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Energy Compression of a Laser-Plasma Accelerator — ePauL
WiINkLER!, Max Trunk!, Lars HUBNER!, ALBERTO MARTINEZ
DE LA Ossal, SOrReN JavLas!, ManvueL KircHeN!, Iya Acapovl,

SERGEY A. ANTIPOV!, REINHARD BRINKMANN!, TiMo EicHNER!,

ANGEL FERRAN Pousal, THomas HoLsENBUSCH!, GuiDo PALMER!,

MarTHIAS ScHNEPP?, KAJA SCHUBERT', MAXENCE THEVENET!,
Paur A. WaLKER!, CHRIsTIAN WERLE!, Wim P. LeEemans’2, and
ANDREAS R. MaIEr! — 1Deutsches Elektronen Synchrotron, DESY

— 2Universitit Hamburg

Laser-Plasma accelerators (LPAs) promise a compact alternative to
modern RF-technology, and support orders of magnitude higher elec-
tric fields. GeV-energy LPA electron beams from cm-scale sources
have been demonstrated. However, the central energy jitter and en-
ergy spread, both on the percent-level, have yet prevented LPAs to
drive real-world applications.

Here, we present active energy compression of laser-plasma accel-
erated electron beams. At the LUX experiment at DESY, a dipole
chicane stretches the beams in time and thereby imprints an energy-
time correlation (a chirp), which is subsequently removed inside an RF
cavity. Our setup reduces the fluctuation in central energy as well as
the energy spread of the beams by more than an order of magnitude
down to the permille-level. We demonstrate performance so far only
attributed to modern RF based accelerators which opens the door for
a variety of applications, such as compact plasma-based injectors for
synchrotron storage rings.

AKBP 2.2 Tue 14:15 ZHGO004

Ultrafast plasma wave shadowgraphy for laser wakefield ac-

celeration — ePAuLA SEDLATSCHEK, MARC OSENBERG, THOMAS
HeINEMANN, MIRELA CERCHEZ, ONUR BILEN, EDGAR HARTMANN,
and BErRNHARD HippING — Institute for Laser- and Plasmaphysics,

Heinrich Heine University Diisseldorf

Plasma Shadowgraphy via an ultrashort laser pulse can be utilized to
probe the small and fast processes in laser wakefield accelerators (LW-
FAs). This high-resolution technique reveals the plasma dynamics in
the sub-micrometer, femtosecond-regime and visualizes the accelerat-
ing plasma wave. We present our approach to implement such a probe
laser, using a low-power split-off from the main laser driver which is
subsequently and further spectrally broadened. The modulated spec-
trum of the probe laser enables the use of cut-off filters which block the
fundamental spectrum from the accelerating main laser. This is lead-
ing to precise visualization of density gradients within the plasma. By
integrating this method, we aim for a comprehensive characterization
of critical LWFA parameters, such as plasma density evolution, wake-
field stability, and laser-plasma coupling. This non-intrusive diagnostic
intends to improve our laser wakefield accelerator.

AKBP 2.3 Tue 14:30 ZHGO004
Optical Imaging as Synthetic Diagnostic in PIConGPU —
oFINN-OLE CarsTeEns'2, RicHARD Pauscu!, Kraus STEINIGER!,
Fapia DieTricu!-2, Jessica TieBeL!2, Nico WRoOBEL!2, SUSANNE

ScuoseL!, Parrick UrerD2, ARIE IRMAN!, MicHAEL BussMAaNN!,

ULrRicH ScHrRAMMY2, and ALEXANDER DEeBUs! — lHelmholtz-
Zentrum Dresden-Rossendorf (HZDR), Dresden, Deutschland —

2Technische Universitit Dresden, Dresden, Deutschland

We present a synthetic shadowgraphy plugin for the particle-in-cell
code PIConGPU. By time-integrating electric and magnetic fields and
propagating them onto a screen in the far field with Fourier methods,
shadowgram images equivalent to experimental measurements can be
produced.

Our in-situ plugin enables recording few-cycle probe pulses after they
propagate through plasma structures of e.g. laser-plasma accelerators.
Propagation of the probe pulse takes place during the normal PIC
cycle, meaning that all laser-plasma interactions are self-consistently
taken into account. By analyzing these shadowgrams alongside the
3D, time-resolved density distribution from the simulation, one can
trace the origin of specific features, such as cavity elongation and de-
formation and a variety of scattering signals that allow improving our
understanding of the cavity formation and dynamics in experiments.

