘kr; s
- B
‘ 4
g

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017

EENERNNDR
|
- o)
AN [ O\
PP m
-
-
CB PCB
0P X Strips
—
«— BOTTOM

Y Strips

Fast pre-amplificator developped at LPSC

- Grens .k..)'Ll?
o R14
1 —’/" BFT92
-, @
600 MHz
| —
R11
N




Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble O E TN

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

Q strips metallization in 2017 JFF/ NANOFAB
Contact

JF Motte T. Crozes L. Abbassi

institut

Bonding of the diamond on the PCB
ML Gallin-Martel LPSC Grenoble
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Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble O

Metallized Diamond

O aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas methbd

Q strips metallization in 2017

ML Gallin-Martel LPSC Grenoble 28



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

» Metallization performed in Grenoble

[ aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

QO strips metallization in 2017 at NANOFAB Neel Institut Grenoble + integration in the demonstrator socket at LPSC

» Final detector : 15 x 15 cm? mosaic arrangement of stripped sensors => channels >103



Beam tagging hodosope R&D

Large area poly-crystalline diamond CVD currently on the shelf

Metallization performed in Grenoble

A aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

O strips metallization in 2017 at NANOFAB Neel Institut Grenoble + integration in the demonstrator socket at LPSC

Final detector : 15 x 15 cm? mosaic arrangement of stripped sensors => channels >103

First prototype in 2019 : 2 x 2 diamond sensors in a mosaic arrangement e | e —
=l =

PCB

X Strips

«—BOTTOM
Y Strips



Beam tagging hodosope R&D

Large area poly-crystalline diamond CVD currently on the shelf

Metallization performed in Grenoble

A aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

O strips metallization in 2017 at NANOFAB Neel Institut Grenoble + integration in the demonstrator socket at LPSC

Final detector : 15 x 15 cm? mosaic arrangement of stripped sensors => channels >103

First prototype in 2019 : 2 x 2 diamond sensors in a mosaic arrangement Ei == : E
Integrated readout electronic (AMS 180 and/or TSMC 130): = =
| —
L Dynamic range: from 7 fC (1 proton of 250 MeV) up to 600 fC (1 carbon ion of 80 MeV/u) = s
O Fast preamplifier 2 GHz / 40 dB | e
. . 3 X Strips
O Low walk discriminator ToP — i orom
Y Strips

L TDC with a resolution < 100 ps

L spectrometry (single cristals are concerned) and charge integration outputs



Beam tagging hodosope R&D

» Large area poly-crystalline diamond CVD currently on the shelf

> Metallization performed in Grenoble i

A aluminium disk-shaped surface up to 2016 at LPSC using the Distributed Microwave Plasmas method

O strips metallization in 2017 at NANOFAB Neel Institut Grenoble + integration in the demonstrator socket at LPSC

» Final detector : 15 x 15 cm? mosaic arrangement of stripped sensors => channels >103

» First prototype in 2019 : 2 x 2 diamond sensors in a mosaic arrangement Ei o = E
> Integrated readout electronic (AMS 180 and/or TSMC 130): EE =
"
L Dynamic range: from 7 fC (1 proton of 250 MeV) up to 600 fC (1 carbon ion of 80 MeV/u) = =
O Fast preamplifier 2 GHz / 40 dB | -
QO Low walk discriminator TOP—+

«—BOTTOM
Y Strips

L TDC with a resolution < 100 ps

L spectrometry (single cristals are concerned) and charge integration outputs

» Connectics diamond /PCB :
O wire bonding
Q ...etc..



