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High-resolution experimental determination of the angular distribution and spin polarization
of xenon 7d" and 9s’ photoelectrons and comparison with theoretical results
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Fakulta fur Physik, Universita Bielefeld, Postfach 100131, 33501 Bielefeld, Germany
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Using narrowband tunable linearly or circularly polarized VUV radiation an examination of the dynamical
parameters describing the autoionization process of atomic xenon was performed. With a resolving power of
~ 1@ in the excitation step a fully resolved determination of the position, magnitude and shape of the angular
distribution and integral spin-polarization resonances was possible for the low Rydberg mrdérandn
=9 of thed ands series, respectively. Comparisons are drawn between the experimental data and some
theoretical calculations published in recent years.
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PACS numbsefs): 32.80.Dz, 42.62.Fi, 32.76n, 42.65-k

[. INTRODUCTION quency w7 in the range of 709-761 nm can be circularly
polarized using a\/4 retarding plate[11]. A normal-

The rare gases are relatively easy to deal with experimerincidence monochromator with a transmission of about 2% is
tally and thus far have been the best candidates for a pronused to separate the generated sum frequency from the fun-
ising comparison between theoretical calculations and exdamental and other conversion products. The degree of cir-
perimental measurements due to their simple electronicular polarization, intensity, and optical alignment of the
structure in the ground state with filled shells and a totalight beam with a flux up to 1 photons/s is monitored
angular momentund=0. Therefore during the last decades using a four-mirror analyzer and a quad-photodiode, respec-
the rare gases were used as a test case for a most detaildckly. Wavelength calibration of the tunable light is carried
comparison between theory and experimght5]. Special out by recording optogalvanic spectra of a Xe/Ne-filled hol-
attention was paid to the region of autoionization resonancelow cathode lamp with an absolute accuracy-of cm 1.
between two?P ionization thresholds. Comparison with the The VUV bandwidth was determined to be less than
observed quantity and shape of the relative cross section, tHe2 cni ®. A detailed description of the VUV source is given
angular distribution, and the transferred spin polarizatiorin Ref.[11].
served as a sensitive test of different theoretical approaches In the ionization region, the VUV light perpendicularly
[6]. However, up to now even for the lowest Rydberg ordersntersects the supersonic target beam. This beam is produced
no experimental data exists fully resolving the naroreso- by a pulsed nozzle-skimmer combination. The generated
nances in the Xe spectruf8,4]. With the narrow band VUV  photoelectrons are extracted by a static dc field of 300 V/cm
radiation and high wavelength resolution used in this work itand after acceleration to 100 keV they are guided into a
is now possible to perform an experimental examination oMott-polarimeter[12,13. In addition to the two backward
the behavior of theg andA parameters of the Xes9 auto-  and two forward counters needed for spin-polarization detec-
ionization resonance. tion the instrument contains a straightforward counter to

measure the integral photoelectron yield. The whole setup is
shown in Fig. 1.
Il. EXPERIMENT In the case of angular distribution measurements of the

To generate photoelectrons from xenall Bnd &' auto- photoelectrons the setup is much simpler because no circu-

. : X larly polarized light and no spin-polarization detection sys-
ionization resonances a windowless nonlinear sum frequenc[)ém are needed: The/4 retarding plate is replaced byd2

tmhg('?gnteghor}'%%ez'iS';'Illzidmbﬁg:uvsvzl}hgefgvi't?ggotiingrﬁgf;q:resnel rhomb to rotate the plane of linear polarization of the
9 : ' light. The Mott-polarimeter and electrostatic lens system are

gr?:ilgrrlﬁ. '(:)lljar:ihzeerc;nf?)rre&gggl?r\g:)naenn(is\g?}[Le“?:r:nga:ﬁg]):tbe replaced by a double multichannel plate for differential pho-
y P t?electron yield detection with no extraction field applied.

Both demands can be met with the experimental setup tha
was used in a series of previous high resolution experiments
on molecular targets like HCI, DCI, and HB8—10: Two IIl. RESULTS AND DISCUSSION

pulsed laser beams with frequencieg and oy are focused Due to the fact that the studied atomic target xenon is also
into a pulsed Xe jet serving also as the nonlinear optica|;seq as a nonlinear optical medium for VUV light generation
medium for frequency conversion. The radiation with is it js not possible to obtain a high photoelectron signal over a
tuned to the ' [3], two-photon resonance at 222.57 nm wide energy range, since photoelectron yield as well as phase
leading to strong enhancement of the intensity at the surmatching and susceptibility are strongly influenced by auto-
frequencywyy = 2wg+ w7 [10]. For the production of cir- ionization resonancefdl4—16. Only at resonance positions
cularly polarized VUV light the tunable radiation with fre- can angular distribution and, in particular, spin measure-
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FIG. 1. Experimental setup for photoelectron spin-polarization
measurements using VUV radiation, generated by sum-frequency
mixing of two laser beams in xenon. In the case of angular distri-
bution measurements the'4 retarding plate is replaced byx2
Fresnel rhomb to rotate the plane of linear polarization of the light
and the Mott polarimeter and electrostatic lens system is replaced
by a double multichannel plate for photoelectron yield detection.

