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Effects of relaxation and Auger decay on photoionization calculations of argon
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Photoionization cross sections, branching ratios, and photoelectron angular-distribution asymmetry param-
eters have been calculated for all A2 18) subshells using the relativistic random-phase approximation, the
relativistic random-phase approximation modified to include relaxation effects, and the relativistic random-
phase approximation modified to include relaxation effects and Auger decay. Comparisons are made between
the various theoretical results and experimental data. The importance of relaxation and Auger decay is seen to
increase for deep inner subshells, particularyahd . [S1050-294{@6)00612-9

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

. INTRODUCTION above the 2 threshold with low accuracy. Lavrentet al.
[17] showed theoretically the effects of relaxation above the

The argon atom4=18) has been the subject of many 25 threshold using many-body perturbation theory in the
photoionization studies by both experimentalists and theofamework of the RPAE.
rists. The closed-shell structure makes an analysis of argon The near-thresholi -shell photoabsorption cross section
accessible to a large variety of theoretical techniques. Eachf argon has become a showcase of correlation phenomena.
subshell, from the valencep3down to the innermosts, A comparison of the experimental work of Deslatesal.
offers new challenges to theory for unique reasons. [18] with a number of theoretical calculations has demon-

The photoionization cross section near the valence threskyrated the need for inclusion of such many-body effects as
old was measured nearly three decades ago by Safi$on core relaxatiorf19,20], Auger decay21], and configuration
Since then, Marr and Wef2] and Chang3] have also mea- interaction[22].
sured the total photoionization cross section in this region. The present work is a subshell-by-subshell theoretical in-
Houlgate et al. [4] measured the photoelectron angular-yestigation of the photoionization of argon atoms to deter-
distribution asymmetry parameter fop3electrons. Many mine the effects of core relaxation afidthere appropriate
theoretical models of phOtOionization inC|Uding the many'Auger decay on Cross Sectionsl branching ratios' and photo_
body perturbation theor§MBPT) [5], the random-phase ap- electron angular-distribution parameters. We have attempted
proximation with exchangéRPAE) [6], and the relativistic  jn the case of each subshell to make comparisons between
random-phase approximatidi] were tested early on the the latest experimental results and three theoretical models,
3p subshell of argon. All have demonstrated the importance,ame|y, the relativistic random-phase approximation
of including intrachannel interactions and random-phase apRRPA), the relativistic random-phase approximation modi-
proximation contributions in the theories. fied to include relaxation effecttRRPAR), and the newly

Photoionization from the 8subshell has attracted a great developed relativistic random-phase approximation modified
deal of attention recently. The overall shape of the crosso include relaxation and Auger decyRPARA). Compari-
section is driven strongly by interchannel coupling with thesons presented in this way give valuable insights into the

3p SUbShe”[S]. Strong satellite lines in the photoelectron effects of various types of electron correlation.
spectra[9] have been observed indicating the presence of

photoionization-with-excitation channels. Very recent mea- Il. METHOD

surements of Mbus et al. [10] using photon-induced fluo-

rescence spectroscopy and time-of-flight photoelectron spec- Detailed discussions of both the RRPA and the RRPAR
troscopy have greatly enhanced the accuracy of crossan be found elsewhef@3,24. Here we will point out that
sections and photoelectron angular-distribution asymmetrin the RRPA, the partial photoionization cross section for a

parameters in this region. given subshell is given by
Experimental measurements of thp 2ubshell photoion- 42
ization cross section were carried out in the 19606-13. Taw
3 one="—3—(|Dnj—j-1/*+[Dnj_jl?+[Dpj_j+1/®). (@D

Lindle et al. [14] and Avaldiet al. [15] have measured the
photoelectron angular-distribution asymmetry parameter for
2p electrons. Amusia and Cherepkp®| used the general- In this equation,n is the principal quantum number and
ized relativistic random-phase approximatiGRPAE to  «=(j+1/2) for j=1*=1/2, wherej and| are the single-
demonstrate the importance of relaxation in this region.  electron total and orbital angular-momentum quantum num-

