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EMPIR project UHDpulse

Type: Joint Research Project
Duration: 2019-2022

Start: 1. Sept. 2019 \
Funding: 21ME %
Coordinator: Andreas Schuller uippuise

Topic: tools for traceable dose
measurements for:

* FLASH radiotherapy
* VHEE radiotherapy
e |aser driven medical accelerators

http://uhdpulse-empir.eu/

* ™ok /-\.
EMPIR 8 ==

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States

The European Metrology Programme for
Innovation and Research (EMPIR):

= metrology-focused programme of
coordinated R&D

= enables European metrology institutes,
industrial and medical organisations,
and academia to collaborate

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
14.2.2020

National Metrology Institute
NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



FLASH radiotherapy

FLASH effect

Therapeutic window

100
ultra-high dose rate - Conventional
= reduction of the normal ol
tissue complications
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" maintains tumour < 60-
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FLASH radiotherapy

Reduced pig skin toxicity with FLASH-RT

Centre hospitalier
universitaire vaudois

Conventional an FLASH Irradiation
(with same total dose)

36 weeks post-RT

%

Cuey ey ey

Conventional « e

(5 Gy/min) |

FLASH
(300 Gy/s)

normal appearance of skin

Vozenin et al., Clin Cancer Res 25 (2019) 35

DOI: 10.1158/1078-0432.CCR-17-3375

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
14.2.2020

National Metrology Institute
NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



FLASH radiotherapy

Treatment of a first human patient with FLASH-RT

Patient:
lymphoma on skin

History:
110 different conventional

irradiations in 10 years
(20 Gy in 6 - 10 fractions) - 3 weeks
high grade acute skin reactions %

takes >3 months to heal

(max. of skin reactions)

FLASH-RT:
10 pulses (of 1 us duration) in 90 ms
with 1.5 Gy/pulse 5 months ;
Bourhis et al., Radiother. Oncol. (2019)
DOI: 10.1016/j.radonc.2019.06.019
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

14.2.2020 6 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



metrological challenges at FLASH

FLASH conventional tools and methods established
(with electrons) in dosimetry for conventional
RT are not suitable for FLASH-RT

dose per pulse 1-10Gy 0.3 mGy

no active dosimeters
dose rate during 1076 Gy/s 1072 Gy/s — uneconomic effort for clinical
pulse practice

no formalism (Codes of Practice)
for reference dosimetry

mean dose rate 40 -1000 Gy/s  0.05 Gy/s no corresponding primary

time for dose 100 ms 4 min standard
delivery

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute



metrological challenges at FLASH

I .
100 ] o tools and methods established
0.90 T in dosimetry for conventional
g : .
S 0.80 | RT are not suitable for FLASH-RT
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typical behavior of ordinary ionization chambers

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

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 8 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



particle beams with ultra-high pulse dose rates

I I
electrons, protons ultra-high dose per pulse,
ultra-short pulse duration
100
or both 300 ms
10 ps, Ns /
> 1l 1 70ns - .
= = ultra-short
o c'sT
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3
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conventional ~ FLASH VHEE laser-driven laser-driven protons from proton FLASH
radiotherapy radiotherapy (RF-driven) electrons protons synchrocyclotron (from cyclotron)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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\% UHDpulse Work Package Structure

WP1: Primary standards

¢ Definition of reference conditions
e Reference radiation fields

* Adapting primary standards (water
calorimeter, Fricke dosimeter)

=

* Prototype graphite calorimeters for
laser-driven beams

. 4

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

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

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

14.2.2020
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\% UHDpulse JRP protocol

UH

TaCIIy (LAUY, LUNE) T ine Trdame Or the planned COmparisons O AJ.£.0.

