High dose rate in vivo proton irradiation

based on alaser plasma proton accelerator

U. Schramm

Institute for Radiation Physics and Oncoray
Helmholtz-Zentrum Dresden-Rossendorf

<
HELMHOLTZ ZENTRHUM
ODRESDEN ROSSENDORF

@7 ATHENA | #N\

T a
M n: The Helmholtz-Project for \ (_)_I!GURaY‘
< Laser-Plasma-Acceleration SRS

Laserlab-Europe Symposium “Lasers Fighting Cancer” May 2021

ﬂ




Motivation (in the early times of laser acceleration)

compact (cheap) accelerator to replace clinical proton therapy source
| T. Bortfeld, J. Loeffler, Nature 2017: shrink accelerators, sharpen
beams, broaden coverage |
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S. Kraft et al. NJP 12 (2010) 085003,

K. Zeil et al. APB 110, 437 (2013)
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Upscaling of laser accelerated proton beam energies ...

CPA thin target ion bunch
PW laser

maximum proton energy [MeV]
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* increased laser energy laser power on target P [TW]
« dedicated targetry
« improved and monitored laser and plasma control &L o an

U. Schramm u.schramm@hzdr.de



. Upscaling of laser accelerated proton beam yields ...

CPA thin target ion bunch
PW laser
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Motivation (today)

exploit unprecedented source characteristics

-> extreme dose rates (10s of Gy in hanosconds)
-> proad energy range -> single pulse depth dose shaping

Prerequisites

« Sufficient energy to penetrate volume (>30 MeV protons)
« Sufficient particle yield (pulse dose rate and average)

* Absolute dose control and metrology in 3D

« Stability (laser accelerator availability on demand)

« Radiobiology expertise and infrastructure (references)
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. Dresden (accelerator) platform (for variable dose rate studies)

research accelerators clinical machines

development of beam delivery, radiobiological models, dosimetry establ. methods, models, protocols

Dresden p|atf0rm laser ions (Draco + linacs
PENELOPE) UPTD protons
laser e~ (Draco) ELBE electrons

as fs ps ns VS ms S h those appl.

ultra-high dose rate radiobiology & FLASH

1012 Gy/s 108 Gy/s 40-100 Gy/s ~Gy/min
S ps, 77 ns

FLASH @ ELBE é‘ + l-—L<25 mGy / pulse

‘—'—’ Time J. Pawelke, et al.,

~10° Gy/s pulse 3x10° Gy/s mean dose rate Radiother. Oncol. 158, P7 (2021)
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. ELBE Center for high power radiation sources

a user facility and advanced accelerator R&D
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. Stable laser proton accelerator operation over month @ >60 MeV
through active control of laser pulse parameters
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T. Ziegler, et al., Scientific Reports 11, 7338 (2021)
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. Controlled dose delivery for applications

CPA thin target ion bunch
PW laser

pulsed magnet beamline for
 efficient beam transport
« spectral control

‘ - controlled depth dose delivery

monitored laser pulse tailoring
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Controlled dose delivery for applications

CPA thin target ion bunch chromatic beam transport

in vivo 3D irradiation (mouse ear tumor)

. -of- tud
F. Brack, et al., Scientific Reports 10, 9118 (2020) proof of concept s y

S. Busold, et al., (LIGHT), Sci. Rep. 5, 12459 (2015) h q
D. Haffa, et al., Sci. Rep. 9, 6714 (2019) omogeneous dose .

mc ’
F. Albert, et al., New J. Physics 23, 031101 (2021) _ i’vo'fyr”g C?S":;l‘fc’t?gﬂon
0

4 Gy in ~minute

E. Beyreuther et al., PLOS ONE 12 (2017) - criver.com
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. Single pulse depth dose control

2-solenoid Setup vacuum

RCF #
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F Brack, et al., Scientific
Reports 10, 9118 (2020)
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. Proton beamline impressions

pulsed solenoid lense
(actively air cooled,
few pulses / min)
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. First in-vivo proton irradiation study

diagn.

target chamber chamber
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Two modes of operation:

Controlled dose at highest precision
(mouse experiment, accumulated shots)
Maximum dose rate (up to 25 Gy/shot)
enabling FLASH irradiation studies
(zebra fish experiment)
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. First in-vivo proton irradiation study with laser accelerated protons
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High dose-rate in-vivo proton irradiation at DRACO-PW
pilot study demonstrates system readiness

* energy to penetrate volume stability « model — growth delay
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* beam transport, energy selective shaping, monitoring, online and absolute dosimetry
« capability to handle ~100 mice with reference irradiation (x-ray, proton)
* FLASH performance demonstrated and Zebra-fish studies ongoing
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