AKBP 2.4 Tue 14:45 ZHGO004

Location: ZHG004

Multidimensional sensitivity analysis of laser wakefield ac-
celerated electrons in dependence on laser and plasma
parameters — eJessica TieBeLl2, RicHarRD Pauscu!, FINN-
OLE CaRrsTENs!2, FaBia DieTricE}2, FranziskA HERRMANNDZ,
Arie IrmaN!, Susanne ScuoBer!:2, Kraus STeINIGER!3, RENE
Wiperal, and ULricH ScHRAMM! — !Helmholtz-Zentrum Dresden -

Rossendorf — 2Technische Universitit Dresden — 3CASUS, Gérlitz

Laser-plasma accelerators (LPAs) are a promising tool for generating
high-charge, low-emittance electron beams, with broad applications in
science and research. LPAs are highly sensitive to variations in laser
and plasma parameters, some of which are detectable and others of
which are difficult or impossible to measure. In addition, many of these
parameters are subject to significant fluctuations. The limited knowl-
edge of the parameters and the non-linear nature of laser wakefield
acceleration (LWFA) make experimental investigations of the depen-
dencies between laser and plasma parameters and electron beam prop-
erties challenging. In this work, we present a simulation-based study
to develop a multi-dimensional mapping of laser and plasma param-
eters to electron beam parameters for self-truncated ionization injec-
tion in LWFA. Using the multi-GPU particle-in-cell code PIConGPU
and an automated Snakemake workflow, we performed a comprehen-
sive exploration of the parameter space. This study reveals complex
multidimensional dependencies and provides actionable insights for ex-
perimentalists to optimize input parameters and achieve high quality
electron beams with greater efficiency.

AKBP 2.5 Tue 15:00 ZHGO004
Metrology of gas targets designed for laser plasma wakefield
accelerators — eNaTascHA THoMmAs, THoMas HEINEMANN, CON-
STANTIN ANICULAESEI, and BERNHARD HIDDING — Institute of Laser-
and Plasmaphysics, Heinrich Heine University Diisseldorf

Laser Wakefield Acceleration (LWFA) relies on the precise formation
of plasma waves (wakes) driven by intense laser pulses to accelerate
charged particles. The dynamics of this process thereby depend on
the generated plasma density profile, which is, in turn, determined by
the underlying gas density of the utilized targets. For this reason, an
accurate and reliable measurement of their characteristics is an essen-
tial prerequisite for optimizing LWFA experiments. We present the
development and application of an optical diagnostic setup built for
the characterization of such gas jets over a wide range of densities and
profiles. The system’s design offers high flexibility and rapid adapta-
tion to a range of various targets. Additionally, first results and further
ideas for improved data collection and analysis are discussed.

AKBP 2.6 Tue 15:15 ZHGO004
Recent developments of the cSTART project — eMARKUS
ScHwARz, ERIK BRUNDERMANN, ROBERT RUPRECHT, AXEL BERN-
HARD, BasTiaN HARER, DimMa ErL KHECHEN, ANTON MALYGIN,
MicHAEL JOHANNES NAsSE, GUDRUN NIEHUES, ALEXANDER PAPASH,
JENS SCHAFER, MARCEL SCHUH, NIGEL SMALE, PAWEL WESOLOWSKI,
CHRISTINA WIDMANN, THIEMO SCHMELZER, NATHAN RAy, DaviD
SQUIRES, ALEXANDER Saw, JOSEPH NATAL, ANKE-SUSANNE MULLER,
and MarTHIAs FucHs — KIT, Karlsruhe, Germany

The combination of a compact storage ring and a laser-plasma accel-
erator (LPA) can serve as the basis for future compact light sources.
One challenge is the large momentum spread (about 2%) of the elec-
tron beams delivered by the LPA. To overcome this challenge, a very
large acceptance compact storage ring (VLA-cSR) was designed as part
of the compact STorage ring for Accelerator Research and Technology
(cSTART) project, which will be realized at the Karlsruhe Institute
of Technology (KIT, Germany). Initially, the Ferninfrarot Linac- Und
Test-Experiment (FLUTE), a versatile source of ultra-short bunches,
will serve as an injector for the VLA-cSR to benchmark and emulate
LPA-like beams. In a second stage, a laser-plasma accelerator will be
used as an injector. The small facility footprint, the large-momentum
spread bunches with charges from 1 pC to 1 nC and lengths from few
fs to few ps pose challenges for the lattice design, RF system and beam
diagnostics. Recently, the Technical Design Report was developed in
cooperation with Research Instruments and subcontractors. This con-
tribution summarizes the latest state of the project.

AKBP 2.7 Tue 15:30 ZHGO004
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Laser-plasma accelerator as injector for the cSTART storage
ring — eDAVID SQUIRES, ALEXANDER SAw, NATHAN RAy, JosepH
NartavL, and MarTHIAS Fuchas — IBPT, KIT, Karlsruhe, Germany

Laser-plasma accelerators (LPAs) are promising options for next-
generation accelerator facilities. Accelerating structures on the mil-
limeter scale and accelerating gradients several orders of magnitude
higher than RF cavities suggest that LPAs can be used as compact
accelerators that produce ultrashort pulses of high intensity electrons.
We plan to develop an LPA-based injector for cSTART, a compact,
high-acceptance storage ring to be built at the Karlsruhe Institute of

Technology (KIT).

The LPA injector for our compact storage ring must produce elec-
tron beams with a comparatively low beam energy (50-90 MeV) for an
LPA, have a narrow relative energy spread (4%), and a high shot-to-
shot stability. Reaching these parameters is challenging and requires
extensive simulation work before physical devices are built. In our
study, we have used fbpic to simulate an ionization injection scheme
in combination with tailored plasma density profiles to generate stable
LPA beams. The density profile enables us to reach the desired beam
energy and energy spread.