A3.2.3 Designing cusfom-built detectors for FLASH proton beams USC, CSIC,

4 technical WPs M20 USC, CSIC, Curie, PTW and HZDR will evaluate some potentially suitable custom-built | Curie. HZDR,
.. . detectors for absorbed dose to water measurements in clinical FLASH proton beams. PTW, PTB
SuU bd |V|ded N USC and CSIC will investigate the response of silicon microdosimeters already

available at CSIC in FLASH proton beams available at Curie or HZDR. Curie will test a
new developed prototype parallel-plate monitor chamber in the FLASH proton beam at
Curie. PTW will test new developed ionization chambers in UHPDR proton beams at

14 TaS kS PTB and at Curie or HZDR.
This activity also provides input to A1.2.11 and A1.3.7.
Su b d VI d e d IN A3.24 Improving custom-built detectors CsIC, USC,
e ey M30 Based on the results of A3.2.2 and A3.2.3, non-commercial detectors will be optimised ADVACAM,
95 ACt'VltleS for FI ASH irradiation and re-evaluated CMI, FZU, UJF
example for an Activity
8 teCh N ica I 4 D8 Validated dosimetry protocol Validated Code of | PTB, Aug 2022
. (A2.3.6) (Code of Practice) for traceable Practice METAS, (M36)
Del Ivera b | es absorbed dose measurement in document CHUV, Curie
ultra-high pulse dose rate electron
beams under reference conditions

example for a Deliverable

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
14.2.2020 11 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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UH

5 National Metrology Institutes

leading in the field of dosimetry

2 academic hospitals
pioneers in FLASH-RT

3 universities

experts in detector development
pioneer in laser-driven beams

3 national research institutes
pioneer in detector development

> UHDpulse consortium

NMI’s

WP6

(coordin.)

WP1

NPLE

National Physical Laboratory

WP2
© METAS

WP5

Irradiation Radiation
facility provider detector developer
WP3 WP4
LH T ADVACAM
: CSIC Ene

institut

eli

Ul

beamlines

pioneer in laser-driven beams CM‘I S ey (impact) Qof- Nucka hyscs it ofh CAS %ﬁﬁ POLITECNICO
dosimetry expert INSTITUTE "ﬁd prm——— W/ MILANO1863
1 European research institute — 07 QUEEN'S h 4
_ || Office [)&€] UNIVERSITY THE
laser-driven beam research R A BELFAST DOSIMETRY
COMPANY
2 companies HZDR
. CARL VON OSSIETZKY
expert in detector development remourz UNIVERSITAT
SENDOR OLDENBURG
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 12 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



\% UHDpulse consortium

PTB - Physikalisch-Technische Bundesanstalt (Braunschweig, DE)

- contact:
/Y PI-B Andreas Schiiller,

ikalisch: hn}scl’lv‘eaunﬂuanuwn Ralf'Peter Ka pSCh

m accelerator for FLASH electron beams

= ultra-high dose rate proton beam

skills

= water calorimeter primary standard

= alanine dosimetry system

= development and provision of
electron FLASH reference fields

tasks

= testing and calibrations of dosimetric
equipment for FLASH-RT

Wt i i 4R

s m‘::m

PTB’s research electron accelerator (0.5 - 50 MeV)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
14.2.2020

National Metrology Institute
13 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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UH

> UHDpulse consortium

PTB - Physikalisch-Technische Bundesanstalt (Braunschweig, DE)
Primary standard of the unit “Gray” for absorbed dose to water

D, =de/dm

1Gy =1J/Kg

€: energy deposit in medium, m: mass of medium

D, =c, AT Tk, AT = 0.24 mK/Gy

¢,: Heat capacity of water, AT: Radiation-induced temperature rise
Mk;: corrections for perturbations (heat transport, etc.)

