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security inspection, industrial non-destructive detection, microscopic particle track detection, and many other fields.
Radio-photoluminescence (RPL), as a new radiation detection method, is a phenomenon in which a new luminescence
center is generated inside a material under ionizing radiation which can be excited by ultraviolet light to emit a special
light. RPL materials usually have characteristics of storing radiation information, almost no attenuation of information,
good linear dose response, high radiation sensitivity, low energy dependence, and repeatable reading, which can
overcome the shortcomings in stability and reusability of optically stimulated luminescence (OSL) materials and
thermally stimulated luminescence (TSL) materials. Since the RPL phenomenon was reported, RPL materials have
emerged constantly, from the traditional materials as Ag-doped phosphate glass, Al,0;:C, Mg and LiF, to the novel
materials such as Cu-doped RPL system, Sm-doped RPL system and undoped RPL system materials. Meanwhile,
applications of RPL materials have also been explored, enabling them to become one of the indispensable materials in the
field of radiation detection. Based on above aspects, this paper summarizes the latest development of RPL materials,
focuses on the luminescence principle, performance characteristics and applications of traditional and novel RPL
materials, and especially compares the performance of different RPL materials in radiation detection. Finally,
advantages and disadvantages, accompanied by prospected development trend of RPL materials are summarized and
analyzed

K ey wor ds: radio-photoluminescence; radiation detection; dose detection; Ag-doped phosphate glass; X-ray imaging;
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Fig. 1 RPL materials and their applications

The central area is a general luminescence diagram of RPL materials,
the central ring area introduces common and new RPL materials,
and the outer ring area lists some potential applications of RPL
materials. FNTD: fluorescent nuclear track detector
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Tablel Different kindsof RPL materials
No. Material Material form" RPL center A, /mm  A,/mm  Sensitivity/Gy  Build-up Ref.
1 NaPO;-Al(POs)5:Ag Glass Ag’, 400-500 325/339  1x107°-10 Yes® [22-24]
Ag®, Ag," 600-700
2 LiPO,-Al(POs)s:Ag Glass Ag* 630 340 [25]
KPO;-Al(PO;);:Ag Glass Ag™ 550-700 300-350  0.1-10 [26]
4 P,05-Al,05-Na,0-SiOy:Ag Glass Ag’ 460 310 0.1x107°-10 Yes [27]
Ag”, Ag," 630
5  NaCl:Ag S.C Ag’ 550-650 289 [28]
500-600 339
6 KClAg S.C Ag’ 400-550 289 [28]
500-700 339
7 ALO;CMg S.C. F'(Mg) 325 255 2x107°-200 Yes [11,19, 29]
F, 500 300
F,'@Mg) 750 355
F,>'(2Mg) 510 435
8 LiF:Mg S.C. F,",F, 530 450 0.1-1.4x10* Yes [30]
9  MgF,:Sm P.C. Sm** 700-800 340 1-1x10° No [31]
10  SrB,O;:Sm P.C. Sm*" 670-830 408 0.2-5x10° [32]
11 BaAIBO;F,:Sm G.C. Sm*" 670-850 300-500  0.01-10 No [33]
12 CaSO4Sm P.C. Sm*" 600-900 300 0.015-5 No [34]
13 Ca,SiO4Eu P.C. Eu®* 500-800 250-500  0.01-10 [35]
14 BaAIBO;F,:Eu G.C. Eu®* 510 300-450  0.02-10 Yes [36]
15 KCaPO,Eu P.C. Eu®* 610 200-500  0.01-10 [37]
490 350
16 90KPO;-10AL0;:Ce S.C. ce* 300-400 310 1x10°-1 [38]
17 NaCL:Yb S.C. Yb* 425-430 200400  0.1-100 [39]
18 CN S.C. film NV 689 546 Yes [40]
19 Si0,-B,0;-Al,0;-Na,0:Cu Glass Cu’ 500-800 240 ~500 Yes [41]
20 Mgk, P.C. 415 340 100-1000 Yes [42]
700
21 CaF, S.C. F,' 660 370/560 [43]
(FaMa 760 390/610
22 CaFyNa S.C. (F,)a 750 390/610  1x107°-10 [44]
F, 950 450/610
23 Li,CO; P.C. 470 340 1x107°-0.1 [45]
24 K,COs P.C. 440 340 1x107°-10 [46]
25  CaSO, P.C. 690 590 4x107-5 No [47]

