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Overview of the Munich project for laser-driven X-ray
sources — oFLORIAN GRUNER — Am Coulombwall 1, 85748 Garch-
ing, Ludwig-Maximilians-Universitdt Miinchen

In the last years great progress has been achieved within the field
of laser-plasma accelerators. Energies on the GeV-scale are reached as
well as substantial improvements in stability demonstrated. Our group
focuses on applications of such laser-driven electron beams and follows
two major paths: the near-future goal is the realization of first x-ray
pump-probe experiments that exploit the ultra-short electron-bunch
length of few femtoseconds only and the ultimate long-term project
is a table-top Free-Electron Laser (FEL). Both goals rely on active
control of the electron beam transport. We have started developments
of miniature quadrupole lenses and show their impact on laser-driven
soft X-ray undulator radiation. On the theoretical side our group con-
tributed work on space-charge induced energy chirps. This talk gives
an overview of all activities of the Munich group in the new field of
laser-driven X-ray sources.

T89.2 Di17:05 HG UR9
Laser-driven soft-X-ray undulator source — eMATTHIAS
Fucnus®?, RapHAEL WEINGARTNERD2, ANTONIA PopPP!, ZSUZSANNA
Masorb2 SteraN  Brckrr?, Jens OsTERHOFFD2, ISABELLA
CorTrIiE2, BENNO ZEeITLERY2, RAINER HORLEIN'Z, GEORGE D.
Tsakiris!, ULricH ScuraMmMm®, Tom P. RowranDps-REes?, Si-
MON M. Hooker?, DieTrica Haps!:?2, FErRENc Krauszb2, STE-
FAN Karscu!2, and FrLoriaN GRUNERD'2 — Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — 2Ludwig-Maximilians-
Universitdt, Garching, Germany — 3Forschungszentrum Dresden-
Rossendorf, Germany — *University of Oxford, U.K.

Latest developments of laser-wakefield accelerators (LWFA) have led
to relatively stable electron beams from cm-scale interaction lengths.
These beams are supposed to have ultrashort bunch durations and low
normalized transverse emittances, which makes them perfectly suited
for driving high-brightness undulator-based X-ray sources on a labo-
ratory scale. We will present an experimental breakthrough: our laser-
driven soft-X-ray undulator source. We were able to detect spectrally
resolved undulator radiation with a fundamental at 18 nm in 70% of
consecutive driver-laser shots, which is a remarkably high reproducibil-
ity for an LWFA experiment. This was achieved mainly due to the
stable electron beam and our miniature magnetic quadrupole lenses
which markedly reduce the divergence and the angular shot-to-shot
fluctuations of the electron beam. The lenses act as an effective band-
pass filter for the undulator radiation and so decrease the shot-to-shot
variation as well as let us tune the wavelength of the radiation.

T89.3 Dil7:20 HG UR9
Space-Charge and Wakefield Effects in a Laser-Plasma
Driven Free-Electron Laser — eANDREAS R. Maier!'4, Aroosa
Meseck?, SveEn REeicHE®, and FLorian GRONERDM — 1Ludwig-
Maximilians Universitit, Miinchen — 2BESSY, Berlin — 3PSI, Villin-

gen — *Max-Planck Institut fiir Quantenoptik, Garching

Rapid progress in laser-plasma electron accelerators has led to the
generation of stable electron beams at the GeV-scale. Recently these
beams have been used to generate spontaneous undulator radiation in
the soft X-ray range. The unique properties of laser-accelerated elec-
tron beams suggest to further extend the concept to a laboratory-size
Free-Electron Laser (FEL). A significant reduction in size is expected
due to high peak currents on the order of 10 kA. We discuss degrading
effects typical for this extreme parameter regime, such as space-charge
and resistive wall wakefield induced energy chirps and present possible
solutions.

