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Angular distribution of Auger electrons in the decay of resonantly excited
4d3; 5, 6p states in Xe
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The angular distribution of Auger electrons originating from the decay of resonantly excité®g states
in Xe has been studied with very high photon and electron energy resolution. The resolution enhancement via
the Auger resonant Raman effect has enabled to resolvgs tharameters for individual resonant Auger
transitions. The results are compared to previous experiments and to theoretical predictions calculated by using
the multiconfigurational Dirac-Fock approa¢s1050-29476)01609-5

PACS numbg(s): 32.80.Hd, 32.80.Fb

I. INTRODUCTION lution which has enabled us to resolve most of the transitions
between individual initial and final states. In order to achieve
Inner-shell photoexcitation and subsequent Auger decaihis level of resolution, the Auger resonant Raman effect was
leads to anisotropic angular distribution of Auger electronsutilized [12], i.e., the 41~ '6p resonances were excited with
Within the dipole approximation for the excitation and by @ photon band that was considerably narrower than the natu-
assuming a two-step description of the Auger process, thel width of the resonant state. Thus the experimental line
angular distribution parametgrequalsa,.Ay,, Whered,yis ~ Width is no more determined by the lifetime broadening of
the alignment of the excited state amg is the intrinsic the excited state. On the other hand, due to inaccurate elec-

anisotropy of the Auger decdl]. In photoexcitation from tro_n jntensity calibration, oupB parameters rely heavily on
ground-statel,=0" to J, =1~ state using linearly polarized existing results and cannot be regarded as completely inde-

photons, substates with only one projection=M) may be pendent.

; Very recently theg parameters for Kr 8 '5p—4p*5p
populated, and the alignment parameter has a photon-energly- - ) .
: . . esonant Auger transitions were determirjdéd] using the
independent value afl,o(J=1)=— /2. This holds, e.g., in ug itons w inaa] using

N > same experimental apparafdgl] as in this work. The agree-
case ofnd— (n+2)p resonant excitations of Kin=3) and et hetween the calculated and experimestaarameters

Xe (n=4). As opposed to the normal Auger transitions, a5 found to be good in most cases. Some indiviggial
where the electron emission is to a large extent isotrgBic, \yere observed to be sensitive to ISCI and FISCI. In a parallel
parameters ranging from1 to 2 have been observed in casestydy, the relative intensities of the resonant Auger lines
of resonant Auger transitiondor a general reference, see, were also found to be affected by electron correlafibb].
e.g.,[2]). Therefore, in addition to th@'s, also the partial decay rates
Several theoretical studies have been published concerand energy splittings have to be taken into account when
ing the angular anisotropy of the resonant Auger decay in Kéomparing experimental results with theory. It is possible to
and Xe[3-7]. Although the anisotropy is rather well under- arrive at a better theoretical description of the electron cor-
stood in general, some Auger lines are known to exhibite|ation effects by combining information from these differ-
strong deviation from predicted values. In this work, we will ent sources.
compare the experimental results with the most sophisticated we would like to continue this project by presenting in
theoretical predictions reported so f&i. These results were thijs study thepB parameters for the Xe df '6p—5p“*6p
generated by Using the multiconﬁgurational DiraC'FOthransitions_ The main purpose here is to present h|gh-
(MCDF) wave functiond8]. The calculations took into ac- resolution experimental data and to compare them with the
count the configuration interaction both in the initial and regylts predicted by the MCDF calculations. These results
final ionic states of the decafSCI and FISC). The ex-  are also complementary to the recently published angular-

change interaction between the continuum and core electrofigdependent studies of Xe resonant Auger transitidrés-
was also taken into account in these computations whereas ifg].

the earlier work$3-6] it, together with ISCI, was neglected.
The different approximations will not be discussed in detail
here but the reader is referred to Rief]. Il EXPERIMENT

