The experimental challenges at TTF 1
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M otivation

The TTF1-FEL providesfemtosecond light pulsesin the VUV spectral range of unprecedented power. The
investigation and under standing of theinteraction of such intense pulses with matter is of fundamental interest and
important for future experimentswith FELsand other intense VUV-light sour ces presently under development.

Two different experiments wer e performed covering a broad field from atomic to condensed matter physics. In a
first study the FEL beam was focused on surfacesin order to gain insight into theinteraction of intense VUV pulses
with matter to derive damage thresholds for optical components. In a second study the absor ption and ionisation of
atoms, molecules and clustersirradiated by intense FEL pulses areinvestigated.
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FEL Cluster experiment
Experimental set-up

/ Mirror chamber FEL -Parameters:
/ A Wavelength: 80-120 nm
Cluster. /) Spectral width: 1%
source / Pulse energy: 30-100 pwJ
. . 1 Pulse duration: 30-100fs
e / Repetition rate: 1Hz
! No. of Bunches/train: 1 to 10
Optics:
Intensity Sourcedistance: 13 m
monitor D Ul Divergence: 260 prad
Focussing Beamincidence: 10 degree
Time-of-flight Rad. Diameter at:
electron spectrometer &)urce 250 um
FEL-beam Focussing mirror 3400 um
Focal spot 20 um

Max. Peg @ ~ 3x1013W/em?

lonisation of Xenon
atoms and clusters by
VUV-FEL pulses

Pulse ener gy fluctuations and non-
linear power density dependence

of ionisation

053 o
M1

intensity
FEL pulse energy (arb. units)

lon count rate

0

time of fiight [ns]

Spectral tunability of FEL and site selective excitation in Clusters
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Coulomb explosion of clusters

Recent theoretical work on

FEL ablation experiment
Investigation of the damage threshold
for optical components

Experimental set-up

Light source — / —

vuv
Tor, Detectors

RN

XVZa
Sampis manpultor

Photocurrent Evanoration cell

Estimated damage thresholds
after irradiation with focussed beam

Sample/thickness damage threshold [J/ cm?
Cu bulk 0.5

Au 10nm 0.04

S bulk 0.03

Graphite 40 nm 0.06

YAG  bulk 0.07

=———> Mirrorswill survive!

Damage thresholds 50-100 times higher
than needed (13 eV)
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/Summary

Femtosecond pulsesfrom the TTF1-FEL allow afirst study of the
interaction of VUV radiation at a Gigawatt level with matter.

Rare gas clustersirradiated by focussed FEL radiation become multiply
ionized and disintegrate by Coulomb explosion into highly charged atomic
ions. Theunderlying ionization and absor ption mechanisms differ
substantially from that observed with optical lasers. Further, the
spectral tunability of the FEL allowed for site selective excitation of the
clusters. The absorption is almost independent of the specific electronic
structure above a power density of ~1012W/cm2.

In an ablation experiment, different optically important sampleswere
investigated. The damage thresholds wer e found to be almost 100 times
higher than that needed for beam transportation in TTF2.
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