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TUTORIAL TALK ON SASE-FEL AND X-FEL PROJECT AT SPring-8 ENERGY RECOVERY LINAC (ERL) SYNCHROTRON RADIATION
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Operation mechanism of SASE-FEL and special characteristics of X-ray be@mtutorial on Energy Recovery Linacs (ERLs) is given. ERLs and Free
available from it will be firstly described. The talk will also cover JapanesElectron Lasers (FELs) are two different linac-based x-ray sources now being
activity in this field, especially on the new soft-X-ray SASE-FEL project aintensively developed by the synchrotron radiation (SR) community. In an
SPring-8. This project was named SCSS: SPring-8 Compact SASE SoufgRL, a laser-driven photoinjector produces electron bunches that are
which has been funded in 2001, aims to generate first light in 2004 at VUV aadcelerated to high energy by a superconducting linac and then are passed
soft-X-ray regions. The following key technologies makes total machine sizlerough insertion devices to produce SR. The bunches are then passed through
compact, less than 100 m long. (1) The short pitch undulator with 15 mite linac again in such a manner as to recover the bunch energy into the linac
period using the in-vacuum undulator technology, which has been developecalgctromagnetic field for use in accelerating new bunches. The energy-depleted
SPring-8. (2) C-band (5712MHz) RF acceleration system with very highbunches are then discarded. As opposed to storage rings, the SR brilliance is
gradient acceleration field (35 MV/m), which has been developed at KEK ftimited by the photoinjector, rather than the ring lattice. Since very brilliant
the ée Linear Collider project. (3) Low emittance electron gun V@il® kV  photoinjectors are possible, this allows the production of SR beams of
pulsed acceleration, using single crystal CeB6 cathode, whichgemerate 1  exceptional brilliance and flux. Very short x-ray bursts (c.a.100 femtosecond)
nC charge with 1 mm-mrad emittance. This is totally new design, will bare also possible. ERLs differ from FELs in that the SR bunches are produced
developed at RIKEN/SPring-8 in few years. continuously at very high rates, making practical use of the machine very
similar to storage rings.
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NON-LINEAR PHENOMENA IN MOLECULES AND CLUSTERS FEMTOSECOND X-RAY DIFFRACTION APPLICATIONS TO
INDUCED BY INTENSE VUV RADIATION FROM A FEL BIOLOGY AND SOLID-STATE PHYSICS
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saturation and provides unprecedented high peak power at short wavelerigttitute of Optics and Quantum Electronics, Friedrich Schiller University
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investigation of multi-photon ionization and optical non-linear processes since
all studies in this field were so far restricted to rather small photon energies.Zf/stallography temporally resolved on the femtosecond time scale is a
First experiments were performed on rare gas atoms and clusters. By focugiogerful instrument for studying ultrafast processes in matter. Femtosecond
FEL radiation on a pulsed beam multi-photon ionization could be achievettystallography is today possible due to the development of ultra-short X-ray
The power density was varied between 1011 and 1014 3€me-of-flight  source. The laser-plasma source for producing femtosecond X-ray flash [1] has
methods were used in to detect electrons and ions. At the highest power dergiitgn rise to the first applications of this technique to follow a dynamical
Coulomb explosion was observed in Xenon and Argon clusters. Atomic iopsocess on the sub-picosecond time scale: the non-thermal melting laser-
with a charge state up to 6 (Ar) and 8 (Xe) are detected. While the kinetimluced on InSb single crystal [2]. These results were consistent with a time
energy of ions ranges between 10 eV and a few keV the energy of electronsesolution of only 100 femtosecond.
rather small (most electrons have energies less than 5 eV). The results
demonstrate that the high intensity light from FELs allows for the study d&fp to now femtosecond X-ray experiment were performed in a standard

multiphoton process at short wavelengths. Bragg-like geometry. We studied a different geometry compatible with the
References features of the laser-plasma produced X-ray source (monochromatic and
1 J. Feldhaus and B. Sonntag, Synchr. Rad. News 11, 14 (1998). divergent) in order to detect several Bragg peaks at the same time. This study
2 T. D. Donnely, T. Ditmire, K. Neuman, et al., Phys. Rev. Letters 76, 24%®ovides to extend this source to investigate complex system such as biological
(1996). sample. Latest results on the application of this geometry to protein crystal

3 M. Lezius, S. Dobosz, D. Normand, et al., Phys. Rev. Lett. 80, 261 (1998). investigation are also shown. Note that the interest on this geometry is
amplified by the fact that new generation source of ultra-fast X-ray pulse like

Keywords: FEL, SHORT PULSES, CLUSTERS the X-FEL is §trongly monochromatic, and_ therefore divergence is needed to
detect many diffraction peaks at the same time.

Furthermore, we show our progress in coherent optical phonon detection by
rocking curve perturbation for application to solid state physics. In conclusion,
we show the latest improvement of the femtosecond X-ray laser-plasma source
toward sub-picosecond time-resolved crystallography.
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