Thermistor resistance
RinQ

0s

04

beam OFF N

~AT

L " L " L L "
-100 .50 0 50 100 150 200 250

Time tins

TiTs Twatot Sy

PTB water calorimeter in front of a medical accelerator

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

14.2.2020

National Metrology Institute
14 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



UH

PTB - Physikalisch-Technische Bundesanstalt (Braunschweig, DE)

\% UHDpulse consortium

Dosimetry of hadron beams

Heidelberg lon-Beam Therapy Center

Result: reduction of measurement

uncertainty by factor 3
Osinga-Blattermann et al. Phys.Med.Biol.62 (2017) 2033 Water Calorimetry in a 430 MEV/U 12C beam

doi: 10.1088/1361-6560/aa5bac
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
14.2.2020 15

National Metrology Institute
NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London




\% UHDpulse consortium

PTB - Physikalisch-Technische Bundesanstalt (Braunschweig, DE)
Water Calorimetry in the SOBP of a ?C-Beam
2D Raster Scanning —> Modulation in depth —> SOBP

Portable PTB
Water Calorimeter

1,5 Gy

~ 0’37 mK dk‘fz g:z%;#ksssnkcggcemgn

-+ e s 000000
arch for a Life without Cancer

Beam Nozzle HIT Range Modulator:

Kim Holm et al., “2D range modulator for high-precision water calorimetry in scanned carbon-ion beams”, submitted

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 27.10.2014 16 NCRI CTRad Meeting “Transforming Radioth@rapy in a Flash”, London
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> UHDpulse consortium

NPL - National Physical Laboratory (Teddington, UK)

NPLE

National Physical Laboratory

contact:
Anna Subiel,
Francesco Romano

= primary standard for
proton therapy

(7]
=~ = primary standard for
neutron radiation

= absolute dosimetry for

tasks

FLASH proton beams

= dosimetry for laser-driven beams

= dosimetry for VHEE radiotherapy

NPL’s portable graphite calorimeter

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

14.2.2020
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> UHDpulse consortium

NPL - National Physical Laboratory (Teddington, UK)
IPEM Working Party for a new Code of Practice for Proton Dosimetry

Vacuum vessel - O ring seal
graphite mantle

e for calibration of proton
beams both for scattered and
scanned beam delivery

Annular PCB

* new primary standard
graphite calorimeter to be
used in the end-user facility

Outer jacket

Inner jacket

Tubes containing wires,

leading to vacuum system Core

National Physical Laboratory

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

National Metrology Institute
14.2.2020 18
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> UHDpulse consortium

NPL - National Physical Laboratory (Teddington, UK)
IPEM Working Party for a new Code of Practice for Proton Dosimetry

e for calibration of proton
beams both for scattered and
scanned beam delivery

* new primary standard
graphite calorimeter to be
used in the end-user facility

s &

National Physical Laboratory

IPEM NPLE

ekperimental setup at Clatterbridge (CCC)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 19 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium
METAS - Swiss Federal Office of Metrology and Accreditation (Bern, CH)

P
contact: g

@ METAS Christian Kottler

= chemical dosimetry
(Fricke dosimetry)

accelerator for FLASH
electron beams

skills

=  Fricke dosimetry as FLASH

= primary dosimetry technique
©
* = provide reference FLASH - '
electron beams microtron electron accelerator beam line
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

14.2.2020 20 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

UHDpulse

CMI - Czech metrology institute (Prague, C2)

. contact: E . . . . . .
‘ M.I E'leETCF:(I)LOGY Jaroslav Solc 312_ 100 MeV
INSTITUTE .Q 10_ i
o proton
E 8_ d -
epth dose
E ol P pSv/proton |
2 = Monte Carlo simulations § oy 03 D2
o - 4F —\[ L.9| i
= . 1
v ®  detector data analysis & ) \25 )
S 20 10 5 1
. . . g 0 //‘@ _m ‘\ 1 1 1 1 1
= evaluation and interpretation 0 5 13 . 13 . (20 ) 25 30
) i epth in phantom (cm
of TimePix-3 data
(%]
f‘@ = characterization of stray MC Simulation of secondar)./ neutro.n dose equivalent
+ radiation from 100 MeV proton pencil beam in water phantom
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

14.2.2020 21 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

GUM - Central Office of Measures (Warsaw, PL)

contact:

ol Adrian Knyziak
of Measures

= developing primary
standards

skills

Monte Carlo simulation

= measurements of FLASH
electron and proton beams

(%]

