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Angular distribution of decay electrons from the 6p resonance excitations in xenon

C. D. Caldwell and S. Hallman
Department of Physics, University of Central Florida, Orlando, Florida 32816-2385

(Received 14 December 1995

Angular distributions for the electrons produced by the decay of the @p excitations in xenon have been
measured using an undulator radiation source. The resolution employed in the experiment has allowed us to
derive separat@ values for features which had not been isolated previously, as well as to det@#malees
for previously unreported lines. Comparison is made between existing experimental and theoretical results.

PACS numbsgs): 32.80.Fb, 32.80.Hd

The 4d—6p excitations in xenon represent one of the which provided radiation with a bandwidth of 60 meV at the
best-known examples of resonant Auger decay. Although thenergies of interest for the xenon measurements. Details of
excitation is to an unfilled principal shell, the decay spectrunthe operation of this source and the experimental arrange-
is quite complex due to strong spin-orbit coupling in thement have been discussed extensively in an earlier \&jrk
xenon atom. This complexity demands that a sufficientlyBriefly, the electrons are analyzed in a set of three spherical
high resolution be employed in order to resolve the contri-sector analyzers mounted at right angles with respect to each
butions from each of the spin-orbit components. To date nather on a rotatable platform perpendicular to the direction of
truly high-resolution data have been reported for the angulathe incoming photon beam. The angular distribution param-
distribution parametep associated with the decay of these eter 8 is obtained from the ratio of photoelectron intensities
excitations. The highest resolution measurements thus far asg 0° and 90° with respect to the electric field vector,

the cross section results of Aksedaal. [1]. R=1(0°)/1(90°), through the relation

In this paper we report on an analysis of the angular dis-
tribution of the resonant Auger electrons resulting from the _ 4(R—-1) L
decay of both the d;,36p and 4d;36p excitations. The data p= 3p(R+1)—(R-1)’ @

for this analysis are the result of experiments conducted at . o o S
the University of Wisconsin Synchrotron Radiation Centerwherep is the polarization of the ionizing radiation; in this
(SRO using an undulator-monochromator combinationcasep=0.99. A measurement at the pseudomagic angle of
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FIG. 1. Intensities of the electrons resulting from the decay of FIG. 2. Intensities of the electrons resulting from the decay of
the 4d;;6p excitation in xenon as measured at 0° and 90°. Labelghe 4d536p excitation in xenon as measured at 0° and 90°. Labels
correspond to the groups of lines given in Table I. correspond to the groups of lines given in Table II.
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TABLE I. Experimental and theoretica values for 4l;36p excitations in xenon. Lines are a combi-
nation of transitions identified by Akse&t al. (Ref.[1]), given in column 2. Designations used by Carlson
et al. (Ref. [4]) and Chen(Ref.[7]) are given in column 3.

Designation This work Experimental Theoretical
Line Aksela  Carlson B B2 BP B¢ B Be
A 1 1.961)
B 7,8 1.698)
C 12-14 1.51)
D 19,20 la —0.596) —-0.88 —-0.67 —0.60 —-0.976 —-0.770
E 22-24 1b —0.863) —-0.93 —-0.93 —-0.90 —-0.726 —0.870
F 26 1c 1.386) 0.82 1.35 1.31 0.972 1.018
G 27 1.12)
H 30,31 2a 0.8®) 0.26 0.89 0.58 0.868 0.703
11 32,33 1.170)
12 34-36 0.721)
| 32-36 2b 0.5®) 0.16 0.45 0.54 0.394 0.348
J 37,38 1.41)
K 39-42 3a 0.5@) —-0.02 0.55 0.23 —0.048 0.039
L1 43,44 —-0.793)
L2 46 1.743)
L 43-46 3b 0.488) —-0.09 0.46 0.33 0.007  —0.0007
M1 48,49 1.667)
M2 50 1.41)
M 48-50 1.528)
N1 51-55 0.81)
N2 56 1.31)
N 51-56 0.61)
O 59 1.51)
P 63,64 1.01)
Q1 67,68 1.048)
Q2 72 0.712)
Q 67-72 5 0.98) 0.51 1.26 0.83 0.753 0.847
R 74-79 0.31)
Sl 80-82 0.81)
S2 83-85 0.21)
S 80-85 6 0.4 —0.03 0.12 —-0.01 0.017

&Carlsonet al. (Ref.[4]).
®Hergenhahret al. (Ref. [5]).
‘Kammerling et al. (Ref.[8]).
YHergenhahret al. (Ref. [6]).
€Chen(Ref.[7]).

