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Overview
PART 1: PIF & NIF

• Motivation

• TRIUMF Neutron Facility

PART 2: Two-step Project

• Project Aim/Intro

• Unphysical results

• 2-step vs. 1-step

• Results Summary
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PART 1:
Electronics testing at TRIUMF's

Proton and Neutron Irradiation

Facilities

So, what does proton & neutron radiation do to electronic chips?



Radiation effects on electronics

• Cosmic radiation can 
cause soft core errors in 
CPU processors.

• Messes with the “binary 
code”

• Can affect computers in 
the atmosphere, on the 
ground level, and in 
space!



So electronics need to be tested...

• Protons: best mimic space radiation

• Neutrons: best mimic atmospheric and 
ground radiation

• In order to be qualified for use, companies 
need to test their electronic chips against the 
appropriate kind of radiation.

• Satellite, computer, scientific research, aircraft, 
ATMs, etc.



TRIUMF Neutron Facility (TNF)

• The neutron flux spectrum here is incredibly similar to that of the 
atmosphere!

• TNF is reliable place to test electronics accurately → accelerated 
testing



PART 2:
My work in perfecting the two-step

Monte Carlo simulation

A tale of trials, tribulations, and faulty neutrons.





Aim of the Project

● Measure neutron flux at 
the electronics lowering 
zone (the “test point”).

● Measure beam dose 
profile at test point.

● Measure neutron 
activation of different 
foils at test point for 
calibration.



However...

● TNF neutron duct is small – hard to get 
decent neutron statistics in one shot of 
protons!

● Two-step simulation is in order:

1. Write crossing neutrons at entrance of duct to 
a collision tape file.

2. Sample those neutrons as a source then 
record neutrons at test point.



At the test point...

● .



Two-step beam profile at test point

  

X-axis Y-axis

● Suggests “hot spots” of neutrons by position



“Spikes” in the flux/beam profile

● They are unphysical; a code anomaly.

● Are caused directly by beam neutrons from 
the collision tape sample with a z-cosine 
value of ~ 1.

● When traced back to the source using 
direction cosines → non-attenuating 
neutrons! 



After “silencing” these neutrons...

●  



But when we run as a one-step...

We have agreement!



One-step beam profile at test point

X-axis Y-axis

● ~14 billion protons @ 427 MeV still isn't quite enough 
statistics! (Want an error of less than 10%)



Summary of neutron fluxes

Fluxes of neutrons
above 10 MeV [neu/cm2/s]

On PIF & NIF website 2E6 - 3E6

Old FLUKA result 1.95E6

My one-step result 2.83E6

My two-step result 1.23E5



Summary of foil calibration

FOILS
Irradiation Time

Carbon #1
50 min

Carbon #2
70 min

Aluminium #5
90.75 hrs

Nickel #2
90.75 hrs

Experimental
Foil Activity
[Bq]

4065 ± 98 5986 ± 174 3209 ± 106 393 ± 12

Simulated
Foil Activity
[Bq]

4970 ± 711 5740 ± 821 3290 ± 616 506 ± 102

Difference 22% 4% 3% 29%



Part 2 Conclusions & Future Directions

● The neutron flux spectra agree much better 
when my one-step simulation is run. Aiming to 
collect more simulation data to achieve an 
uncertainty < 10%.

● Foil calibration activities agree to experimental 
data to within 3-30% → very good for neutron 
calibrations

● Two-step simulation is still a powerful tool, just 
not so much in my case → need to find out what 
causes the spikes.

 



Thank you!

http://nexttriptourism.com/wp-content/uploads/2012/11/Seeing-the-Northern-Lights-for-a-romantic.jpg
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