= GUM's portable

& = MCsim. of FLASH beams graphite calorimeter

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

14.2.2020 22 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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UH

Institut Curie (Orsay, FR)

D

institutCurie

skills

contact:
Charles Fouillade

= |eading center for cancer
treatment research

= pioneers of FLASH radiotherapy

tasks

= 3ccess to a FLASH electron beam

= establish a code of practice

> UHDpulse consortium

setup for FLASH irradiation of mice

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

14.2.2020
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National Metrology Institute
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\% UHDpulse consortium

UH

Institut Curie (Orsay, FR)

New electron FLASH accelerator

ELECTRONFLASH4000 linear accelerator developed by ><S|T & mst‘mcﬁ

* D,:0,25-40 Gy/pulse
* Dose rate: 0.1 — 1000 Gy/s over 10 x 10 cm, — 4000 Gy/s over 4 x 4 cm
* Radiation field: 4 x4 cm to 10 x 10 crn @ SSD 100 cm

* 2 nominal energies: 5 and 7 MeV

* PRF:10-350 Hz

siaqueyd /
103UO

apow
|euoIIURAUOD

Real-time beam monitoring
based on beam electrical
measurement in vacuum

A. Leggieri, Real-Time Beam Monitor for Charged Particle Medical
Accelerators, IEEE Transactions on Nuclear Science, 2016

National Metrology Institute

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
24 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London

14.2.2020
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UH

D

institutCurie

> UHDpulse consortium
Orsay Proton Therapy Center (Orsay, FR)

contact:
Ludovic De Marzi

= |eading center for cancer

skills

treatment research

pioneers of FLASH radiotherapy

= access to a FLASH proton beam

tasks

= new transmission monitor
chamber for FLASH proton beam

in collaboration with LPC Caen

— O~ =
culai

phys

DOSION detetor, adapted forF

Laborat

LASH
LPC Caen (JM Fontbonne, S Salvador)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

14.2.2020

National Metrology Institute
25 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

UH

Orsay Proton Therapy Center (Orsay, FR)
1st FLASH setup: with a scattered beam

80 Gy/s for 15x15 mm? field
A u

160

—Simulated Bragg peak
140+ —— Simulated SOBP with RIF|
0  Experimental SOBP with RIF|

Relative dose [%]
® = N
o [=] o
:

[*2]
[=]
T

IS
=)

W]
[=]
T

Il 1 Il
50 100 150 200
Depth [mm]

ridge filter SOBP 160 MeV Lung experiments: CONV vs. FLASH

Patriarca et al. Int J Radiation Oncol Biol Phys, 102 (2018) 619
doi: 10.1016/j.ijrobp.2018.06.403

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020
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> UHDpulse consortium
Orsay Proton Therapy Center (Orsay, FR)

2nd FLASH setup: with a scanned beam

Scanned pencil beam
220 Gy/s, 15x15 mm? field

collaboration between Institut Curie

and IBA initiated in 2018  pup @®
institut

Curie

Beamline modifications : CPO Gantry oom — 230 MeV
- full Monte-Carlo modeling

- fast scanning
- modif. Electrometers
- adapted beam transport

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 27 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

CHUV - Lausanne university hospital (Lausanne, CH)

contact:

Centre hospitalier Claude Bailat
universitaire vaudois

FLASH radiotherapy pioneering work
clinical dosimetry for FLASH-RT

skills

= access to a FLASH-RT facility as well

(%]
< .
7] as dosimetry tools and methods -
= establish a code of practice clinical FLASH electron accelerator
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

14.2.2020 28 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium
CHUV - Lausanne university hospital (Lausanne, CH)

New inductive pulse charge monitors

Current transformer (Bergoz ACCT)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 29 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London



P+
implanted
electrode

> UHDpulse consortium

Instituto de Microelectronica de Barcelona (Barcelona, ES)

N+
3D electrode

contact:

