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Light Wavelength Decay Loading Element | Softening
Output of Max Constant | Attenuation | Refractive | H/C % by weight or Flash
Eljen Bicron | %Anthracene* | Emission (nm) (ns) Length (cm) Index Ratio | Density or dist. feature Point (°C) Uses
Crystal
Anthracene 100 447 30 1.62 0.715 1.25 217
Stilbene 50 410 45 1626 0.858 1.16 125
Plastic
EJ-212  |BC-400 65 423 24 250 1.581 1.103 1.032 70 General purpose
EJ-204 |BC-404 68 408 18 160 1.58 1107 | 1.032 | 1.8 ns time constant 70 |Fast counting
E}-200 |BC-408 64 425 21 380 1.58 1104 1.032 70 |TOF counters, large area
EJ-208 |BC-412 60 434 33 400 1.58 1.104 1.032 | Longest attn. length 70 General purpose, large area, long strips
BC-420 64 391 15 110 1.58 1100 | 1.032 | 1.5 ns time constant 70 |Ultrafast timing, sheet areas
EJ-232 |BC422 55 370 14 [} 1.58 1102 | 1.032 | 1.4 nstime constant 70 |Very fast timing, small sizes
BC-4220 1 370 0.7 <8 1.58 1.102 1.032_| Benzephenone, 1% 70 |Ultrafast timing, ultrafast counting
BC-428 36 480 12.5 150 1.58 1.103 1.032 Green emitter 70 Photodiodes and CCDs; phoswich detectors
BC430 45 580 16.8 NA 1.58 1108 | 1032 Red emitter 70 |silicon photodiodes and red-enhanced PMTs
EJ-248 |BC-434 60 425 22 350 1,50 0.995 1,049 High temp 100 |General purpose
BC-436 52 425 2.2 NA 161 | 0.960D:C | 1130 | Deuterium, 13.8% 90 |[Thin disks
EJ-240 |BC-444 41 428 285 180 1.58 1.10% 1.032 70 |Phoswich detectors for dE/dx studies
EJ-256 |BC452 32 424 2.1 150 1.58 1.134 1.080 Lead, 5% 60 X-ray dosimetry (< 100 keV)
BC-454 43 425 22 120 1.58 1.169 1.026 Boron, 5% 60 Neutron spectrometry, thermal neutrons
EJ-252  |BC-470 46 423 24 200 1.58 1.098 1.037 Air equivalent 65 Dosimetry
BC-490 55 425 23 1.58 1.107 1.030 Casting resin 70 |General purpose
BC-498 65 423 24 1.58 1103 1032 | Applied like paint 70 B, detection
Liquid
EJ-301 BC-501A 78 425 3.2 1.212 (0874 | Pulse shape discrim. 26 y > 100 keV, fast n Py
EJ-305 BC-505 80 425 25 1331 0.877 High light output 47 v, fast n, large volume
EJ-313 BC-509 20 425 3.1 0.0035 1.61 F 10 . fast n
EJ-321H |BC-517H 52 425 20 1.89 0.86 Mineral oil-based 81 v fast n, cosmic, charged particles
BC-517P 23 425 22 2.05 0.85 Mineral oil-based 115 v, fast n, cosmic, charged particles
EJ-325 BC-519 60 425 4.0 173 0.875 | Pulse shape discrim. 74 v, fast n, n-y discrimination
EJ-331 BC-521 60 425 4.0 131 0.89 Gd (to 1%) 44 Neutron spectroscopy, neutrino research
EJ-339  |BC-523A 65 425 3.7 1.67 093 Enriched °B 1 Total absorption neutron spectrometry
EJ-335 |BC-525 56 425 3.8 1.57 0.88 Gd (to 1%) 64 Neutron spectrometry, neutrino research
BC-533 51 425 3.0 1.96 0.8 | Low temp operation 65 +, fast n, cosmic
BC-537 61 425 28 99(D:C) | 0.954 2H -11 Fast n, pulse shape discrimination
BC-551 40 425 22 1.31 0.902 Pb (5% wiw) 44 ~, X-rays < 200 keV
BC-553 34 425 38 1.47 0951 |  Sn (10% wiw) 42 v, X-rays