For further development of the theory, a comparison with  The experiments were performed at the Finnish beamline
accurate experimenta values is very important. Only few (BL51) at the MAX-Laboratory in Lund, Sweden. A detailed
studies have been reported so faee Refs[9—11]). These description of the beamline has been published elsewhere
works have suffered, to some extent, from relatively poof19]. Briefly, it uses synchrotron radiation from an undulator
resolution and statistics. Also the values from those experit20] operating in the 60—600 eV photon-energy range and it
ments differ considerably. The present results hopefullyhas a modified SX-700 plane grating monochroméafir|
clarify some of the existing discrepancies. Our main advanwith a plane elliptical focusing mirror. Recently, a new end
tage here is the very high photon and electron energy resstation[14] equipped with an SES-200 hemispherical elec-
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FIG. 1. Left: The 4:15’,56p—>5p46p resonant Auger spectrum of

Xe excited by 65.110 eV photons. Right: Thel;{lzl6pa5p46p

resonant Auger spectrum excited by 67.039 eV photons. The angle 400
between the lens axis and the electric-field vector of incoming ra-

diation is also shown in each spectrum.

tron spectrometdr22] has been installed at the beamline. In 376 380 384 388 392
order to allow angle-resolved measurements, the spectrom-
eter can be rotated in a plane perpendicular to the direction
of the photon beam. An ultimate energy resolution of better FIG. 2. Kinetic-energy region of the d§,36p— 5p*(*P)6p
than 14 meV full width at half maximurtFWHM) has been resonant Auger transitions measured at 0°, 54.7°, and 90°.
achieved, although the total line width in the present mea-
surements was in the range of 28—33 meV which allowed ugre shown in Fig. 1. Details of the curve fitting are displayed
to resolve the different fine-structure components with reain Figs. 2—5. The degree of linear polarization was estimated
sonable intensity. to be above 99%. This can be seen as an almost complete
In these measurements a specia”y designed gas Ce” Wa&)sence Of the Xe 5s phOtoeleCtron Iine in the SpeCtrum mea-
used. The position of the gas cell was fixed relative to the
lens. This ensured that the emitted electrons always entered
the lens at correct angles. The position of the photon spot
inside the gas cell, on the other hand, could not be fully
controlled due to changes in the position of the electron 450
beam inside the storage ring. The photon flux was monitored
by a photodiode which was mounted on the rear end of the
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gas cell. 0
In most experimental angle-resolved studies so far, the
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54.7°

300
not allow this kind of arrangement since only one angle at a I
time could be recorded. Therefore, the electron spectra mea-
sured at different angles were normalized by assuming the
B parameters for some lines to be known. This procedure

B parameters have been determined by simultaneous mea-
will be described in the following section. 1800

surement of two or more anglésee, e.g., Refl23]). This
OO
IIl. RESULTS AND DISCUSSION 900 -
A. Experimental results I
0 . .

Intensity (arb. units)
[}

approach is preferable because no additional calibration mea-
surements are needed. The present experimental setup did
T J T 1
1. General 364 366 368  37.0

The angular distribution parameters for thel 46p
—5p*6p spectator resonant Auger transitions were deter-
mined by measuring the electron spectra at 0°, 54.7°, and 90° FIG. 3. Kinetic-energy region of the d§,;6p— 5p*(*D)6p
with respect to the polarization plane. The overview spectraesonant Auger transitions measured at 0°, 54.7°, and 90°.

Kinetic energy (eV)
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TABLE |. Experimental angular distribution paramet@rfor Xe 4d~'6p — 5p~26p resonant Auger
transitions. An asterisk indicates that tjgés for these transitions could not be determined; see text for
details. Lines with no error estimation were used for calibration.