CSIC I\  CelesteFleta,

Giulio Pellegrini

= production of Si radiation

w
% detectors
= |eads the development of
Si detectors for CERN
1w " detectors for dosimetry N
§ for FLASH proton and Ul il

electron beams

Si microsensor with ion collection time < 1 ns

Prieto-Pena et al. IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 66, NO. 7, JULY 2019

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 30 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium
University of Santiago de Compostela (ES)

contact:
Prof. Faustino Gomez

= expert in R&D on dosimetry
techniques

skills

Microdosimeter with
electronics assembly

from USC
= provide a prototype active
%) .
- dosimeter for FLASH-RT =
© "»
* = characterization of detectors in Rodioti ' ——
roton and electron FLASH beams aagigtion Fnysics tavoratory
P (accredited SSDL)
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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> UHDpulse consortium
Nuclear Physics Institute (Prague, C2)

contact:
[e]
gzgi‘ Nuclear Physics Institute of the CAS IVa Am b rozova
public research institution

= electron accelerator for
FLASH beams

= expert for dosimetry

skills

= providing access

tasks

= will utilize passive detectors (TLD)

MT25 - The Prague microtron

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 32 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

UHDpulse

ADVACAM s.r.0. (Prague’ CZ) MiniPIX TimePIX3 AdvaPIX TimePIX3
contact

ANDVACAM Cristina Oancea,
Jan Jakubek

= hybrid semiconductor sensor manufacturing

= commercialises Timepix technology

skills

= particle tracking, spectrometry, physics
Prototype FLEX
MiniPIX TimePIX3

Single chip Timepix 3
pixel detectors

(each pixel records
deposited energy)

= Experimental work using Timepix-3 pixel
detectors

tasks

= Characterisation of for FLASH stray radiation
and primary beams (protons and electrons)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 33 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium
ADVACAM s.r.o. (Prague, CZ2)

Measurements of pulsed stray radiation of FLASH electrons

23 MeV electrons

mean dose rate: 2Gy/s - 44Gy/s
intra-pulse dose rate: 1.4 kG/s — 30 kGy/s
o & } imepix 3P\ Aad”

20 Gy/s >
scattered (10 cm from beam, 1 cm
from PMMA phantom) ~ 10E-5 Gy/s

DOSE RATE [Gyls]
T T

[ = alparices = eiectrﬂns‘lx-rays . chp
ey ;o Fi AR S AR s A AN R At i A
entrance v . o ]
window
0 5 10 15 20 e [seéﬁ 30 35 40 45
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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> UHDpulse consortium
ELI Beamlines (Prague, C2)

UH

contact:
d' l)))))) Veronika Olsovcova,
] beamlines Roberto Versaci

= new laser research facility

skills

= beamline for medical
applications of laser-driven beam

% = providing access
8 = Monte Carlo simulation
ELIMAIA
= will utilize passive detectors (ELI Multidisciplinary Applications of laser-lon Acceleration)
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

14.2.2020 35 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

Queen's University Belfast (Belfast, UK)

contact:

% S#IJIEVEEIRSSITY Prof. Marco Borghesi
YAJ BELFAST

= expertise in laser-driven ion
acceleration

skills

= |aser facility for ion beam
acceleration (TARANIS)

= provision of laser-driven protons

TARANIS laser for ion acceleration

tasks

= dosimetry for laser-driven beams

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 36 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

Politecnico di Milano (Milano, IT)

contact

POLITECNICO Prof. Marco Caresana
MILANO 1863

a0 Y

2 = expert for radiation detection and
= radioprotection

@ = adapt a detector system for pulsed
L‘G neutron stray radiation

LUPIN neutron detector at HIMAC, Osaka

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
14.2.2020 37 NCRI CTRad Meeting “Transforming Radiotherapy in a Flash”, London
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> UHDpulse consortium

HZDR - Helmholtz-Zentrum Dresden-Rossendorf (Dresden, DE)

—ZDR contact: oo T Yl iy = {!“.‘ N -
p Jorg Pawelke o S -‘I'"M\ , : ‘
" HELMHOLTZ

