k4 e LaserMONNLION) acceleration group — Jorg

EREU@N Chi o [n o .','J(,,""( <. Parodi)
ACCELERATIONIIN / il
SLASIMIAS

Ludwig-iViaximilranssuniversity Viunicn

ng, A.
shari,
nd students

Plctu,g.Centr A
Laser Apphcatlons

Funds: BMBF, DFG, CA
GSIR& - " Krausz+, S. Karsch+ P. Thirolf+



MAXIMILIANS
UNIVERSITAT

MUNCHEN

MU 55

Petawatt-Laser — plasma acceleration under one roof

Broadband IR
Diagnostics

ATLAS3000

90J amp, 22fs dur, (curr. ~5-10J on target)

Chirped Pulse Amplification
(Nobel prize 2018)

1 GW

dechirp

Donna Strickland
Prize share: 1/4

o
—

Gérard Mourou
Prize share: 1/4

o
-
Q. ©

CALA IG

TMW | T

1 Peak power P, vers. A,

— 1 PW
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~wasee  Carter, R.G 0
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/865919/files/p107.pdf 0
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1M0cm 1 mm l.e. large electric field
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Rectification of laser field E; in accelerating field E, | {

thick targetd > lgin thin target d = lgin u-plasma d = I, R = v, n, = yn,
(TNSA) (RPA) (relativistic tweezer)
> o
o Ballistic e ¥ x By, ETBL ddyn.
induce balanced by alanced +
E ~FE -L charge trangverse
% ’ LR seperation confinement
q§’o E, = E, xn.d « | +reduced

Hilz+, density
Nat Comm. 9, 423 (2018).

Optimization strategy during last 20 years: laser-pulse energy T, pre-pulses 4, target
thickness (size) |, repetition rate T, reproducibility T,

... meanwhile ~100 MeV protons with PW, first tumor irradiation in mice at HZDR
Kroll+ Nat Phys 18, 316-322, (2022).

ALA
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Example experiments (Laser-ION@CALA)

Proton signal on 10x5cm? Radeye sensor + Al
degrader stripes

qB /Pprot

>12 MeV

>9 Me

Target: 400 nm plas

>16 MeV

tic foil i
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LMU Example experiments (Laser-ION@CALA)

Proton focus on
scint. (~1.8 m
down stream)
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LMU| 2| | on energy distributions (exemplary experimental results) | {

Albert+ 2020 roadmap on plasma accelerators New J Phys 23, (2021).
proton range in water

109 24um 1.2mm 8.8mm 77mm
] 100 J >, Applications_of
50)] O Laser-Driven
G.L) Particle Acceleration
c
201 S
10J g
5] >
(a1
2] o
s
' U | LR S
10 30 100 Joérg Schreiber

E,../(MeV/u)

https://www.alpa.physik.uni-muenchen.de/
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Specifics of laser-ion source

Laser-plasma Non-laser (RF)

Single bunch every second (large #!) Continuous beam (micro-bunch train)

Broad energy distribution (100%) yet Mono-energetic (ns...us bunches)
short bunch (fs...ps...ns)

Spray (10° divergence) yet small source | Beam

(um)
Intrinsically synchronous to multiple Non-trivial in sub-ns (unless operated
radiation modalities with photo-cathode (-anode)

Source and acceleration combined (high
field, high temperature, high density)

What are interesting application of the “back-illuminated photo-anode”?
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Bi-Modal imaging (X-ray phase contrast + proton projection)

Simultaneous Imaging by

a

X-ray cleaner
Transmitted o T X-rayS
laser '
High energy g
electrons prOtOﬂS

Protons and X-rays:

* originate from same pm-small source
» are generated within < picosecond

* have large divergence (spray)
Ostermayr+ Nat Comm 11 (2020) 6174
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LMU)| 5= || Solvated electron after proton irradiation ‘

~ Aprope =800nm £ 6

. - y
Derive * - :
Chirped ( H,0O Sample 2

| —1
accelerating  probe = 7 3 =
and probe 1 = %
|aser frOm Delay stage Protons L 1 é
Lens system 4= a
same pulse: Al Target o c
ain O o
Proton pump — i =

Spectometer

optical probe

with
picosecond Solvation of elegtron takes 65 = St
time and pm ps after proton impact (>20 ps| €
spatial longer than in photolysis) ... <
resolution charge effect? o
O

Prasselsperger+ PRL 127, 186001 (2021)
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) ) = 17 1300nm 1 IR
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. 1 + ; } II ; Lll
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| heated 1 i 1
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fragments 05 [ Al energies B
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Lindner+, Sci Rep 12, 4784 (2022) [cm] Charge state [e]
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Integrated laser-driven ion accelerator system (ILDIAS)

https://www.alpa.physik.uni-muenchen.de/: Progress from acceleration to accelerator

TARG Series BLIN Series ALPA Series
(Targetry for laser- (Beam Line optics and (Applications of Laser-driven Particle
driven sources) INstrumentation) Acceleration)
TARG1 - 2013 BLIN1 - 2010 ALPA1 - 2015
(Garching) (Abingdon) (Venice)
TARG2 - 2015 BLIN2 - 2012 ALPA2 - 2019
(Paris) (Paris) (Prague)
TARG3 - 2017 BLIN3 - 2016 ALPA3 - 19-23 April 2021
(Salamanca) (Garching) (Prague-online)
TARG4 - 2019 BLIN4 - 2020 ALPA4 - 2023
(Milano) (Garching) (Prague)
TARGS - Oct 25 - 27, 2021 BLINS - 2022 ALPAS - 2025
(Dresden) (Garching) (Prague)

One particular example instrumentation: I-BEAT
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LMU)| 20 || Jonoacoustic detection (lon-Bunch Energy Acoustic Tracing)

Instead of dose (RCF, CR39,
Scint, ...), we measure the
acoustic pulse from the “heat”
deposited by ions (~ spatial
dose gradient) Askaryan,

Hydrodynamic radiation from the tracks of
ionizing particles in stable liquids. (1957),
Assmann+ Med Phys 42, 567-574 (2015).

Solenoid

Signal

norm

Raw data
== == == Reconstructed data

—_

15 20

trReE
-

n ol

Haffa+ Sci Rep 9 (2019) 6714, Example results from DRACO (HZDR)

ALA

2 3

depth [mm]
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uvERsrTT Range monitor for heavy ions (SIS18 results)

Amplitude (V)

Amplitude (mV)

20 ps = 2*range/c

300 MeV/u, 200 238U

> I
»

sound

T T T T

28 s

300 MeV/u, 106 124Xe

T T T

T

115 ps

Accurate measurement of relative
range: ~ym resolution realistic!
Large dynamic range, indistructable,
compact, cheap

(PhD Leon Kirsch, C. Trautmann, W. Assmann, K.
Parodi, et al.)

lonoacoustics at water temperatures
around 4°C?

(GSI/LMU R&D Koll., PhD A. Schmidt, DFG-
PhD J. Liese)
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LMU)| i || Summary

Laser-ION source can provide intense bunches of protons (100 MeV), and/or
heavier ions (<5 50 MeV/u 2C, < 7 MeV/u "°7Au) with very high charge.

Sources mature (e.g. mouse irradiation at HZDR).

Many new application possibilities (small emittance, synchronous, multimodal,
large #/bunch) ... more than just ions.

Synergistic developments with non-laser accelerator technology (photo-anode for
hybrid accelerators, ionoacoustic detection,...).

Thank your for your attention and interest!
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