The 2s subshell of argon has had the least attention fromrbers. The dipole matrix elemebt,;_;: is the reduced RRPA
both the experimental and theoretical perspectives. Lukirskidipole matrix element for the photoionization channel
and Zimkina[ 16] measured the photoionization cross sectionnj—j’.
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The angular-distribution asymmetry parameggy, for the TABLE I. Photoionization thresholdén a.u) for the various
subshellnk is defined in terms of the differential cross sec- subshells of atomic argon. The second column lists the absolute
tion as values of single-particle eigenvalues from a Dirac-Hartree-Fock

(DHF) calculation. The third column lists experimental thresholds
from Siegbahn and Karlssdi28]. The fourth column lists the ab-

dUnK_ (@) 1 solute value of the difference between self-consistent field calcula-
dQ = 4x 1- EB”K(“’)PZ(COSH) ' @ tions of total energy of the neutral atom and the idrEgcp.
) ) Subshelld DHF Experiment AEgcr
where w is the photon energy and is the angle measured
between the direction of the incident photon and the photo- 1Sy 119.12688 117.814 117.934936
electron. When a subshell is split by spin-orbit splitting into ~ 2sy;, 12.411606 11.994 12.0249023
two different levelsj=1+1/2, it is conventional to use the 2pyp 9.6319574 9.215560 9.20477195
weighted average given by 2psp 9.5470662 9.136652 9.12316894
3S12 1.2865872 1.0767 1.22851563
3P 0.59538510 0.58567 0.54669189
BxTni 3P 0.58782064 0.57916 0.53991699
k=—(1+1),l«#0
Bni= . 3
> Onk total self-consistent field energies of the neutral atom and ion
k=—(1+1),l«#0

(AEgcp are also subshells where relaxation effects are
found to be important.

The RRPAR method approximates the effects of core re- The RRPA theory predicts results that are gauge indepen-
laxation by calculating the continuum photoelectron orbitaldent provided that one has included all possible dipole-
in the potential of the relaxed ion. The ionic core with the excited channel23]. In practice, where one limits the num-
hole in the level withj=1+1/2 has a lower ionization ber of channels(the truncated RRPA there will be
threshold energy and also represents the most populated dffferences between the “length” and “velocity” gauge re-
the two levels. Thus we generally place the hole in the subsults. Also, the inclusion of relaxation effects in the RRPAR
shell with the largest for the purpose of obtaining the and RRPARA potentials leads to differences in calculations
VN~1 potential. Overlap integrals of the form Ret | ¢;) performed in the two gauges. In the present calculations, we
between orbitals of the unrelaxed ground steéteand the included all 16 dipole allowed channels. Hence results of
corresponding orbitals of the final relaxed statf are in-  calculations performed in the RRPA have the geometric
cluded in the RRPAR dipole matrix element for each elec-mean of the length and velocity results shown in the figures;
troni of the ionic core. Inclusion of these overlap integrals isSRRPAR results often have both length and velocity results
important for calculation of the partial photoionization crossplotted individually. Discrepancies between length and ve-
sections since they approximately remove oscillator strengttpcity results for the RRPARA are similar to those for
due to double-excitation shake-up and shake-off processd3RPAR.
from the single-excitation channel oscillator streng#s).

To approximately include the effects of Auger decay, we add Ill. RESULTS

to the RRPAR dipole matrix element contributions involving A The 3p subshell
overlap integrals between orbitals of the ground state and the - 1N€ op subshe

continuum orbitals of the final state. According to Aberg Photoionization in the vicinity of the valence-shell thresh-
[26], this factorization of the post-collision interaction matrix old of argon atoms has been the focus of many experimental
element into a one-electron energy-dependent Auger decdyt—4] and theoreticdl5—7] studies. In particular, experimen-
amplitude and the one-electron overlap matrix element ig¢al measurements of the total photoionization cross section
equivalent to approximating that the many-electron Hamil-have been reported by a number of workidrs3]. Theoreti-
tonian matrix element that involves the final scattering wavecal investigations employing the RPAE], RRPA[7], and
function describes the emission of the slow photoelectroMBPT [5,29] have all been used to study this region. Tulkki
and the fast Auger electron. and Aberg[19] calculated the effects of relaxation on the