ZENTRUM DRESDEN
ROSSENDORF

= FLASH electron beam (ELBE) |
= |aser-driven protons and i i | head - e T —
electrons (DRACO) B T B 1 G T -

= pulsed neutron beam (nELBE) |

skills

= FLASH protons (medical
cyclotron, OncoRay)

(%]
=<
(7]
8 .
" providing access and ELBE Center for High Power Radiation Sources
dosimetry expertise (Electron Linac for beams with high Brilliance and low Emittance, Petawatt laser)
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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> UHDpulse consortium

HZDR - Helmholtz-Zentrum Dresden-Rossendorf (Dresden, DE)

Proton-FLASH @ University Proton Therapy Dresden _

-y Proton energy / field size 224 MeV /@ 6.5 mm
Beam exit
: Beam current 0.3 nA 95 nA
Pulse frequency / length 106 MHz / 2 ns
Mean dose rate 5Gy/min 100 Gy/s
Pulse dose rate 0.4 Gy/s 103 Gy/s
Model:

* Wildtype zebrafish embryo, 24 hours old

* Endpoints: survival, pericardial edema,
spine curvature, length

= No significant influence of dose rate at all

E. Beyreuther et al. Radiother Oncol 139 (2019) 46-50
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HZDR - Helmholtz-Zentrum Dresden-Rossendorf (Dresden, DE)

Electron-FLASH @ ELBE accelerator

Electron energy / field size 20 MeV /@ 6.5 mm

Pulse frequency 13 MHz

Irradiation time 4 min 111 ps

Pulse dose rate 1.9x103Gy/s 2.0x10°Gy/s

Mean dose rate 7 Gy/min 2.6 x 10° Gy/s

* Model and endpoints like for proton experiment
+ 3 independent experiment replications

= Significant protecting effect of FLASH electron
irradiation revealed for all endpoints

E. Beyreuther, J. Pawelke, publication in preparation
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PTW The Dosimetry Company (Freiburg, DE)

h 4
THE
DOSIMETRY
COMPANY

contact:
Daniela Poppinga,
Rafael Kranzer

= designs, develops, manufactures

= development of a new detector
(ionization chamber) for FLASH

(72)

~ dosimetry equipment for
radiation therapy

(%]

=<

(7]

S

proton and electron beams

Guide to PTW Detectors

Radiation Therapy

;@@@@g@@ﬂﬂﬂgl-

b T T A A P P

Diagnostic Radiology

AN®]

Vaariety of PTW'’s detectors for radiotherapy
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University of Oldenburg (Oldenburg, DE)

contact:
CARL VON OSSIETZKY Bjérn Poppe,

UNIVERSITAT .
OLDENEBURG Hui Khee Looe

= Radiotherapy

= Radiation Detection

skills

= Modelling

= Protons (in collaboration with
KVI/university of Groningen)

= development of a new detector
(ionization chamber) for FLASH
proton and electron beams

tasks

AdManes | Fim Pos 3 - Smol Basen .‘
A\ et / Fim Pos 2 - Smal Baam

A ates / Fim Pos 3 - Broad Boar

AdvMates / Fim Pos 2 - Brosd Beas

Petorsson 300V

k. num

10 10 '
Dose per tran
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Internal Funded Partners External Funded Partners

PTB NADVACAM
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INSTITUTE

Central mv
Office
of Measures

Unfunded Partners
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1 UNIVERSITY DR
BELFAST HELMHOLTZ ZENTRUM

DRESDEN ROSSENDORF
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THE
DOSIMETRY
COMPANY

(I :0‘7 FZU ncs d-l U] Collaborators
0 METAS J pubTRyY beamlines
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N PL : D “ﬁ Ustay jadernd fyziky AV CR universitdt
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National Physical Laboratory

Interested institutes that want to contribute to the goals
of the project may join the consortium as collaborator

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
14.2.2020
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The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States

UHDpulse

http://uhdpulse-empir.eu/

This project has received funding from the EMPIR programme co-financed
by the Participating States and from the European Union’s Horizon 2020
research and innovation programme.
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