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Abstract SFH Monitors [1]
The Scintillating Fibers Harp (SFH) monitors are the beam ..
General description

profile detectors used in the extraction lines of the CNAO e g . .
(Centro Nazionale di Adroterapia Oncologica, Pavia, Italy) *Two horthogonal harps of scintillating fibers making up the detector active
’ | area:

machine. The use of scintillating fibers coupled with a high- o _ _ .
resolution CCD camera makes the detector of simple « CCD camera (12-bit dlgltaloutput signal) for the luminous signal read out.

architecture and with high performances; on the other hand, e

fibers radiation damage shall be faced after some years of 7,
operation. The work presents measurements and analysis SFH active area CCD camera
performed to understand the phenomenon. A procedure for 2 _ _
data correction is fixed in such a way to compensate radiation £ . Bea_m profile reconstructllon _
&  Qutput signal proportional to the number of particles crossing the

damage effects and make the SFH usable, before the major

intervention of fibers replacement. detector active area, to their energy and dependent on the camera

. 1000
‘“e\““A

"% i configuration parameters;
Example of one extracted spill longitudinal » Output signal off-line processing for beam profile reconstruction;
. - . : profile reconstructed on the horizontal plane * Longitudinal beam profile reconstruction by means of the acquisition
Radiation damage on scintillating fibers GEUELEEEIIELETESIE LT of consecutive frames.
Radiation effects
1. Reduction of fibers light 2. Fibers transparency loss: due to the detector geometry the Dfmage dependence on the amount of dose
production power involving central light produced on the positive region of the \_’ertical plane has to ? SFH response during the irradiation of the
fibers (mainly hit by the beam) cross the more damaged area (about the active area center) i ciency | detector active area with a total dose of 115 Gy
_________ before being read out by the camera. : delivered to t[\e active area center by means of
o720 360 consecutive Proton spills.
70 IR | R R Y A .
%3500(} % Enlarged Beam Profile ........................ ........................ [ ......................... ....................................... SFH response on the Eﬁso }*}H
B 30000 bl R e — horizontal plane (i.e. - SR
"Ezmoz_ ......................... T S A o — — § e I T —— integral number of counts
I L 2 T S 1. &&NEEEEEAN 00 | in function of beam T
Ezu{mo__.................,g ......................... ........................ ...................... ........................ ......................... .......... @ 16007 SEESAESSSESEONNR.. barycenter position) tO 3 Spill ID —
150002_ ......................... ........................ ...................... ........................ ......................... __________ E 141]1]—: N o PI’OtOﬂ beam With 8E+08 SFH response on the horizontal 5:::
.,umm_ _________________________ e T S e - - E R e particles per spill, 10 mm plane at fixed coordinate on the gma
P S U s U I AV b % - E 0] B\ O FWHM, 60 MeV kinetic vertical plane (Y =0 mm) to a S {i mmrr——
| I AT -t fwol L N 400, | energy, moved up to 121 Proton beam with fixed 1 b iton
T T FiberPosition mm £ officienc different positions equally parameters (8E+08 particles per E'::: §+P05t N
Nominal (blue line) and enlarged (red 00— loss 5-15"}, spaced on the detector s!olll,_10 mm FWHM, 60 MeV £ |+ 24h recovery.
line) beam profiles reconstructed on the " & active area. k_metlc c_anergy) before and after =
horizontal plane from one SFH 20 15 10 . ] 1511]00‘8" (Immedlat-ely a-fte-r and- 24 hourS 700
measurement. X-coordinate [mm] B L R after) the irradiation with 115Gy
tOtaI dose' - - - Be-am barycenter on the1|umrizn1:tal pl:rl:e [mn:]5
Data correction
Data correction procedures Beam parameters computation before and after data
. Dose Delivery data i
1. Elaboration of a 2D map of correction = L. SeHComcteddam [ _ correction
factors per each plane, extracted from .5.20:_ ......... 'R O T I % N Y. T E —=— Not corrected data @Y=20mm 5
data manipulation, and depending on Bl | g e Comeddsngtionm [ O(DeMag ey [ 15
7 1a00° beam barycenter position on the N A 8 | - Notcorrected data @Y=-20mm o(Delta correcteq )~0.07 mm
Ewuu— horizontal/vertical plane of the detector % n:_ ________ ‘ _____________________ ............. - _____________ : ___________ : ________ ............. ......... ............. 0| <~ Correcteddata @y=-20mm |/ | ...................
£ 0o active area. Detector response I P P R - f
E - correction from radiation damage E_m:_ _________ LI LI L S S : ___________ : ________ : _____________ : _________ : _____________ a
;;_ . effects by means Of correction factors V1] E S I A N ' o ' ﬂ_— ......................................... N OO USROS HURRS S s SR SO
E 15 application on raw data after a rough 20—y | ........ e — l e —— || ............. — 'l ........ e — |‘ .............. : | E E M s |
® 800 - . . ool b e Loy L : : : AR :
E’ _5; beam barycentel' eStlmatlon. 20 10 o B:ricenter);?coordina:;[mm] -I].E_— ............... ................................... ................................. ........................... T ................................... ...................
= o ny Robust and reliable procedure, but
Xf’; 15 40 105&“& j ; s Beam barycenter values on the é é é é é
ordinate [mpm; o 5T T 1}0& fjema.nd"]g and t|m.e consuming, horizontal and vertical plane L T
|mQIY|ng the SFH dismantlement from extracted from one SFH 20 0 0 10 20

Beam Baricenter Corrected Position on the Horizontal plane [mm]

Differences (Deltafmm]) on the horizontal plane between
reference barycenter values (from Dose Delivery
measurement) and barycenter values from one SFH

SFH intensity map, on the horizontal plane,
extracted after the application, to raw data, of
the correction factors 2D map.

the beam line. measurement before and after data
correction (with the 2D correction
factors map application) and

Beam Profile on the SFH 2. Elaboration on 1D set of correction compared to reference values measurement before (solid line) and after (dashed line) data
£ | compoteseeometon| factors involving 4-5 central fibers for acquired with the Dose Delivery, a correction (with the 2D correction factors map application) for
S12000 |- T T—— — ) ionization monitor installed at the o : ~
S| sompotorsmeone| [ each plane. Correction factors used to end of the extraction line. the two outer positions on the vertical plane (Y = -20 mm and
A A modify profiles reconstruction Y =20 mm)
5 o parameters for damaged fibers _
£ oo response equalization. Conclusion
* 4ono Not very rigorous procedure and A robust procedure has been implemented to manage the radiation damage effects on the
2000 usable only for a beam centered on the scintillating fibers based on the determination of a 2D map of correction factors per each
EoF e detector active area. At the same time plane of one detector. Tests on profiles reconstruction have demonstrated that the correction
- 1 quick and easy to apply to all the allows the beam barycenter reconstruction with a major accuracy. Although reliable and
BT P erresiontmm; INStalled SFH detectors. efficient, this procedure presents a few operational difficulties. Consequently a less robust,
Horizontal beam profiles acquired before and out quicker and easier method to compute correction factors, has been implemented. It can
after the 1D set of correction factors application e applied on all the SFH detectors. The goal of radiation damage handling and managing
to profiles reconstruction parameters. nas been reached in both cases.

Acknowledgements to M.Haguenauer and to J.Bosser for their valuable technical support and for their suggestions in facing up to the radiation damage
phenomenon.

[1] E. Rojatti et al., “Scintillating fibers used as profile monitors for the CNAO HEBT lines”, in Proc. of IPAC, Richmond, Virginia, USA (2015).
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