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Task 4.3 Objectives

• Generalize the IRRAD facility Data Manager (IDM) system to 
include new facilities (e.g., CERN GIF++) and improve the sharing 
of irradiation experiment results and operational data 

• Design and development of a prototype for an integrated system 
to manage induced activation (APEX - gamma) and traceability 
data for irradiated objects (CAEN –DigiWaste) based on IDM 

• Produce a common dosimetry calibration set for cross-
comparison of irradiation facilities by evaluation of Non-Ionizing 
Energy Loss (NIEL) of irradiation facilities with dedicated 
dosimeter structures
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IRRAD Data Manager 
(IDM) Updates

6

• New CERN Single Sing-On (SSO) deployed

• IDM user model changes to adapt to the 
new SSO authentication

• Fixing new user notification for EURO-LABS 
information (complementary European 
Project for Transnational Access)

• Separating past/current experiments

• Data privacy notice published

• Usability sessions organized for 
new/improved functionalities
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IDM Generalisation
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Milestone MS13 finalised 
and released

Available in Zenodo: 
https://zenodo.org/record/73
23846#.Y3y5FHbMIuU

MS13

https://zenodo.org/record/7323846#.Y3y5FHbMIuU
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GIF++ Data Manager
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• Cloning and adapting IDM for GIF++ according to identified requirements

(e.g., computation of photons attenuation factor, etc.)

• Deployment using the OpenShift platform 

• Available in this link (CERN network): https://test-gif-idm.web.cern.ch/

https://test-gif-idm.web.cern.ch/
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Spectrometry Data 
Aggregation (APEX-gamma)

• Spectrometry data model and report finalised 
→ARAMIS report -

https://edms.cern.ch/document/2796416/

• Data model configured and integrated to IDM 

• Communication with the spectrometry APEX-gamma 
database and IDM

• Calculation of proton fluence-related values in IDM
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Spectrometry Data 
Aggregation (DigiWaste)

• CAEN RadBASE interface tested for CERN IRRAD

• Need to define the requirements for IDM integration

• RadHAND test with RadBASE at CERN planned end of May

DigiWaste platform
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CAEN-RFIDs Irradiation 
Experiments

• Some bibliography data exist (gamma)

• Two irradiation campaigns already 
performed:
o IRRAD Proton Irradiation Facility –

protons 24 GeV

→Report finalized  
https://edms.cern.ch/document/2680300/

o ENEA-FNG  – neutrons                        
(funded by RADNEXT TA)

→report finalized and to be release

• Campaign in a mixed-field facility is 
under discussion (CHARM)
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NIEL 
(Non-Ionizing Energy Loss)

● NIEL is a physical quantity describing the non-ionizing energy loss as the particle travels 
through the medium

● NIEL can be used to predict the radiation damage and therefore to predict the lifetime of the 
detectors and components necessary for measurements

● NIEL is usually expressed as an equivalent to NIEL of 1 MeV neutrons
● NIEL is used by most of the LHC experiments

NIEL for Silicon was determined from various sources 20 years ago by 
A. Vasilescu and G. Linstrom1-5 (RD-48 data).
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RD-48 data

1) Data from A. Vasilescu (INPE Bucharest) and G. Lindström (Univ. of Hamburg)
2) P.J. Griffin et al., SAND92-0094 (Sandia Natl. Lab.93), priv. comm. 1996: E = 1.025E-10 - 1.995E+01 MeV
3) Konobeyev, Alexander Yu., et al. “Nuclear Data to Study Damage in Materials under Irradiation by Nucleons with Energies up to 25 GeV.” Journal of 

Nuclear Science and Technology, vol. 39, no. sup2, Aug. 2002, pp. 1236–39. Taylor and Francis+NEJM, https://doi.org/10.1080/00223131.2002.10875327.
4) Huhtinen, M., and P. A. Aarnio. “Pion Induced Displacement Damage in Silicon Devices.” Nuclear Instruments and Methods in Physics Research Section A: 

Accelerators, Spectrometers, Detectors and Associated Equipment, vol. 335, no. 3, Nov. 1993, pp. 580–82. ScienceDirect, https://doi.org/10.1016/0168-
9002(93)91246-J.

5) Summers, G. P., E. A. Burke, P. Shapiro, et al. “Damage Correlations in Semiconductors Exposed to Gamma, Electron and Proton Radiations.” IEEE 
Transactions on Nuclear Science, vol. 40, no. 6, Dec. 1993, pp. 1372–79. IEEE Xplore, https://doi.org/10.1109/23.273529.

6) Huhtinen, M. “Simulation of Non-Ionising Energy Loss and Defect Formation in Silicon.” Nuclear Instruments and Methods in 
Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, vol. 491, no. 1, Sept. 2002, pp. 194–
215. ScienceDirect, https://doi.org/10.1016/S0168-9002(02)01227-5.

7) Gurimskaya, Yana, et al. “Radiation Damage in P-Type EPI Silicon Pad Diodes Irradiated with Protons and Neutrons.” Nuclear 
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, vol. 
958, Apr. 2020, p. 162221. ScienceDirect, 

NIEL does not distinguish in 
point defects/ cluster 
defects, NIEL violation has 
been reported. 6-7->need to 
revisit NIEL
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V. Subert
PhD, synergy 
with EP-R&D 

https://doi.org/10.1109/23.273529
https://doi.org/10.1016/S0168-9002(02)01227-5
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NIEL 

• T0: energy of incident particle

• T: energy transferred to the recoil atom

• (dσ/dT): differential partial cross section for a particle with energy 

T0 to create a recoil atom with energy T in the i-th reaction

• Q(T): partition factor giving the fraction of T that is going into 

further displacements

• NA : Avogadro number

• A : atomic mass of target atom

MeV cm2/g
MeV mb 

Displacement damage function

● NIEL curves in literature with Geant4 and Fluka
simulations successfully reproduced

● Algorithm for identifying clustered versus point 
defect damage implemented

● Agreement with qualitative analysis reached
● Further developments of algorithm for damage 

differences between different particles are 
envisioned
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1,2,3,4,5

New Geant4
Simulations vs
RD-48 data

RD-48 data

Geant4
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NIEL Experimental 
Measurements
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• Diodes irradiated in IRRAD and measured in 2018 (Isidre Mateu) 
• Comparison of original measurements and measurements done 4 years later 

(Vendula Subert)
• Measurements seem to agree
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Timeline
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Conclusions

• Objective 1 – Generalisation of IDM
o IDM specifications for ENEA-FNG and GIF++ finalised (MS13)

oDeployment in GIF++ under test

• Objective 2 – Integrated system for induced activation data management 
and traceability
o APEX-gamma DB communication with IDM and proton fluence computation

o Two irradiation campaigns for CAEN RFID tags performed in IRRAD (protons) and ENEA-
FNG (neutrons) while mixed-field tests are under discussion (CHARM)

oCAEN RadHAND to be tested RadBASE API  - IDM integration in progress

• Objective 3 – Common dosimetry calibration set for cross-comparison of 
irradiation facilities by NIEL evaluation
o Geant4 and Fluka simulations for NIEL curves successfully reproduced

o Algorithm for identifying clustered vs point defect damage implemented

o Agreement with qualitative analysis reached

o Existent NIEL experimental measurements confirmed (for IRRAD)

o Development of algorithm for damage differences between different particles envisioned
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