6,,=(1/2)cos *(—1/3p), gives the partial cross sections. components which they identified. Using their energies as a
Energy resolution of the analyzers was enhanced by retargtarting point, we fit each of our spectra, at 0° and 90°, to a
ing the electrons to provide an overall experimental resolugroup of overlapping Pearson-7 functiof to determine
tion of 147 meV, as measured by the width of tredhoto-  the relative intensity of each line at each individual angle.
line. While this was adequate to resolve the major multipletEach spectrum was fit individually, and the goodness of the
components, it was not sufficient to resolve all the spin-orbifits was determined by thg-squared value as well as the
components, which have a typical splitting of 20—30 meV.comparison between the two independent sets of data. Inten-
We employed two independent analyzers, which were rosities for the various features are given by the area under the
tated in tandem between the two angles, thereby allowingespective contributions which were summed to give the fi-
two independent measurements of fheparameter. nal fit, normalized to the beam current and the xenon pres-
In a recent measurement using a monochromator bandure.
pass of 8 meV and an electron spectrometer resolution of 40 Figures 1 and 2 give the spectra for each of the excitations
meV, Akselaet al. [1] remeasured the decay spectra of theas recorded at the two angles. Each of the prominent features
4d— 6p excitations at the magic angle. Using a combinationis labeled with a letter which corresponds to a group of spin-
of a fitting procedure and theoretical calculations, they aserbit components making up a fit. In Tables | and Il are
signed energies and relative intensities to all the spin-orbigiven the results for thg values which we determine for
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TABLE II. Experimental and theoreticg® values for 41;,;6p excitations in xenon. Lines are a combi-
nation of transitions identified by Akse&t al. (Ref.[1]). The otherB results are those of Carlsan al. (Ref.

[4D).

Designation This work Carlson Designation This work Carlson
Line Aksela B B2 Line Aksela B B2
B 7.8 1.51) M 48-50 1.7%)
c 12-14 2.001) N 51-56 0.61)
D 19,20 —0.745) -0.67 Q1 65-68 0.7)
E 22-25 —-0.031) Q2 71-73 0.61)
F 26 —-0.42) —0.38 Q 65-73 0.629) 0.89
H 30,31 0.41) 0.14 R 76,77 0.42)
11 32,33 —0.249) S1 80-82 0.11)
12 34-36 0.2) S2 83-85 0.1)
| 32-36 -0.139) S 80-85 0.149 -0.29
J 37,38 1.589) T 86-91 0.12
K 39-42 0.02) U 94-100 0.41)
L1 43,44 0.59) \ 102-107 0.8)
L2 46,47 —0.4(5) w 108-114 0.61)
L 43-47 0.489) 0.32

3/alues in this column are for combinations of the line shown plus adjacent lines.

each of the groups of lines which we are able to isolate. Idine numbering chosen by Carlset al.[4]. These are inter-
the second column of each table are given the numbersompared in Table I. In general, our results differ consider-
which Akselaet al. [1] have assigned to the individual lines ably from those of Carlsort al; we attribute this to the
having the energies which we calculate as making up théifference in resolution between the two experiments. On the
group. Because of the large number of spin-orbit componentsther hand, our results are in quite good agreement with the
corresponding to most line numbers, we omit the detailedneasurements of Hergenhakhal. [5] for these features,
assignments and refer the reader to the Aksela work for dewhich were measured at comparable resolution. To our
tails. The angular distribution parameter is calculated for

each group by a direct division according to Etj. In some 0.4x10* o s
instances in order to achieve a better comparison with earlier [ (4dgy) 6 L
measurements and calculations, we have given bothdthe 0.3

values we determine for each distinguishable group and the
averageB obtained when the two groups are superimposed.

