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With respect to gas phase samples, the intensity levels reached at Free Electron Lasers allow pho-
toionization experiments on ultra-dilute targets, such as free ion beams. When conventional gas
phase targets, such as effusive jets, are studied, ionization of one and the same atom by several
photons takes place routinely. In an attempt to qualify a magnetic bottle electron spectrometer for
electron spectroscopy on the ion beam of the TIFF facility, we have recorded the electron spectrum
due to sequential photo double ionization of Ne atoms with high energy resolution.
In our experiment, Ne gas was ionized with the FEL beam set to wavelengths of 21.4-21.8 nm
(57.9-56.9 eV). At this photon energy, single photon ionization of the 2p and 2s levels of Ne is
possible. Moreover, the photon energy is above the ionization threshold of the Ne+ singly ionized
states left after photoionization of the neutral. As 2p photoionization has a far larger cross section
than 2s, we consider only sequential photo double ionization via the former. The doubly ionized
states accessible such have configurations 2p4 (3P,1D,1 S).
Measurements were carried out parasitic to an ion beam fragmentation experiment in the TIFF fa-
cility [1], which is installed at the PG2 beamline. Our experiment used the beam behind TIFF and
was set up on the PG2 platform. The voltage at the MCP detector of our magnetic bottle spec-
trometer was recorded continuosly for every macrobunch. By offline analysis, spectra pertaining to
identical microbunch numbers were isolated and added up. One result of this exercise is shown:
Figure 1 demonstrates that features from sequential photo double ionization of Ne are clearly vis-
ible in our spectra. This is despite the fact that our experiment was placed 20-30 cm behind the
PG2 focus, and despite the use of an Al foil to reduce scattered photon background in the TIFF
experimental station.
The spectra in fig. 1 are normalized to same height of the 2s photoline. As for this run the intensity
distribution over a macrobunch was quite uneven, separating the spectra along the bunch train at
the same time accomplishes to sort them by pulse energy. In the figure we see that the intensity
variation of the peaks is quite different, which identifies some of the features as caused by two
photon processes. The three final states due to Ne+ 2p5 photoionization are resolved for some of
the traces, which is an improvement over earlier work [2, 3]. According to our interpretation, the
spectral shape changes over the length of a macrobunch due to sample gas charging around the
interaction region, and for later microbunches the features cannot be identified anymore.

References
[1] A. Wolf, H. B. Pedersen, L. Lammich, B. Jordon-Thaden, S. Altevogt, C. Domesle, U.

Hergenhahn, M. Förstel, and O. Heber, J. Phys. B 43, 194007 (2010).
[2] A. Rouzée, P. Johnsson, E. V. Gryzlova, H. Fukuzawa, A. Yamada, W. Siu, Y. Huismans,

E. Louis, F. Bijkerk, D. M. P. Holland, A. N. Grum-Grzhimailo, N. M. Kabachnik, M. J. J.
Vrakking, and K. Ueda, Phys. Rev. A 83, 031401 (2011).

[3] M. Braune, U. Becker et al., unpublished data.



run6897

0 1000 2000 3000 4000
channel#

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

p
h

o
to

el
ec

tr
o

n
 in

te
n

si
ty

,  
n

o
rm

al
iz

ed
 t

o
 2

s 
p

ea
k

 2nd mb
 12th mb
 22nd mb
 32nd mb
 42nd mb

3P

1D

1S

2s

Figure 1: Electron spectra of Ne at 21.4 nm FEL wavelength, 48 µJ pulse energy and with a 100 nm Al
foil attenuating the beam. The independent axis is showing electron time-of-flight in arbitrary units (order
of magnitude: up to a 1 µs). Spectra for individual microbunches in a bunch train of 50 are shown: 2nd
microbunch black, 12th microbunch red, etc. Electron lines due to 2s single photoionization, and due to
sequential ionization of Ne+ into 2p4 (SL) final states are designated. The primary 2p photoionization around
ch. 600 is clipped in this plot.


