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11 IntroductionIntroduction

 Neutron imaging
Neutron imaging is a non-destructive evaluation technique that reveals internal
structures by visualizing how neutrons are attenuated within materials.

VS X-ray :
detecting hydrogen-rich materials / substances with similar atomic numbers /
specific isotopes

Components :
neutron source
collimator
sample
detector

 Collimator
The collimator, positioned between source and sample, shapes them into
parallel beams by limiting their divergence angle
→ enhancing the system's spatial resolution.
A well-collimated beam → less blurring (between sample and detector)
→ measure large sample with sharp image

 Research Objectives
The image quality of neutron imaging tech is strongly dependent on the beam
property, especially the beam intensity and collimation(divergence angle L/D)

Trade Off :
Neutron intensity Beam collimation
• Higher intensity improves contrast but reduces geometric resolution
• Better parallelism enhances resolution but reduces flux

Soller Collimator (1924) [1] :
Soller Collimator combines neutron-absorbing materials with arrays of slits or
channels made from neutron-transparent materials
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Cons： long-distance systems
neutron-wall interaction

transmission efficiency ↓

 Collimator system
Design parameters:
Total length L=1.45m
Width D=0.029m Height H=0.029m
Blade thickness t=725 μm
Collimation angle Γ=2d/L=1mrad
Blade spacing d=ΓL/2=725 μm
Number of Blades
N=D/(t+d)=29/(0.725+0.725)=21

Collimator Unit
Length=0.145m cross-sectional dimension=0.029m×0.029m
Si (transparent materials) thickness=724.5ௗμm
Gd (absorbing material) thickness=0.25ௗμm
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 Simulated dual-material (Gd coating & Si substrate) segmented Soller
collimators under cold and thermal neutron wavelengths using McStas.

 Collimation performance of neutron beams was calculated for different
segmented Soller collimator configurations.

 Trade-off analysis revealed that while fewer segments increased neutron
intensity, the SNR decreased. The 5-segment design achieved an acceptable
balance by maintaining relatively high intensity gain (~2times) while
preserving reasonable SNR(collimation efficiency ~67%), making it feasible
for neutron imaging applications

 Neutron Intensity Distribution
PSD_monitor: total intensity I0 (FWHM＜6mrad)
Div_monitor: (＜1mrad divergence) neutron intensity I1

Two performance indicators of soller collimator

11 Total intensity of neutrons I0
→ Neutron imaging requirements (high intensity)

22 Signal-to-noise Ratio SNR
SNR= I1 / I0

→ Collimation efficiency of the collimator

 Performance
• 4 types of segmented Soller collimator configurations 

VS continue type
• 4 different wavelengths 1Å  /  2Å /  5Å  /  10Å

(thermal) (cold)
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• Optimize beam property under a limited experimental space
• Control the divergence angle from 1 mrad for neutron imaging

 Simulation Methodology
Mcstas:
neutron ray-tracing Monte Carlo simulation
software for neutron imaging instrument
design and experimental optimization [2]

Custom collimator component:
Soller dual material2
(meta language)

Segmented Soller Collimators

Reference:
[1] Soller, Walter. Physical Review 24.2 (1924): 158.
[2] Lefmann, K., Nielsen, K. Neutron news 10.3 (1999): 20-23.

PSD_monitor
Size:0.029m×0.029m
Beam shape:rectangular

Div_monitor 
Size:0.029m×0.029m
FWHM＜1mrad

(Å)(Å)

Average SNR Reduction Ratio
8-Seg    -6.25%
6-Seg  -21.25%
5-Seg  -33.00%
4-Seg  -48.25%

Average Intensity Gain Factor
8-Seg      1.195
6-Seg        1.61
5-Seg      2.075
4-Seg    2.9575

* Intensity peak (2Å)
＜2Å: Si scattering cross-
section ↑→ Scatter off-path

＞2Å: Gd absorption cross-
section ↑→ Absorbed

trade-off analysis
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