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We report on experimental studies of the photon energy dependence of the Auger yield and the
spin polarization of Auger electrons and photoelectrons after photoionization of the 5p subshell of
free Ba atoms with circularly polarized light for photon energies between 22 and 31 eV. Relations
between the dynamics of the Auger-decay and the photoelectron emission are derived and their
validity is probed from the experimental results. Our data are compared with numerical calculations,
which were performed in the Hartree-Fock and in the random-phase approximation with exchange

approach.
PACS number(s): 32.80.Fb, 32.80.Hd, 31.20.Di

I. INTRODUCTION

Auger electrons emitted in the decay of an inner-shell
vacancy may be spin polarized if the hole states created
have a nonstatistical distribution of their magnetic sub-
levels. An alignment of the vacancies can arise even when
unpolarized light or particles are used for ionization of
an unpolarized target (for a review, see Mehlhorn [1, 2]).
For this case, a so-called dynamical Auger-electron po-
larization occurring only in the direction perpendicular
to the plane of reaction was predicted [3, 4] and sub-
sequently observed [5, 6], although it was found to be
small. The alignment, however, may influence the elec-
tron angular distribution considerably, as was observed
for the rare gases Ar, Kr, and Xe [7]. If the incident light
is circularly polarized, an efficient polarization transfer
can take place leading to inner-shell vacancies with not
only aligned but, moreover, oriented angular momenta.
The polarization of the ionic states may then be partially
passed to the outgoing Auger electrons generally giving
rise to nonzero values for all three components of the
spin-polarization vector of the Auger-electrons [3]. This
case was discussed in detail theoretically [8] and recently
observed experimentally for free barium atoms [9] and
in the Auger-electron emission from rubidium adlayers
[10] using circularly polarized synchroton radiation. In a
previous paper on the Ba Auger-electron polarization [9]
the angular distributions of the polarization component
A(6) were discussed. Furthermore, they were analyzed in
order to extract directly from the experiment the orien-
tation and the alignment coefficients of the intermediate
excited ionic state as well as the ratio of the photoelectron
transition matrix elements. The emphasis of the present
paper is primarily on the investigation of the photon en-
ergy dependence of the spin polarization of the 5p~1-6s572
Auger electron doublet (equivalent notation: Oz 3-P1P;),
and also of the corresponding photoelectrons, by both ex-
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perimental and theoretical methods.

The creation of a 5p hole state in atomic Ba has been
the subject of several experimental studies in the past.
In the process investigated here an electron is removed
from the 5p subshell by photoionization and the excited
Ba' ion decays via emission of an Auger electron. This
can be described as follows:

Ba(5p%6s%) 'S + hv — Ba* (5p°65%) 2P; +e 0,
\

(es, ed)

Here, J = 1/2,3/2 denotes the total angular momentum
of the photoion state and the Auger electron. Above
hv ~ 21 eV this is the dominant process and fluores-
cence decay can be neglected, as was shown by measure-
ments of the photon energy dependence of the Ba%* to
Ba™ ratio [11]. High-resolution absorption spectra were
recorded [12, 13] and a pronounced resonance structure
was detected at photon energies between hy ~ 22 eV
and hv ~ 25 eV, which is due to autoionization reso-
nances, giving rise to complex absorption spectra. The
resonances were found to be members of a Rydberg se-
ries converging to dominant lines of the absorption spec-
trum of Bat [14]. The first Ba Auger-electron inten-
sity measurements after 5p excitation were performed af-
ter the creation of the initial hole state by electron im-
pact [15,16]. Many Auger satellite lines were observed
in these spectra and assignments of the intermediate
states were given by Rassi and Ross [16]. Measurements
of the photoelectron and Auger-electron intensity after
photoionization with HeI radiation [17] and with syn-
chrotron radiation [18-20] have also been reported. The
5p photoabsorption in Ba was considered theoretically by
Wendin [21] within the framework of random-phase ap-
proximation with exchange (RPAE) taking interacting
(5p; nd)'P; and (6s;np)'P; channels into account. The
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5p alignment after photoionization was discussed previ-
ously by Berezhko et al. using a simple Herman-Skillman
potential [22] and in the Hartree-Fock (HF) and RPAE
approaches [23].

