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EMPIR JRP “UHDpulse”

Schüller et al., The European Joint Research Project UHDpulse …

Physica Medica 80 (2020), 134-150
https://doi.org/10.1016/j.ejmp.2020.09.020

http://uhdpulse-empir.eu/
https://doi.org/10.1016/j.ejmp.2020.09.020


FLASH-RT:
Electron beam  
10 pulses (of 1 ms duration) in 90 ms
with 1.5 Gy per pulse

(conventional RT: 0.3 mGy per pulse)

Ultra-high dose rate / dose per pulse 
-> sparing healthy tissue

Day 0 3 weeks

5 months

FLASH radiotherapy 

Bourhis et al., Radiother. Oncol. (2019) 
http://dx.doi.org/10.1016/j.radonc.2019.06.019

human patient, lymphoma on skin

http://dx.doi.org/10.1016/j.radonc.2019.06.019


FLASH radiotherapy

• interest in FLASH RT increasing 
rapidly. 

• 2021: 1.4 paper/week about 
“FLASH RT” or “ultra-high dose 
rate”

• just now an urgent need for 
Dosimetry for FLASH RT



Petersson et al., Med Phys 44 (2017) 1157
https://doi.org/10.1002/mp.12111

conventional
(< 0.3 mGy)

FFF
(< 2 mGy)

IORT
(> 20 mGy)

FLASH
(> 0.6 Gy)
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Losses due to ion 
recombination

Advanced Markus 
chamber

0.0001 0.001 0.01 0.1 1                10

Metrological challenge at FLASH radiotherapy
Typical performance of ionization chambers

There are

• no active dosimeters 
for real-time 
measurements

• no formalism (CoP) 
for reference 
dosimetry

https://doi.org/10.1002/mp.12111


Partners and Collaborators

Metrology Institutes

Detector developers / providers

Irradiation facilities / providers

7 Metrology institutes
6 Hospitals
7 Universities
6 Research institutes 
8 Companies

http://www.protonsinspire.eu/


21 Collaborators joined UHDpulse up to now

Collaborators
8 new Collaborators in 2021



WP1: Primary standards

• Definition of reference conditions

• Reference radiation fields

• Adapting primary standards (water 
calorimeter, Fricke dosimeter)

• Prototype graphite calorimeters

WP2: Secondary standards,
relative dosimetry

• Transfer from primary standards

• Characterizing established detector 
systems

• Formalism for reference dosimetry 
for future Code of Practice

WP3: Detectors for 
primary beam

• Novel and custom-built active 
dosimetric systems

• Beam monitoring systems

WP4: Detectors and 
methods outside
primary beam

• Active detection techniques for 
pulsed mixed radiation fields of stray 
radiation and pulsed neutrons

• Methods with passive detectors

WPs

WP5: Impact, WP6: Coordination



Highlights of 2021 - D1: reference fields  



PTB’s Research electron accelerator

E = 0.5 – 50 MeV up to 7 Gy per pulse (SSD 0.7 m, 20 MeV)
tpulse = 0.1 – 3 us in preparation: up to 15 Gy per pulse (SSD 0.5 m, 20 MeV)

Beam line with water phantom

Highlights of 2021 - D1: reference fields 
Ultra-high pulse dose rate reference fields at PTB



Current transformer (Bergoz ICT): Non-destructive 
absolute beam pulse charge measurement 
(uncertainty < 0.1 % @70 nC/pulse) 

Alanine pellets at 
reference depth
in water phantom

Dose traceable to 
primary standard

Highlights of 2021 - D1: reference fields 
Ultra-high pulse dose rate reference fields at PTB



Highlights of 2021 - D1: reference fields 
Ultra-high pulse dose rate reference fields at PTB

MC-Simulation vs. Experiment



Highlights of 2021 - D1: reference fields 
Ultra-high pulse dose rate reference fields at METAS



Highlights of 2021 - D1: reference fields 
Ultra-high pulse dose rate reference fields at METAS

MC-Simulation vs. Experiment
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Highlights of 2021 – theoretical models for ICs   

Faustino Gomez et al., in preparation
Dose per pulse [Gy]

Experiment vs. simulation

Advanced Markus 
ionization chamber @ 75 V



Highlights of 2021 - ultra-thin IC prototypes

Faustino Gomez et al., submitted

Ionization chamber 
prototype 

electrode distance: 
0.27 mm



250 V 

Highlights of 2021 - ultra-thin IC prototypes

Rafael Kranzer et al., in preparation



*

Highlights of 2021 - flashDiamond

Rafael Kranzer et al., submitted



• Assess the suitability of radiation 
measurement equipment (ion 
chambers, film, diodes, Faraday cap, 
etc) for FLASH mode.

• Provide general guidelines on 
calibration, dosimetry and reporting of 
beams in FLASH mode.

Objective 5:
to facilitate the uptake of the 
project’s achievements by 
standards developing 
organizations and end users

Objective 2:
to characterise the response 
of available detector systems

Objective 4:
provide the input data for 
Codes of Practice

https://www.aapm.org/org/structure/default.asp?committee_code=TG359

Highlights of 2021 – AAPM TG No. 359

TG359 UHDpulse

“FLASH (ultra-high dose 
rate) radiation dosimetry”

https://www.aapm.org/org/structure/default.asp?committee_code=TG359


UHDpulse members:

https://www.aapm.org/org/structure/default.asp?committee_code=TG359

Highlights of 2021 – AAPM TG No. 359

Liaison

https://www.aapm.org/org/structure/default.asp?committee_code=TG359


https://frpt-conference.org/

Highlights of 2021 - UHDpulse stakeholder workshop

https://frpt-conference.org/


Highlights of 2021 - UHDpulse stakeholder workshop



Highlights of 2021 - UHDpulse stakeholder workshop



> 700 Participants

Highlights of 2021 - UHDpulse stakeholder workshop

34 Contributions with abstract with UHDpulse Acknowledgement

(25 oral presentations, 9 poster, all UHDpulse Partners involved)

abstracts and invited full papers will be published in in "Physica Medica"



8 Peer-reviewed publications
53 Oral presentations
16 Poster
4 Other publications

Highlights of 2021 - Impact