*Nal(Tl} is 230% on this scale
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Relative Pulse
Specific | Wavelength of | Refractive Abs, Light Yield | Height Using
Gravity | Max, Emission| Index Decay Time (ps) in Photons/MeV | Bialk, PM tube| References

Alkali Halides

Nal(Tl) 367 415 L85 023 38 000 1.00

Csl(T1) 4,51 540 1.80 0.68 (64%), 3.34 (36%) 65 000 0.49 78. 90, 91
Csl(Na) 451 420 134 0.46,4.18 39000 1.10 92
Li(Eu) 4,08 470 1.96 14 11000 0.23

Other Slow Inorganics

BGO 7.13 480 215 030 8200 0.13 i
CdWQ, 7.9 470 23 1.1 (409%). 14.5 (60%) 15 000 0.4 98-100
ZnS(Ag) (polyerystalline) | 4.09 450 2.36 02 1.3

CaF; (Eu) 3.19 435 147 09 24000 0.5

Unactivated Fast In _

BaF,; (fast component) 4.89 220 0.0006 1400 na 107-109
BaF, (slow compenent) 4.89 310 1.56 0.63 9500 0.2 107-109
Csl (fast component) 451 303 0.002 (35%), 0.02 (65%) 2000 0,03 113-115
Cs] (slow component) 4.51 450 180 | multiple, up to several s varies varies 114, 115
CeF, 6.16 310, 340 1.68 0.005, 0.027 4400 0.04t0 005 | 76,116,117
Cerium-Activated Fast In

GSO 6.71 440 185 | 0.056(90%), 0.4 {10%) 9000 0.2 119-121
YAP 537 370 195 0.027 18000 0.45 78,125
YAG 456 550 182 | 0,088 (72%),0.302 (28%) 17 000 0.5 78,127
"Lso 74 20 182 0.047 25 000 0.75 130, 131
LuAP 84 365 1.94 0.017 17 000 03 134, 136, 138
Glass Scintillators

Ce activated Li glass® 2.64 400 1.59 0.05t00.1 3500 0.09 77,145
Tb activated glass” 3.03 550 1.5 ~ 3000 to 5000 ~50 000 na 145
For comparison, a typical organic (plastic) scintillator: 2

NE102A [ 13 | 43 [ 158 | 0,002 l 10000 | 025 |
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Cathode type Composition A at peak Quantum efficiency
response [nm] at peak

S1 (C) Ag—-0-Cs 800 0.36
S4 SbCs 400 16

S11 (A) SbCs 440 17
Super A SbCs 440 22

S13 (U) SbCs 440 17

S20 (T) SbNa - KCs 420 20
S20R SbNa - KCs 550 8

TU SbNa - KCs 420 20
Bialkali SbRb-Cs 420 26
Bialkali D Sb—-K-Cs 400 26
Bialkali DU Sb—-K-Cs 400 26

SB Cs-Te 235 10
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Abstract

Considering the increasing use of ionizating radiations, particularly gamma
and x rays, in various fields such as medicine, industry, agriculture, etc. and
given the harmful and destructive effects of these radiations protection
concept has a particular importance. Radiation shields are the materials that
are placed between the ionizing radiation source and the body that is
supposed to be protected which reduces the amount of dose deposition in
the body. Selecting the materials used as shields dependes on the energy
type and the radiation intensity. In some cases, due to the high volume and
high cost, the use of common shields is problematic. Protection against
radiation requires the use of efficient methods and design of the high-
quality and cost-effective shields.

In this study, we have investigated gamma ray shielding and have studied
and compared the use of metallic tungstates with conventional compounds
as shields by Monte Carlo simulation using MCNPX code. Then we
examined Celestite mineral, copper sheet and lead sheet as gamma ray
shielding.

Keywords: gamma ray; shielding; Monte Carlo simulation; tungstic acid

metal salts
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