In the present work we report on measurements of the
energy dependence of both intensity and spin polariza-
tion of the Oz-P;P; and Os3-P;P; Auger electron lines
after photoionization of the 5p subshell with circularly
polarized radiation. At several photon energies we mea-
sured also the corresponding photoelectron spin polariza-
tion containing information about the phase difference
between the outgoing partial electron waves, in addition
to the transition amplitudes. In contrast to the pho-
toelectron case, the dynamical parameters of the Auger
electron for a 1S; final ionic state examined here do not
provide any phase information. Our experimental data
are compared with dynamical parameters, determined in
the framework of Kabachnik and Lee [8] from transition
matrix elements of the photoelectrons calculated in the
Hartree-Fock [23] and RPAE approaches. Related theo-
retical calculations of the Auger-electron polarization for
noble gases [24, 25] and Hg [26] have been performed re-
cently.

II. EXPERIMENT

For the ionization of the Ba atoms circularly polar-
ized synchrotron radiation from the 6.5 m normal in-
cidence monochromator (degree of circular polarization:
0.92 £ 0.03) at the Berlin electron storage ring BESSY
was used [27]. For spin polarization as well as for inten-
sity measurements an osmium coated grating with 3600
lines/mm was employed. It has a maximum transmission
at hv ~ 21 eV and a resolution of A XA = 0.18 nm with
a 2 mm wide exit slit and of AA = 0.36 nm with a 4
mm wide exit slit. The effusive barium atom beam was
generated with a boron nitride oven, resistively heated
to about 850° C. The temperature was measured with
a pyrometer. To improve the collimation of the atomic
beam a Laval nozzle was used with the exit hole at a dis-
tance of about 1 mm from the light focus. The photoelec-
trons and Auger electrons emitted in the magnetic-field-
free ionization region were detected energy- and angle-
resolved by means of a rotatable simulated hemispherical
spectrometer [28,29] which was operated with an electro-
static three-element entrance optics to increase its trans-
mission. The deposition of barium at the spectrometer
entrance slit lowered the transmission of electrons with
Fyin < 3 eV seriously due to contact potentials. The elec-
tron spin polarization was measured by detecting A(9),
parallel to the photon beam, and P, (#), normal to the
reaction plane, which is defined by the k vectors of the
incident light and the outgoing electron [30]

A — a Py(cosf
4(0) =y A= Falcost). 1)
1 — 5 P;(cosf)
PL(6) = 2 £ sinf cos6

11— % Py(cosh)’ @

where 6 is the angle between the incoming light and the

outgoing electron. A, £, a, and B3 are dynamical parame-
ters describing the photoionization process as well as the
Auger-electron emission (see Sect. III). P;(cos ) denotes
the second Legendre polynomial and + is the light helic-
ity. According to Ref. [8] the equations for the angular
dependence of the polarization components apply also for
the case of Auger electrons. The validity of Eq. (1) was
shown experimentally for photoelectrons in Ref. [30] and
for Auger electrons in Ref. [9].

For the spin analysis a high-voltage Mott detector (100
kV, Sherman function: —0.23+0.02) was used [29]. The
count rate at the detectors in the Mott analyzer was typ-
ically only 1 Hz or less. In our experimental geometry,
it is sufficient for the determination of the dynamical pa-
rameters A and £ to measure the spin polarization at
the positive and negative magic angles ., = +54.7°
with alternating light helicity. For the additional deter-
mination of the spin-polarization asymmetry parameter
a and the intensity asymmetry parameter 3, the angular
dependence of A(f) has to be determined [9], which was
done only at one particular photon energy.

III. THEORY

A general theory of the spin polarization of Auger elec-
trons following photoionization with arbitrarily polarized
light was worked out in the past [3, 8]. Using the de-
veloped formalism, the dynamical features can be sep-
arated from the symmetry of the specific process, thus
allowing one to calculate all dynamical parameters if the
matrix elements of the photoionization and the Auger
process as well as the angular momenta of the states in-
volved are known. It is presumed that both processes—
the photoionization and the Auger process—take place
successively and that one process is not influenced by
the other, implying a factorization of all dynamical pa-
rameters (two-step model of Auger decay). The spin-
polarization components of the Auger electrons are then
expressed in the same terms as for photoelectrons [see
Egs. (1) and (2)] using the relations [8]

AAuger = B1 Ao, QAuger = _’YI-A-IO»
(3)

BAuger = —2 a2 A0, EAuger = 2A20,

where the anisotropy coefficients Ago describe the align-
ment (Azo) and the orientation (A;o) of the photoion and
the other parameters characterize the intrinsic properties
of the Auger decay. For the occurrence of an orientation
Ao of the photoion, however, it is necessary to use cir-
cularly polarized light for photoionization. In the case of
the excitation of an electron from a J = 1/2 substate the
ion may only possess an orientation but no alignment,
implying Bauger = 0 and £ayger = 0 for the Auger elec-
tron. In this case, apart from the cross section only the
dynamical parameters Aayger and apyger contain infor-
mation about the Auger process.