B
Line no: Final state Binding energgV) 4dg36p 4dg36p

1 5p2(3P)6p “Psp 25.991 0.3210) —0.4415)

2 5p~%(°P)6p “Psz 26.012 -0.972) —0.946)

3 5p~2(3P)6p 2Dsg, 26.204 —-0.972) *

4 5p2(3P)6p Sy, 26.224

}-0.61(12) 10.6(2)

5 5p72(3P)6p 4D7/2 26.228

6 5p2(3P)6p 2Psp, 26.609 1.2%) —0.63)

7 5p~2(3P)6p 2Py, 27.060 1.0910) 1.23)

8 5p~2(3P)6p “Pyp, 27.155 0.48) *

9 5p2(3P)6p ?Dyp 27.211 0.612) 0.396)
10 5p 2(°P)6p “Ds), 27.394 0.5110) -0.73)
11 5p 2(°P)6p *Sg, 27.412 1.08) —0.098)
12 5p 2(3P)6p “Dgy, 27.540 -0.392) 1.045)
13 5p 2(3P)6p “Dy), 27.575 0.763) 0.1(2)
14 5p~%(*D)6p *Fsy 28.109 -0.32) -0.91)
15 5p~2(*D)6p 2Py, 28.208 0.3%) 0.849)
16 5p2(*D)6p 2Fp, 28.257 —0.42) *

17 5p~2(*D)6p 2Dy, 28.489 —0.6210) 0.9710)
18 5p~2('D)6p 2Dg)y 28.523 —-0.7512 —0.354)
19 5p~2(*D)6p 2Py 28.589 1.588) 1.1210)
20 5p~%(*S)6p *Py; 30.508 * 1.00
21 5p~2(1S)6p 2Py, 30.631 0.93 -0.1913
22 5p~2(1S)6p 2Py, 30.654 0.5 -0.82)

sured at 90°. The assignments as well as energy positions feomparison more straightforward. The averggeas well as

the resonant Auger lines were taken from Rf7]. The  the error limits in Table | were obtained after careful study of
spectra were least-squares fitted using Voigt functions. Thepectra measured under different conditions.

line shapes were constrained to be the same for all lines One additional problem in these measurements was the
within each spectrum. Total line widthEWHM) of about  decreasing spectrometer transmission as a function of kinetic
31+ 3 meV were obtained which roughly corresponds to 29energy of the emitted electrons. If only the intensities at the
meV and 8 meV spectrometer and monochromator contribumagic angle(54.79 are needed, the transmission function
tions, respectively. The results are summarized in Table I. Iitan be obtained in a simple way, as described in 4. In

order to compare the present experimental results with thease of angle-resolved measurements the problems become
previous studies, we have also calculated intensity-weightethuch more severe because two or more analyzer angles are
sums of3 parameters in Table Il. The peak labeling is simi- needed to determine th@s. In practice each angle has its

lar to that used in the previous works in order to make theown transmission function, which in the present case can be

TABLE Il. Intensity-weighted sums oB parameters for Xe d 16p — 5p*6p Auger transitions. Line
numbers refer to Table I. The peak labeling in the first column is the same as in[Rgfand[9].

4dg36p 4d,56p

Peak Linesincluded Refl0] Ref.[9] This work Ref.[25] Ref. [9] This work
la 1,2 -0.603) —0.88 —0.66 -0.8 —-0.74
1b 3-5 -0.902) -0.93 -0.75 0.2 —0.671a+1b) 0.19
1c 6 1.312) 0.82 1.27 -0.4 -0.38 -0.55
2a 7-9 0.58) 0.26 0.64

2b 10-13 0.5M) 0.16 0.46 0.3Ra+2b) 0.142a+2b) 0.172a+2b)
3a 14-16 0.2@) —-0.02 0.25

3b 17-19 0.3® —0.09 0.31 0.83a+3b) 0.323a+3b) 0.363a+3b)

