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Schiller et al., Physica Medica 80 (2020), 134-150
https://doi.org/10.1016/j.ejmp.2020.09.020
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http://www.protonsinspire.eu/

p) Struktura work package

UHDpulse
NPL L -
wermaneeser | \WP1: Primarni etalony WP2: Sekundarni etalony a
o - ) relativni dozimetrie

* Definovani referenénich podminek
« Referenni svazky * Transfer z primarnich etalon(
* Priméarni etalony (vodni kalorimetr, * Charakterizace stavajicich detektor

Frickt?ho dozimetr, grafitovy * Formalismus pro referenéni

kalorimetr) et Tt

\Vam CZECH
‘ M weTroLosy
INSTITUTE
WP5: Impakt, WP6: Koordinace
ADVACAM I |
WP4: Detektory a metody S —
méFeni mimo svazek WP3: Detektory a
metody méreni ve svazku

e Aktivni detektory pro pulzni smésna

pole véetné neutront * Nové dozimetrické systémy
* Pasivni dozimetry * Monitory svazku
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\ Motivace

UHDpulse

\ A

* Nedavné studie naznacuiji, Ze aplikace velmi vysokych terapeutickych davek ve velmi kratkych intervalech (milisekundy
a méné) snizuje riziko poskozeni zdravé tkane, zatimco efektivita radiacniho poskozeni nadoru je zachovana.

*  Vyuziti ,,FLASH efektu” v radioterapii umozni nova generace urychlovacu (upravené konvenéni elektronové a
protonové urychlovace, nové laserové urychlovace), které jsou schopny generovat pulzni svazky ¢astic s velmi
vysokymi davkami v pulzu (ultra-high-dose-per-pulse; UHD svazky).

* Obecnym cilem projektu je vytvoreni prostfedkl potfebnych k zajiSténi metrologické ndvaznosti pti méreni
absorbovanych davek UHD svazkd.
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\ Motivace

UHDpulse

* Rekombinace a ztrata signalu v UHD svazcich.
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Nejsou aktivni
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Case

Nejsou primarni
etalony

Neni formalizmus

pro referencni
dozimetrii

K. Petersson et al., Med. Phys. 44 (2017) 1157

https://doi.org/10.1002/mp.12111
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p) Rekombinace ndboje — puvodni stav

UHDpulse
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A. Bourgouin et al., “Calorimeter for Real-Time Dosimetry ...” Front. Phys. 8 (2020) 567340.
https://doi.org/10.3389/fphy.2020.567340


https://doi.org/10.3389/fphy.2020.567340
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X_ Rekombinace naboje — reseni MI

UHDpulse
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Diody z karbidu kremiku MI

UHDpulse

4” SiC wafer

ccsic @me| | PTW
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1 mm diode Encapsulation by PTW
(microSilicon housing)

Celeste Fleta et al.
“Characterization of silicon carbide detectors in ultrahigh dose per pulse electron beams”,

in preparation Z&dost o patent EP22383168.6



Referencni elektronovy svazek Mi

Vyzkumny urychlovac v PTB, Némecko

UHDpulse

Navaznost davky ve vodé
od primarniho etalonu PTB

Alaninové pelety E=0.5-50 MeV, tpulse =0.1-3us

az 12 Gy/pulse (SSD 0.7 m, 20 MeV)

A. Bourgouin et al. “Characterization of the PTB ultra-high ...” Phys. Med. Biol. 67 (2022) 085013.
https://doi.org/10.1088/1361-6560/ac5de8

A. Bourgouin et al., “Absorbed-dose-to-water...” Phys. Med. Biol. 67 (2022) 205011.

https://doi.org/10.1088/1361-6560/ac950b
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Kalorimetrie v UHDR protonovych svazcich Mi

UHDpulse
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Temperature of the core during quasi-adiabatic run
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Prvni méreni kalorimetrem v UHDR
protonovém svazku

= Stanoveni opravnych faktorld pro
absolutni dozimetrii

= Nejistota méfeni 0.9% (k=1)

24.538

Grafitovy kalorimetr NPL ve FLASH
protonovém svazku (Cincinnati Proton Centre)
D M

institutCurie HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF

NPLE
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11. Konference radiologické fyziky, 19. - 21. 4. 2023, Ostrava

00:21:45

Time

11

00:21:50

A. Lourenco et al. “Absolute dosimetry for FLASH proton ...”

Scientific Reports 13 (2023) 2054.
https://doi.org/10.1038/541598-023-28192-0

E. Lee et al. “Ultrahigh dose rate pencil beam ...”

Med. Phys. 49 (2022) 6171.
https://doi.org/10.1002/mp.15844



https://doi.org/10.1002/mp.15844
https://doi.org/10.1038/s41598-023-28192-0

Monitorovani FLASH svazku Mi

UHDpulse
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Prevzeti vysledkd do praxe:
Firmy IntraOp a SIT nyni instaluji proudové transformatory firmy Bergoz na

vsechny noveé vyrobené FLASH Linac urychlovace.

