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Abstract Scintillating silica optical fibers are fabricated by using Sol- Gel method. Based on the fabricated
scintillating fibers, a Gamma radiation fiber sensor system is set up. Through doping different concentrations of
cerium (Ce) element in Sol-Gel material, two scintillating fibers are fabricated with the Ce and Si mole fraction of
0.14% and 0.22%. By using a “"Cs Gamma radiation source, the dependences of the sensing properties on the fiber
coating, Ce—doped concentration and fiber length are investigated and analyzed.
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Table 1 Ce—doped fibers made from Sol-Gel powder with different concentrations of cerium

Ce—doped fiber Mole fraction of Ce and Si (in Ce—doped powder /%)
A 0.14
B 0.22
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Fig.1 Scintillating silica optical fiber end face
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Fig.2 Schematic diagram of the scintillating fiber Gamma radiation sensing system
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Fig.3 (a) Impact of coating to the Gamma sensitivity of cerium—doped scintillating fiber; (b) real-time CPS in 1 min
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Fig.4 (a) Radiation sensing characteristics of the Ce—doped fiber with different concentrations and lengths; (b) impact of the distance
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Fig.5 Statistics of CPS per minute in 20 min

4 %5 B

FI FH Sol-Gel 72 45 & 45 B 1 22 5 AR il 25 09 48 50 A1 9 G 27 VE b 5 S5 8k 385 17 XK ok 2 40 =5 4 5 4
BRI AR IR G . SSL I UE L % T 2T B TN BR 6 25 X0 A 25 s S5 ke, s A7 1 AR R A0 77 AR B9 O - 0k
6.8x10°, %5 & H HL G LR Uik 7 & X% G £F 1 4 A% Bk B8 7 A2 52 i JF B 1T SC 0 A5 2 T B0 E . 38 i X R R vk
B AN TRI K BE 04 48 4l Y £F R T 338 47 S A B 3 B, 45 Al Uk R AR I IN R OB AR RS B XA T =
il BT 19 & G HL B (Ce™ BB KRN ) o LA, A TR) ¥ B 1R DG 27 kK, 32 4 B 22 06 IX S K, 7= A 19 06 B0 bk
% . il v] E A PRI E S, G EF R i iT DAAE 22 AN B AR R S AR — o I R T R R

& Z XM
1 B Baumbaugh. Studies of pattern of light emitted from waveshifting, scintillating, and waveguide fibers used in detectors for particle
physics[C]. Knoxville: IEEE Nuclear Science Symposium Conference Record(NSS/MIC),2010. 847-851.
2 K T Han, W J Yoo, J K Seo, et al.. Optical fiber—based Gamma~-ray spectroscopy with cerium—doped lutetium yttrium orthosilicate
crystal[]J]. Optical Review, 2013, 20(2): 205-208.
3 Liu Minmin, Zhou Feng, Du Zhishun. Application of optic fiber sensors in petrol well logging[J]. Optics & Optoelectronic
Technology, 2008, 6(3): 18-21.
XU, SR W, AR R, S 2 A RS R I g R D] St S HLEAR, 2008, 6(3): 18-21.
4 S Prensky. What's new in well logging and formation evaluation[J]. World Oil, 2011, 232(6): 85-95.
5 R T Ramos, W D Hawthorne. Survivability of optical fiber for harsh environments[C]. SPIE, 2008. 3031-3040.
6 A L Huston, B L Justus, P L Falkenstein, et al.. Remote optical fibre dosimetry[J]. Nuclear Instruments and Methods in Physics
Research Section B, 2001, 184(1-2): 55-67.
7 J Moon, K W Jang, W J Yoo, et al.. Water—equivalent one—dimensional scintillating fiber—optic dosimeter for measuring therapeutic
photon beam[J]. Applied Radiation and Isotopes, 2012, 70(11): 2627-2630.
8 D M Carthy, S O'Keeffe, E Lewis, et al.. Radiation dosimeter using an extrinsic fiber optic sensor{J]. IEEE Sensors Journal, 2014, 14
(3): 673-685.
9 B Beischer, R Greim, T Kirn, et al.. The development of a high-resolution scintillating fiber tracker with silicon photomultiplier
readout[J]. Nucl Instr and Meth A, 2011, 628(1): 403-406.
10 Y Matsuda, T Kobayashi, M ltoh, et al.. Scintillating fiber detector for momentum tagging light unstable nuclei at intermediate
energies[J]. Nucl Instr and Meth A, 2012, 670(1): 25-31.
11 S O'Keeffe, C Fitzpatrick, E Lewis, et al.. A review of optical fibre radiation dosimeters|J]. Sensor Review, 2008, 28(2): 136-142.
12 ] Didierjean. Oxide crystal-fibers grown by micro—pulling—down technique and applications for lasers and scintillators[C]. SPIE,
2012. 8263.
13 M Chiesa, K Mattsson, S Taccheo, et al.. Defects induced in Yb"'/Ce™ co—doped aluminosilicate fiber glass preforms under UV and
y-ray irradiation[]]. Journal of Non—Crystalline Solids, 2014, 403: 97-101.
14 Hu Wenjie, Jia Hongbao, Sun Jinghua, et al.. Magnesium fluoride anti-reflective films for fluorophosphate glass prepared by Sol-
Gel method[J]. Acta Optica Sinica, 2013, 33(5): 0531001.
BSOS, BTELSE, PN AR, A5 VA I R I 125 ] 4 T T R 2 5 T8 1) 3P B 9l S S5 S [, D162 24412, 2013, 33(5): 0531001.

0305006-5



A I S

15 Yang Bin, Wang Qian, Xia Haiping, et al.. Energy transfer mechanisms of Ce’ '/Th’ " doped scintillating glasses with high
[Gd,_,Lu,],0, concentration[J]. Chinese J Lasers, 2013, 40(5): 0506001.
Mook, B, ST, S SRR 2% 5 L SR DA R B B AR e AL AL . T EEOG, 2013, 40(5): 0506001,

16 A Vedda, N Chiodini, D D Martinoet, et al.. Insights into microstructural features governing Ce’" luminescence efficiency in sol—gel
silica glasses[J]. Chem Mater, 2006, 18(26): 6178-6185.

17 N Chiodini, A Vedda, M Fasoli, et al.. Ce—doped SiO; optical fibers for remote radiation sensing and measurement|[C]. SPIE, 2009,
7316: 731616.

18 Q Lu, Q Liu, J Zhuang, et al.. Ce’"~doped Lu,Si,0; luminescent fibers derived from electrospinning: Facile preparation and flexible
fiber molding [J]. ] Mater Sci, 2013, 48(24): 8471-8482.
19 Shiyang Lin, Qiang Guo, Fufei Pang, et al.. Fabrication of cerium—doped silica scintillating fiber based on sol-gel and powder—in—
tube technique[C]. Beijing: Asia Communications and Photonics Conference, 2013, AF2D: AF2D.1.
20 I Veronese, M Martini, F Moretti, et al.. Phosphorescence of SiO, optical fibres doped with Ce’* ions[J]. Physica Status Solidi (C),
2007, 4(3): 1024-1027.
=EEE: TR

0305006-6



