Proceedings of IPAC2011, San Sebastian, Spain TUPC129

A BEAM POSITION SYSTEM FOR HADRONTHERAPY FACILITIES *

C. Belver-Aguilar, C. Blanch-Gutierrez, A. Faus-Golfel. I5arcia-Garrigos, IFIC (CSIC-UV),
Valencia, Spain; E. Benveniste, P. Poilleux, M. HaguendueR, Palaiseau, France

Abstract nm wavelength. The fiber yield, i.e. the number of pho-

Essential parts of the needed instrumentation for thtonS atone end of the fiber produced on average by a MIP

beam control in Hadrontherapy accelerators are the Bea&“mmum lonizing Particle), is 15.5.

Position Monitors (BPM). The measurement of the beam The Radioactive Source The radioactive source used

position in Hadronterapy accelerators become more 'MPAGr the tests is a Sr-90 source, emitting electrons with895.

tant at the secondary transport lines towards the pat|e|£1tv average energy. The tests have been carried out at IFIC

room where this parameter must be completely determine hstituto de Fisica Corpuscular) and VSC (Val Space Con-

The BPM described in this paper is a new type of BP .sortium), with a different Sr-90 source nominal activity:

based on four scintillating fibers coupled to four photodi: 3 6 :
odes to detect the light produced by the fibers when integr)->< 10° Bgand37 x 10° Bq, respectively.
cepting the beam. We present here the study of the different.l.he Photodiode The Hamamatsu photodiodes se-
photodiodes able to read the light emitted by the scintil-

lected for these tests are of two types: Multi Pixel Pho-

lating fiber, the tests performed in order to find the mo%)n Counter (MPPC) and Avalanche Photodiode (APD),

sui'Fab_Ie photodiodeto measure the beam p(_)sition ffom ﬂ% e Table 1 [3]. All the properties summarized in Table
var|at|on§ n the beam gurrent, the mechanical design A% ave been considered for the selection of the photodiodes
the acquisition electronics. needed for our purpose. The effective area determines the
photodiode area sensitive to photons. Knowing the area of

INTRODUCTION the cone light leaving the end of the fiber, we can estimate

whether the whole cone is detected by the photodiodes or

The control of the beam position is essential in Hadronr-]ot

therapy accelerators, especially at the secondary transpo The emission angle of the fiben) depends on the nu-

lines towards the patient room where this parameter mursnterical aperture ) 4) of the fiber and the refraction iz
be completely determine. The Beam Position Monito(rjex of th(Fa) medium right after the fiben, (~ 1 for air): "
(BPM) described in this paper named as "watchdog” is %IA _ nsing — o _g 33.7°. Taking intg account the
new type of BPM _based on four scm_tlllatlng fibers Ot mission angle, we can calculate the area of the light cone.
pled to four photodlod_es to detect the light produqed byt. ith d the distance between the fiber and the photoseasi-
f|ber_s when intercepting the peam. We preseqt in the f'rf‘ve surface inside the photodiode we have then, the area of
section the technology selection and the experimenta te# ht conus isA — =12 with I — dt

for different types of photodiodes. In the second section? - —atano

. - : -
we present the detailed mechanical design and in the thirdASS.umlng the_ end of the fiber is touching the phot.o.,|

. . . ode windowd is just the distance between the photodiode
section the electronic acquisition system.

window and the photosensitive surface of the photodicde.
The results of the photodiode area illuminated by the light
TECHNOLOGY SELECTION AND conus leaving the fiber are summarized for each photodiode
EXPERIMENTAL TEST OF THE in Table 1.
DIFFERENT PHOTODIODES
The Electronics The photodiode is supplied by a hign
The Experimental Setup voltage supply. When the photodiode detects light, it pro-