Centre hospitalier
universitaire vaudois
NSTRUMENTATION
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R. Oesterle et al., "Implementation and validation of a beam-current ...”

%] ntraOp J Applied Clin Med Phys 22 (2021) 165
https://doi.org/10.1002/acm?2.13433
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Méreni sekundarniho zareni mimo svazek

UHDpulse

® 5 cm behind the BP
| ® 10 cm behind the BP
' —— Linear Fit Frame Mode, R?=0.999

* Pixelovy polovodic¢ovy detektor Timepix3;
*  Méreni uvnitf fantomu;
*  Protonové i elektronové pulzni svazky.
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MiniPIX TPX3 Flex ve vodnim fantomu.

Physica Medica, 2023

https://doi.org/10.1016/j.ejmp.2023.102529

DRESDEN ROSSENDORF
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https://doi.org/10.1016/j.ejmp.2023.102529
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Méreni tepelnych neutronu

UHDpulse

* Pixelovy polovodicovy detektor Timepix3

s konvertorem °Li => detekce *He a 3H;

*  Méreni uvnitr fantomu;

* Protonové i elektronové pulzni svazky.
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RozloZeni fluence tepelnych neutront ve
vodnim fantomu. MC simulace, 20 MeV
elektronovy svazek.
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C. Oancea et al., “Thermal neutron detection

and track recognition...” submitted to PMB.


http://www.protonsinspire.eu/
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No. |Report No. of items
reported

1 |STANDARDS & REGULATORY ACTIVITIES (STAN) 33

2 |PEER REVIEWED OPEN ACCESS SCIENTIFIC PUBLICATIONS (PUB) 39

3 |CONFERENCE PRESENTATIONS & POSTERS (CONF) 119

4 [TRAINING (TR) 2

5 |OTHER DISSEMINATION (OTH) 49

6 |FOLLOW-ON COLLABORATIONS (FOLL) 2

7 |END USER UPTAKE & EXPLOITATION (UP) 9

8 |COLLABORATORS & STAKEHOLDERS (COLL) 44

9 |APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC (IP) 1

10 |EXPLOITABLE RESULTS, ETC (RES) 3

11 _|FUTURE EVENTS (FUT) ]

12 |OPEN RESEARCH DATA (DATA) 13

http://uhdpulse-empir.eu/
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(in alphabetical order):

|. Ambrozova, U. Ankerhold, L. Archambault, R. Ashraf, C. Bailat, M. E M PI R - EURAM’E‘_?.
Borghesi, A. Boso, A. Bourgouin, P. Bruza, S. Busold, M. Caresana, A. "

. . . . . . Th EMPIR nilialve is co-lunded by Lhe By can Union's Horizon 2020
Cimmino, L. De Marzi, V. Djonov, A.Douralis, M. Durante, M. Dutreix, F. research and Innovation programmie and the EMPIR Participaiing States

Fausti, F. Keszti, G. Felici, C. Fleta, J.-M. Fontbonne, C. Fouillade, F. Frei, A.
Gasparini, U. Giesen, L. Giuliano, F. Gomez, L. Grasso, T. Hackel, S. from the EMPIR programme co-financed by
Heinrich, J. Jakubek, R.-P. Kapsch, K. Kirkby, A. Knyziak, R. Kranzer, C. the Participating States and from the
Lahaye, M. Lavagno, A. Leite, V. Linhart, B. Lessard, H. K. Looe, C. European Union’s Horizon 2020 research
Makowski, M. Marinelli, S. McCallum, M. McEwen, M. McManus, T. and innovation programme.

Michel, G. Milluzzo, S. Motta, C. Oancea, V. Olsovcova, H. Palmans, K.
Parodi, J. Pawelke, J. Paz-Martin, P. Peier, K. Petersson, J. Pivec, B. Poppe,
D. Poppinga, M. Pullia, J. Renaud, N. Roberts, F. Romano, S. Rossomme, K.
Roskar, S. Safai, S. Salvador, C. S. Schmitzer, A. Schonfeld, B. Simon, J. Solc,
F. Stephan, A. Subiel, F. Therriault-Proulx, R. A. Thomas, M. Togno, E.
Touzain, M. Trachsel, F. Vanhavere, V. Vanreusel, D. Verellen, G. Verona
Rinati, J. Seuntjens, R. Versaci, P. von Voigts-Rhetz, M. Zboril

This project (18HLT04) has received funding
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