5 20-22 0.8%) 0.51 0.81 1.0 0.89 0.74
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TABLE Ill. Calculated angular-anisotropy paramete@  Carlsonet al.[9], many of these lines apparently have highly
= Ay for Xe 4dg36p — 5p~26p Auger transitions. The line negativeg values. Lines 1 and 2 are very close to each other
numbers refer to Table I. F indicates single-channel results obtainegnd the determination of thej’s is only possible if their
using final-state orbitals and excluding the exchange for the congccurate energy positions are known. Because the angle-
tinuum electron. ISCI was computed usir_lg final-state orbitals. FE i%ntegrated intensity of line 1 is very low, its angular behavior
the same as F but the exchange was included. In FEI, ISCI wagannot be determined very accurately. Line 2, on the other
calculated using |n|.t|al-.st§Fe orbitals. I.E |nd|§:ates smgle-channehand' clearly possesses a highly negagwelue. Lines 3, 4,
values obtained u_smg _|r_1|t|al-state o_rbnals with exchange. FISC'and 5 are located very close to each other, too. Also in this
was calculated using initial state orbitals. case one of them clearly hg@sclose to—1, which according
to the energy positions given in Rdfl6,17] is line 3. Al-
though lines 4 and 5 were fitted separately we could not
1 1.005 1.029 1.016 1.045 0.984 extract separat@ parameters for them. Line 6 is the most
2 —-1.000 -0.995 -0.996 -0.995 —1.000 intense one in théP parent. OurB value of 1.272) is in
3  —-1.000 -0.996 -0.996 -0.996 —1.000 good agreement with Kamerling, Krasig, and Schmidt
4 —0.089 —0.447 -0.092 —0.448 0215 [B=1.31(2)]. Because this line is relatively well resolved we
5 —0964 -0610 -0.665 —-0589 —0.973 can conclude that our method to determine f'& although
6
7
8
9

Line no: F FE IE FEI Chen

0.971 1.025 1.093 1.031 1.018 Itinvolves some inaccuracies, is correct. Lines 7 and 10 have
0.965 0.984 1.032 0.984 0962 Very low intensity which is reflected as an increase in their
0.634 0.237 0.715 0.233 0.771 €rror limits. For lines 8, 9, 11, and 12 thgparameters are
0.651 0.658 0.790 0.656 0.653 More accurate because they are relatively well resolved and
intense.

10 -0.117 0.054 0.494 -0.188 -0.331 . . .
Our results in the case of thd parent(Fig. 3) are again
11 0.810 0.736 0.835 0.745 0.955 . e e
in good agreement with Kamerling’s valueg10]. In the
12 —0.584 —-0.556 —0.996 —-0.535 —0.860 . . .
13 0.837 0.595 0.906 0.592 0.935 °a@s€ of peak 3a, th@ value mainly originates from line 15
14 _0'819 0 5'351 o 869 o 8‘76 o 86.0 since both line 16 and especially line 14 are weak. One 5s
' : ' : . satellite line is located between lines 14 and 15, which is
15 0.046 0151 —0.078 0.176 0.073 responsible for the very high error limits for line 14 in Table
16 0.090 0.256 0.218 0.246 0.052 | peak 3b consists of three resonant Auger lines, too. Evi-
17 -0654 -0517 -0310 -0553 -0.529  gently lines 17 and 18 must have negative and mutually very
18 -0.860 —0.872 -0877 -0.887 —0.882  gimjlar B coefficients whereas for line 19 the is highly
19 1.366 1.506 1.517 1.503 1.307 positive.
20 0.504 -0.233 0.927 0.130 -0.139 In principle, one would expect only two components in
21,22 0817 0801 0810 0828  0.847 the case of p*(1S)6p final states, namely,'8)6p 2Py

