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Can alien invaders change government? 
Schaerbeek, Belgium 
 May 18th 2003, 22:30 

4096 

“worried about the influence of Martians on these elections…. 
unless the cosmic rays affect our lists in a positive way!” 

4096 (212) votes added to an electronic voting machine 
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Source Drain 

Gate 

Neutron collides with 
silicon atom causing 
ejection of heavy ion 

Trail of ionisation 
and current pulse 

High energy neutron 

A Single Event Effect (SEE) is when a highly energetic particle present in the 
environment, strikes sensitive regions of an electronic device disrupting its correct 

operation 



Reproduced from  J.F.Ziegler et al IBM. J. Res. Develop. 40, 1996, p3 

Source: National Elevation 
Dataset: USGS 



7th October 2008  at 04:40:26  
Flight  Qantus  QF72  
Singapore to Perth 

‘Real-world Incident’ 



Equivalent of 3 Blackpool Rollercoasters 



 
 
 ATSB TRANSPORT SAFETY REPORT Aviation Occurrence Investigation 
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Work at ISIS reported at RADECS 2013 
(Oxford) 

 
The control circuitry (scheduler) on a GPU can be corrupted by 

radiation, with severe repercussions on its reliability 
 

High probability of having a GPU corrupted… 
 

…Titan personnel: “we have 1 error every 10 minutes” 
 
 



.. an autopilot system was found to upset on 
average every 200 flight hours Consumer 

Communications 

Critical 

Low Reliability 
High Reliability 



 

What can we do? Neutron test! 
 

 

 

 

 

 

 

 

 

 



 

The facility at RAL 
 

 

 

 

 

 

 

 

 

 

 



The spallation neutron source at RAL 



The Target 



ChipIr 

Fast neutron transport Optimized on the basis of Monte Carlo calculations   



State-of-the-Art Instrument 

 Optimised flux and spectrum 

 Collimators and filters 

 Two irradiation position 

Fast Neutron Beam 

Neutron measurements 

 Flux and spectrum 

 Profiles and maps 

 Different configuration of the 
beamline (eg. 800 MeV and 700MeV) 



Build 



Build 





NEUTRON MEASUREMENTS 
 



Spectrum, why is it important? 

SELECTED SEE CROSS-SECTION FUNCTIONS 

Neutron Spectrum 



Spectrum measurements: Activation foils 

Step 1: find good reactions… 

 N = number of precursor isotopes 

 σ(E) = activation cross section 

 φ(E) = neutron flux 

 Experimental 
measurement of the 
Activation Rate (R). 

Neutron Flux 
59Co (n,g) cross 

section 
60Co Activation 

Rate 

 Samples containing known amount of elements are irradiated and radioactive 
isotopes are produced by neutron activation reactions. 

And good energy binning… 





Step 2: Measure the activation gamma lines 

Targets irradiated on the beam line 

Targets measured on a Germanium 
detector 



Measured activation rates 

Step 3: Calculate the activation rates 

# decays expected to occur during the measurement:  

Activity after irradiation:  

During irradiation:  

l = decay constant   



Step 4: Unfolding and results 

 RX/NX = activation rate per 
precursor isotope X 

 σiX(E) = activation cross section 
of isotope X in the i-th 
energy group 

Example of the linear 
system in the case of 3 
activated isotopes and 3 
energy groups 

Statistical 
approach 

Physical 
meaningful 

results Evaluate the 
correlations 

Propagate 
the 

uncertainties 



Step 4: Unfolding and results 



ISEEM measurements 

Cross section of the ISEEM to fast neutrons as 
a function of neutron energy 

ChipIr and LANSCE collected charge spectra of the 
ISEEM detector normalized to the area above 8 fC. 

LANSCE equivalent flux 
 (En>10 MeV) 

 

4.9 · 106 n cm-2 s-1 

 
 



SEU in SRAMs 

SEU monitor developed by ESA  

• 4 x 4 Mbit = 16 Mbit 
 

• On ChipIr we measure an error rate  
of 2.05 errors/sec 
 

• This gives an average cross section 
(E>20 MeV) of about 2 · 10-14 cm2 

  Flux (E> 10MeV) SER measured SER expected 

ChipIr 5.6·106 s-1cm-2 2.05 errors/s 2.13 errors/s 

ANITA 1·106 s-1cm-2 0.42 errors/s 0.38 errors/s 

PROBA-II ≈ 102 s-1cm-2 2.44·10-5 
errors/s 

3.25·10-5 
errors/s 
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Deposited Energy Measurements 

Detector 

Preamp 

Digitizer 

HV 

Blockhouse 

Counting Room T0 signal 



Maps and Profiles 
 of a 70 x 70 mm2 beam 

70mm 

70mm 

Map is measured with a diamond detector with 2 mm 
accuracy 



Success examples of 
ChipIr user experiments. 

 
 
 
 

ESA: SRAM for space 
applications. 

technology  for networking 
systems. 

3D NAND Flash Memory,  

Power MOSFETS for 
renewables. 

GPUs for self-driving cars. 



Thank you for listening 



Coronal Mass Ejections 



1956 Event 

Largest event in 
electronics era 



1859 ‘Carrington’ Event 

Largest event in last 
150 years 

The recurrence statistics of an event with 
similar magnitude and impact to a Carrington 
event is poor, but improving. Various studies 
indicate that a recurrence period of 1-in-100 
to 200 years is reasonable… 
 
Royal Academy of Engineering 
Extreme space weather:  
impacts on engineered systems and infrastructure 



 