In the nonrelativistic approximation, when the spin-
orbit interaction is neglected, the dynamical photoion-
ization parameters are not independent, and for photo-
electrons from a p; /; and p3;; subshell the common non-
relativistic relationships hold at the same kinetic ener-



50 SPIN-POLARIZATION SPECTROSCOPY OF AUGER ... 491

gies. Under these conditions the photoionization process
is determined by three parameters, namely, the ampli-
tudes of the matrix elements of the outgoing s and d
waves, D, and Dy, and the phase difference (6, — 84) be-
tween the outgoing partial photoelectron waves. More-
over, Aphoto’ Ephotoa Ophotos and ﬂphoto depend SOIely on
the ratio D,/Dy and (6, — 84) [31]. Since the Auger-
electron polarization is connected with the anisotropy of
the photoion by the polarization transfer [see Eq. (3)],
the parameters Apuger; @Auger, and Bayger depend on the
ratio D,/Dy of the photoelectron matrix elements if the
same approximation as for the photoelectrons is used.
The phase difference of the two outgoing partial photo-
electron waves, however, does not influence the dynam-
ical parameters of the Auger electron, since the orien-
tation A;o and the alignment Ay of the photoion are
phase independent. In general, the intrinsic Auger pa-
rameters 3, 1, a2, and £, contain amplitudes and phase
differences [8]. For a S final ionic state, however, all in-
trinsic parameters are purely geometrical quantities and
can be simply calculated in a model-independent way.
Therefore, in this case simple relations exist between the
parameters determining the spin polarization of Auger
electrons as well as correlations between parameters of
photoelectrons and Auger electrons, if only the two-step
model is valid:

£Auger(1/2) = €Auger(3/2) = 0,
ﬁAuger(l/z) =0 3
aAuger(l/z) =4 AAuger(]-/z)a (4)

2
aAuger(s/z) = g AAuger(3/2)s
Aphoto(1/2) = —3 Aayger(1/2).

If, moreover, the spin-orbit interaction in the contin-
uum is neglected [32] the following additional relation-
ships hold:

AAuget(3/2) = _gAAuger(1/2)’
ﬂAuger(3/2) = % + gAAuger(3/2)7 (5)
Apheto(3/2) = =3 Anuges(3/2)

The calculations of the D, and Dy dipole amplitudes
for the 5p — es and 5p — ed transitions have been per-
formed within the HF approach and the nonrelativistic
RPAE [33]. The RPAE uses the set of HF wave functions
as a basis to take into account the intra- and intershell
many-electron correlations. It is known that the latter
plays a significant role in the photoionization processes
for many-electron atoms. The integral equation for the
RPAE dipole amplitudes D; can be written in the follow-
ing way [33]:

Di(w) = d; + / Y DO UEde+T,  (6)

where d; and D; are the HF and RPAE amplitudes for
transitions to state i, respectively, € is the energy of the
intermediate state, U is the combined Coulomb matrix
element, and T denotes the time reversal of the first and

second terms. The integration (summation) is performed
over all excited intermediate states of the continuous and
discrete spectrum. If the sum includes only one subshell
from which the transition occurs, this is equivalent to
intrashell correlations. Intershell interactions are taken
into account in the case of two or more subshells included
in the sum. In contrast to previous calculations for Ba
atoms [21, 23, 33], we have now calculated the dipole ma-
trix elements within the RPAE by including explicitly
the interaction between 6s, 5p, 5s, and 4d electrons (six
dipole channels). The influence of the 6s outer subshell
on the transition from the 5p subshell is rather small and
may be neglected for D, and Dy amplitudes. In compari-
son with the HF amplitudes the strongest changes for the
transition amplitudes are caused by the intrashell corre-
lation and the influence of the 4d subshell. The phase
shifts §, and §, are obtained by the calculations of the
HF continuum wave functions [33]. From the calculated
dipole amplitudes the alignment and orientation tensors
were determined according to the equations of Kabachnik
and Lee [8] as well as the photoelectron and the Auger-
electron polarization parameters.

