l lb II /‘ 7 | UNIVERSITY
LIBRARIES

Environmental Studies Faculty Publications Harry Reid Center for Environmental Studies

7-2001

Relativistic Effects on Interchannel Coupling in Atomic
Photoionization: The Photoelectron Angular Distribution of Xe

Oliver Hemmers
University of Nevada, Las Vegas, Oliver.Hemmers@unlv.edu

S. T. Manson
Georgia State University

M. M. Sant'‘Anna
Lawrence Berkeley National Laboratory

P. Focke
University of Tennessee, Knoxville

H. Wang

Lund University
Follow this and additional works at: https://digitalscholarship.unlv.edu/hrc_fac_articles

Cf Part of the Atomic, Molecular and Optical Physics Commons, Inorganic Chemistry Commons, and the
gﬁe next page fO{ a%ditional authors
ysica mistry tommons

Repository Citation

Hemmers, 0., Manson, S. T,, Sant'’Anna, M. M., Focke, P, Wang, H., Sellin, I. A., Lindle, D. W. (2001).
Relativistic Effects on Interchannel Coupling in Atomic Photoionization: The Photoelectron Angular
Distribution of Xe. Physical Review A, 64(2), 022507-1-022507-3.
https://digitalscholarship.unlv.edu/hrc_fac_articles/29

This Article is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV
with permission from the rights-holder(s). You are free to use this Article in any way that is permitted by the
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself.

This Article has been accepted for inclusion in Environmental Studies Faculty Publications by an authorized
administrator of Digital Scholarship@UNLV. For more information, please contact digitalscholarship@unlv.edu.


http://library.unlv.edu/
http://library.unlv.edu/
https://digitalscholarship.unlv.edu/hrc_fac_articles
https://digitalscholarship.unlv.edu/hrc
https://digitalscholarship.unlv.edu/hrc_fac_articles?utm_source=digitalscholarship.unlv.edu%2Fhrc_fac_articles%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/195?utm_source=digitalscholarship.unlv.edu%2Fhrc_fac_articles%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/137?utm_source=digitalscholarship.unlv.edu%2Fhrc_fac_articles%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/139?utm_source=digitalscholarship.unlv.edu%2Fhrc_fac_articles%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalscholarship.unlv.edu/hrc_fac_articles/29
mailto:digitalscholarship@unlv.edu

Authors
Oliver Hemmers, S. T. Manson, M. M. Sant'Anna, P. Focke, H. Wang, I. A. Sellin, and Dennis W. Lindle

This article is available at Digital Scholarship@UNLV: https://digitalscholarship.unlv.edu/hrc_fac_articles/29


https://digitalscholarship.unlv.edu/hrc_fac_articles/29

PHYSICAL REVIEW A, VOLUME 64, 022507

Relativistic effects on interchannel coupling in atomic photoionization:
The photoelectron angular distribution of Xe 5s
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Measurements of the photoelectron angular-distribution asymmetry parggnieixe 5s photoionization
have been performed in the 80—200 eV photon-energy region. The results show a substantial deviation from
the nonrelativistic value oB=2 and provide a clear signature of significant relativistic effects in interchannel
coupling.

DOI: 10.1103/PhysRevA.64.022507 PACS nuntder31.25.Eb, 32.80.Fb

Although the importance of interchannel coupling in the photoelectron-momentum and photon-polarization direc-
photoionization of atoms and ions was recognized some timgéons, andP,(x) = (3x?>—1)/2 is the Legendre polynomial of
ago[1-3], a recent upsurge of activity in this area has oc-order 2.
curred[4-12. This has served to reemphasize and extend For photoionization ofis electrons, in the simple central-
the region of importance of interchannel coupling on thefield approximation,3 is constant and equal to 2 because
photoionization process. More specifically, while the earlieron|y g singles— p transition is possible; with only a single
work focused on effects in the threshold region, includingcontinyum wave, no interference can occur. In an open-shell
inner-shell thresholdpl-3], this later work has shown that gtom this can be modified owing to the possibility of various

the importance of interchannel coupling is far more general ouplings of theep continuum wave with the open-shell

than that. Recent examples show the significance of Interi'onic core, multiple partial waves are possible, and these par-

channel coupling far above threshold and away from inners. : : :
shell thresholds[4—6,10, at high energy where the tial waves interfere with each othgk3]. In certain cases, the

