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- Dose monitoring in hadron therapy
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f « Hadron therapy: charged particles-precise delivery
of radiation dose (Bragg peak).

 ENVISION European project: dose monitoring In
hadron therapy

e Secondary particles emitted after treatment can be
used for monitoring the dose delivery:
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* |In-beam PET + MC currently employed

* Prompt gammas also emitted from nuclei excited
during therapy and can be used for this purpose
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Compton telescope
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f « A Compton telescope is a possible solution to
cslC determine the origin of the gamma-rays.

Requirements Goals

W‘g;;gl}“ e Excellent energy resolutic_)n e <4% @ 511 keV
peVaLincin e Very good spatial resolution ¢ ~ 2mm FWHM
* Very good timing resolution '+~ 1 ns FWHM
* High readout rate

 Different configurations ({{1 1\\‘

and materials being
tested: silicon, CZT.
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- L aBr Compton telescope
ST . P P

=+ | e+ Detector array composed of:

"ol

- LaBr, continuous crystal:
- high Compton probabillity,
- high light yield=> good energy and timing resolution.
VNIVERSITAT .- -
DEVALENCIA  Silicon Photomultiplier arrays: compact, fast.

* Ongoing simulations to COMPTON TELESCOPE
estimate the performance, . . . OMMA
.. a4 4 4 TARGET
optimize the geometry ( \
and develop image |
reconstruction algorithms.
HODOSCOPE

HADRON BEAM
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‘Conventional’ Compton
camera (scatterer +
absorber): 2 interactions

Three Compton technique:
3 interactions in 3 detectors
(+ correct ordering)
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We are working on a method to

with 3 int (high resolution).

_.r"'{&]il
estimate position and energy from 2 L
int (high efficiency) + the combination

Compton telescope configuration

problems if the
gamma-ray energy
IS unknown or If it
can escape

:> lower efficiency

0
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On-line Monitoring in Hadron Therapy. Medical
Imaging 2011: Physics of Medical Imaging
(Proceedings Volume) Vol. 7961. Paper 796110.
(2011), DOI:10.1117/12.877678.

J. E. Gillam et al. A Compton Imaging Algorithm for /
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LaBr, prototype

- Development of a prototype with three layers of LaBr, crystals
coupled to SIPM arrays:

 Detector characterization

(LaBr, crystal 16 x 18 x 5 mm?®) "**% fRYST‘;*}LE;i{[ MATRICES

VNI\;AE(E‘;;ITAT _
DG VALENCIA * Energy resolution

e Timing resolution
 Position determination

 Coincidence tests: two O
detectors in time coincidence - - .
« Development of larger
detectors.
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Contfinuous crystals

Advantages Disadvantages

 Higher efficiency than  Large number of readout

= pixellated crystal_s chanr_l_els =>ASICs
mevaLincin  ® Very good spatial e Position determination is
resolution complicated
e Lower cost e Timing resolution is degraded
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Detector components

- LaBr, crystal (Saint Gobain), 16 mm x

18 mm x 5 mm
« Silicon photomultiplier (MG-APD)
array:.
« MPPC from Hamamatsu
e 16 pixels of 3 mm x 3 mm size
e 50 um microcell size
e Pitch 4.05 mm x 4.5 mm

VNIVERSITAT
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Readout electronics

SPIROC1 ASIC form LAL, Orsay.

NDIP2011, Lyon, 4-8 July 2011

« SPIROC1

36 channels (16 used)
Variable gain

Slow shaper
(adjustable ~50-100 ns)
Fast shaper (15 ns) +
discriminator =>Trigger
signal.