IV. INTENSITY MEASUREMENTS

In Fig. 1 an electron kinetic energy spectrum obtained
at hv = 28.5 eV and fp,ag is shown. This spectrum is
background corrected and normalized to the electron cur-
rent in the storage ring. The spectrometer transmission
was also taken into account by measurements of the Xe
5p photoionization using the known Xe 5p cross section
[34].

Four main peaks occur: at Eyj, = 9.5 eV the 5p1“/12-
652 Auger line with the corresponding photoline at
Eyxin = 3.8eV,and at Ey;, = 7.5€V the 5p;/12-63‘2 Auger
line with the corresponding photoline at Ey;, = 5.8 eV.
The peak at Ey;, = 7.5 eV with its corresponding photo-
peak denoted by 2P; /2 consists actually of two excitation
and decay modes, assigned as [16]

5p°5d('D)65™D3/2 — 5p° 'S0 + € ygerr Eiin = T.47€V,
5p°6s2 2P3/2 — 5p® 1S, + €augers Lkin = 7.57eV.
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FIG. 1. Electron kinetic energy spectrum, obtained at

hv = 28.5 eV, showing the two 51’1_/12 3/2-63‘2 Auger lines
and the corresponding photopeaks.
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The line at Ey;, = 7.47 €V can be interpreted as a satel-
lite of the 5p; /12-63_2 Auger decay. In high resolution

electron impact spectra [15, 16] it was observed that both
Auger lines are intense and calculations by Rose et al.
[35] reveal that they both share the 5p°6s% 2P;; charac-
ter. This is due to the lowering of the 5d orbital in Ba™,
leading to strong 5d-6s mixing [16, 35]. The influence of
the additional line can be seen by the increased widths of
both the Auger and the photopeak, AE A yger > 220 meV
and AEppoto ~ 260 meV, respectively, in comparison to
the other spin-orbit component, the 5p;/12-6.s'2 Auger
line with AEpuger >~ 130 meV. According to the calcula-
tions [35] the transition from the Ba® 2P, /, state is much
less affected by configuration interaction with almost 80%
5p® 652 character. The photolines possess a slightly larger
width due to the monochromator resolution AX = 0.18
nm, which does not influence the peak width of the
Auger-electron intensity but leads to a broadening of the
photoelectron lines with AFEy;, ~ 120 meV. Beside these
major features, several lines with smaller intensities ap-
pear. They are satellites with mainly J = 3/2 character,
giving rise to a deviation from the nonrelativistic ratio
of 01/3/03/2 = 0.5 to 0y/2/03/2 ~ 1 for the 5p~'-6s~2
main lines. This intensity borrowing effect was also ob-
served in 2p photoionization of magnesium, where the
occurrence of satellite peaks is accounted for by a spec-
troscopic factor, lowering the amplitudes of the matrix
elements but leaving the ratio D,/Dg4 unchanged [36].
In Fig. 2 the measured dependence of the Auger-
electron intensity on the photon energy is shown for
Spf/12—63_2 and 5[)3_/12-6.5'_2 transitions, respectively. For
both data sets the spectrometer was held fixed at the
kinetic energy of the Auger electrons and the monochro-
mator was scanned. The spectra were normalized to the
electron current in the storage ring and to the trans-
mission characteristics of the monochromator determined
with a calibrated photodiode. The two data sets are
placed on a common intensity scale as determined from
the ratio of the peak intensities of the 5p1_/12—6.s_2 and the

5p, /12-63“2 Auger lines of several electron kinetic energy

spectra at different photon energies. Both spectra consist
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FIG. 2. Energy dependence of the Auger electron inten-
sity for both 5p~'-6s~2 Auger lines.