The experimental setup used for the photodiode tes ces an electric signal that is amplified by an amplifier.
fter being amplified the signal is collected in the oscii-

consists of two parts. The first partis formed by the suppo hich all ‘ h | drat
fixing the fiber, the photodiode and the radioactive sourc pscope, which aflows US 1o measure either pulse and fate

The second part is the electronics needed to feed the p 8\_/el.

todiode and to collect the electric signal at the output ef thlvml?)uehto tEe fe:jc_t (tjhaththe fiber Ju|St emits 15 photons[;:-er
photodiode. A detailed study could be found in [1]. » the photodiode has a very low output current. Be-
cause of this, we need signal amplification in order to get

a pulse signal large enough to be measured by the oscillo-
scope. The amplifier we used is a transimpedance ampiifier
{(V/A) with a gain range fron10? to 107. The gain used for

e tests was0? for the MPPC and 0° for the APD. The

igh voltage supply used is Keithley 2410C with00 V'
*Work supported by CYCIT-IN2P3: AIC10-D-000518 maximum voltage. The MPPC needs an input voltage iof
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The Scintillating Fiber The fiber used is a Kuraray
SCSF-78 scintillating fiber made up of polystyrene [2]
The fiber is squared(5 x 0.5 mm?) with single cladding
and doped core (color centers), which emits photons at 4
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Table 1: Features of the Different Photodiodes Tested
MPPC S10362-11-100C MPPC S10362-33-100C APD S2384 APD $131

Effective area(mm?) 1 9 7 7
Pixels number 100 900 - -
Spectral responsgnm) 320-900 320-900 400-1000 400-1000
Peak sensitivity(nm) 440 440 800 800
Efficiency 0.74 0.74 0.13 0.13
Gain (at25°C) 2.40 x 106 2.40 x 106 60 60
Operating voltage (V) 70.86 70.90 143.80 143.80
Dark counts (cps) 1 x 108 12 x 108 - -
Effective distance(mm) 0.5 0.45 1.4 1.9
Light conus area(mn?) 0.35 0.28 2.74 5.04
Sensitive surfacgmm?) 1 9 7 7
llluminated area (%) 35 3 39 72

70.86 — 70.9 V at25°C, while the APD need$43.8 V in-  photodiode for the "watchdog” BPM.

put voltage at the same temperature. The oscilloscope used

is Agilent, and it has 2.5 GHz maximum frequency and THE MECHANICS

20GSa/s sampling rate. With the oscilloscope we can

see the pulses and measure their peak voltages, FWHM,The "watchdog” BPM configuration is based on four
rise time, etc. We can also integrate the pulse to get ti§gintillating fibers tracking the beam by means of four
charge deposited by the photodiode, so the number of pH&overs to determine the beam position in the horizontal
tons emitted by the fiber can be reproduced. Furthermor@hd vertical planes. The beam consistd of 10° protons
we can measure the pulse rate or pulse frequency. with a1.5 — 25 mm rough radius.

Photodiod feedthrough
(Type: MIL-C-26482)

Experimental Tests and Results

PosHioner Pin~.—

The goal of the tests was to validate if the photodiodes ... ¥
chosen for the “watchdog” BPM are optimum devices to R
detect the photons emitted by the scintillating fiber and tc
study the response of the photodiodes under input currer ...
variations. This is performed by measuring the electror
rate. The electron rate is the number of electrons per un
time emitted by the photodiode when it detects photons
This is equivalent to the current produced by the photodi-
ode.

To know the beam position from current measurements,
we have to study the electron rate variation when changirr_ggure 1: 3D view of the 1st prototype of the "watchdog”
the distance between the Sr-90 source and the fiber, gpp.