. . . 0.2 |
The influence of resolution on these measurements is well % Data
. . . . . S —— Fit (Sumy)
illustrated by the behavior of featute which is expanded in 3 - Components
0.1 |-

Fig. 3 to show the individual contributions to the fit. Al-
though theK,L pair appears quite similar as recorded at the ] 0.5 y
two different angles, closer examination reveals that there 0.0 R
are actually several distinct features contained.irrhe dif- . L . L
ference is highlighted by the relative contributions of lines
43-47[1] to the fit. At 0° line 45 is a major contributor, 0.14x10* L 90°
whereas inclusion of line 44 makes no significant contribu- 0.12

tion. At 90° the opposite is true. The contribution of line 46 0.10J K

is quite large at 0° and relatively minor at 90°. Lines 43 and ; . 51454 iz

44 are identified by Akselat al. as (D)6p?Ds; 5, While 2 0081 L2: 46

line 46 is the (D)6p P4/ component. Lines 45 and 47 are 3 006 L: 44 - 46

the CP)7s*Pg, and P, components, respectively. These ©  g04.]

principal contributions can be separated into two larger fea- 0.02.]

tures, onel 2, with a large positive8 value and the second, ]

L1, with a large negativ@ value. The finajg value in every S I T

case still remains an average, but the appearance of the two 29.0 ' 28.5 ' 28.0 ' 275

very different 8 values for the two groupings illustrates the
sensitivity of the final@ value to the relative intensities of
the spin-orbit components making up the feature. FIG. 3. Relative contributions of the components making up the

For the case of the df;;6p excitation, several sets of principal featuresK and L. PeakL may be broken down into
earlier data exist, both experimental and theoretical, for the 1, which has a large negatiy® andL2, which has a large posi-
B values for the lines identified in the third column using thetive 8.

Final ionic state energy (eV)
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knowledge the only other set of data which exist for theof this discrepancy, although it might arise from a difference
4dg,—6p excitation is the work of Carlsoet al. [4]. Be- in identification of the spin-orbit components. In almost all
cause of the lower resolution in that work, it is difficult to instances the spin-orbit identifications from the Aksela cal-
determine exactly which of our lines correspond to their desculations[1] differ from the assignments of Chdii]. Be-
ignations. However, based on a comparison of line assigrcause of the very small splittings of many of the spin-orbit
ments between Akselet al. and Carlsoret al, we have se-  features compared to the resolution attainable with the best
lected what we believe should be either the same features @t modern monochromators, it is likely that it may not be
superpositions thereof. Reslults are (_j|13played in Table II. Ayossible to isolate every individual spin-orbit component
comparison between thedg,; and 4dz; groups in the two  contributing to these decays. Thus, any measurement will
tables indicates that theé values are similar for most of the always involve an average over a number of components.
equivalent lines, designated by the same letters. Howevefne comparison with theoretical results thus requires that the
some 3 values are quite different, especially for the lines o retical calculation determine the identity and partial and

E, F, andl. It is suspected that this is due to & parity- iterential cross sections of each decay feature with ex-
unfavored transition contained in one of thd-4 or 4dg; tremely good accuracy.

transitions that make up the observed features. These are also

the lines that have the most widely varying relative intensi- This work was supported by the National Science Foun-

ties in the cross sectidr]. dation under Grant No. PHY-9207634. We acknowledge the
The theoretical resultfs,7], given in the final two col- experimental efforts of S.B. Whitfield, M.G. Flemming, and

umns of Table I, differ considerably from the experimental A. Fahlman, who helped conduct these measurements as part

results and from each other. We do not understand the sourcé a larger project.

[1] H. Aksela, O. P. Sairanen, S. Aksela, A. KivikiaA. Naves Taylor, D. W. Lindle, and F. A. Grimm, Phys. Rev.39, 1170
de Brito, E. Nanmiste, J. Tulkki, A. Ausmees, S. J. Oshorne, (1989.
and S. Svensson, Phys. Rev5A, 1291(1995. [5] U. Hergenhahn, N. M. Kabachnik, and B. Lohmann, J. Phys. B
[2] M. O. Krause, S. B. Whitfield, C. D. Caldwell, J.-Z. Wu, P. 24, 4759(1991).
van der Meulen, C. A. de Lange, and R. W. C. Hanson, J. [6] U. Hergenhahn, B. Lohmann, N. M. Kabachnik, and U.
Electron. Spectrosc. Relat. Phends8, 79 (1992 Becker, J. Phys. 26, L117 (1993.
[3] S. B. Whitfield, C. D. Caldwell, D. X. Huang, and M. O. [7] M. H. Chen, Phys. Rev. 47, 3733(1993.
Krause, J. Phys. B5, 4755(1992. [8] B. Kammerling, B. Krasig, and V. Schmidt, J. Phys. B3,

[4] T. A. Carlson, D. R. Mullins, C. D. Beall, B. W. Yates, J. W. 4487 (1990.



