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Radiation environment simulation 
and hardness testing
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Responsible for simulating radiation backgrounds in the ATLAS 
experiment. We also coordinate the activities needed to make sure the 
detector systems will survive the harsh LHC radiation environments.
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The radiation backgrounds in and around ATLAS are simulated using 
high fidelity Monte Carlo software, e.g. FLUKA, GEANT4, + others.
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From the simulations we obtain the radiation damage quantities 
of interest: ionising dose; neutron fluence; SEE flux, etc..
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The simulated predictions are used as input for: radiation resilient detector design; 
damage mitigation studies; testing at irradiation facilities. Simulations provide the 

link between the real life radiation environment and the test facilities. 

High flux 27 MeV protons for ionising 
dose and bulk material damage. 

Nuclear reactor for neutron and 
gammas damage studies.



Synergy between industries?
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• In terms of radiation simulation 
and testing, there is strong 
overlap between what we do in 
collider experiments and the 
aerospace and nuclear industries. 

• For example, we’ve used FLUKA/
GEANT4 for simulation radiation 
effects in all these research fields.  

• Similarly, radiation quantities 
such as ionising-dose, 1 MeV 
neutron equivalent flux, etc., are 
used across these sectors. 
Therefore the same irradiation 
test facilities can be used.



Example of partnerships with industry SMEs to develop 
radiation resilient ultrasound transducers (UT) for non 
destructive testing in nuclear applications.
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Investigate piezopolymer (PVDF) ultrasound transducers for 
radioactive waste monitoring. Understanding gamma 
response crucial. PVDF sensor material of interest for high 
frequency/resolution imaging applications.

Piezoceramic based ultrasound transducers for monitoring 
extreme environment applications, such as inside nuclear 
reactors. Evaluating both neutron and gamma response 
crucial.



Gamma/neutron irradiations and simulations.
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Dalton Co-60 gamma 
irradiation chamber.

GEANT4 simulation model 
of Dalton irradiation 

chamber, Co60 rods, DUTs.

Results!

Benchmarking/calibration 
of simulations with data.

UT probes irradiated in 
research reactor facility 
(neutrons and gammas).



Outcome of project?
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Publication (Vol 35, Issue 2, 2020) 
and presentation at Advanced 

GEANT4 workshop.

Companies now advertising their radiation resilient products. 
Any lessons learned? SMEs have much to offer the aerospace 

and nuclear industries, but need expert support to navigate 
radiation hardness assurance and test facility usage. 



In summary …
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• We have expertise understanding radiation 
damage effects in: 
- Sensors; 
- Electronics; 
- Materials. 

• We can help find solutions for applications 
involving: 
- Space missions and space weather 

monitoring; 
- Nuclear decommissioning and new 

build simulation studies; 
- Accelerator design for medicine and 

particle physics. 

• Our capabilities:  
- Simulating complex radiation 

environments using high fidelity 
Monte Carlo software; 

- Optimise shielding design and study 
radiation damage mitigation 
strategies; 

- Organise and supervise radiation 
testing at gamma and neutron 
irradiation facilities; 

- Radiological assessments; 
- Strong links with CERN technology 

groups and STFC knowledge transfer. 

For further information or queries, email: detectors@qmul.ac.uk


