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. ELBE Center for high power radiation sources

to high-field laboratory (HLD)
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« Total dose determined by:

- length of pulse train: e.g. 1400 pulses in 0.11ms -> 33 Gy
- bunch charge (between fC and ~100pC)

~10° Gy/ls  3x10° Gy/s
pulse mean dose rate
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. FLASH Experiments at ELBE (c.f. E. Beyreuther on Monday)
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Length of zebra fish embryos (28 hpf) depends on dose rate (and oxygen conc.)
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First in-vivo proton irradiation at a compact laser plasma accelerator

taking advantage of (and studying the role of) uniqgue beam proporties

compact pulsed magnet beam transport

_ generation of flat dose distribution in single pulse
high power laser

Q non-standard dosimetry
dedicated tumor model
(mouse ear)

compact plasma accelerator
pulsed poly-chromatic beam
high single pulse dose (rate)

U. Schramm u.schramm@hzdr.de H‘DR




. Proton beam characteristics
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. Recent progress in proton energies and operational stability
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Tailoring the plasma for optimal efficiency 2019 Q1 Jun Jul AugSept
(either directly or via tailoring the laser pulse) 2020
. . (based on ~15 J laser energy)
T. Ziegler, et al., arxiv:2007.11499 (2020)
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. First in-vivo proton irradiation at a compact laser plasma accelerator
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. Maximum dose at single pulse for studying dose rate effects

Optimization of transport filter for maximum pulse dose rate of
up to 20 Gy in few ns

Depth dose distribution RCF 20LA
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. Laser plasma proton acceleration

Demonstration of system readiness

» for systematic in-vivo radiobiology studies
(incl. full-scale reference irradiation protocols ...)

 for investigation of high dose rate effects

« for providing a compact platform for reference data generation

2% ATHENA

The Helmholtz-Project for
Laser-Plasma-Acceleration
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. Laser wakefield electron acceleration (VHEE)

o L pC/mm? -
c 25
0.15 qé) g 2 -
2 b 15 a
410.10 © 1
~~
~ a
il 0.05 < + 0.5
l - o 0 -
it |imﬁ;:!.!‘"m||1|| | = [Z +
| 0.00 = @
; I" I| > i €
S A
SR {-0.05 c_ch- f -
1l L ' g *_ ‘
. {-0.10 )
—20} § b o
40 50 60 70 80 90" O 5 25 100 180 350
y/ Ao focal plane signal [MeV]

J. Couperus, et al., Nat. Commun. 8, 487 (2017)
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. Laser wakefield electron acceleration (VHEE)
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« Stable beam generation in the multi 100 MeV range

« Up to 500 pC charge at up to 10 (1) Hz repetition rate

« Bunch duration only ~10 fs (compare ELBE 5 ps)
(thus increasing pulse dose rate by x1000)

Compact source for VHEE but (still) limits in average dose rate
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