T89.4 Dil17:35 HG UR9
Design Concepts for a Table-Top, bright X-Ray Source
based on nonlinear Thomson Backscattering — eJOHANNES
WEeNz, KonsTANTIN KHRENNIKOV, MATTHIAS HEIGOLDT, SHAO-WEI
Cuou, AnToNIA Poprp, RAPHAEL WEINGARTNER, MATTHIAS FucHs,
7ZsuzSANNA MaJor, FLORIAN GRUNER, FERENC KRAUsz, and STE-
FAN KarscH — Max-Planck Institut fiir Quantenoptik, Garching, Ger-
many

Raum: HG UR 9

Recent progress in laser-plasma accelerators has led to improved sta-
bility in energy and pointing of laser-driven electron beams. Utilizing
these electrons and high power laser systems it is feasible to produce
bright X-Ray sources by Thomson backscattering. Such a pulsed light
source promises to deliver > 10% photons, in a pulse duration of < 10fs
in the 50 — 100keV energy range. These unique properties are desirable
for ultrashort time-resolved X-Ray spectroscopy and medical applica-
tion.

‘We present the expected X-Ray source parameters, applying an-
alytical theory. Improvements of the monochromacity by using a
temporal shaped laser pulse could result in peak brilliances exceed-
ing the ones of large scale synchrotron radiation sources of 1023
(photons/sec./mrad?/mm?/0.1% bandw.) Possible implementations
are discussed and a first concept of an all-optical setup is presented.

T89.5 Dil7:50 HG UR 9
Temporal characterization of laser plasma accelerated elec-
tron bunches by CTR — eMarTHias HEicoLDT!, ANTONIA POPP!,

SveETOsLAV BajLEkov?, JoHANNES WENz!, KONSTANTIN KRENIKOV!,

SHAO-WEI Cuoul, RaPHAEL WEINGARTNER!, SiMON HOOKERZ,
Ferenc Krausz!, and STeraNn Karscu! — !Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — 2Claredon Laboratory, Uni-

veristy of Oxford, Oxford, UK

Laser driven plasma accelerators offer the prospect of a new source of
relativistic electron beams. One of the key parameters to be determined
is the temporal profile of the electron bunch. Available experimental
data show bunch lengths <30fs, however, best estimates still rely on
particle-in-cell simulations predicting durations of ~10fs.

We report on progress towards measuring the temporal profile of
electron bunches from a laser-wakefield accelerator, based on the detec-
tion of coherent THZ radiation emitted at a metal-vacuum boundary.
The construction of a broadband (2-40um) spectrometer based on py-
roelectric detectors as well as a numerical assessment of its capabilities
will be presented.

T89.6 Di18:05 HG UR9
Terahertz Radiation Production and Terahertz Imaging
at Chiang Mai University — eJarurorN SaisuTh?, ViToon
JinamooL!, Noppapon Kanaranc!, KEErRATI KUSOLJARIYAKUL!,
PrissaNA TamMBoON3, PaATHOM WICHAISIRIMONGKOLS, MIcHAEL W.
RuODES?, and CHITRLADA THONGBAI! — !Department of Physics and
Materials Science, Chiang Mai University, Chiang Mai 50200, Thailand
— 2DESY, 15738 Zeuthen, Germany — 3STIR, Chiang Mai University,
Chiang Mai 50200, Thailand

Femtosecond electron bunches can be generated from a system con-
sisting of an RF gun with a thermionic cathode, an alpha magnet as a
magnetic bunch compressor, and a linear accelerator as a post acceler-
ation section. These short electron pulses can be used to produce high
intensity terahertz (THz) radiation. The THz radiation is generated in
the form of transition radiation by placing an aluminum foil (Al-foil)
in the electron path, representing a transition between vacuum and
Al-foil.

In THz imaging system (transmission measurement), THz radiation
is focused on a sample which will be scanned using an xy- translation
stage controlled by computer. The transmission intensity (IT) will be
detected by a room-temperature pyroelectric detector. Computer pro-
gram is employed to calculate and analyze the intensity at difference
points on the sample for terahertz image construction.

