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Abstract
The autoionizationregion of mercury was investigatedwith spin- and angleresolved photoelectron spectroscopy between the Hg+ (5d96?)2D,,, and
Hg+ (5d96s2)'D,/,thresholds. Spin-polarization parameters A and and
intensity were measured separately for the photoelectrons corresponding to
the two final ionic states accessible ('SI/,, 'D,,,)
as function of the radiation
wavelength. The data are dominated by structure due to autoionization
resonances and differ quantitatively for the two peaks in the photoelectron
spectra. The results are compared with earlier measurements below the
'D<,,
-threshold.

<

1. Introduction
Starting from the first ionization threshold ('SljZ)
at 10.4eV
photon energy, the photoionization of mercury (5dI06?) 'So
is strongly influenced by autoionizing levels of several Rydberg
series. These autoionizing levels are characterized by an
excitation of a 5d-electron and converge to the D-threshold
and a 2D3j2-final
which is split by fine structure to a 205j2ionic state (at 14.8eV and 16.7 eV, respectively).
Following the early work of Beutler [I], the autoionization
region of mercury has been investigated by several groups in
the last two decades: The photoabsorption experiments of
Garton and Connerade [2] and Mansfield [3] established the
classification of the resonances. The relative photoionization
cross section was measured by Brehm [4], Cairns et al. [5] and
scaled absolutely by Berkowitz [6].
Experiments using photoelectron spectroscopy were performed by Blake [A to separate the two final ionic states and
Brehm and Hofler [8] who measured the angular asymmetry
parameter b. Later, Schafers et al. [9] and Schonhense et al.
[IO] determined the spin-polarization parameters in the resonance region below the ZD,iz-threshold.In combination with
recent high resolution photoabsorption measurements a connection between the Rydberg series below and above the first
threshold could be established and a full characterization of
the photoionization process with respect to transition-matrix
elements and phase-shift differences was possible [9, 101. A
recent calculation of Bartschat and Scott [l 1, 121 in R-Matrix
theory yielded good agreement with the experimental data. It
is the purpose of this paper to extend the measurements to the
region between the 2D-thresholds. There not only higher
members of the same autoionizing series (5d -, np excitation)
can be investigated, but also another series with a 5d -, nf

excitation. However, no theoretical calculation is available
for this region.
While the levels below the 2D51zthreshold can couple only
final ionic state,
with the continua corresponding to the 2sl/2
the region between the 'D-thresholds is characterized by
autoionizing levels which interact with the partial continua of
+ and H ~ 2Dsjz,
+ giving rise to
two final ionic states, H ~ 2slj2
photoelectrons with different kinetic energy (AE = 4.4eV).
Therefore, for a detailed analysis in this region, energy-resolved
photoelectron-emission studies are required. The results of
Blake [7] for the relative cross section demonstrate, that the
interaction of the excited states with the continuum states is
different for both ionic final states.
In our work of spin-, angle- and energy-resolved photoelectron spectroscopy using circularly polarized light these
levels are an interesting subject for further investigation.
2. Experimental set-up
The experimental arrangement for the measurements of the
spin-polarization parameters at the electron storage ring
BESSY (Berlin) was described in detail by Heckenkamp
et al. [ 13-15]. Briefly, monochromatic circularly polarized
vuv synchrotron radiation from the 6.5 m-normal-incidencemonochromator [I61 is crossed by an atomic beam of mercury which emerges from a resistively heated oven. The
photoelectrons emitted in the reaction plane at a definite
angle 8 are energy-analyzed by a rotatable hemispherical
spectrometer (rotatable around the normal of the reaction
plane), and, after two deflections by 90 degrees the electron
beam is accelerated to 120 keV and scattered at a thin gold
foil of a Mott detector. With the Mott detector two transverse
electron spin-polarization components, A(8) (component in
the direction of the incident light) and PL(0) (component perpendicular to the reaction plane), are measured simultaneously.
3. Results and discussion

The process examined is described by the following scheme
(assignments adopted from Garton and Connerade [2]):
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where n >= 7 and n' >= 5 (the autoionizing level of n = 6 lies
below the 2D,iz-thresholdand was subject of the earlier studies [9, IO]).
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Fig. 1. Photoelectron intensity for the two final ionic states: Hg+ S,
(bottom) and Hg+ 2D5,2(top). The vertical dashed lines indicate the ,Os,,and 'D,,, -threshold, respectively.