*S.C., P.C., and G.C. are single crystal, multi-crystal, and glass-ceramics; ® Determined at low temperature (10-300 K)
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Fig. 2 Schematic diagram of three general luminescence mechanisms, and RPL responses and RPL centers of
Ag-doped materials, Al,05:C,Mg and LiF
(a) Schematic diagram of RPL/OSL/TSL general luminescence mechanisms!'*); (b) Excitation and emission spectra of Ag-PG!"); (c) Emission spectra
of Ag-PG under different doses of X-ray irradiation®"); (d) Excitation spectrum (pink dotted line) and emission spectrum of Ag-Rb glass before and
after X-ray (10 Gy) irradiation®”); (¢) Emission spectra of Ag-Nd co-doped phosphate glass at different radiation doses (310 nm excitation)!**);

(f) Excitation spectrum (dashed line) and emission spectrum (solid line) of Ag-doped CsCl before and after X-ray irradiation

[581.
>

(g) Excitation and emission contour spectra of Al,O5:C,Mg irradiated by p-rays (*°Sr/*°Y)!®"); (h) Excitation spectrum and emission spectrum
of LiF after X-ray irradiation (126 Gy)*?; (i) RPL defect center in LiF, where F;" is formed by three anionic vacancies capturing two electrons
and F, is formed by two anionic vacancies capturing two electrons!”’; Colorful figures are available on website
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Fig. 3 RPL and its responses of Cu-doped materials
(a) Photos of undoped, 0.005% and 0.01% Cu-doped (in mole fraction) aluminoborosilicate glass under natural and ultraviolet light (254 nm) with

[41

! (b) Emission spectra of undoped and doped aluminoborosilicate glass at 240 nm excitation before

and after X-ray irradiation*"; (c) Relationship between PL intensity and irradiation (or absorption) dose of 0.005% Cu-doped aluminumborosilicate
glass irradiated by y-ray (*°Co)!*"; (d) Effect of heat treatment on X-ray irradiated 0.005% Cu-doped aluminoborosilicate glass™*'; (¢) Emission
spectra of Cu-doped silica glass before and after y-ray irradiation at 240 nm excitation!®; (f) Emission spectra of Cu-doped silica glass before and
after irradiation with y-rays (1519 Gy) with emission band after irradiation containing two bands of 2.5 and 2.1 eV (blue line)!*; (g) Fitting curve of
the relationship between PL intensity and radiation dose of Cu-doped silica glass'®; (h) Emission spectra of Cu-doped aluminoborosilicate glasses
before and after X-ray irradiation at 240 nm with inset showing ABS25 (top) and ABS30 (bottom) before (left) and after (right) X-ray irradiation,

respectively!®!
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Fig. 4 RPL responses, reusability and effectiveness of RPL in relation to band gap energy of host in Sm-doped materials

[33].

(a) Linear response lines of RPL intensity and radiation dose of Sm-doped BaF,-Al,05-B,05""; (b) Dose response curves of Sm-doped CaSOy,,
SrSO,, BaSO, and commercial RPL glass dosimeter (Ag-PG)"¥; (c) Stability curves of RPL signals doped with CaSO,, SrSO, and BaSO, during UV
excitation. The measured irradiation dose of each group was fixed at 5.0 Gy, and PL spectra were measured every minute after irradiation (20 times

in total) to obtain its response value!®); Reusability of Sm-doped RPL detectors after (d) heat treatment and (e) UV irradiation erasure
(f) Effectiveness of RPL in Sm-doped RPL materials as a function of band gap energy of host!
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Fig. 5 RPL responses of other novel materials and their crystal structure of MOF

