Results obtained with theVUV-FEL In Phase |

Hamburg, June 3, 2002
e Parameters of the VUV-FEL

* Motivation

 Surfacesirradiated with high power VUV light
Radiation damage and ablation

e Interaction of intense pulses with molecules and clusters
Multi-photon absor ption
Coulomb explosion

e OQutlook




VUV FEL at the TESLA Test Facility
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Time and spectral distribution

Simulated temporal distribution measurement
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The VUV S-FEL Isaunique light
source

*Pulse length 30-100 fs
*\Wavelength shorter than 100 nm
*Gigawatt peak power

*Fully coherent beam
*Powerdensity > 10Waitt/cnr?

Multi-photon processes
Optical non-linear processes
Pump probe experiments
1000 times higher peak brilliance

than any other sourceat this wavelength




|nteraction of I ntense Soft X-rayswith Matter

laser-atom processat | ~ 10 W/cm?:- ponder omotive energy 10-100 eV
amplitude of P. Bucksbaum et a

free e « Field modulatesthe atomic
potential at visible laser frequency

 Quter e hastimetotunnel or
overcomethebarrier:
2U,>1, whereU,~ | w-2

ion core

VUV FEL laser-atom process at | ~ 104 W/cm? ponder omotive energy 10-100 meV

A * Field modulatesthe atomic potential
at soft x-ray laser frequency

RNV . e donot havetime to tunnel free
* multi photon process and innershell
electrons are important




| nvestigation of the damage threshold of optical
componentsat theVUV TESLA FEL Phasel
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Experimental results

Sept. 2001
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FELIS Jan. 2002

Ion spectrum from TOF spectrometer
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|dea of the experiment

Interaction of intense soft x-rays with matter
e which multi-photon processes
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FEL Cluster-Experiment
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Py = 12.1 eV
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intensity

Time of flight mass spectra of Xe
atoms and clusters

N~30000

time of flight [ns]

* multiply charged ions
from clusters

*singly charged atoms

2* 1013 W/cm?




intensity [arb. units]

Dependence on the power density
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ejection energy [eV]
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Three Questions

« Which process allows the absorption of up to 20 photons/per
atom?

» What i sthe ionisation mechanism?

« How can we explainthe high charge states?




Multi-photon ver susfieldionization

N =5000,
Q=5000
R=4 nm

lonization energy Ip of Q electronsin a
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Electronic absor ption?




Coulomb explosion of clustersinduced by multi-
photon absor ption

t, beginning of the pulse t, maximum t, end of the pulse

Coulomb potential
of the charged cluster

0 electrons
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Present understanding

* Nanoplasma for mation:
Inner ionisation of all atoms
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Intensity [arb. units]

Photoionisation of nitrogen molecules

variation of the intensity
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Measurement of Diffraction Patterns

Fluorescence screens:
CeYAG (7x7 mm?),
PbWQO, (10x10 mm?)
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Summary and Outlook

- VUV-FEL provideslight for first experiment
high power and short pulses (<100fs)

* new physics

e experimentsin Phase || 2004
Workshop in November 2001 on first experiments
Innershell electrons
time resolved studies
Workshop warm dense matter June 8,9, 2002




L ayout of the

Courtesy of J. Feldhaus
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Experiments using the direct
Beam, different spot size
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