« FPGA ALTERA Cyclone
 DACs for bias variations.
« LabView software for DAQ



Readout electronics

| Low Gain calibration curve

SPIROC1 response in
5 low gain configuration:
vavisimar  linear up to ~40 pC

DGVALENCIA

C 1 L L 1 L L 1 L L L 1 1 L 1 L L L
0 0.02 0.04 0.06 0.08 0.1 0.12
Q(c)

¥? I ndf = 97.66 / 80
Constant 5944-58
Mean 3.565¢-08 + 4.194e-13
Sigma  5.273e-111 2.954e-13

SPIROCL1 intrinsic timing
resolution: 125 ps FWHM

I IR EEE PR TR ERR
95.3 354 355 35.6 35.7 35.8 35.9 36
Time difference (s)
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Response uniformity s
MPPCs in the array have )3
different operating voltage *
(71.08 to 71.12), but they are
all biased at the same voltage ,
(71.1 V). s

WRiGED~ I R R
o?1 71.02 71.04 71.06 71.08 71.1 71.12 71.14 71.16 71.18 71.2
VN IVE RSITI\T Operating voltage (V)

DGVALENCIA i i : :

Response uniformity tested coupling a pixellated crystal
array one-to-one to the MPPC array and taking data with a
Na-22 source.

3

| peak position |

NaORO
[=1=J=1=1=]
=l=1=T=1—]=]

peak position (ADC channal)
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Photodetector uniformity

oo Small corrections to the bias voltage of each channel applied
~='| through input DACs: 4V, 256 steps, 20 mV/step.

— | Peak position vs channel |

| Peak position distribution |
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-Energy resolution

¢ 11.6% FWHM @ 60 keV

(Am-241)
QoSS e 6.3% FWHM @ 122 kev
gﬁ%ﬁ%ﬁ (Co-57, collimated source)
 Expected ~4% FWHM @
511 keV

e Crystal tested with PMT
(Hamamatsu R6236)+MCA:
e ~10% FWHM @ 60 keV
 8.8% FWHM @ 122 keV
e 5.8% FWHM @ 511 keV
¢ 4.25% FWHM@ 662 keV

Gabriela Llosa

A Crystal specs energy resolution
‘[ with PMT Hamamatsu R4017:

| PMT system response |

x2 I ndf 4.3e+04/5
po -11.54 = 5797
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LaBr3+PMT Na-22 energy spectrum |
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I Energy resolution
X

i

e Crystal coupled to MPPC array: 7% FWHM without
correcting for variations among pixels (at Vop + 1.5 V).

« MPPC array has a 50% loss of active area due to the
gaps between the photodetector elements.

wviemr ¢ Energy resolution 6.5% FWHM correcting offline for

DGVALENCIA . . t
| Peak position vs. Energy | 140 :— 2Indf=13.76/9
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-Tlmlng resolution

LYSO crystal 3x3x10 mm?® coupled to two MPPCs on
both sides and connected to two SPIROC1 channels of
two different boards: 1.5 ns FWHM (not optimized)

LaBr_ detector (16 channels) in coincidence with a 1 mm

X 1mm x 10mm LYSO crystal coupled to one MPPC.:
7 ns FWHM

The main degradation comes from the OR signal of all
channels given by the ASIC

| Timing resolution | x2/ ndf=17.89/ 11

VNIVERSITAT
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[ Timing resolution 2 MPPCs SPIROC |

r Constant 112.7+5.2
%2 I ndf 88.9/7 120—

Constant 2621+ 28.1 E LaB r h Mean 33.01£0.11
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-Tlmmg resolution

« Alternative trigger: signals from all channels split
on the PCB and summed to a common output.

. LaBr3 detector Iin coincidence with the Imm x 1mm
X 10mm LYSO crystal : 3.1 ns FWHM

VN(I?\/ERSI}AT
DGFVALENCIA _ _
| Timing resolution |
1000 — ﬁ x2 I ndf = 56.86 / 20
Slgn|f|Cant auu:— :Z:a f::::z:z::
improvement of the  ,,/ 3.1 ns
timing resolution - FWHM
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Position determination

Imm X 1Imm x 10mm
LYSO crystal source

[
»

LaBr3 detector

P [
< >

30 mm 5 mm

« Different methods tested. Spatial resolution with
center-of-gravity: 1.2 mm FWHM.

o
«

 Compression due to the highly reflective crystal

Wrapp”’]g . | Positions COG |
E 8-
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Position estimation

Li, Z. et al. Nonlinear least-squares
A|gorithm based on the modeling of 3D interaction position in

a monolithic scintillator block. Phys.
angle subtended by the Med. Biol., 55(21):6515, 2010.

