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HASYLAB - Facility - Free Electron Laser (FEL)

HASYLAB * Facility *
Free Electron Laser

Page 1 of 1

+ | Overview | FLASH | FLASH User Info | Events | Job Offers | PR Info # | XFEL Homepage ~

HASYLAB | XFEL Info ~ | EUROFEL A |
: =
#h O ke B
EEL Sitemap Search News Contact Phone

A "Free Electron Laser" for wavelengths
down to 6 nm in the vacuum-ultraviolet
and soft X-ray regime (FLASH, the
former VUV-FEL) is under construction
at the TESLA Test Facility (TTF) at
DESY. It is operated in the "self-
amplified spontaneous

emission" (SASE) mode and delivers
sub-picosecond radiation pulses, with
gigawatt peak powers. At present, lasing
has been observed down to about 30 nm
in the fundamental and 10 nm in the
third harmonic, the shortest wavelength
ever achieved with a free electron laser.
User experiments using this unique
radiation started in August 2005 and
were up to now carried out around

45 nm and 32 nm. For these
wavelengths, FEL pulse intensities from
typically a few pJ up to more than

100 pJ have been obtained with pulse
lengths between 20 and 50 fs.

In addition, an European X-ray FEL

(XFEL) project for wavelengths just
below 0.1 nm is prepared at DESY.

Due to the short pulse length and their
high peak brilliance these FELs will
open up exciting new paths for basic
research and application-oriented
studies, giving scientists, for example,
insight into hitherto unknown properties
of materials.

:

http://www-hasylab.desy.de/facility/fel/main.htm

Update: May 3, 2006
webmaster

TESLA

DESY TESLA&TTF

Aerial view of the experimental hall
(Bldg. 28c) for the FLASH User Facility
(center) and the tunnel for the TTF phase 2
extension behind it (covered with grass).
The hall in the upper right corner was
initially housing the TTF phase 1 FEL.

8/23/2006



THE FUTURE: A CASCADE
OF LIGHT |

FERMI@ELETTRA {Free Electron Laser
Radiation for Multidisciplinarity
Investigations) is a project

for the realization of a free electron
laser. It will be

a unique fourth

generation

source, able

to produce very

intense and short

flashes of light in

the wavelength interval between
the far ultraviolet and x-rays.

The electron bunches, accelerated by a Linac (a 120 meter long linear accelerator), will pass

through a sequence of undulators (magnetic structures that force the electrons to wiggle)

: emitting ultra-short light pulses

of great spectral pureness and

with extraordinary peak power.

The new light source will allow re-

searchers to explore even farther

in space and time, following the

evolution of chemical reactions in

time scale of a tenthousandth of a billionth of a second and scanning matter of microscopic

dimensions, down to the nanometer. These will be the new frontiers for basic and applied
research.

www.elettra.trieste.it/FERMI/
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Linac Coherent Light Source - LCLS

1of2

e

|
LEASI=

= Linac Coherent Light Source

http://www-ssrl.slac.stanford.edu/lcls/

Stanford Linear Accelerator Center

T T T
Stanford Synchrotron Radiation Laboratory

User Resources

LUSI

Cost &
Schedule

Glossary

News

LCLS SAC

LCLS FAC

LCLS Science

LCLS Machine

FEL Resources

Home | Project Page | Contact Us

Undulator exciting and bunching V:z/
the electrons and emitting ie
synchrotron radiation 5 o

mmw“ﬁ

by the LCLS in
stop-action photography style

Photon

“ injected into the linac i
\% and compressed @ Beam L'mgs
Molecule sample =

SLAC Linac
okm

=== LCLS Injector
— 2Zkm

Current News
Jobs at LCLS

FEL2005
Aug 21-26, 2005

Workshops and
Events

EPICS Meeting
April 27-29, 2005

LCLS Diagnostics &
Workshop

Downloadable LCLS brochure

Stanlerd
Lirear
Accdarstor
Cener

The Linac Coherent Light Source (LCLS) will be the world's first x-ray free electron laser when it
becomes operational in 2009. LCLS is currently in the detailed project engineering and design
phase, with a construction start planned in FY2005. Pulses of x-ray laser light from LCLS will be

Sept 22-23, 2004

Ultrafast Science

Workshop
Oct 25-26, 2004

many orders of magnitude brighter and several orders of magnitude shorter than what can be

produced by any other x-ray source available now or in the near future. These characteristics will

Past Workshops

enable frontier new science (click box below to explore LCLS science) in areas that include
discovering and probing new states of matter, understanding and following chemical reactions and

biological processes in real time, imaging chemical and structural properties of materials on the
nanoscale, and imaging non-crystalline biological materials at atomic resolution. The LCLS project
is funded by the U.S. DOE and is a collaboration of six national laboratories and universities.

