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Physical design of conversion screens for thermal neutron transmission imaging
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Abstract  [Background] Although the neutron image conversion screen is a key component of thermal neutron
radiograph, its parameters can severely affect both the spatial resolution and thermal neutron-photon conversion
efficiency. [Purpose| This study aims to design a neutron image conversion screen for a thermal neutron transmission
imaging system based on a compact D-D neutron source. [Methods] Firstly, the Geant4 (Geometry and Tracking)

program was used to simulate the physical process of thermal neutron transmission imaging and two-dimensional
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images of transmitted photons, and establish a thermal neutron radiography model based on LiF(ZnS) and LiF(GOS)
image conversion screens, and the Siemens star image indicator model. Then, the line spread function (LSF) was
employed to calculate spatial position resolution of neutron transmission imaging, and the relationships between the
thickness of thermal neutron image conversion screens and the spatial resolution, as well as that between the
thickness of thermal neutron image conversion screens and neutron-photon conversion efficiency were evaluated and
calculated. Finally, based on parameters of thermal neutron radiography imaging system based on compact D-D
neutron source at Lanzhou University, recommended thicknesses for LiF(ZnS) and LiF(GOS) conversion screens
were applied to the spatial resolution test experiments. [Results] The recommended thicknesses for LiF(GOS) and
LiF(ZnS) image conversion screens are 40 um and 80 um, respectively, the spatial resolution of the thermal neutron
radiography reach 45 and 63 pm, respectively, and the neutron-photon conversion efficiencies are 136.34 and 126.81,
respectively. [Conclusions] This study lays the technical basis for the development of a thermal neutron radiography
based on compact D-D neutron sources. It may be also applicable to other thermal neutron imaging systems.

Key words Thermal neutron radiograph, Image conversion screen, Spatial resolution, Neutron-photon conversion

efficiency
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Fig.5 Thermal neutron radiograph of Siemens star indicator and LSF at the edge of the fourth ring slit (LiF(ZnS) conversion screen)
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#1 BT LiIFZnS)GERREHNHRF FESEG =B SHER

Table 1 Spatial resolution of thermal neutron radiograph based on the LiF(ZnS) image conversion screen

G i 57 )5 R 7% [6] 43 £ Spatial resolution / um

Thickness of image  Jrag 1 Slitl  Jefe2 Sz Ha%3 S Je4E4 Slitd  JK&%5 Slits  HRA%6 SIit6 1) Average
conversion screen / nm

5 (9] 35.31 37.35 35.12 35.51 35.07 36.66 35.67
R) 35.37 35.46 35.47 36.71 34.85 35.21

10 L) 42.28 39.84 32.14 35.54 33.03 34.49 37.88
R) 40.36 3431 45.74 41.35 41.29 34.22

20 L) 37.04 43.27 38.72 37.26 37.91 37.16 39.04
R) 46.69 37.37 36.69 39.27 38.73 38.37

30 L) 36.74 42.25 49.77 42.69 43.84 45.06 42.92
R) 44.20 42.74 42.28 41.10 41.39 42.93

40 @») 47.53 47.90 46.69 43.46 47.04 47.39 47.01
R) 48.73 47.77 46.89 45.50 48.99 46.18

50 (9] 49.97 54.83 51.77 50.04 50.19 50.47 51.10
R) 49.12 56.05 50.36 47.01 51.34 52.00

60 L) 56.78 57.08 51.67 53.48 58.44 58.58 55.19
R) 56.69 51.33 53.94 51.21 54.42 58.60

70 L) 56.63 55.05 58.25 57.53 59.39 60.25 59.64
R) 56.01 60.79 60.88 65.64 58.93 66.27

80 L) 51.55 68.48 62.94 62.55 65.69 66.22 63.19
R) 48.12 60.65 65.16 70.80 64.76 71.38

90 (9] 59.73 67.98 62.17 70.90 66.11 77.56 68.80
R) 69.83 66.84 65.64 72.77 73.42 72.67

100 (9] 57.43 83.27 84.22 71.82 82.32 79.55 7291
(R) 58.66 67.22 66.72 68.82 78.68 76.26

T LR 2P R AR 4% J M A 0 LSF X 7 F) 2% ] 731
Note: L and R respectively represent the spatial distribution rates of LSF corresponding to the left and right side of the annular slit

*2 BT LIF(GOS)GHEMRERADFESEGR=E PR

Table 2 Spatial resolution of thermal neutron radiograph based on the LiF(GOS) image conversion screen

1G4 bt JE B 22 [[] 4 #E % Spatial resolution / um

Thickness of image Wegk 1 Slitl  Mesk2 Slita  He4%3 Slit3  M4%4 Slitd  He4%5 Slits 486 Slite T4 Average

conversion screen / um

5 (L) 38.81 37.75 40.06 36.79 33.76 29.34 35.09
R) 30.96 27.01 37.15 35.27 41.56 32.56

10 @) 39.21 39.84 30.89 35.95 37.13 41.99 37.22
R) 42.32 32.35 32.69 38.12 37.16 38.99

20 L) 33.65 36.72 33.97 45.21 40.11 39.58 38.65
(R) 40.50 37.22 37.52 40.58 40.55 38.21

30 (L) 35.21 50.86 44.04 38.49 42.05 44.30 42.45
R) 39.32 49.78 39.57 41.03 41.29 43.40

40 (L) 41.93 44.97 46.91 47.85 48.56 46.54 46.34
R) 41.65 48.19 44.76 53.43 46.08 45.18

50 (L) 38.66 55.28 54.35 43.36 52.04 50.91 50.46
R) 61.64 52.10 46.92 51.60 48.91 49.75

60 L) 53.30 53.99 55.46 52.63 57.63 55.55 54.07
(R) 53.17 55.29 51.93 53.16 54.39 52.31

70 L) 62.38 58.89 53.01 56.66 56.99 64.65 58.57
(R) 55.87 57.54 57.23 58.02 60.04 61.51

80 L) 59.51 58.77 61.87 63.60 59.86 59.23 62.20
R) 68.96 62.10 59.46 65.48 64.46 63.05

90 (L) 59.24 72.71 73.08 68.96 63.00 68.35 66.31
R) 68.55 60.24 58.45 71.39 67.25 64.50

100 (L) 65.83 68.92 74.52 69.18 69.34 72.62 70.15
(R) 68.14 72.35 69.35 69.74 70.87 70.96
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