Interaction point (x,y,z) with o N\
each pixel T BN o |
&) / 7
S2e S, ks - i
E <1 Mirror sourceat ™" \ \‘-\\ f
) osition (s, s¥ s2) 7 P
VNIVERSITAT 8 ' pemient®y i) § ~ Pl
DHVALENCIA R : oo S e
GALEEEEEEEEEEEE SR sreemmmsrmssmmrsmsesssmemeas > (Rindex=1.5) H
' ' 4 ; H Photo detector pixel at position (x,y,), with measurement value m;
A AR :;" “4 ] .
i / Fd Reflections modeled as mirror sources
___________________ S a - /-‘
7 6 >
photonNum; = Ceg + f(x — X;, ¥ — Vi, 2)
Model f An X ©Q Reflections
J = A0 .
Q= dx x dv x Z Approximated
T (= x4 (y— )R+ 222 angle model
i=64
(£, 9,2, Ay, Coy) = arg min Z (m; — photonNum;)*. Optimization method:
P t (£.9.2.40.Cest) 1 f Local minimization
arameters A . - 2
_ interior-reflective Newton
to estimate # photons measured  # photons in pixel i

) i in pixel | estimated by the model
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Position determination
Advantages: much less compression + DOI

Reconstructed distribution of simulated data (LYSO
crystal) at 2 mm steps

<
Ll 2
%

COG New method
5 : |
3 -
S n i
Bl 4 L
= -'- | _1 ; | ’ |
.
_3 = o
-5- a -
-5 -3 -1 1 3 5 -5 -3 -1 1 3
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Position determination

 Simulated results 15 .

—X bias
—Y bias

o | 1mM2 3 |
Bias

n
(@]
[0)]

Histogram of estimated positions in X and
Y of point A

U B FwHM

6.75

the real position 0.1 mm

The yellow circle represents
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-
16.2 mm

The red circles represent the
real positions

Gabriela Llosa 1

* Experimental results:

ww 81

Position deftermination
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Histogram of estimated positions in X and
Y of point A
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Coincidence tests: sefup

« TWO detectors Iin time coincidence: LaBr3 16 X 18 x
5mm + LYSO 12x12x5mm

 Two DAQ boards operated simultaneously. DAQ
software modified.

W o Data acquired with Na-22 (511 keV and 1275 keV)
and Cs-137 (662 keV).

LaBr3 LYSO
Source
J COIMCIDEMCE GATE
TMNIT SEMNERATOR

wPIROC
BEOART
SPIROC
BEOARD

$ HOLD signal
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Coincidence tests:

| LaBr3 Na-22 Spectra |
1000

22Na

| LYSO Na-22 spectra |
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Coincidence tests - Timing

timing resolution telescope |

800

x2 I ndf = 56.4/19
Constant 768.8 £ 10.5
Mean 1.154e-08 £ 5.197e-11
Sigma  4.385e-09 + 4.053e-11

700

Timing resolution: 10 ns
FWHM with trigger
signal from 2 SPIROC N
VNIVERSITAT — hoards 200
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[ Timing resolution

2401 xz Indf= 24.8/12
220 Constant 216.7+£6.8
200 Mean 1.248e-08 + 2.286e-11
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180
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140
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Development of larger detectors

LaBr, crystals 32mm x
36mm x 5/10mm

Each one coupled to four
MPPC arrays

VATA64HDR16, Gamma
Medica — IDEAS 64
channels

DAQ system developed by
our group.
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Thank you! Questions?
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DAQ system

Power block

Control signals

d DAC
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Modular and flexible design
FPGA Xilinx

Fast data transfer: Ethernet
(up to 1 Ghps)

Time stamp with 1 ns
resolution

Several boards can work in
time coincidence



| LaBr3 Cs-137 spectra |
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| LYSO energy vs LaBr3 Energy |
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Coincidence tests: '*/Cs

| LYSO Cs-137 spectra |
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