and (S)6p 2Pg,. Only the latter of these is known to gain

approximated by a straight line with a negative slope. In dhtensity. Akselaetal. [17] observed two closely spaced
recent study[13], the transmission functions were deter- lines (21 and 22 and assigned both of them to thts|6p
mined with the help of the well-known Ne 2p photoioniza- 2p,,, state. The redistribution of intensity was attributed to
tion cross sections andl parameters. Because the minimum the final ionic state configuration interactid®ISCI) be-
photon energy that can be reached at BL51 is about 60 eMtyveen the (55p) ~26p and (5s5p) ~24f final-state configu-
we could not use this method in the case of Xe due to veryations. We have used this interpretation here as well. There-
low kinetic energies of Auger electrons. Therefore, the transfore the 8 value that was needed to obtain the transmission
mission correction was obtained simultaneously with the aceorrection (0.81) was determined from the intensity-
tual B8 determination by assuming th& parameters for the weighted sum of3’s for lines 21 and 22.
transitions to the p~2(1S)6p final-state parent multiplets to » N
be 0.81(intensity-weighted sum of’s of lines 21 and 2P 3. The 4d;;6p—5p*6p transitions
and 1.00(line 20 in the decay after the d,—6p and Here the comparison with previous studies is more com-
4d3,—6p excitations, respectively. These assumptions arglicated due to the lack of reliable reference data and the
supported both by the experimental studies ofriteerling,  scattering between different experiments. In their paper Her-
Krassig, and Schmidtsee Table I as well as by the theo- genhahn, Kabachnik, and Lohmaf8] quote still unpub-
retical predictions of Tulkkiet al. (see Tables Il and 1V lished experimentgB’s from Becker[25]. Much of the same
Another line for which theg parameter was assumed to be general discussion as in the case di4— 6p excitation is
known was the 5s photoelectron ling ¢ 2 well above the  valid here, too. The intensity of théP parent multiple(Fig.
5s thresholy If the excited state decays via a participator 4) is very low at every angle and we could not determine
transition the 5s photoelectron line can not be used for norg’s for lines 3 and 8. For many lines the uncertainties are
malization. According to the calculated results of Réfl,  very pronounced, as seen in Table I. The results for‘be
the participator decay probability is much smaller than theparent(Fig. 5) should be more reliable. There seems to be a
spectator decay. previously unresolved satellite line between lines 15 and 16
which makes the determination @f parameter for line 16
very inaccurate.

The curve fitting results for the d§,;6p— 5p*(°P)6p It must be pointed out that due to moderate resolution in
transitions are displayed in Fig. 2. As already pointed out byRefs.[9] and[11], their B's for the 5p~2(1S)6p final state

2. The 4d;36p—5p*6p transitions
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TABLE IV. CalculatedB= a,.A,, for Xe 4d§,§6p—>5p’26p transitions. The line numbers refer to Table
I. The computational approximations are the same as in Table lll. In approximation FEO, ISCI was ne-

glected.
Excited state
“Lower” “Upper”
Line no: FE FEI FEO Chen FE FEI FEO Chen
1 -0.087 —-0.080 -—0.084 0.448 -0.094 -0.138 —-0.035 0.393
2 —0.978 —-0.831 —-0.506 —0.996 0.314 0.230 —-0.761 —0.232
3 0.725 0.377 —0.349 0.019 -0.954 —-0.931 —-0.363 —0.952
4 —0.200 —0.009 0.992 -0.035 —-0.437 -0.432 -0.362 —0.426
5 -0.166 —0.197 0.000 0.146 -0.192 -—-0.203 -—0.216 0.140
6 —0.693 0.324 1.237 -0.946 1.294 1.188 0.869 1.020
7 1.121 1.006 0.991 0.986 0.980 0.973 0.956 1.007
8 0.581 0.705 1.249 0.854 0.126 0.324 0.432 0.669
9 0.795 0.710 0.622 0.761 0.424 —0.018 0.626 0.054
10 —0.965 —0.962 0.038 —-0.955 —-0.968 —0.966 —0.965 —0.957
11 —-0.501 —-0.291 -—-0.086 0.298 0.276 0.783 —0.554 0.914
12 0.562 0.488 0.200 1.030 0.982 0.776 0.686 0.725
13 0.792 0.846 0.988 0.935 0.244 0.603 0.702 0.898
14 0.403 —-0.054 -0.352 —-0.436 —-0.694 -—0.918 0.451 —0.994
15 —-0.338 0.443 1.031 0.274 0.886 0.251 —0.643 0.718
16 -0.845 —-0.831 0.000 -0.660 —-0.835 -—-0.830 —0.823 -—-0.659
17 0.981 0.950 0.777 0.827 0.294 -0.402 —-0.307 -—-0.907
18 —-0.163 —-0.722 -0.317 —0.686 1.386 0.987 0.542 0.793
19 0.568 0.503 1.155 0.851 0.608 0.579 0.552 0.810
20 1.006 1.001 0.998 1.003 0.993 0.987 0.683 0.990
21,22 —-0.794 —-0.888 0685 -0.871 —-0.651 -0.712 -0.759 -0.707