Table 2. To do this, we change the Sr-90 source position

and count the pulses at a 20 ms window time in the os- The watchdog components are assembled on a base
cilloscope. The trigger level of the oscilloscope is used tplate. This base plate is attached to a rectangular flange
minimize dark counts in the MPPC case, and to minimizeith four screws and two positioner pins. The first proto-
the electronic noise in the APD case. The results for thigpe will be assembled with only two movers, but the de-
electron rate obtained for each photodiode are presentediite is ready to set up the whole system with four movers,
Table 2. as shown in Figure 1. The prototype is designed to test

We could conclude from the results that all of the photothe different types of photodiodes proposed. Each mover
diodes studied are able to detect the low light level emitteldas 50 mm travel and they are ready to work in vacuum
by the fiber, just 15.5 photons/MIP. However, the MPP@onditions. The movers have a stepper motor withnd
S10362-33-100C saturates because the area illuminatedriegolution and kapton insulated wires.
the cone light is 3% of the total area, corresponding to The flange has eight feedthroughs in order to connect
27 pixels, less than the 31 pixels needed to avoid saturtre photodiode as well as the movers. Four circular
tion. Furthermore, we can expect saturation of the MPP{eedthroughs (one per photodiode) are used for the pho-
S10362-11-100C when exciting the scintillating fiber withtodiode signal. They are welded on the flange and we
a beam. Then, the APD type could be the most suitablesed plug connector type MIL-C-26482 on the air side
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Table 2: Photodiodes Electron Rate Tests at IFIC and VSC

IFIC test VSC test VSC test
MPPC1x1 MPPC3x3 MPPC1 x 1 APD S2384 APD S4315

r e rate e rate r e rate r e rate e rate
(mm) (s7H (sH (mm) (s (mm) (s (s7h
2.5 195 1035 1.1 9538 16.1 1395 920
7.5 130 865 6.1 2321d0 21.1 1315 975
125 55 410 11.1 2273( 26.1 1825 1480
17.5 28 825 16.1 225185 31.1 1440 1420
22.5 15 725 21.1 234884 36.1 1585 985
27.5 5 525 26.1 20100 411 1150 1025
325 5 505 31.1 16965
37.5 5 115 36.1 20400
42.5 0 0 41.1 17865

and weld/crimp pins on the vacuum side. The other foysower supply, the temperature and movers control blocks.
feedthroughs are used for the movers control (one per

mover). They are welded on the flange too and plug con ! Beamline | _Awunm i
nector SubD 9 pins (MIL-C-24308) in the air side and - A€ ___; o

weld/crimp pins on the vacuum side are used. The flang: [ watchdog :;.~— 1
BPM +—

5

5, 1
pu/ |

with the detection and mover system are in a box that kee :'T’:;; .

the whole device under vacuum. To assembly the box an o ol LDJ i

the flange thirty-two M8 screws are used as well as twc e y LDJ i

positioner pins to ensure the correct position and assembl'|__§ i \_’DJ i et bes] gt

The scintillator fiber will be glued on a support that is ™™ "2 i i
attached to the movers carriage. The support has a hou it ||MovmscouTRoL

ing to host the photodiode and to hold it together with the

PCB. The PCB is a special type able to work under vagsigyre 2: Electronic scheme for the 1st prototype of the
uum conditions.The PCB and the photodiode are joined t‘i?vatchdog“ BPM.

the support by two screws and two positioner pins in or-

der to ensure the centered and alignment of the photodiode

with the scintillator fiber.

CONCLUSIONS

THE ACQUISITION ELECTRONICS This paper presents the technology selection of the dif-
ferent photodiodes, the mechanics and the electronicacqui

Figure 2 shows the electronic scheme read-out sysition system of the "watchdog” BPM. The next step wil

tem and mover control for the 1st watchdog BPM protope the construction of a 1st prototype to be tested witii a
type. This scheme has only two-channel but can extendggoton beam.

straightforward to four channels. This setup and its ele-

ments are chosen to be as configurable as possible being AKNOWLEDGMENTS

oriented to the study and evaluation of the different photo-

diodes response with a proton beam as well as getting theWe would like to thank the VSC people for their help in
best suited operation parameters for the final design of tiikee experimental test of the photodiodes.
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