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Flash Radiotherapy
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FLASH radiotherapy (FLASH-RT) is a modern and 
promising cancer treatment modality still in its 
early stages of development and application. 

• dose is delivered in few radiation pulses of 
ultra-high dose rate

• has been proven to significantly reduce 
adverse side effects to healthy tissues while 
being as effective for tumor control as 
conventional radiotherapy 

• sparing effectiveness of FLASH-RT is observed 
using photons, protons, and electron beams

• very high energy electron (VHEE) are  require 
for deep seeded tumor treatment (> 50 MeV)]. 

Laser-driven accelerators are seen as a compact and 
cost-effective accelerators for radiotherapy 

• ultra-short radiation pulses of extremely high 
dose rate (up to 109 – 1012 Gy/s).
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Flash-RT
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• Total dose 15 Gy
• 10 pulses (1us)
• Treatment time: 90 ms
• Dose /pulse: 1.5 Gy
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Metrological Challenges in Flash-RT
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UHDPulse
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• Joint Research Project in the framework of the 
European Metrology Program for Innovation and 
Research (EMPIR), supported by the European 
Association of National Metrology Institutes 
(EURAMET). 

• Duration: Sep/2019-Feb/2023
• Coordinator: Andreas Schüller (PTB, Germany)
• Topic: dosimetry for

• FLASH radiotherapy
• VHEE radiotherapy
• laser driven beams

• Website: http://uhdpulse-empir.eu

Schüller et al., The European Joint Research Project
UHDpulse – Metrology for advanced radiotherapy using
particle beams with ultra-high pulse dose rates, Physica
Medica 80 (2020), 134-150.
https://doi.org/10.1016/j.ejmp.2020.09.020

“Metrology for advanced radiotherapy 

using particle beams with ultra-high 

pulse dose rates” (UHDpulse)
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Objectives
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1. Develop a metrological framework which comprises SI traceable

primary standards, secondary reference standards, and validated

reference methods for dosimetry measurements for particle beams with

ultra-high pulse dose rates.

2. Characterize the response of available detector systems when used in

ultra-high dose per pulse or with ultra-short pulse duration particle

beams.

3. Develop traceable and validated methods for relative dosimetry, as

well as for the characterization of stray radiation outside the primary

pulsed beams.

4. Provide input data for future Codes of Practice for absolute dose

measurements in particle beams with ultra-high pulse dose rates.
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Work Packages
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Consortium
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Metrology Institutes

Detector developers

Irradiation facilities / providers

7 Metrology institutes
6 Hospitals
9 Universities
7 Research institutes 
12 Companies
1 Proton therapy network 

http://www.protonsinspire.eu/


Collaborators
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Impact
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• 25 Peer-reviewed publications
• 62 Oral presentations
• 15 Poster
• 6 Other publications

11

http://uhdpulse-empir.eu/?page_id=734

http://uhdpulse-empir.eu/?page_id=734


Recent Highlights
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A. Bourgouin et al. Characterization of the PTB ultra-high pulse dose rate
reference electron beam, Physics in Medicine & Biology, accepted 8 April
2022. https://doi.org/10.1088/1361-6560/ac5de8

Ultra-high Pulse Dose rate reference field at PTB
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Recent Highlights
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F. Gómez et al. Development of an ultra-thin
parallel plate ionization chamber for dosimetry
in FLASH radiotherapy, Medical Physics, 13 April
2022. https://doi.org/10.1002/mp.15668

Medical Physics, Volume: 49, Issue: 7, Pages: 4705-4714, 

First published: 13 April 2022, DOI: (10.1002/mp.15668) 

Development of an ultra‐thin 
parallel plate ionization chamber

Medical Physics, Volume: 49, Issue: 7, Pages: 4705-4714, First 

published: 13 April 2022, DOI: (10.1002/mp.15668) 
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Recent Highlights
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Linearity of the prototype detector signal as function of 
the reference dose per pulse 

Kranzer et al., Response of diamond detectors in ultra-high dose-per-pulse 
electron beams for dosimetry at FLASH radiotherapy, 2022 Phys. Med. Biol.
67 075002. https://doi.org/10.1088/1361-6560/ac594e

• Commercially available microDiamond detectors show saturation effects at different DPP levels.
• Linearity can be extended to the ultra-high DPP range by reduction of sensitivity and

resistance.

Diamond detector for ultra-high 
dose per pulse (DPP)
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Verona Rinati et al. Application of a novel diamond detector for 
commissioning of FLASH radiotherapy electron beams. Med Phys. 
2022; 49: 5513- 5522. https://doi.org/10.1002/mp.15782 
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Conclusions

• UHDpulse is a European Joint Research Project

aimed at developing and improving dosimetry

standards for FLASH-RT, VHEE radiotherapy and

laser-driven medical accelerators.

• The project was briefly presented in order to raise

awareness of its objectives, structure, and results.
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 Editor in Chief: Prof. Dr. Sergei D. Odintsov

 High Visibility: Indexed within Scopus, SCIE (Web of Science), CAPlus / SciFinder, Inspec, and 
many other databases.

 Journal Rank: JCR - Q2 (Multidisciplinary Sciences)

 Sections: 

Computer and Engineering Science and Symmetry/Asymmetry          Chemistry and 
Symmetry/Asymmetry

Mathematics and Symmetry/Asymmetry                                                  Biology and 
Symmetry/Asymmetry

Physics and Symmetry/Asymmetry

 Call For Paper: We welcome Symmetry articles with good experimental outcomes, a strong
substantiation of conclusions and results, as well as relevant analytical reviews and scientific
topics.

https://www.mdpi.com/journal/symmetry

 Awards: https://www.mdpi.com/journal/symmetry/awards
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 Call For Paper: [Symmetry] Section “Physics and 
Symmetry/Asymmetry”

 Website: https://www.mdpi.com/journal/symmetry/sections/physics_symmetry

 Section Editor-in-Chief: Prof. Dr. Stefano Profumo

 Section Information

The “Physics and Symmetry/Asymmetry” section covers topics, original research, and peer-reviewed

articles related to the latest research and developments in any field of physics where symmetry plays

a key role. This is a vast, highly interdisciplinary area, which runs the gamut from classical

symmetries, to space-time symmetries, gauge symmetries, symmetry breaking, the origin of

symmetry, etc. Areas of physics relevant to this section include mathematical physics, classical and

quantum gravity, particles and fields, condensed matter systems, dynamical, disordered, and non-

equilibrium systems, and biophysics.
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Thank you for 
your attention!