also include some contribution from thep52(!D)7p  several transitions for which the parameters remain about
shake-up final states which are located in the same kinetithe same in spite of the fact that FISCI, ISCI or exchange
energy region. In this work, we were able to resolve theinteraction was taken into account in a different way. If the
structure in detail and the shake-up contribution is not intransitions are dominated by only one transition amplitude,
cluded in our sum of’s (0.74) in Table II. This may explain  the electron correlation effects do not influence the angular
why our value is considerably lower than that given in Refs-anisotropy. Such model-independeghitvalues are useful in
[9] and[11]. The corresponding shake-up states are not s@gjiprating the experimental values. In the decay of the
strongly populated in the decay of thel#)6p resonance 44-lgp excited state, the transitions to the states
[18] and therefore our sum ¢8's for the 5p~2(1S)6p final 5p-2(3P)6p “P, (line 2), 5p 2(3P)6p 2Dey, (line 3,

state is in better agreement with the other works. 5p~2('D)6p 2Fs, (line 14), and H2(*D)6p 2Ds, (line
18) are principally determined by thels,, partial wave. This
B. Results of MCDF calculations and comparison explains their insensitivity to the methods to generate the
with experiment wave functions(see Table IlJ. Unfortunately, line 14 is

weak which hampers its use for calibration purposes. Weakly
model-dependens values for lines 1, 6, 7, 9, 11, 19, and 21
Angular anisotropy is a powerful tool to study the influ- are also useful when experiment is compared with theory.
ence of various many-electron effects to Auger decay dyPronounced disagreements in such cases would be surpris-
namics. For instance, the impact of exchange interaction béng.
tween bound and continuum electrons to Bigarameters The interference between thegl,, and eg;, amplitudes
shows up as a difference between théekchange omitted gives rise to a large scattering in tBeparameters for lines 5
and FE(exchange includedsalues. FISCI is the main reason and 10. In the case of line 4, thes,,, and eds, amplitudes
if the IE and FE values differ since in IE approach the mix-are also of the same order of magnitude. Since lines 4 and 5
ing of final ionic states is obtained with initial-state orbitals are close to each other it is difficult to obtain their individual
but in FE with final-state orbitals. The influence of ISCI is B values. TheB parameter for the 5~ 2(*D)6p 2F, state
seen by comparing the FEO valu@SCI omitted with the  (line 16) is determined by thegg, partial wave. This am-
FE (ISCI predicted with final-state basis setnd with the plitude is very sensitive to the exchange interaction between
FEI (initial-state basis sgwalues. the continuum and core electrons. TBgarameter does not
As the theoreticaBB values in Tables Ill and IV are com- show such a strong dependence on the exchange interaction
pared with each other, different trends show up. There aras the partial decay raf&6]. Relative intensities of lines are