asymptotic form of the nonrelativistic cross section is altereqdlfference among _the various partial waves can be due to
[9], and in quadrupole channdls1,12], and, in some cases interchannel coupling as seen recently in the case ofsSc 4

the interchannel coupling dominates the transition matrix elPhotoionization[8]. In closed-shell systems, the situation is
ement[7]. The essential element in all of these cases is thafifferent; only relativistic effects can provide a breakdown of

the interchannel couplingconfiguration interaction in the the =2 behavior by allowing the possibility of differences
continuun) modifies the transition matrix elements of weak between thes— p,;, ands— ps, transition amplitudes. This
channels that are degenerate with strong ones. As a result & known to occur near threshold due to exchange effects,
all of this recent activity, it has been found that interchannenear Cooper minima for which the two relativistic transition
coupling is of importance famost subshells of most atoms at amplitudes go through zero at different energies, in the vi-
most energie§4—12. cinity of resonances that occur selectively in one relativistic
An excellent way to highlight interchannel-coupling ef- channel or the other, or at very high energies where
fects is to study photoelectron angular distributions becausidependent relativistic effects become large. In this paper it
interferences among strong and weak channels are often dis-pointed out that it can also occur due to relativistic effects
terminative. This is because the variation of the angular disin interchannel coupling well above threshold, which can
tribution with energy is a result of the variation of the inter- cause thes— p,;, ands— ps, transition amplitudes to differ.
ferences among the alternative final channels leading to a Up to this point, there have been a number of theoretical
particular final state of the photoion. This is reflected in thestudies of relativistic effects causing a deviation ofreng
energy dependence of the angular-distribution asymmetrfrom 2, almost all in the noble gasg$2,16—-19. However,
parameters; , which, for 100% linearly polarized incident only one case, Xe $in the near-threshold region, has been
radiation, is related to the differential cross section in thestudied in detail experimentalj.6,17. In this case, the de-
dipole approximation by13—15 viation was found to result from a combination of exchange
effects and interchannel coupling of thes Shannels with
do o 4d, 5p, and 5 satellite channelg20-22.
— = _—_[1+;P,(cos)], (1) In fact, calculations that omit interchannel coupling en-
do 4 tirely still show a significant deviation fron8=2 in the 5
threshold region. The introduction of interchannel coupling
wherei is the designation of the final state of the photoion,changes the energy at which this deviation oc¢&22. It
o; is the integrated cross sectiod,is the angle between is thus difficult to pinpoint the effects of interchannel cou-
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T T where R;, and Ry, are the radial matrix elements for the
20 *HH& + 55— ep3;, and 55— epq, photoionizing transitions, respec-
: tively, and 83,, and 8y, their respective phases. It is evident
from this expression that, iRz»=Ry;, and 83,= 610, B
=2 and does not vary with energy.

The substantial variation @8 with photon energy seen in
Fig. 1 shows a broad shallow minimum. This minimum in
B is attributed to interchannel coupling, and differential in-
terchannel coupling at that; thes5>ep,, and %S— epzp»

] transitions are affected differently. It is a general rule that
Xe Os 1 interchannel coupling can dramatically alter the transition
o,V , matrix elements of a weak channel that is degenerate with a

100 150 200 strong ond4—12. Thus, since the dominant channels in this

Photon energy (eV) energy range arise fromddphotoionization, the interchannel

coupling of the weak § channels with the strongddchan-

FIG. 1. Photoelectron angular-distribution asymmetry parametenels is most likely responsible for the broad minimum seen
B for the s subshell of Xe well above threshold. The points are thejn g, .
present experimental results, and the solid curve is the theoretical 4 confirm this interpretation, the results of a relativistic
result[12]. random phase approximatiofRRPA) calculation[12] are
p||ng alone. In this paper, an experimenta] measuremegt of also shown in Flg 1. Interchannel coupling is included and
is presented, also in Xes5 but far above threshold where the broad minimum is accounted for reasonably well. The
exchange effects are completely unimport@it which un-  calculation also shows that the interchannel coupling ®f 5
equivocally shows the effects of relativistic interactions inwith 4d channels results in an “induced” Cooper minimum
interchannel coupling. ~ [1,3,29 in o= in this energy region as well. That this broad

