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. Development of a high repetition-rate, high energy plasma accelerator for ions

RPA .
Energy scaling — two challenges:

1. Technological limits for larger laser systems:
» Advanced accelerator schemes: from surface
to volumetric interaction
» Indirect, highly non-linear processes

(instabilities) = high sensitivity on input
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. Development of a high repetition-rate, high energy plasma accelerator for ions

Energy scaling — two challenges:
1. Technological limits for larger laser systems:
surface

> Advanced accelerator 1Igemes from

Lipseating
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(instabilitles) - high sensitivity on input

Sta bl I Ity 2. Limited predictability of simulations

parameters
RT-relevant radio- » microscopic understanding

biology research
» control and knowledge of laser parameters

energy plasma on target
transport  diagnostics

laser metrology
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. Laser-driven proton acceleration for radiobiological research
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.Small animal pilot study with laser-driven proton pulses N
Preparation of comparative in vivo radiobiological studies for dose rate effect studies \!!.“ﬁ?ﬂav@
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.Small animal pilot study with laser-driven proton pulses N
Setup at Draco PW ‘g_nggﬂay@
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.Small animal pilot study with laser-driven proton pulses N
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.Small animal pilot study with laser-driven proton pulses N
Setup at Draco PW \Dncoﬂay@
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.Small animal pilot study with laser-driven proton pulses

Accelerator readiness and stability benchmarked via application-specific parameters
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.Small animal pilot study with laser-driven proton pulses

N\

Preparation of comparative in vivo radiobiological studies for dose rate effect studies OncoRay
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v

... meaningful dose-effect data via
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Upscaling the energy:
Enhanced acceleration with near-
critical density targets

Page 11 Member of the Helmholtz Association
20th Advanced Accelerator Concepts Workshop (AAC’22) Karl Zeil | k.zeil@hzdr.de | www.hzdr.de



.Tailoring the target (plasma) density profile as decisive parameter

Relativistic transparency Magneto vortex acceleration
TNSA Yin POP (2011), D’humieres POP (2015), Higginson Nat. Comm. (2018), g ]
McKenna, Gonzales-Izquierdo et al. SPIE (2021) & ApplSci (2018) Bulanov & Esirkepov PRL (2007)
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.Tailoring the target (plasma) density profile as decisive parameter

Relativistic transparency

TNSA Yin POP (2011), D’humieres POP (2015), Higginson Nat. Comm. (2018), Magneto vorjtex acceleration
McKenna, Gonzales-Izquierdo et al. SPIE (2021) & ApplSci (2018) Bulanov & Esirkepov PRL (2007)
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.Tailoring the target (plasma) density profile as decisive parameter
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.Tailoring the target (plasma) density profile as decisive parameter

Relativistic transparency
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i Enhancing ion energies with relativistically transparent targets

target pre-expansion by preceding light
10° —— temporal laser intensity
== initial density
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P propagation
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- increase absorption + coupling into ions + energies
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i Enhancing ion energies with relativistically transparent targets

Cut-off energies @ target normal

target pre-expansion by preceding light 80
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i Experimental setup

DRACO-PW
E =22.4) (ontarget), T=30fs
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. Profiler: shift of acceleration direction towards laser axis
: _— Target normal ~— :

Al 40 MeV

no data

vert. angle [°]
vert. angle [°]

vert. angle [°]
vert. angle [°]

60 40 30 20
horiz. angle [°] horiz. anale [°]

 highest energies in forward direction

T. Ziegler, et al. unpublished
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i Microscopic understanding and robust performance

. . . ... precisely measure the threshold
Characterization of the laser induced breakdown P Y

intensities at low intensities,
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C. Bernert et al. SciRep 12, 7278 (2022) o m : Liﬁﬂii“};ﬁ;ﬁﬂﬁaﬂgg'ﬁ'*m
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... and correlate to the full energy temporal laser contrast (what is real).
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-> Input for start-to-end
simulation frameworks

—— temp. contrast DRACO-PW based on MHD and 3DPIC.

We can characterize the start of the interaction o e S e w0 o 10

at full energy laser shots,
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i Microscopic understanding and robust performance
Comparing pre-expanded thin foil studies at two laser systems w/o PM

Coordinated laser and plasma diagnostics provide similar results
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.Conclusion

1. Stable TNSA beam performance enabled first volumetric in-vivo irradiation of mice

2. Combining multiple detector systems based on different principles to confirm
energies >100 MeV In pre-expanded foils

3. High energy, bandwidth limited pulses from rep-rate capable laser system
Understand and mitigate strong fluctuation is work in progress
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