of the average of at least 5 scans, so that small variations
in the atomic beam intensity are averaged. Below the

threshold of the 5p1"/12—6s_2 Auger decay at 24.75 eV a

pronounced resonance structure occurs in the 5p; /12-6s_2
spectrum, which is caused by spin-orbit autoionization
of the excited barium atom. The main features are also
present in the total absorption spectrum [12, 13] for the
same energy range. This is reasonable, since subsequent
O,,3-P, P, Auger-electron emission after photoexcitation
is the dominant decay mode of these highly excited
states. The pronounced intensity maximum between
23 eV and 24 eV is due to an overlap of several mem-
bers of the Rydberg series, mainly — 5p° 652 (2P1/2) 6d,
and higher members of the c series, following the nota-
tion of Connerade et al [12]. The shoulder in the high
energy side of the peak is caused by the third mem-
bers of the b series, which have the tentative assign-
ment by Connerade et al. [~ 5p°6s? (2P1/2)93] and
[— 5p° 5d? (2P1/2) 9s]. The line at 24 eV is mainly due to
the transition [— 5p® 6s% (Py/;) 7d] and finally the peak
at 24.3 eV is caused by [— 5p° 6s% (*P; ;) 8d]. Further-
more, beyond the threshold for 5p1_/12-63"2 between 25
eV and 28 eV a very weak resonance structure is super-
imposed on the much stronger contribution originating
from direct ionization. This weak feature is also present
in the previously measured absorption spectra [12]. The
intensity maximum in the 5})3_/12-68_2 Auger spectrum at
30.4 eV is caused by photoelectrons which have the same
kinetic energy as the Auger electrons at this photon en-
ergy.

V. SPIN-POLARIZATION MEASUREMENTS
AND CALCULATED RESULTS

At hv = 25.8 eV the angular distributions of the
spin polarization components A(6) [9] and P, (6) for the
5;01_/12-63”2 Auger channel were measured (Fig. 3). For

the experimental P, (6) distribution the apparatus re-
lated asymmetry is eliminated by measurements at both
+6 and —6. The component P, () is expected to vanish
at all angles, since we consider a single channel Auger
decay, and dynamical polarization can only occur as a
consequence of the interference of at least two outgo-
ing partial waves. The measured P, (f) distribution is
in good agreement with this requirement. Moreover, for
an intermediate photoion state with total angular mo-
mentum J < 1/2 the alignment parameter Ay, van-
ishes, leading to an isotropic angular intensity distribu-
tion (Bauger = 0). This was assumed in the least-squares
fit procedure to the experimental data, improving the
accuracy of the fitted dynamical parameters Auger and
Ot Auger, due to the reduction of the number of free fit pa-
rameters. The experimental ratio :Z—‘::iﬁ =42+1.0isin

good agreement with the expected value of Z;::ﬁ =4.0
[see Eq. (4)], which follows for a 5p1_/12—65_2 Auger de-
cay from symmetry considerations. At hv = 23.5 eV for
the 5p;/12—63“2 Auger process a ratio %:,ﬁ =06=x03
was extracted from the angular distribution [9], while

Goueer — (.4 is expected from theory. Both ratios Z—':“Zﬂ
uger uger
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FIG.3. Angular distribution of the spin-polarization com-

ponent A(6), e, and P, (8), o, for the 5;71_/12-63_2 Auger line
at a photon energy of hv = 25.8 €V. The solid line represents
a least-squares fit to the data according to Eq. (1).

do not depend on the photon energy even in a relativis-
tic treatment and if a deviation existed it could only be
caused by a breakdown of the two-step model.

The measured values for Apyuger obtained at different
photon energies for O, 3-P; P; Auger electrons are shown
in Fig. 4. The absolute value of the integral spin polar-
ization Apyger resulting from the 51)1_/1.‘,-63“2 Auger de-

cay is lower than for 5p, /12—63‘2, in accordance with the
nonrelativistic approximation. In the case of a 5p1_/12—

65~2 Auger decay the range of possible values for A Auger
varies only between —1 and } while for the 5p; /12-65‘2
Auger decay Apyger can take on values from ——% to %.
In the case of a 1S final ionic state the parameter A Auger
is a direct measure for the degree of orientation of the
photoion as was discussed in detail previously [9]. The
orientation coefficients A;9(1/2) and A;0(3/2) may be
obtained by multiplication of the values of Aayger(1/2)
and Apuger(3/2) in Fig. 4 by a factor of —3 and 3//5,
respectively, resulting in orientation coefficients on the
order of —0.3 for both spin-orbit states in the free con-

05— T
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L
ap L
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=
<t r
0.0
Y I N O B B
22 24 26 28 30
hv(eV)
FIG. 4. Energy dependence of the calculated spin-

polarization parameter Aauger for the 5p1_/12, 3 /2-65_2 Auger
lines in comparison with experimental data. Below and above
hv = 25 €V the spectral resolution was A XA = 0.18 nm and
A X = 0.36 nm, respectively.