The experiments were performed at the Advanced Lightyinimum is due to interchannel coupling witld £hannels is
Source(ALS) at Lawrence Berkeley National Lab.oratory on {.:onfirmed since omitting this coupling from the calculation
e e e e L 19 esults n the brozd minimu vanishing agd, being ver

b P by sy 9 PE10se to 2 and virtually constaffi2]. This case, therefore,

cally for soft-x-ray work at the ALS. A complete discussion ~' X
of this apparatus is published elsewh28]. A key charac- differs from the near-threshold structure By, discussed

teristic for the present measurements is that the TOF methddP0Vve, in that, without the introduction of interchannel cou-
can measure photoelectron peaks at many kinetic energié¥ing, Bss is absolutely flat and equal to 2 in the higher-
and at multiple emission angles simultaneously, permittingenergy region, with no hint of a minimufi2]. Note also
sensitive determinations of cross-section ratios and electroifnat the 4l photoionization channels exhibit their Cooper
angular distributions with minimal experimental uncertainty. minima around 175 e\16,17, well above the “induced”
It was important to separate the X&,5%5p, and satellite Cooper minimum in the § channel.

lines for accurate measurements of ttedhgular distribu- The agreement between RRPA theory and the present ex-
tions. Therefore, a retarding voltage between 0 V ancperiment forgs, is much better than the agreement between
—90 V was applied to slow the electrons at higher photorthe two in the threshold regiof22], mentioned previously,
energies. The neons2photoline was used to calibrate the where the omission of interchannel coupling with Satel-
analyzers which were located in the plane perpendicular t@ite channels was decisive. In the present case, agreement on
the photon propagation direction @t0° and6#=54.7°, the  the low-energy side is quite good, but on the high-energy
magic angle, withy defined as in Eq(1). It was also used to  sjde the theoretical result is significantly deeper and broader
determine the degree of linear polarization of the synchroynan experiment. This must also be due to the omission of
tron light to better than 99.9%. In addition, the experimentali tarchannel coupling with satellite channels, possibly 4
geometry is such that the angular-distribution measurementSyiajiites in this case. which although they do not have as
are performeq in the plane 'wh.ere. the Iovyest—order COMMeCgominant an effect as’thq:JEan’d 5 satellite channels had in
tions to the d!pole angular distribution Va_n'm]' the threshold region, might still have an effect, as seen in

. T_hg eXpe“”.‘ef?ta' results are ShO\.Nn in Fig. 1 where Fig. 1. Alternatively, despite the decrease in the importance
significant deviation fromg=2 is evident. As dlscu_ssed of interchannel coupling with the [b satellite channels in

above, for a clo_sed-s_hell sys_tem, this deviation is a SlgnaturSoing from the 5 threshold to the 140 eV region because the
that the dynamicgradial matrix elemenjsof 5s— epy and — joi0rchannel coupling matrix elements fall off a& Hsymp-

55— IEDS/S.”"".ES”?O”S differ significantly. The PhOt?e'eﬁ_”O” totically [9], it might still be that omission of thessatellite
angufar- ;]St”d.u“(l)n asymmetry paramefsrs givenforthis  channels is responsible for the small discrepancy. Or perhaps
case, in the dipole approximation, 3,24 even the 4 satellite channels are important here. On this

1.8 -
1.6 n

1.4

IRai2+ ARao R 1 COL Sar— 8 point we cannot be sure.
=3 32 21/2 5(2 32~ 01 2 In conclusion, measurements of the photoelectron
2R3+ Ry angular-distribution parametes for the 5 subshell of Xe
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well above threshold have spotlighted relativistic effects oninvestigation of the3 parameters fons subshells, and is by
interchannel coupling and the existence of an induced Coaao means limited to Xe &

per minimum in the cross section. Reasonable agreement
was found with a recent RRPA calculatift?]. Interchannel This work was supported by NSF, NASA, and the Nevada

coupling with 5 satellite channels, which have a dominantDOE EPSCoR program. The authors thank the staff of ALS
effect onBss near the 5 threshold[22], are much less im- for their support. The ALS is supported by the Director, Of-

portant far above the Sthreshold. Most importantly, this fice of Energy Research, Office of Basic Energy Sciences,
study demonstrates the information that can be gleaned coMaterials Science Division, of the U.S. DOE under Contract
cerning relativistic effects in a closed-shell atom, throughNo. DE-AC03-SF00098 at LBNL.
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