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Rooting out the gremlins - stable LWFA
operation at the PW frontier

Stefan Karsch'-2
1 Centre for Advanced Laser Applications, LMU Munich 2 Max-Planck Institute for Quantum Optics



ATLAS-3000 at CALA: Schematic system layout ATLAS-3000 main amplifier
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* double CPA, XPW + 1s-OPA + Amplitude stretcher & regen



ATLAS-3000: on-paper performance
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First laser waketield acceleration results: LWFA by shock-front injection

Shot number
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A few hours after turning Optimized Optimized near Optimized Optimized near Optimized
on pump lasers. .. spectrum. .. fleld... energy. .. field... energy. ..

First step:
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Hidden parameters”?



Spatio- Temporal Couplings (STCs) by chromatic optics (beam expander telescopes)

Chromatic lens causes pulse front
curvature (PFC)

Off-center bundle in chromatic
lens causes PFC and pulse front tilt

(PFT)

"A(po)chromatic lenses are free from PFI/PFC" =
Triplet lens expander between AMP | and AMP2 Is designed apochromatic within lambda/50

Yet still detect PFT after beam shift = expander in practice I1s not free from STCs

Replace “perfect” lens telescope by reflective expander



Su

oression of STCs improves electron performance (pure hydrogen)

Lens expander, aperture after Nno expander, no aperture
compressor 38) on target, /33 8] on target, /33
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Falcon device:

* Spectrally resolved Shack-Hartmann-wavefront sensor
* Measurement of Spatio- emporal Couplings by spectral wavefront

retrieval
* [ake |0 images per filter position to average out pointing jitter

Optics EXPRESS

Research Article Vol. 0, No. 0/00 00 0000/ Optics Express 1

Measuring spatio-temporal couplings using
modal spatio-spectral wavefront retrieval

N. WEISSE,:"® J. ESSLINGER,:"® S. HOwARD,? F. M.
FOERSTER,! F. HABERSTROH,' ® L. DoYLE,' ® P. NORREYS,? J.
SCHREIBER,! S. KARSCH,! AND A. DOPPT: ®

'Ludwig—Muaximilians—Universitit Miinchen, Am Coulombwall 1, 85748 Garching, Germany

b 8 8 )
“Department of Physics, Clarendon Laboratory, University of Oxford, Parks Road, Oxford OX1 3PU,
United Kingdom

"These authors contributed equally.
“a.doepp @ Imu.de
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Polnting anc

fluence vanations by air turbulence (after eliminating heat sources).

Moving from 00 TWV to PW.: as beam size and optical path increase, so does susceptibility to air turbulence.
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Qut-of-focus, fluence variations increase:

Shot-to-shot peak fluence varation
(from focus camera)

120

Target density gradient
/22 J Y9 100

_15 um

rel. fluence

: 60
Lr=1mm l LR—-I\ 40

—8—in focus, 0 = 4,4%
~&— | mm before focus, o = 6,4%

\ 20 —8— |mm behind focus, o = 12,1%
0
0 5 10 |5 20 25 30
shot number
* fluence fluctuates much stronger out-of-focus than at focus

* Self-focusing at target gradient Is sensitive to intensity fluctuations
* Probable cause: air turbulence In laser housing

i




Going from 6m focal length, /33 to |0 m focal length, 1/55:
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Al COM Position [px]

Long term -
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* Homemade active stabilization
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Better injection control: Hydrodynamic optical field ionized shocks

o

Independent control of; e

@
* Injection position — final energy 200

* shock height — charge
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* plateau density — acceleration > e 0
gradient S / W Background
H2 density
/ J&SO um +£¥Er-n g :
/ Plasma simulation support from Oxford “ (A. Ross)

Injector beam

Witness-driver pair
+ "_____________#




HOH shock stability

Supersonic wire shocks HOF shocks




Monoenergetic GeV beams
20 mm slit nozzle target, /55
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. . . . ~XPT.
Hunting for correlations: Shot-to-shot diagnostics -
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Hunting for correlations: Analysis ongoing. ..

electron energy vs. wavefront

Run |3 Run |9
target moved downstream

by 400 um = /3 Zy

Corr. with av. electron energy

Corr. with av. electron energy
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Thank you for your attention!
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We are hiring :
....... * CALA postdoctoral fellowship
LMU UNIVERSITAT (see https://pulse.physik.uni-muenchen.de)

MUNCHEN

* PHD positions

Thank you for your attention!

Btw: We are hiring, too...
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Plasma density |n

PHYSICAL REVIEW RESEARCH 5, 013063 (2023)

Multi-objective and multi-fidelity Bayesian optimization of laser-plasma acceleration

Optimization parameters
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'Ludwig-Maximilian-Universitciit Miinchen, Am Coulombwall 1, 85748 Garching, Germany
>Max Planck Institut fiir Quantenoptik, Hans-Kopfermann-Strasse 1, 85748 Garching, Germany
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Pareto front vs. single objective optimization
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...currently successfully implemented in the experiment... stay tuned!
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injection
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Centre for Advanced Laser Applications (CALA)...
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. houses two laser systems, ATLAS-3000 and PF>-pro
. and five experimental beamlines




Multi-GeV beams
25> mm gas cell target, /55
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HYDriC

LWFA-PWFA
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First experimental clues (ca. 2010):
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Hybrid accelerator & plasma photocathode concept
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| atest preliminary results:

* (GeV-scale hybrid
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Simulation: laser wakefield acceleration (LWFA)

500 MeV

50 um

radius

50 um

propagation direction propagation direction



