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● NIEL is a physical quantity describing the non-ionizing energy loss as the particle travels to the medium.
● The amount of NIEL can be correlated to the radiation damage and can therefore predict the life time of the detectors in the experiments.
● NIEL is usually expressed as an equivalent to NIEL of 1 MeV neutrons.

● NIEL is used  by the LHC experiments (for damage 
predictions)

NIEL (non-ionizing energy loss)

NIEL for Silicon was standardized based on multiple sources 
20 years ago by A. Vasilescu and G. Linstrom1-5 (RD-48 data).
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NIEL does not distinguish in point defects/ 
cluster defects, NIEL violation has been 
reported. 6-7->need to revisit NIEL
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Area below the curves ~ cross section.

Primary knocked-on atoms7,8

Area below the curves corresponds to the NIEL.
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Subsequent Silicon Cascade
Si-sensor
Si injection

Reachability plot: 1 entry shows the 
istance from previous point (x:1 y: 
distance from point #1 to point #0)
Valleys represent clusters
Input: n (no. of neighbours)

● OPTICS13,14,15 (Ordering points to identify the clustering structure) algorithm

13) Ankerst, Mihael, Markus M. Breunig, Hans-Peter Kriegel, and Jörg Sander. “OPTICS: ordering 
points to identify the clustering structure.” ACM SIGMOD Record 28, no. 2 (1999): 49-60.
14) Schubert, Erich, Michael Gertz. “Improving the Cluster Structure Extracted from OPTICS Plots.” 
Proc. of the Conference “Lernen, Wissen, Daten, Analysen” (LWDA) (2018): 318-329.
15) https://www.youtube.com/watch?v=CV0mWaHOTA8&t=133s tutorial

● Conclusion: From certain threshold value of 
injected Si-recoil, the ratio cluster/isolated defects 
is constant.
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Reachability plot: 
● 1 entry shows the istance from previous point (x:1 y: distance from 

point #1 to point #0)
● Valleys represent clusters
● User input: n (no. of neighbours)

WP1.4. Characterization and Simulation – NIEL

https://www.youtube.com/watch?v=CV0mWaHOTA8&t=133s


Outlook & next steps
● A Geant4-based simulations and analysis are being carried out 

together with FLUKA to revisit the RD-48 NIEL curves.
● NIEL curves in literature with Geant4 and Fluka simulations 

successfully reproduced
● Algorithm for identifying clustered versus point defect damage 

implemented.
● For Si recoil of the energy above 50 keV energy threshold  the cluster 

to point defect ration remains constant, in agreement with the 
literature13.

● Further developments of algorithm for damage differences between 
different particles are envisioned.

● Closure on  cluster’s parameter definition.
● Further studies and comparisons with FLUKA.
● Cluster/Isolated displacements containing update of the RD48 plot for 

protons and neutrons and extending studies to electrons and 
gammas.

● Benchmarking with DLTS measurements data.
● Determine fraction of cluster NIEL in irradiation facilities, e.g. CERN 

PS versus JSI research reactor.
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