Diamond R&D at LPSC

Large area diamond single crystal for High Luminosity LHC tracker
MonoDiam project, started in 2012

Institut Pluridisciplinaire Hubert Curien => Characterization

1-PSC  [aboratoire de Physique Subatomique et de Cosmologie => Functionalization + characterization

rrrrrrr

Is Laboratoire des Sciences des Procédés et des Matériaux => Growth

JCIJ3E Laboratoire des sciences de I'ingénieur, de I'informatique et I'imagerie => Functionalization



Caracterization of disk shaped
diamond



Characterization of CVD diamond at LPSC (2015-2016)

‘ Diamond

Electrodes

/ _
\

— 500V

Preamp

Diamond 0.45 x 0.45 cm? x 500 um sc-CVD E6
Metallization 2 sides
Al 50 nm; & 4 mm

SAMPLING
&
DAQ

3cm

Diamond 0.45 x 0.45 cm? x 500 um sc-CVD E6

3cm

50 Q adapted detector holder



Characterization of CVD diamond at LPSC (2015-2016)

Electrodes

g
N\

Preamp
‘ Diamond

L\

— 500V

Band Width:
Gain:
Impedance:

Dynamic range:
Power Supply:

@

2 GHz

40 dB

50 Q
~+/-1V

12V /100 mA

ML Gallin-Martel LPSC Grenoble

SAMPLING
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. Characterization of CVD diamond at LPSC (2015-2016)

|Preamp

Diamond V

/' SAMPLING
\ — 500V

Electrodes &

DAQ

Pream

WaveRunner Lecroy
SAMLONG ASIC technology  AMS CMOS 0.35um
h Svstem number of channels 2,8,16. 32, 48, 64 2 G H Z, 10 O r 20 GS/S
ﬂ " | Wave Catc e r Power consumption 2.5 (2-ch), 15 (8-ch). w
‘ et 23 (16-ch). 100 (64-ch)
Mo r 500 M H Z, 3 . 2 GS/S Sampling depth 1024 / channel Cells
Sampling speed 0.4 to 3.2 GS/s
Bandwidth 500 MHz
Range (unipolar) = 1.25 (with full range v
8-CHANNEL WAYECATCHER | individual channel
[ offset)
ADC resolution 12 bits
Noise 0.75 mV
» rms
l . ] Dynamic range 1l bits
] rms
e Readout time 11 to 66 (depends on s
- v number of cells read)
Time precision before =20 Ps
’ y correction rms
! : \ Time precision after time INL <5 ps
0 ] correction rms

ML Gallin-Martel LPSC Grenoble



Measurements with a 9Sr source : MonoDiam test bench

%0Sr 74 MBq B source

n‘*"‘?.,.\-( ¥ .‘v 3

~'\~.v,.:,_,‘;‘ ’ L
ST Preamp + filter

Cu collimator

0Sr source

Charge Collection Distance
measurement

E6-3 diamond, 517u (october 2015)
Scintillator

..... Diamond thickness |

Diamond

Metallisation with Cr-Au

Diamond 4 x 4 mm?

n —+— Charge mode, side 1|

Triggering on hlgh r + Charge mode, side 2
energy electrons Ly
(scintillator behind U DS TS S IV B |

.8
Electric field (in V/micrometer)

diamond)

ML Gallin-Martel LPSC Grenoble 38



Measurements with #*Am: a source (5.4 MeV)

a source \

Diamond

4

— 500V

Preamp

Pream

a => study the difference
between the growth and
substrate sides

a => study the signal induced

WaveCatcher
DAQ

by electrons / holes

0.06

Amplitude (V)
T
L
i

T
——- 200V, seuil =- 26 mV, 1 = 12.40
m

W, 1=10.80

T
ns, 2 =63.14 mV’
ns,2=7934mv
ns,+2=91.33 mv
ns, +2= 96,67 mV’
ns,2=97.42mv ||
= 4659 mv

mV, ns, +2=67.84 mv H
mV, 1=10.80 ns, »2=69.01mV

e ~

el L T,

6
Time (s)

ML Gallin-Martel LPSC Grenoble

Theoretical Signal

3
im

Current induced by e-

— i(0)=Q(0) v,/ d

Current induced
by holes

% Q(0)/2

t =dlv,

Experimentally measured signal sc-CVD

241Am source, E6-3 diamond, CIVIDEC amplifier

L]
Time (n%) 9



Measurements with #*Am: a source (5.4 MeV)

