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Measurement of gigawatt radiation pulses from a VUV/EUV
free-electron laser
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In order to measure the photon flux of highly intense and extremely pulsed VUV and EUV
radiation in absolute terms we have developed a gas-monitor detector which is based on the atomic
photoionization of a rare gas at low particle density. The device is indestructible and almost
transparent. By first pulse resolved measurements of VUV free-electron laser radiation at the
TESLA test facility in Hamburg, a peak power of more than 100 MW was detected. Moreover, the
extended dynamic range of the detector allowed its accurate calibration using spectrally dispersed
synchrotron radiation at much lower photon intensities. 
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Recent developments in nanotechnology and
fundamental research on non-linear processes in matter rely
on radiation sources of extremely high intensities at
wavelengths much shorter than in the optical regime, i.e. in
the spectral regions of the vacuum ultraviolet (VUV) and
the extreme ultraviolet (EUV, i.e. VUV at a wavelength
around 13.5 nm). Moreover, the radiation of highly intense
VUV sources, such as commercial F2 lasers1 EUV-
lithography sources2, or free-electron lasers (FEL)3-5, is
strongly bunched by short radiation pulses. Hence, the peak
radiant power within a radiation pulse is much higher than
the average power which may saturate, degrade or even
destroy the solid state detectors commonly used for VUV
radiation measurements.6,7

The VUV-FEL at the TESLA Test Facility (TTF) at
DESY in Hamburg4 is expected to deliver an average
radiant power of at least 20 W distributed among 10 pulse
trains per second of 7200 pulses with a pulse separation of
111 ns. A pulse duration as short as 0.1 ps leads to a peak
power in the range of 1 GW. A peak irradiance in the VUV
at a level of 1016 W cm-2, as expected for a focused FEL
beam at the TTF, is sufficient to considerably extend the
experiments of strong-field physics to the investigation of
non-linear dynamics and multi-photon excitation of matter
from the optical region to shorter wavelengths, i.e. to the
spectral range of photoionization thresholds, which
promises better understanding of many new and
fundamental phenomena.8,9 The proof-of-principle and test
experiments of the VUV-FEL and almost all scheduled
studies of strong-field physics phenomena using VUV-FEL
radiation require thorough determination of the photon
intensity.

In this context we have developed a gas-monitor
detector (Fig. 1), for measuring the photon flux of the
highly intense and strongly pulsed VUV radiation of the
TTF-FEL in absolute terms.10 The detector is based on the
atomic photoionization of a rare gas at low particle density
in the range of 1011 cm-3 which is about five orders lower
than for classical ionization chambers.11 Hence, the detector
is not only indestructible but also almost transparent which
allows the device to be used as a permanently operating
photon-beam intensity monitor. Electrons and ions created
upon photoionization are extracted and accelerated in
opposite directions by a homogeneous electric field. In
contrast to a former approach12, they are detected by simple
Faraday cups only, in order to avoid saturation of any
amplifying particle detector due to the great number of
secondary particles in the range of 106 to 109 created during
one single FEL pulse.

The signal electronics provides single-pulse read-out
for both, the electron signal and the ion signal which can be
measured at the same time. Into the ion path, a drift section
is integrated which allows the measurement of the ion’s

time-of-flight (TOF) and thus the distinction with respect to

the ion charge (q ~ TOF
 -1/2

). Moreover, ions may be

FIG. 1. Schematic diagram of the gas-monitor detector.


