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. Laser-driven ion acceleration recap — Target normal sheath acceleration (TNSA)
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i Laser-driven proton acceleration — Overview
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Energy scaling — two challenges:
1. Technological limits for larger laser systems:
» Advanced accelerator schemes
» Indirect, highly non-linear processes
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i Laser-driven proton acceleration — Overview
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. Laser-driven proton acceleration for radiobiological research
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i 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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i Small animal pilot study with laser-driven proton pulses N
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i Small animal pilot study with laser-driven proton pulses

Accelerator readiness and stability benchmarked via application-specific parameters
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i Small animal pilot study with laser-driven proton pulses
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Upscaling the energy:
Enhanced acceleration with near-
critical density targets
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i Tailoring the target (plasma) density profile as decisive parameter
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Bulanov & Esirkepov PRL (2007) Yin POP (2011), D’humieres POP (2015), Higginson Nat. Comm. (2018), D
HTanopa vt ryut McKenna,\S6RbIELitIGRl- @R SIyPIaPYLt) & Appisci (2018) ense, opaque target
|
EPOCH simulation of RIT I

hot electron
debye-sheath

— ne/ n,
—)k
- Transmitted light

foil
e,0.H

reéurniég

log10(n /n_, v ) (Dimensionless)
(snun -qay) b1 pepiwsues |

i 0.5
: lo gl
0 20 40 60 80

Time (fs)

5 Target
! ! ! density

typ. < 102%cm3 1.7 x 102" cm3 =n_;4;.,[800NmM] typ. > 103 cm
under-critical density near-critical density over-critical density

Page 12 Member of the Helmholtz Association

13th International Particle Accelerator Conference (IPAC’22) Karl Zeil | k.zeil@hzdr.de | www.hzdr.de



i Towards high-repetition rate with cryogenic jets using a mechanical chopper
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i Cryogenic hydrogen jets — pre-expansion

TOA - intrinsic constrast, scaled to peak intensity
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i Cryogenic hydrogen jets — pre-expansion
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i Cryogenic hydrogen jets — tailoring the density profile
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i Cryogenic hydrogen jets — tailoring the density profile
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i Cryogenic hydrogen jets — tailoring the density profile
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. Optimized laser ion acceleration at the relativistic transparency front (RTF-RPA)

Phase space evolution
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. Optimized laser ion acceleration at the relativistic transparency front (RTF-RPA)

Phase space evolution

0.6
30 fs . — E, 18 15
0.5 ,. a fastest protons
o L ooy O
el =
— 0.3 S, o = i
Q 4 - 5 g_ 5
S 0.2 - . © 1078 w —
= .27 laser is off 5 — S > 0
= 011 3o g
&L 10711 =
|. Gothel et. al., PPCF 64 044010
_0.1 T _2 —10 T T T !
T T T T T T _50 0 50 100
~ o
S / = Reflection of the laser pulse at the relativistic transparency \
D 10
& 10 front (RTF)
Z 5. = Protons moving with the RTF are accelerated within the
% target bulk
T 0 \_ ->» quasi co-moving accelerating field structure -
DRESDEN N o=
M. Rehwald et. al., in review  conee N g A

Page 20 Member of the Helmholtz Association

13th International Particle Accelerator Conference (IPAC’22) Karl Zeil | k.zeil@hzdr.de | www.hzdr.de



. Summary

W Stable beam generation >60MeV and accelerator
readiness demonstrated

® First animal irradiation - platform ready for

translational research with laser-driven protons

® Enhanced acceleration with near-critical density
targets beyond 80 MeV with rep-rated jet target
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