0.5 x 0.5 cm? x 300 um pc-CVD
Augsburg Univ. heteroepitaxially

grown on iridium(courtesy M. Schreck)

0.15 T T T T T T T I I
i 3 : — 200V, seuil=426 mY; +1=8.56 nS, +2=79.6 mV
450V : ——— 300V, seuil=+2B mv; +1=7.92 nS, +2=104 mv

0.45 x 0.45 cm?x 518 um sc-CVD diamond Element 6

I I : : I I ; — 400V, seuil=+26 mY; +1=6.96 nS, +2=122.8 mV
———- 200V, seuil =- 26 mV, 1 = 12.40 ns, »2 =63.14 mV 450V, seuil=+26 mY; »1=6.52 nS, »2=126.8 mV
01— ———.300V, seuil =- 26 mV, 1= 10.40 ns, »2=79.34 m¥ [ :
——— 400V, seuil = - 26 mV, 1= 960 ns, »2=91.33 mV === +200V, seuil=-26 mV; +1=9.96 nS, »2=71.6 mV
. 450V, seuil =- 26 mV, 1 =9.20 ns, +2 = 95.67 mV/ — = = 4300V, seuil=-26 mV; +1=8.36 nS, +2=82.80 m
[ -470V, seuil=-26mV,1=920ns,52=97.42mV || Apar, 3 = 3
0 — == 200V/, seuil = +26 v, 1 = 15.20ns, +2 = 46.59 mV/ = == +400V, seuil=-26 mV, +1=7.32 nS, »2=96.40 mY
—=—=+300V, seuil = +26 mV, 1 =12.80 ns, »2=56.73 mV _——— +450\/. seuil=-26 m\;"; +1=7.04 nS‘ 52=107 6 mv
—=—=+400V, seuil = + 26 mV, 1 = 11.60 ns, +2 =64.32 mV 0 T % A 2
008 +450 V, seuil = +26 mV, 1 = 10.80 ns, +2 = 67.84 mv' : : : C :
+470 V, seuil = +26 m¥, 1 = 10.80 ns, +2=69.01mV
004 — s =
By
N
AN
xR
002 . —
) S
[
- X # s
3 0 e T — S
2 B s -1 1. TS 4]
£ s T e
< 2
002— = 3
E
-0.04— - <L
008 —
008— e
01 —
| | | | | | | | |
-4 2 0 2 4 6 8 10 12 14
Time (s) x10°
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oL source
\ ‘ Diamond

Measurements with #*Am: a source (5.4 MeV)

MNumber of events

4

Time resolution pc-CVD 20 x 20 mm? x 500 um E6
Offline Constant Fraction Discriminator method

80

70

60

50

40

30

20

10

o
HIIII

-0.2 -0415 041 -0.05 3]

Constant 6261+ 286
Mean 0.03161+ 0.00124
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Pulsed beam (8.5 keV ~100 ps) at ESRF ID21 X-ray Microscopy beamline

Electromagnetic The box was positioned with micrometric reproducibility at the sample position of the micro-diffraction
shielding box end station (in air) of the ID21 beamline at European Synchrotron Radiation Facility (ESRF) in Grenoble.

Diamon d Scintillator + PMT

/
>
Xray beam
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L
L] . . Se.
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& Lo | ‘

rrrrr Wavecatcher/DSO
DAQ
ream

1400 photons de 8.5 kel par bunch

p S N s I 1

MIP A 8.5 keV photon focused micro-beam with a well-defined time structure was used at the ESRF.

ift)

As regards energy deposition in the diamond, in the ESRF 4-bunch mode, the ~100 ps duration
X-ray pulses, containing a fixed number of photons varying up to ~1400, spaced at 700 ns
intervals, mimic the passage of single ionizing particles

i0y=QO)wv,id

Current induced by
electrons and holes

Q(opz
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Pulsed beam (8.5 keV ~100 ps) at ESRF ID21 X-ray Microscopy beamline