tinuum region. The Apyge, values at hv = 25.8 eV for
the Sp;/lz—ﬁs‘z and at hv = 23.5 eV for the 5p;/12—63_2
Auger decay have a lower statistical error, since they were
extracted from a fit procedure to the angular distribu-
tions of the spin polarization component A(4) (Fig. 3),
whereas the other Ajuger values are derived from mea-
surements at Omag = £54.7°, where A(Omag) = YAAuger
holds. The parameter Aayger for the 51)1_/12-63_2 Auger
decay shows hardly a variation with photon energy in
contrast to the 5;:)_,;/12-60.&“2 electrons, which have a more
pronounced energy dependence. For this behavior, on the
one hand, the larger scaling of the parameter A yger(3/2)
[AAuger(3/2) = —2.5AAuger(1/2)] is responsible and, on
the other hand, the appearance of resonances below the
threshold for the 5p /12-63“2 Auger decay is the cause.

According to Connerade et al. [12] these resonances at
hv = 23.5 eV and at hv = 24.1 eV have mainly d char-
acter. This explains the larger negative values of Aayger
in comparison to the values for the continuum where di-
rect ionization dominates. The experimental values are
compared with results of theoretical calculations using
the Hartree-Fock and the RPAE approaches. For the
Sp;/12—63‘2 Auger parameter Apuger both theories are
in agreement with the experimental data, with the ex-
ception of the most precisely determined data point at
hv = 25.8 eV, where only the RPAE approach coincides
with the experimental result. For the 5;);/12-63”2 Auger

decay in the autoionization region a direct comparison
with the theory is not possible due to the presence of
the resonances which are not taken into account in the
calculation. The influence of the 5p°5d* (P, ;) nd Py
resonances [12] should give rise to an increase of the D,
amplitude for the two values (n=6,7) measured in this
region. This explains the corresponding large negative
values of Apyger- Incidentally they lie close to the HF

calculation, which predicts a lower ratio |D,/Dg4|? than
the RPAE. Beyond the 51)1_/12-63‘2 threshold, however,
again the RPAE is in better agreement, although the
nonresolved Auger satellite line also contributes to the
parameter Apuger for the 5p /12-63"2 line. For the pa-

rameter aayger (Fig. 5) the conditions are reversed, since

N N L D
05 LR
5 3 J
a0 R HF _ _ 4
<:t’ L 5p1;2—63 ’ \J
S | —RPAE ﬂ
0.0
I — o :
I Opy s 6s ]
P N R B R
22 24 26 28 30
hv(eV)
FIG. 5. Spin-polarization parameters aauger for both

Auger decay channels in HF and RPAE calculations in com-
parison with the measured values extracted from the angular
distribution of the spin-polarization component A(9).
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FIG. 6. Measured and calculated spin-polarization pa-

rameters Aphoto for photoelectrons corresponding to pho-
toions in the 2P1/2 and 2P3/2 states.

the allowed values for asuger(3/2) range from —% to % in
the nonrelativistic approach, while for aayger(1/2) they
can go from —% to % Hence the difference between the
HF and the RPAE approach is larger for the apyger(1/2)
value and the test of the theory is more stringent in that
case. The value for ayuger(3/2), however, is compati-
ble with both calculated values within the experimental
error and again reflects the influence of an increased d-
wave contribution for the outgoing photoelectron in the
resonance region.

It was not always possible to measure the spin polar-
ization of the photoelectrons at the corresponding energy
where the Auger-electron spin polarization was observed,
since the buildup of contact potentials diminished the
transmitted photoelectron intensity at low kinetic ener-
gies. The experimental data and the theoretical curves
for the photoelectron spin-polarization parameter Aphoto
are displayed in Fig. 6. Fair agreement is obtained, in
particular with respect to the Bat 2P, /2 final ionic state,
where the measured data coincide with the RPAE ap-
proach. In addition to Figs. 4 and 6, in Table I the
experimental data are listed in a comparison of the spin-
polarization parameters A of the Auger and the photo-
electrons. This cross comparison has been discussed in
detail elsewhere [37], but the list of the measured val-
ues available is now more extensive and therefore given
in the table for completeness. The ratio -‘}:f% can
serve as a direct check of the validity of the two-step
model. The parameters Aauger calculated from the pho-
toelectron spin polarization according to Eq. (4) are in
good agreement with the measured value Apuger- Only
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FIG. 7. Measured and calculated spin-polarization pa-
rameter £photo for photoelectrons corresponding to photoions
in the 2P1/2 and 2P3/2 states.