1. The 4d;36p—5p“*6p transitions
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usually better suited to testing the capability of the theory to All the calculations give large negatiy@ values for line
take the exchange interaction into account. 17, being in fairly good agreement with the experiment.
As the theory is compared with the experiment, some conFISCI is important here but what is interesting is that the
clusions can be drawn. When the calculagds model in-  partial decay rategl6] scatter much more than thgvalues.
dependent, the experimental value is usually very close td@hus the relative line intensities are often more sensitive to
the calculated one. For lines where there is considerable scaHSCI than theB parameters. There are surprising discrep-
tering in theB values between calculations, none of the mod-ancies between experiment and theory in the case of lines 1
els is capable of predicting the experiment correctly. How-and 14. These lines are, however, weak and line 1 lies close
ever, calculations where the exchange interaction is includetb line 2. For weak transitions the experiment is less accurate
(FE, IE, FE) seem to reproduce the experiment somewhabut the 8’s are also easily affected by possible inaccuracies
better than the models, where it is omitted. For instance, thef the theoretical models.
FE approach seems to move tBdor the peak composed of
lines 4 and 5 to the direction of the experimental value as 2. The4dy36p—4p*6p transitions
compared to the approximation F. The same holds for line
10, even though the FE calculations still underestimate th d
B. The basis set seems to play an important role here: |
approach gives the best agreement with experiment for lin
10. This line is, however, very weak which makes it difficult
to determine its8 correctly by both experiment and theory. » o " M ) )
If the relaxation reduces the contributing partial waves by geferred to as “lower” and “upper,” respectively. This la-
constant factor the effect to the angular dependence is smaff€!ing follows the binding-energy ordering of the states as
If one of the waves, however, is sensitive to the orbital-oPtained by the MCDF calculations.

; For angular anisotropy, the predictions F, FEI, and FEO
collapse phenomenon the angular anisotropy may be af-. !
fected. In future theoretical work the influence of relaxationdiffer considerably from each othésee Table IV. Only for

to the angular distribution needs to be studied thoroughly. lines 7 and 20 thes par‘f':lmete’fs are“PfaCti(’:’ally independent
All the calculations seem to predict a wrong sign for the©n ISCI- A few lines in “lower” and “upper” excited states

j parameter of line 16. Partial decay rate of this transitiord'® Only weakly sensitive to the details of calculations. The

was also heavily overestimated by theptg]. This indicates [OWer” excited state was predictefi7] to be dominantly

that theegg,, partial wave does not play such a dominant rolepopulated’ln photoexcngyon. In the decay of the “lower”
in the transition to the p~2(*D)6p 2F-,, state as estimated state theB’s of the transitions 2, 9, 13, and 17 seem not to

by theory. If the mixing of continuum channels is of impor- vary very much in different approximations. These transi-

tance here, it needs to be studied separately. tions are governed by one transition amplltude only. FISCI
plays some role, however, and the transitions are also some-

ISCI plays a very important role in the decay of the
236p excited state. In Refd5,6] the ISCI was entirely
geglected. Due to strong mixing of theig}216p1,2, J=1and
4d§,§6p3,2, J=1 states, the single-configuration description
fails to describe the excited states. The states are therefore
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450 750 L sat
sat |sat 19 16 l
0 0
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.(71) 8
= T
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0° . 0°
125 750 -
0 O T T I T i ¥
39.6 40.0 40.4 40.8 41.2 384 38.6 38.8 39.0
Kinetic energy (eV) Kinetic energy (eV)
FIG. 4. Kinetic-energy region of the d§26p—5p*(°P)6ép FIG. 5. Kinetic-energy region of the d4,36p— 5p*(*D)6p

resonant Auger transitions measured at 0°, 54.7°, and 90°. resonant Auger transitions measured at 0°, 54.7°, and 90°.