20 F — Johnson etal\ X - ]
4o [ (shifted by -37 cm™) -

ments be performed with sufficiently small statistical errors. 103900 103920 103940 103960

Each data point of the spin polarizatiénin Figs. 2 and 3 WAVE NUMBER (cm™)

represents an average over 10 000—20 000 laser shots and ) o _

was reproduced several times. Instrumental asymmetries /G- 2- Total yield, angular distribution paramegérand inte-
have been eliminated by changing the helicity of the circula™@ SPIn polarizationA of the photoelectrons at the Xes9reso-
polarization between each measurement. The absolute valu Tce' ':l adhd"('f’.‘ o the experimental data thgoret'cal curves from
of the integral spin polarization are subject to an uncertainty Tl [4] (dashed lingand Johnsort al. [3] (full line) are shown.

of 10% due to limited determination of the effective

Sherman-function (0.2470.021)[12] and the degree of cir- The results for the broad Xed? resonance are shown in
cular polarization of the light (9772.2%). Fig. 3. The plotted experimental data of the total yield is

In Fig. 2 the results for the Xe 9 resonance are pre- scanned from Refl1], digitized and converted to a corrected
sented. The total yield was taken with a step width ofwave-number scale. This procedure has been carried out also
0.5 cm L. The peak position of the resonaridell width at ~ for all the theoretical curves in Figs. 2 and 3 to make a
half-maximum (FWHM)=7.6 cm }] was determined to be comparison possible. The experimental data for the integral
103 945-2 cm % In the same plot the calculated cross sec-spin polarizationA obtained with the setup described above
tion from Ref.[3] (shifted by— 62 cmi ?) is displayed. Since perfectly confirms the previous measurements by Heinzmann
the absolute wave-number position is different for differentusing synchotron radiation with a bandwidth 653 cmt
calculations, for the three theoretical curves from Johnsohl]. Theoretical calculations from Johnsaet al. [3] are
et al. in this figure(o, B8, andA) and for all other presented added to this figure, too. This time the shape of the theoret-
calculations different shifts are used to enable a comparisoical curve(shifted by —100 cm %) fits very well the experi-
of the shape and width of the resonances with the experimemaental spin-polarization data, but there is a difference of
tal data. AA=0.1 of the maximum values.

The minimum of the integral spin polarizatignwas de- For measurements of the angular distribution paramg@ter
termined to be—0.444+0.044 at 103948 cm. This is in  in the case of a fixed electron detector it is necessary to rotate
perfect accordance with the calculations of R8f.plotted in  the polarization plane of the VUV radiation. For linearly
the same figure, if the theoretical curve is shifted bypolarized light 3 can unambiguously be derived from the
—37 cm L. However, there is a discrepancy between theoryatio of intensities at 0° and 90°18]. In order to exclude
and experiment since the width of the observed resonance &xperimental asymmetrieg has also been determined by
considerably smaller than in theory, while the oscillatormeasuring a full angular distribution for selected energies
strengths are differing not so strongly. Therefore the experiand fitting to a second Legendre polynomial. The values ob-
mental cross section in the resonance is five times highdgained this way were in good agreement with those from the
than the background while the theoretical ratio is only aboutwo-angle method. Each data point {@parameter measure-
3.5. This difference in the width leads also to essential dif-nents in Figs. 2 and 3 represents 20 000 laser shots for each
ferences between the shapes of the experimental and theorengle. The statistical error typically is less than 4%.
ical curves for theA and 8 parameters in thes resonance Next to the spin polarization data the results for e
[17]. This can be observed particularly on the low-energyparameter of the Xe€¥ photoelectrons are presented in Fig.
side of the spin-polarization peak. Unfortunately the statisti2. The minimum (8=-0.245 is located at 103938
cal error is large in this region due to very low VUV light =2 cm™L. In addition, two theoretical curves from Dil#]
intensity. and Johnsoret al. [3] are displayed, shifted by-17 and

A PARAMETER (%) B PARAMETER TOTAL YIELD (arb. units)
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agreement between theory and experiment is given only for
the curve of Johnsoet al. But both theories do not reach the
minimum value ofB. For the angular distribution «f reso-
nances a discrepancy remains between theoretical calcula-
tions and experimental data.

It is interesting to make the same comparison for the
broader Xe @’ resonancéFig. 3): Here the minimum value
was determined to b@=—0.91 at 103 130 cm'. The ex-
perimental data is in excellent agreement with the calculation
from Dill (shifted by —130 cmi'Y). There is an agreement
with the theory of Johnsost al,, too, but the width of this
curve(shifted by the same value as for the spin polarization
- - Dill ] is too large.
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IV. CONCLUSION
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In this report we present measurements of the angular
distribution parameter and integral spin polarization of Xe
9s’ and M’ photoelectrons. Due to a VUV bandwidth
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A PARAMETER (%) p PARAMETER TOTAL YIELD (arb. units)

or “(si?f?egsfyn-féoalh " ] considerably smaller than the natural linewidth it was pos-
wl = ' . E 5|bl_e_to obtaln_ exact experimental data for the resonance
P L position, magnitude, and shape. Though the theory describes
103000~ 103200 103400 Py 103600 well the general characteristics, like the total photoionization
WAVE NUMBER (cm") cross section above thresholds, as well as the bmbad

FIG. 3. Total yield, angular distribution paramef@rand inte- autoionization resonances, there is still a lack of agreement
gral spin polarizatiorA of the photoelectrons at the Xel7 reso- to b_e observed for the narros_vresopances. A closer COhSId-
nance. In addition to the experimental data theoretical curves frongration of both thel ands series will lead to a more refined
Dill [4] (dashed lingand Johnsort al. [3] (full line) are shown. theoretical description of the autoionization process of closed
The experimental data for the total yield is scanned from Rgf.  shell atoms.
digitized and converted to a wave-number scale.
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