Fig. 1 shows the measured photoelectron intensities of the
two peaks in the spectra (AE = 4.4eV) corresponding to the
'SI,,(lower half) and the 'DS,,
(upper half) ionic state between
the 21)5,2and 2D3,2-thresholds.According to photoabsorption measurements [2] there are three Rydberg series converging to the 21),,2-threshold,namely the 'I)3,2np1,Z, np312 and n'f,,'
series. In the case of the Hg+ 'D5/2 final ionic state the resonances are superimposed on a large non-interacting background continuum, which due to a potential barrier effect is
increasing towards higher photon energies. The lower part of
Fig. 1 shows the corresponding spectrum for the Hg+ 2S,i2
final ionic state. In this case the direct photoionization
process is very weak, and the cross section is governed predominantly by the resonances. From the line profiles of these
resonances one can deduce that the shapes differ significantly
for both final ionic states. The Hg'
case exhibits strongly
asymmetric Fano-profiles [ 171, whereas the profiles corresionic state show almost Lorentzian shape
ponding to the
with small asymmetry.
An interesting feature is observed between the n = 7 and
n = 8 resonances at A N 81 nm and 2 N 82 nm: weak structures occur which give rise to "window resonances" [I71in the
channel (Fig. 1 upper part), whereas in the ,SI/,channel
(lower part of Fig. 1) broad asymmetric profiles appear. In
photoabsorption measurements, which correspond to the
sum of our photoelectron spectra, these resonances should be
masked because their respective contributions cancel. A similar behavior has been observed recently for an autoionizing
level of lead by Krause et al. [l8]. Work to resolve the origin
of these two new resonances and their classification is still in
progress.
Fig. 2 shows the spin polarization parameter A (= A(8) at
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Fig. 2 . Spin-polarization parameter A = A(0,) (bottom) and photoelectron
ionic state in the region of the *D,,,-threshold.
intensity (top) for the 'S,,,

the magic angle Om = 54'44') and the corresponding photoelectron intensity (for the 2S1,2-ionicstate) for the first two
resonances above the 'I),,,-threshold (n = 7) and for higher
members of the Rydberg series (partially resolved) converging to the 21)5,,-thre~hold.The autoionizing resonances have
a dominating influence on the spin-polarization data. The
polarization in the first resonance Hg* 'I)3,27p1,2 varies from
+40% to -3O%, whereas in the second resonance Hg*
21)3,27p3/2a sharp change of sign occurs. These results are
similar to earlier data measured for the n = 6 member of the
same series [9] where no energy analysis of the photoelectrons
had been performed. Due to our lower wavelength resolution
(AA = 0.2nm) the maxima of the polarization curve are
lower than for the n = 6 case [9]. Spin-polarization measurements for the other ionic final state could not be performed
since the signal is masked by the background in the spectrometer at low kinetic energies ( 6 100 meV). Further investigations concentrated on the next numbers of the Rydberg series
8~112,p3,, (not resolved) and on the 5f5,* resonance. In Fig. 3
and 4 the spin-polarization parameters A = A(@, and
(describing the component PL(0) normal to the reaction
plane) are shown for both ionic states. In the case of the
,S,,,-ionic channel (Fig. 3) the p-resonance appears as a deep
minimum in both polarization parameters A and 5, as was the
case at the 7p3,2and 7p1/2 (Fig. 2) resonances of the same
Rydberg series, indicating a similar coupling to the two poss~ . the behavior of the
ible partial continua &p3,'and ~ p , ,From
5 parameter we deduce a change of sign of the phase-shift
difference at the = 0 positions. The f-resonance is characterized by a broad structure with large positive values of the
polarization parameter A .
As seen in Fig. 1 the autoionization resonances for the
'I),,,case are superposed onto a large non-interacting con-
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Fig. 3. Photoelectron intensity and spin-polarization parameters A and 5 as
a function of the wavelength in the range of the Hg*(5d96?) 'D3,28p,,,,p3,'
and 5& resonance for Hg+ 'SI,, .

tinuum. The influence on the photoelectron polarization is
therefore expected to be less pronounced. This is demonstrated in Fig. 4 in the case of the p-resonance. While the
shape of the wavelength dependence of A(&) is similar, the
absolute values are much smaller than for the corresponding
2Sl,z
ionic state (Fig. 3). Thef-resonance cannot be identified
in the polarization curve which indicates that the noninteracting continuum is unpolarized.
4. Conclusion
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Fig. 4. Photoelectron intensity and spin-polarization parameters A and 5 as
a function of the wavelength in the range of the Hg*(5d96?) 2D,,28p,,z,p,,2
and 5f5,' resonance for Hg+ 'D,,,.

ionic states. The photoelectron intensity spectra and the
spin-polarization data have revealed significant differences
of the coupling of the autoionizing levels to the two final
ionic states. Moreover, new resonances with complementary
coupling to both ionic channels have been observed. Further
analysis of the data which should lead to a decoupling of all
partial continua and an evaluation of matrix elements and
phase-shift differences is in progress.
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The first spin-polarization measurements of autoionizing
levels of mercury have been performed in the range between
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