2880 H. AKSELA et al. 54
what affected by ISCI as seen when the FE, FEI, and FEGribution of these transitions to be insensitive to FISCI as
values(Table 1V) are compared to each other. Only in the well as to FCSClfinal continuum state Gl Two other tran-
case of lines 2 and 17 the calculat@dpecially the FE and sitions are also dominated by tlds, partial wave, namely,

FEI prediction$ and experimentgB values agree fairly well. lines 14 and 18. Unfortunately, the former is very weak in
Two partial waves are of the same order of magnitude irKr, while the latter cannot be properly resolved in Xe.
the case of lines 5, 6, 15, and 16. The theoret@garam- Transitions withJ=3/2 were found to be well reproduced

eters differ so much from the experimental ones that furtheby calculations in[13] and the same general trend can be
theoretical work is clearly needed in order to find a properseen here, too. An interesting observation is that in Xe, cal-
ratio of partial amplitudes and their phases. ISCI is also im-culations fail to estimate thg for line 16, which is domi-
portant for all these transitions, making them very sensitivenated by thesgg, partial wave. In Kr, however, the calcula-
test cases for future calculations. tions are in fairly good agreement with the experiment. The
The FEI may be considered as the best one of the approxigy, partial wave is obviously overestimated by theory in
mations since both ISCI and FISCI are taken into account irXe. This also demonstrates nicely the diminishing strength of
a most sophisticated way so far. If the FEI values for theexchange interaction between continuum and core electrons
“lower” and “upper” state are compared to the experimen- on going from Xe to Kr. On the other hand, hints of decreas-
tal B’s, for most of the lines the values of the “lower” state ing FCSCI on going from Kr to Xe were observed in case of
are closer to the experiment. This supports the assumptiomormal Auger transition§27].
that the resonant Auger process takes place via the “lower” Further studies on the decay of Ap2'4s resonances,
excited state. One may accidentally find a good agreementhere the kinetic energies of resonant Auger electrons are
between the experiment and a fgis of the “upper” state  considerably highefabove 200 eV, are also under way.
but a closer consideration shows that sk vary heavily = They should give more insight to the strength of electron
depending on the approximation used. Such variations indieorrelation as a function of atomic mass as well as the kinetic
cate a large sensitivity to the electron correlation, which isenergy of Auger electrons.
not properly treated by the present calculations. According to
our previous study17], the best description so far for the IV. CONCLUSIONS
partial decay rates at thej§[,§6p resonance is given by the o )
FEI approximation for the “lower” state. The agreement The angulariglstnbutuzr; parameters have been de.t.ermlned
with experiment was not complete, however. In the case ofo the Xe 41" “6p—5p~“6p resonant Auger transitions.
8 parameters the discrepancies are even larger. The use of the Auger resonant Raman effec_:t.h.as aIIowed to
resolve the transitions between individual initial and final
states. A careful comparison between experiment and theory
indicates that angular dependence is fairly well reproduced
The nd™!(n+2)p—(n+1)p~?(n+2)p resonant Auger by theory at the d;26p resonance. ISCI has a dramatic
transitions in Kr(n=3) and Xe(n:4) inVOIV.e similar orbit- ) effect on the anisotropy of Auger decay at tk@éGp reso-
als, only the principal quantum number differs by one. Ki-nance but the calculations fail to reproduce it correctly. Fur-

makes them ideal targets to study the effects of electron cor-
relation to the decay rates and the angular anisotropy. The
partial decay rates have been studied very thoroughly in both
atoms[15-18,28. Here we would like to briefly compare the ~ The staff of MAX-Laboratory is acknowledged for assis-

[ parameters, too, in order to see if more general trends caance during the measurements. This work has been sup-
be found. ported by the Research Council for the Natural Sciences of
Transitons to 6+1) ?CCP)(n+2)p “*Ps, and the Academy of Finland. Dr. J. Tulkki and Dr. N. M. Ka-
(n+1)"2(®P)(n+2)p 2Dy, final states in both atoms yield bachnik are acknowledged for their contributions in the ear-

B values very close te-1. This is consistent with the model lier stage of the theoretical work. The cooperation with Dr.
that the angular anisotropy is governed only by the couplindgSvante Svensson’s group in establishing the experimental
of the angular momenta. As pointed out in REE3], the setup and in the course of test measurements is greatly ap-
dominance of thesds, partial wave causes the angular dis- preciated.

C. Comparison between Kr and Xe
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