ESRF => XBIC (X Beam Induced Current) Time resolution (waveform analysis)
Huge interest for our application ! ¥

Mean  —0.09648 + 0.00187

2016 first prototypes tests
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lonizing particle

o
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X-Ray analysis the detector surface _
Current integration mode aveform amplitude mode
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2 _
10 x 10 mm*x 500 pum pc-CVD heteroepitaxially grown on iridium (DOI)

ML Gallin-Martel LPSC Grenoble 43



95 MeV/u 2C beam at GANIL Eisi
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Caracterization of disk shaped diamond

Their radiation hardness, fast response and good signal to noise ratio make diamonds good candidates :
0 atime resolution better than 40 ps,
O an energy resolution better than 10 %,
were measured irradiating the whole surface of pc-CVD diamond using various ionizing radiations particles

despite the obvious non uniformity of the crystalline structure (ESRF response map).

Test benches have been setup at LPSC: alpha, beta sources + wave catcher acquisition



Caracterization of double side
stripped diamond



Characterization of CVD diamond at LPSC in 2017
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Characterization of CVD diamond at LPSCin 2017
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Characterization of CVD diamond at LPSCin 2017
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Simulation with © COMSOL Multiphysic 5.3
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Characterization of CVD diamond at LPSC in 2017

Simulation with © COMSOL Multiphysic 5.3
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Characterization of CVD diamond at LPSCin 2017
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Characterization of CVD diamond at LPSCin 2017

Simulation with © COMSOL Multiphysic 5.3
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Characterization of CVD diamond at LPSCin 2017

Simulation with © COMSOL Multiphysic 5.3
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Pulsed beam (8.5 keV ~100 ps) at ESRF ID21 X-ray Microscopy beamline

The box was positioned with micrometric reproducibility at the sample position of the micro-diffraction
end station (in air) of the ID21 beamline at European Synchrotron Radiation Facility (ESRF) in Grenoble.

100 ps
: 704 ns :
E——
8.5 keV Photon beam in 4 bunches mode
@ spot : 1 um

= 1400 photons/bunch - 4 MeV are deposited
in a 300um-thick detector




Pulsed beam (8.5 keV ~100 ps) at ESRF ID21 X-ray Microscopy beamline

X-Ray analysis of the surface of the double side stripped diamond
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Pulsed beam (8.5 keV ~100 ps) at ESRF ID21 X-ray Microscopy beamline

X-Ray analysis of the surface of the double side stripped diamond

Current integration mode Waveform amplitude mode
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Very preliminary (x,y) barycenter calculation

= _ . amplitude (x3)+2x amplitude x4
= E S F X strlp — . max : max( )
2035 E b amplitudeyqx(x3)+ amplitude, g (x4)
2oa x3 S
gb.esj— 5 03— . .
S E e I Y strip _amplitudemqx(y3)+2X amplituden g (y4)
0.2— - =
E < 02l amplitudenqx(¥3)+ amplitudey g, (V4)
0.15— C
0.13— B
E 01—
oF- oL If amplitude < threshol amplitude = baseline
£ | _flJ 'slo' — ‘130' — '15|o' — '230
Time (ns) Time (ns)
0.05— 0‘053_ e
S = "
E o E °F "
‘go.os:— _ﬂcl-o‘os;— y5
> - S =
2 E 2 -o1E- &
2_0.15— gmsf— v
DasE- < y2
E 3 —0‘2:— "
—02 y -0‘252— x8 x7 x6 x5 x4 x3 x2 xl
025 -032—
= 035
-03— E
E | A T R S| -0.4F—1 P U NS R SR
0 50 100 150 200 o 50 100 150 200

4 channels recording
Time (ns) Time (ns)



Very preliminary (x,y) barycenter calculation
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I_I_l|IIII|IIII|IIII|IIII|IIII|IIII|IIII‘HH‘HII

O |l

Col 1]
150 200

Time (ns)

y3

o

50

100

150 200

Time (ns)

Amplitude (mV)

el
L)

Amplitude (mV)

I
n

Pt
w
II\|IIII|\III|II\I|IIII‘III

o
o

o

-0.2

-0.35

-0.4

o=

1 1
50

1 1
200

First approach for barycenter calculation

Il To be refined in a near future !!!