The generation of femtosecond electron bunches, the generation of
THz radiation, THz imaging system and the recent experimental re-
sults will be presented and discussed

T89.7 Di18:20 HG UR9
Untersuchung kohérenter Synchrotronstrahlung mit Hot
Electron Bolometer — eViTaLI JUDIN!, MIRIAM FITTERER!, STEF-
FEN HILLENBRAND!, NicoLe HILLER!, ANDRE HoFMANN!, MARIT
KLEIN!, SEBASTIAN MARscHING!, ANKA-SUSANNE MOULLER!, NIGEL
SMmaLE!, KIRAN SoNNaD! und PEprO Tavares!:? — KIT - Karls-
ruher Institut fiir Technologie, Karlsruhe, Deutschland — 2ABTLuS -
The Brazilian Association for Synchrotron Light Technology, Campi-
nas, Barzil (on leave)
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Die kohérente Synchrotronstrahlung an der Synchrotronstrahlungs-
quelle ANKA l&sst sich mit dem Hot Electron Bolometer (HEB, schnel-
ler Detektor fiir THz-Strahlung) detektieren und untersuchen. Durch
die sehr hohe zeitliche Auflésung des Detektors kann man die Signale
der einzelnen THz-Pulse, die von den Elektronenpaketen ausgesandt
werden, aufnehmen. Dies kann man fiir die Strahldiagnose ausnutzen.
Beispielsweise kann man mit diesem System mit einer einzigen Auf-
nahme das THz-Signal von Elektronenpaketen mit unterschiedlichen
Strémen aufzeichnen und auswerten. Dieser Vortrag gibt einen Uber-
blick iiber verschiedene mit System durchgefiihrte Studien.

T 89.8 Di18:35 HG UR9
Ein Bunch Kompressor fiir TBONE — ¢STEFFEN HILLENBRAND,
MiriaM FITTERER, NicOLE HILLER, MARIT KLEIN, KIRAN SONNAD,
VitaLl JUDIN, SEBASTIAN MARSCHING, ANDRE HOFMANN, MULLER
ANKE-SUSANNE und HuTTEL ERHARD — Karlsruhe Institut fiir Tech-
nologie (KIT)
Am Karlsruher Institut fiir Technologie (KIT) wird eine neue Synchro-
tronstahlungsquelle fiir den Bereich von THz bis zum mittleren Infra-
rot konzipiert. Der TBONE genannte Beschleuniger beruht auf einem
Linearbeschleuniger mit anschlieffendem Bunch-Kompressor. Im fol-
genden Strahltransportsystem wird die Synchrotronstahlung als Kan-
tenstrahlung erzeugt. Dieser Vortrag stellt das vorldufige Design der
Anlage vor und gibt einen kurzen Uberblick iiber die zum Bunch-
Kompressor durchgefiihrten Simulationen.
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Recent progress at the Petawatt Field Synthesizer —
eCurisTorH SkroBoL2, Sanpro KriNGeBIEL!, CHRISTOPH
WaNDT!, IzHAR AHMAD!, MATHIAS SIEBOLDY, SERGEI A. TRUSHIN?,
ZsUzsANNA Major!?, FERENc Krausz!:2, and STEraN Karscul:2
— 1Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1,
D-85748 Garching, Germany — 2Department fiir Physik, Ludwig-
Maximilians-Universitdat Miinchen, Am Coulombwall 1, D-85748
Garching, Germany

The Petawatt Field Synthesizer (PFS) aims at delivering wave-form
controlled, few-cycle laser pulses with petawatt-scale peak power. The
PF'S design is based on a modified scheme of optical parametric chirped
pulse amplification (OPCPA), where short pulses (of the order of 1 ps)
are used for both pumping and seeding. The broadband seed pulses
(700-1400 nm) are amplified in a series of DKDP crystals, pumped by
515 nm pulses with a total energy of 15-20 J at a repetition rate of
10 Hz. The chirped pulse amplifier chain of the pump laser uses diode
pumping and Yb:YAG as the gain material in order to support the
1 ps pulse duration. To ensure a high level of synchronization between
pump and seed pulses (< 100 fs), both are derived from a common
frontend and are thereby inherently optically synchronized. However,
along the large optical path difference between the seed and the pump
chain additional temporal jitter can be accumulated, which is detri-
mental to the short-pulse OPCPA scheme. After an introduction to
the PFS system, we report on our recent progress in identifying and
eliminating the sources of timing jitter in preparation for the OPCPA
stages.



