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METROLOGY is obsessed with Traceability

traceability refers to an unbroken chain
of comparisons relating an instrument's
measurements to a known standard.



Conventional Flash 

FLASH-RT in short: Irradiation at ultra high dose-rate  

increases the differential response between normal and 

tumour tissue
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• Beam is not standard (dose rate, field size, …) 

→ no primary standard, no commissioning 

protocol, etc etc etc!!!

• Need to adapt our methodology established using 

conventional LINACs. 



→ Uncertainty budget
10

Cont.
High 

energy 
XR

High 
energy 

electrons

Brachy
therapy

1 0.9 % 1.0 % 1.6 %

2 1.1 % 1.4 % 1.4 %

3 1.7 % 1.4 % 1.7 %

4 2.9 % n.a. n.a.

5 3.0 % 2.1 % 11.5 %

6 2.0 % n.a. n.a.

Total 5.0 % 3.1 % 12 %

Primary standard

Water calorimeter



But we are walking there ….

….. metrologist don’t run
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In the mean time, we went for a cunning plan….



Five different dosimeters:

• Films

• Ionization chamber

• Thermoluminescent dosimeter (TLD)

• Methyl viologen

• Alanine
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Redundancy of dosimetric measurements  traceability

Agreement within 3 % for FLASH and within 2 % for CONV
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Absolute dosimetry: 

alanine, TLD, and radiochromic

films. 

Relative stability: 

ionization chamber.

Routine irradiation: 

beam characteristic and dosimetry 

are standardized for three different 

setups. 

Development of procedures for pre-clinical FLASH-RT irradiation 



For routine irradiation, beam characteristic and dosimetry are standardized 

for three different setups: 

(a) mice Total Body Irradiation (TBI) 

(b) zebrafish embryos

(c) mini-pig irradiation 

Development of procedures for pre-clinical FLASH-RT irradiation 

 : in vivo dosimeters



Perspectives – issues –needs - hopes

• No microsecond monitoring: we are currently developing monitoring 

devices, in order to circumvent the passive dosimeters issues and improve 

irradiation flow. 

• Active dosimeters are needed for clinical transfer: UHDpulse will provide 

calibration and test facilities → development of international protocols.

• The FLASH-RT multidimensional space is defined biologically (FLASH 

effect). We need to explore further the boundaries of this new territory. 

• We need irradiation facilities having very flexible beam characteristics.



Questions?

THANK YOU FOR YOUR ATTENTION


