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Fig. 1. Schematic view of the magnetic bottle electron energy
analyzer which has been adapted for our photoelectron spec-
troscopic study with EUV SASE-FEL.
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Fig. 2. Photoelectron spectrum of Ar obtained by 15000 FEL shots
at a photon energy setting to 21.4 eV. The photoelectron ki-
netic energies expected in two-photon ionization of Ar*
3p~linto Ar2* 3p~2, as well as those expected in one-pho-
ton ionization of Ar into Ar* 3p~!, are indicated. In the in-
set, the mean photon energies determined from the Ar*
3p~! peak energies in the individual single-shot spectra are
plotted against the intensities of the corresponding FEL
shots which are monitored by a photoion yield detector.

HEs< A 78F v VIV /U —F OBRHEREE (50-60% 2
) ICko TIRESINTEY, WHICKAHEORD 2T
LiFAbNZw, Thid, BEOERENEEYRAET
IV F =GP ENARADIRRE L PREL T
TWCEREZDE, MAEAT2HUELZERIR W,
72721, WEROR FOVEDER T8 TIOEER T OMRFTREIC
FOEE T IOV F—GEATD 720, @VEET RLVF—
DRFREAIGH C LV, A DIEETIZLE m ORW
TATIX [ & BHIEFESIC £ 0 B DM Ex X - T D, K
T eV LIFOBEFITH LI LA F O MREE T B L TV 5,

COWRAR P IVEDCEF e a W IOEE I &
>, BEZTICEO»ORIWN I SN T HEA 4 /bl
BEBBEIL, ZOANZALOFHMEHLPITSHT LI
KL TWb, CZTid, ArO3XT28&EA T /D
=20 OWTHEEEd 5, Fig. 213, XTxrIVF—214
eV, V=Y —FHHETW/cm?Ic k> THOLN/ZAr D
HBFART PIVTH B, TDOARY PV, 15000 5
v FOFEL 7OV ZIZOWTCOERATH 5, 1 F A4V

292 © Wt Sept. 2010 Vol.23 No .5

@ O e
60
¢
5 50
£ - 3352
g % w0 ’
g g
| B R
- & -
20 ¢
?ap'1
i\ 10
10 -~ s
1011 1011 1013
FEL intensity (W/cmz) 0-

(a) Intensity of the Ar+* photoelectron peak and total inten-
sity of the Ar2+ ones (peaks in the kinetic energy range of 10
—-16 eV) as a function of the FEL power, derived from the
shot-by-shot analysis of the photoelectron spectra at an FEL
setting to 21.4 eV photon energy. The curves show the fits
with a set of rate equations formulated for the sequential
three-photon double ionization mediated by Ar*
resonances. (b) Energy diagram depicting sequential double
ionization due to three photon absorption.
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Fig. 4. Photoelectron spectra in the range of the Ar2* 3p~2 peaks,

derived from a single-shot-basis analysis. In the analysis, the
single-shot photoelectron spectra obtained at three different
nominal FEL photon energies of 21.0, 21.2 and 21.4eV
were sorted by the mean photon energies determined from
the Ar* 3p~! peak energies, and then averaged within nar-
row photon energy ranges that divide the whole photon
energy range into 13 segments.
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Time evolution of state populations of Ar irradiated with
FEL pulses of the laser fields of 1 x 102 W /cm? and 1 x 1013
W /cm2, which are derived from the fit with rate equations of
the FEL intensity dependences of the Ar* and Ar2* signal
intensities plotted in Fig. 3(a).
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Multi-photon multiple ionization of atoms irradiated
with EUV SASE-FEL pulses

Yasumasa HIKOSAKA" Mizuho FUSHITANI?2 and Akiyoshi HISHIKAWA?23

"Department of Environmental Science, Niigata University, Niigata 950-2181, Japan
2|Institute for Molecular Science, Okazaki 444-8585, Japan
3Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya 462-8602, Japan

Abstract Multi-photon multiple ionization is a typical non-linear response of atoms in intense EUV laser
fields. Photoelectron spectroscopy utilizing with a magnetic-bottle-type electron spectroscopic technique is a
useful mean to study the details of multi-photon multiple ionization processes. We present that the method en-
ables us to monitor the fluctuation of SASE-FEL spectra and to derive precisely photon energy dependences of
the multi-photon multiple ionization processes.
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