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= Laser-driven dose delivery for 3D in vivo irradiation
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= Pulsed high field magnets for medical beam line

Quadrupole Solenoid Chromatic focusing
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= Pulsed high field magnets for medical beam line

Quadrupole Solenoid Chromatic focusing

» Energy selection via
input current

» Beam guiding
> collimation of 70 MeV
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Solenoids suitable for broad energy range & > high transmission
large angular distribution of TNSA protons efficiency due to high

angular acceptance

Pulsed power portfolio @HZDR for beam- s Uk
line optics (Solenoid, Quadrupoles, Dipole) Binax =21 Tl - 4 kA)
> pulsed power Gantry few years operation
U Masood et al 2017 Phys. Med. Biol. (1000+ pulses)
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= Laser-driven dose delivery for 3D in vivo irradiation
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Beamline modelling and experimental verification

Parameter prediction based on particle tracing simulations with GPT
diagn.
chamber

target chamber
in-air diag./

irrad. site

E1<E2<E3
\

I l ion.
P1 P2 P3 P4 chamber P5

® Tunable beamline allows fast adaptation to a requested output, with GPT
model we can predict:

® distances, solenoid currents (ls;,,), transmission efficiency
¥ Generate output for Monte Carlo dose simulations (e.g. TOPAS)

|— — Measurement Comsol GPT

¥ Pulsed beamline/magnets modelling complicated,
no detailed 3D B-field measurement

® Measurement along main axis legitimates further
simulations with GPT
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= Beamline modelling and experimental verification

Finding translation factors from simulation model to experiment
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¥ Three independent methods, all single-shot, in sight of the pulsed source
and solenoids and are based on particle transport
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= Beamline modelling and experimental verification

Finding translation factors from simulation model to experiment
diagn.
chamber

target chamber
in-air diag./
irrad. site

E1<E2<ES

\

_ ) ion.
P1 ‘ ' P4 chamber P5
Focused proton energy Collimated beams at P2 & Simulated proton spectrum
(detection via scintillator at P3, beam size evaluation to measured time-of-flight
P4) to solenoid current for surrounding energies (diamond detector at P3)
—— Simulation ~ ~ Sim @, = Scintillator P2 P3| —— Simulation TOF Measurement|
18 —————— 50— . . . . 1,0
£
15} £ 45! ’?‘; 0,8}
A o S 06
- L ©
2 ol 2+ £
_5 6l _tg 35| .,_8, 0,4
£ 20,2
L =z Y
3 8 30+t
0 m 0,0 L
5 10 15 20
Ep [MeV] Ep [MeV]

Page 8 Member of the Helmholtz Association

EAAC Elba 2019 Florian-Emanuel Brack | f.brack@hzdr.de | Laser Particle Acceleration | www.hzdr.de



= Shaping of laser-driven proton beams
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= Shaping of laser-driven proton beams
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= Shaping of laser-driven proton beams

Combining spectral (2 solenoids) and lateral (scatter foil, focal distance, energy
selecting aperture) homogenization and final aperture of irradiation sample
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= Pulsed high-field dose delivery experiments at Draco

RCF film # Pulsed high-field beamline enables
Lt 3D dose delivery for sophisticated
5 radiobiological experiments

First irradition studies with tumor
spheroids and zebrafish embryos
have been performed
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Publication to be submitted
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= Laser-driven dose delivery for 3D in vivo irradiation

target
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beam line
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® Currently: Radiobiological requirements close to limits of the beamline

¥ required dose rate of 1 Gy/min within 5x5x5 mm?3 sample volume and
integrated dose (minimum 10 Gy)

® low repetition rate pulser combined with strong ohmic heating/long cooling
time for solenoids are major bottlenecks

® Development: Higher dose rates (and integrated dose) via
® higher proton number/energy from laser driven proton source
® high repetition rate pulse generators and solenoids

Talk by K. Zell
on Thu 16:20
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= High rep-rate magnet development

® Development:

¥ cooled solenoids (with channels for cold air/liquid between winding layers)
¥ Thyristor-based pulse generator with energy recuperation at 1 Hz

Cooling Concept

Prototype Testing

Ohmic heating (50A, DC)
coolant: pressured air (3,5bar, 7°C)
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