Time (ns)

ol

1 1 1 1 1
50

1 1 1 1
150

1
200

Time (ns)

x8 x7 x6 x5 x4 x3 x2 «x1

4 channels recording




Pl i s

Very preliminary (X,y) barycenter calculation
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Caracterization of double side stripped diamond

Analysis is still on going .... More results soon !



Conclusion

Synthetic pc-CVD diamond detectors are foreseen for on-line hadrontherapy beam tagging applications.

They will be used as a hodoscope which plays a major role for particle tagging using Time Of Flight both in a gamma

camera and Compton camera projects proposed by the CLaRyS French collaboration. Other applications such as proton
radiography and secondary proton vertex imaging are also foreseen.



Conclusion

Synthetic pc-CVD diamond detectors are foreseen for on-line hadrontherapy beam tagging applications.

They will be used as a hodoscope which plays a major role for particle tagging using Time Of Flight both in a gamma
camera and Compton camera projects proposed by the CLaRyS French collaboration. Other applications such as proton
radiography and secondary proton vertex imaging are also foreseen.

Their radiation hardness, fast response and good signal to noise ratio make diamonds good candidates :

L atime resolution better than 40 ps (measured on disk shaped diamond),

O an energy resolution better than 10 % (measured on disk shaped diamond),
were measured irradiating the whole surface of pc-CVD diamond using various ionizing radiations particles despite the
obvious non uniformity of the crystalline structure (ESRF response map).

Test benches have been setup at LPSC: alpha, beta sources + wave catcher acquisition
Ongoing surface characterization using ESRF X-ray microbeams (response map)

Thickness optimization : plasma etching
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Thickness optimization : plasma etching

The final detector will consist of a ~15x15 cm? mosaic arrangement of stripped sensors read by a dedicated integrated
electronics (~1800 channels) with the following characteristics :

O counting rate per channel : 10 MHz,

O time resolution at the level of few tens of ps,

d spatial resolution at the level of 1 mm.

O dynamic range: from 250 MeV protons to 80 MeV/u carbon
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Synthetic pc-CVD diamond detectors are foreseen for on-line hadrontherapy beam tagging applications.

They will be used as a hodoscope which plays a major role for particle tagging using Time Of Flight both in a gamma
camera and Compton camera projects proposed by the CLaRyS French collaboration. Other applications such as proton
radiography and secondary proton vertex imaging are also foreseen.

Their radiation hardness, fast response and good signal to noise ratio make diamonds good candidates :

L atime resolution better than 40 ps (measured on disk shaped diamond),

O an energy resolution better than 10 % (measured on disk shaped diamond),
were measured irradiating the whole surface of pc-CVD diamond using various ionizing radiations particles despite the
obvious non uniformity of the crystalline structure (ESRF response map).

Test benches have been setup at LPSC: alpha, beta sources + wave catcher acquisition
Ongoing surface characterization using ESRF X-ray microbeams (response map)
Thickness optimization : plasma etching

The final detector will consist of a ~15x15 cm? mosaic arrangement of stripped sensors read by a dedicated integrated
electronics (~1800 channels) with the following characteristics :

L counting rate per channel : 10 MHz,

O time resolution at the level of few tens of ps,

d spatial resolution at the level of 1 mm.

O dynamic range: from 250 MeV protons to 80 MeV/u carbon
The availability and affordability of very large area diamonds is still an issue for our needs!
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