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[1] Abstract
This work was a collaboration between Silverside 
Detectors and Dr. Marek Zreda, University of Arizona. 
Empirical comparisons of cosmic ray neutron sensing 
(CRNS) with Li-6, He-3 and BF3 detectors show that the 
three technologies have comparable sensitivity to 
changes in soil moisture. 
We developed a method to find the optimal moderator 
and mask configuration for different CRNS applications. 
Future work will answer questions raised about the 
measurement sensitivity of detector and moderator 
packages, and optimize designs for specific research 
and commercial CRNS applications.

Specifications of  
Silverside’s Lithium Detector

Temperature -30 to 60 deg C

Humidity Up to 93%

Moisture & Dust IP67

Microphonics/
Impact

Resilient to low intensity sharp 
impact (1 Joule)

Vibration

Resilient to vibration exposure 
associated with vehicle 

transportation  
(Standard: MIL-STD-810F)

• Detector developed with funding from the United 
States Department of Defense 

• Commercially available 
• 200 Li-6 chambers currently deployed in commercial 

and government radiation portal monitors, vehicles, 
and stand-alone security installations 

• Manufactured in Cambridge MA, USA 
• For more information, visit https://sside.co

Problem: Need to model both environmental neutrons and detailed detector geometry 
Solution: Use URANOS for environmental neutrons transport — use Geant4 to model detector geometry
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Simulate environment in URANOS Divide neutrons that intersected the URANOS spherical detection volume into 
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URANOS neutrons become point sources in Geant4
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• Ingesting environmental neutrons modeled in URANOS 
as point sources in Geant4 is an effective method for 
optimization of the detector, moderator, and mask 
geometry. 

• The Target vs Non-Target approach to Geant4 
simulations enables design for footprint and energy 
specificity. 

• Large datasets are required for statistically significant 
Geant4 results - future work will involve additional 
URANOS simulations for specific CRNS applications. 

• Applications include irrigation management, weather 
forecasting, and snowpack depth monitoring.

Roving experiment
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Side-by-side stationary CRNS with Li-6, He-3, and BF3 detectors
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Duration	of	roving	test	(hours)	

Li-6	
He-3	

Neutron intensities measured along transect between a valley and mountain

Normalized cost-per-count for CRNS systems with different core technologies

• We collected data with roving and stationary 
CRNS systems using lithium-6, helium-3, and 
boron trifluoride neutron detector cores encased 
in HDPE moderator.  

• The results—corrected for background and 
pressure—show that the three types of sensors 
have similar sensitivities to soil moisture. 

• These tests were conducted with standard 
moderator configurations. Future work will 
include field tests of moderator and mask 
designs based on simulation results.

This work was supported by SBIR Phase I Grant 12496893 from the 
United States Department of Agriculture National Institute of Food and 
Agriculture.
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