LCLS Science

New horizons in the
domain of the ultra-fast
and ultra-small world

i

s

Dept. of Energy
Office of Science

Dept. of Energy
Basic Energy Energy
Science 20 year outlook

Reviews

LCLS FAC Meetin
Oct 12-13, 2004

LCLS SAC Meeting
Oct 27-28, 2004

Past Reviews

Sub-Picosecond
Pulse Source

_fspps

Guest House
pr

Collaborating
Institutions

E LLNL

UCLA ucta

Alames  LOS

7 Alamos
Hrnoows AN
BNL

8/23/2006 2:14 PM



XFEL

The European X-Ray Free-Electron Laser

Technical Design Report

DESY 2006-XXX JULY 2006
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Subfemtosecond XUV Pulses:
Attosecond Metrology and Spectroscopy

Beinhard Kienbergsr and Ferenc Krausz

Institut fir Photonik, Technische Universitat Wien, Gusshausstr, 27/387,
1040 Wien, Anstria
reinhard . kisnbergerdtuwisn.ac. at

Abstract. The generation of ever shorter pulsss is a key to explaring the dynamic
behavior of matter on ever shorter timescales. Recent developments have pushed
the duration of lassr pulses closs to its natural limit, to the wave cycls, which
lasts somewhat lomger than one femtosscond (16 = 107 &) in the visible spectral
range. Timeresohed measurements with thess pulses are sble to trace dynamics of
molecular structure but fail to capture electronic processss cccurring in stoms on an
attoseoond (1 as = 10~ 5) timescale. The generation of high-order harmonic radia-
tion in the extrems uliraviclet and soft X-ray regime from atoms exposed to intense
few -femtosecond laser pulsss comprising just a few wave cycles opened the way to
the generation of isclated XUV /X -ray pulsss sharter than 1fs. This chapter will
focus on the generation and measurement of thess pulses (metrology ) and discuss
possible ways of using these atomic-timescals bursts of electromagnstic radiation for
tracking ultrafast electronic processss with attosscond resclution (spectroscopy ).

1 Generation of Atomic-Timescale Pulses

Electrons inside atoms and molecules can be excited and subsequently relaxor
interact with each other within attoseconds, requiring subfemteosecond pulses
for capturing these ultrafast moticns. As nature lumits the shortness of light
pulses to one wave eyele, which lasts somewhat longer than one femtosscond
in the visible spectral range, cne has to draw cn XUV or X-ray radiation for
producing attosecond pulses. Excellent ccherence and relatively low pump-
energy requirements, which can be readily met by table-top-fermtosecond laser
aystems, make high-order harmonic generation (HHG) an attractive approach
to developing a laboratery short-wavelength source [1, 2, 7). The XUV radia-
tion emerges as an electron, is detached from an atom by a high laser field,
and then driven back to its parent 1on where 1t can recombine into its orig-
inal bound state. This process is repeated quasi-periodically, each half cvele
of the driving laser wave, resulting in a discrete frequency spectrum made up
of high-order add harmenies of the driving laser. The highest arder harmon-
ica are produced near the intensity peak of the laser pulss, as the recollisicn
energy of the electrons is highest when the laser field is largest. Using a few-
cycle driver [1, 5, 1] (se2 also Chapter by De Silvestrd in this volume) and
passing the harmonics through a filter that transmits only the highest en-
ergy photons, we select radiatlon produced within only a fracticn of the lasser

F.X. Kirtnar (Ed.): Few-Cycla Lasar Pulsa Ganeration and Its Applications,
Topies Appl. Phys. 05, 343-370 (2004)
2y Springar-Verlag Barlin Haidelbarg 2004
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E()=Ecosm;l EB=FE(f)sinwct

Mult
Tl Cycle
| i I Dniven
pulse

Few
| i | Cycle
Driven
Pulse

Harmonic Photon Energy

Time

Fig. 8. Comparison of the temporal structure of XUV pulses emerging from an
HHG driver by multicycle or few-cycle pulses for different values of the carrier—en-
velope phase. The peaks sketch the temporal structure (horizontal azis) of emitted
XUV radiation as a function of XUV photon energy (vertical axis)
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