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of view



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



• Reliable

• Accurate

• Reproducible vs time

REPEATABILITY

TRACEABILITY

STABILITY

Our Goals for a safe use of 

FLASH-RT:

Ensure a reliable and accurate

dose delivery



• Reliable

• Accurate

• Reproducible vs time

TRACEABILITY

Ensure a reliable and accurate

dose delivery

→ Agreement accross various locations



• Reliable

• Accurate

• Reproducible vs time

TRACEABILITY

Ensure a reliable and accurate

dose delivery



• 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

13.0

13.5

14.0

14.5

15.0

15.5

16.0

16.5

17.0

17.5

0.078 210 1050

D
o

se
 [

G
y]

Dose rate [Gy/s]

Alanine Film TLD Markus



Maud Jaccard, Maria Teresa Durán, Kristoffer Petersson, Jean-François Germond, Philippe Liger, Marie-Catherine Vozenin, 

Jean Bourhis, François Bochud, Claude Bailat, High dose-per-pulse electron beam dosimetry: Commissioning of the 

Oriatron eRT6 prototype linear accelerator for preclinical use, Medical physics, doi: 10.1002/mp.12713

K. Petersson,M.  Jaccard, JF Germond, T. Buchillier,F Bochud, J. Bourhis, MC Vozenin, C. Bailat, High dose-per-pulse 

electron beam dosimetry - A model to correct for the ion recombination in the Advanced Markus ionization chamber, Med 

Phys. 2017 Mar;44(3):1157-1167. 

M. Jaccard, K. Petersson,T.  Buchillier,  JF Germond, MT Durán, MC Vozenin, J. Bourhis, FO Bochud, C. Bailat,  High dose-

per-pulse electron beam dosimetry: Usability and dose-rate independence of EBT3 Gafchromic films, Med Phys. 2017 

Feb;44(2):725-735. 

M. Jaccard, K. Petersson, T. Buchillier, C. Bailat, J.F. Germond, R. Moeckli, J. Bourhis, M.C. Vozenin, F. Bochud, Absolute

dosimetry with EBT3 Gafchromic films in a pulsed electron beam at high dose-rate, Radiotherapy and Oncology, Volume 

119, Supplement 1, April 2016, Page S690. 

K. Petersson, M. Jaccard, T. Buchillier, C. Bailat, J. Germond, M. Vozenin, J. Bourhis, F. Bochud, The Advanced Markus 

ionization chamber is useable for measurements at ultra high dose rates, Radiotherapy and Oncology, Volume 119, 

Supplement 1, April 2016, Page S373. 

K. Petersson, M. Jaccard, M.C. Vozenin, P. Montay-Gruel, F. Trompier, T. Buchillier, J.F. Germond, F. Bochud, J. Bourhis, C. 

Bailat, Dosimetry of ultra high dose rate irradiation for studies on the biological effect induced in normal brain and GBM, 

Radiotherapy and Oncology, Volume 118, Supplement 1, 15–19 February 2016, Page S84



• Reliable

• Accurate

• Reproducible vs time

REPEATABILITY

STABILITY

Our Goals for a safe use of 

FLASH-RT:

Ensure a reliable and accurate

dose delivery



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