at hv = 26.95 eV the calculated and the measured Auger
parameters differ slightly. For the 5p;/12-63"2 Auger de-

cay [37] the ratio might be influenced by relativistic ef-
fects and the deviations between —5/3 Aphoto and Aayger
confirm this assumption. At hv = 28.18 eV the param-
eter Aphoto is even larger than the corresponding A yger
value. The only measured parameter which contains in-
formation about the phase difference between the outgo-
ing s and d waves of the photoelectron is the parameter
&photo (Fig. 7). In the photon energy range observed here
both calculations give similar results for {ypoto, and for
the 2P1/2 ion £photo is in agreement with both the HF
and the RPAE theory. For the creation of the 2P, /2 hole
state via photoionization, however, both approaches de-
viate slightly from the measured dynamical polarization
€photo- The absolute value of Ephoto(3/2) is larger than
expected from the nonrelativistic approach.

VI. CONCLUSIONS

The energy dependences of the O33-PyP; Auger-
electron doublet emitted after the creation of a 5p~!
hole state of Ba® as well as of the corresponding 5p
photoelectrons have been examined both experimentally
and theoretically with respect to the spin polarization.
The measurements of the Auger-electron yield showed
that the influence of resonant contributions is large be-
low and small above the threshold for 51)1_/12-65‘2 Auger-
electron emission. Apart from the variation due to the
increased ed photoelectron transition amplitudes in the
resonances, the polarization parameters Apuger display

TABLE I. Comparison of the spin-polarization components Aphoto and Aauger and the value
Apuger calculated from Apnoto according to Eq. (4) for the J =1/2 and J = 3/2 channels.
hv (eV) 25.83 26.95 27.55 28.18 28.83
Aphoto(l/Z) —0.22 £ 0.06 —0.29 £ 0.10 —0.24 +0.06 —0.30 £ 0.05
AAuger(l/Z) 0.09 + 0.02 0.12 +0.03 — 0.09 + 0.07 0.14 + 0.06
—1/3 Aphoto(1/2) 007+£0.02 0104003  008+002  0.10+0.02
Aphoto(3/2) 0.11 +0.04 0.19+0.07  0.23+0.06
Anuger(3/2) ~0.22 +0.04 ~0.21£0.04 —0.13+0.05
-5/3 Aphoto(3/2) —0.18 £ 0.07 —0.32+0.12 —0.38 = 0.09
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only a weak dependence on the photon energy in the
region studied. The experimental results confirm the va-
lidity of the relationships between the various dynamical
parameters as far as they could be tested. Within the
two-step model of Auger decay the parameter Apuger is
directly connected with the photoelectron polarization
parameter Aphoto Via the photoion polarization A;g. In
particular, for the single-channel Auger transition exam-
ined here, the parameters Aayger, A10, and Appoto are
proportional to each other for the 5p,/; case, and also
for the 5p3/, ionization within the LS approximation.
For the J = 1/2 case, the experimental data were found
to be in agreement with the relationships connecting the
Auger-electron and the photoelectron emission process.
With respect to the comparison of the experimental
data with the theoretical calculations, better agreement
was found with the RPAE theory than with the HF ap-
proach; in particular, the RPAE describes well all dy-
namical parameters examined which are related to the
5p1/2 ionization. In the case of the 5ps/,-65~2 Auger de-
cay there are some small deviations between the experi-
ment and the RPAE calculation which can be explained
by the presence of resonant excitation and the composi-
tion of the observed Auger and photoline of two transi-

tions. Another possible reason is the neglection of the
spin-orbit splitting of the outgoing d waves. While this
does not affect 51)1_/12 ionization since only the d3/; com-

ponent contributes, for 51)3_/12 ionization both d3/, and
ds/; components are important and the relative phase
between them. Therefore, the 5p3/; channel can be ex-
pected to be influenced by relativistic effects. Finally,
in the theoretical calculations we completely ignore re-
arrangement effects which can, in principle, change the
ratio of the partial amplitudes D,/Dg4 and thus the dy-
namical parameters governing the polarization. In the
future it will be of interest to perform spin-polarization
studies in more complicated cases where the final states
do not have closed shells and several Auger channels oc-
cur or where spectator electrons are present.
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