(a) Emission spectra of Li,CO; before and after X-ray (10 mGy) irradiation, with the excitation wavelength of (340+40) nm with inset showing the

excitation spectrum before and after X-ray (1 Gy) irradiation at the monitoring wavelength 470 nm*”’; (b) Curve of RPL response strength of Li,CO;
ceramics with time at the excitation of (340:+40) nm!*); Excitation emission contour maps of undoped CaSQ, before (c) and after (d) X-ray
irradiation (5 Gy)™*”); (e) Relationship between PL spectrum and irradiation dose of undoped CaSO, with inset showing the dose-response function
compared with commercial RPL glass detector'*”); (f) Relationship between the RPL response stability and the number of readings of CaSO, and
commercial RPL glass detectors!*”); (g) Crystal structure of SCU-200 with schematic diagrams (1)-(4) indicating crystal habit and size of a crystal (1),
coordination mode of the Pb** ion (2), one-dimensional chain constructed from PbO; polyhedra (3), and three-dimensional arrangement of the

one-dimensional chain (4), respectively!");

; (h) Emission spectra of SCU-200 after irradiation with different doses of X-ray!’*); Colorful figures are

available on website
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Fig. 6 RPL materials for radiation dosimetry
(a) Fluorescence attenuation curve (top) and novel readout technique using pulsed ultraviolet laser (bottom)!”); (b) Internal images of RPLGD!;
(c) Comparison of RPL response signals irradiated by different metal filters and different types of radiation (X, y and p-rays)!"’; (d) Spherical RPLGD
prepared by melting method””’; (e) Spherical RPLGD used to monitor radioactive contaminants in harsh environments®”; (f) 2D dose distribution of

5

each layer at different depths of the hand model soaked in polyester resin block (left) and 3D dose distribution of the complete structure of the hand
model after X-ray irradiation!®¥; (g) Contrast enhanced image of RPL photograph after digital image processing with inset showing RPL glass
particles covered with polystyrene plate placed in a petri dish. When the dose is higher than 5 Gy, RPL can be observed with a digital camera at a
dose higher than 0.5 Gy, and when RPL glass particles were exposed to gamma rays (“°Co) they can emit orange light under UV light™¥); Colorful
figures are available on website
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Fig. 7 RPL materials for FNTD and MRT
(a) Nuclear track detection of fast neutrons demonstrated by using ALO;:C,Mg™; (b) Nuclear track image obtained by using LiF as FNTD!";
(c) Histogram of nuclear tracks detected by Al,O3:C,Mg®®®; (d) Dose response function of Sm-doped RPL materials for dose monitoring in MRT!""!
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Fig. 8 RPL materials for radiation imaging
(a) Microscale patterns of (1) two-dimensional code, (2) lines, circles and dots written on Ag-PG using a focused proton beam with an energy
of 1.7 MeV and a current of 4 pA, (3) 3D images of dots- and lines-patterns written on Ag-PG using a focused proton beam with an energy of
1.7 MeV and a current of 20 pA"®?); (b) X-ray imaging of Ag-PG used in (1) medical imaging and (2) industrial nondestructive testing!®”);
(c) X-ray imaging of LiCaAlF4:Sm with the micron level spatial resolution'®”); (d) X-ray imaging of BaF,-Al,05-B,05:Sm with a spatial resolution

of 51 Ip/mm (100 um)™*; (e) X-ray images (1) using a disk-type imaging detector with LiF film

1621 with two reconstructed dose distribution images

using a disk-type Ag-PG detector in (2) orange and (3) blue RPLY; (f) Photograph of (1) a flexible imaging plate made by using (Ba,.,Sr,),SiO4:Eu
before X-ray irradiation, (2) image of the X-ray irradiated imaging plate under UV excitation with the luminous color changing from red to green,
X-ray images obtained after (3) 10 and (4) 28 d at room temperature in the dark!*”!
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