Photoionization thresholds in the strict RRPA model are3p subshell cross section using the multiconfiguration mul-
the Dirac-Hartree-FocKDHF) eigenvalues. However, ex- tichannel Dirac-FocKMMCDF) method and found the dif-
perimental thresholds are frequently utilized. In this work weferences between relaxed and unrelaxed calculations to be
have used DHF threshold energies for RRPA caculations. Imodest. Large relaxation effects are not expected for valence
the RRPAR and RRPARA, we have used the experimentgbhotoionization since by Gauss’s law the potentials for
ionization energies for calculations involving relaxation of inner-shell electrons are affected little by the presence or
holes in the various subshells. The DHF energies we usedbsence of a valence electron.
were obtained using the Oxford multiconfiguration Dirac- Total photoionization cross section results for the present
Fock computer code of Graet al. [27] and the experimen- work are shown in Fig. (B) along with the experiments of
tal values used were from Ré®28]. Table | summarizes the Samson1], Marr and Wes{2], and Chand3]. When dis-
DHF and experimental energies used for all the channelplaying the RRPA results, we show only the geometric mean
incorporated in the present study. Note that subshells wheref length and velocity calculations since the two agree well;
the experimental threshold closely matches the difference ithe RRPAR length and velocity results are shown separately
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FIG. 1. Photoionization parameters for thp 8ubshells of atomic argon. Solid curves represent RRPA results and ddsitted) lines
are the RRPAR lengtlvelocity) results of this work(a) Total photoionization cross section where experimental data are represented by
solid dots, Marr and Weg®]; inverted triangles, Samsdi]; and solid squares, Chafg]. MMCDF calculationg30] are represented by
triangles and MBPT29] by the dashed curvéb) Partitioning of the total absorption cross section into partial cross sections. The solid line
is the total, the dashed line is th@3,, and dotted line is the[8,,, cross section(c) Branching ratiosy= o(3p3,)/ o (3p12) with the same
lines as in(a). (d) Photoelectron angular-distribution asymmetry parameters with the experimental data from Hetlgla{e]. Solid
squares are MMCDF calculatioh30].

to show the amount of the disagreement. The threshold eneentical with the total photoionization cross section in the
ergies assumed for the two sets of calculations are showiRRPAR since the partial cross sections are reduced by ap-
Near threshold the effect of relaxation is to reduce the slop@roximately 4% by the inclusion of overlap integrals among
of the photoionization cross section and lower the peak valughe various spectator electrons.

from 39.1 Mb to 34.0 Mb. At a photon energy of approxi-  The branching ratioy= o"(3pg/,)/a(3py,), shown in Fig.
mately 1 a.u., the RRPAR calculations including relaxationy(c), deviates from the statistical ratio of 2 over this energy
become larger than the unrelaxed RRPA calculations. Itis ggjon. Spin-orbit splitting of the threshold energies along
typical feature of relaxation effects to redistribute the oscil-ith the overall cross-section shape account for most of the
lattor strength to higher photoelectron energies. _Th|s can bewcture seen in the branching ratios. Thi,3cross section
thQUth of in terms Of. the photoelectron belng_ given an ad’has a shape similar to the@g, cross sectiofiscaled down by
d|t|9nal boost in kinetic energy (_jue to relaxation of_ the ré-2 factor of 3, but lagging by the spin-orbit splitting of the
maining electrons. The RRPA is expected to be in bette[hresholds, approximately 0.0066 a.u. Thus, when thg,3

agreement with experiment than RRPAR at higher phOtO'cros:s section is increasiridecreasing the branching ratio is

electron energies since relaxation does not have time to taiigereater thar(less thai 2

effect when th? photoelectron is fast. . . The angular-distribution asymmetry parameters for the
For comparison puUroposes we“have also plotted, in F'93p subshells are shown in Fig(d) along with the experi-

1(@), the MBPT calculations of Wijesudera and Ke{lg9] mental measurements of Houlgateal. [4]. Relaxation ef-

and the recent MMCDF calculations of TulkkBO]. The Lo

. . . . fects are minor near threshold. As it is expected for photon
MBPT calculation does not include relaxation explicitly but energies above approximately 1.5 a.u., the unrelaxed RRPA

does include coupling among various channels including sa calculation is in better agreement with experiment than the

ellite channels and RPAE-type diagrams. The series of resQaxed calculation. The MMCDE result30] are also shown
nances preceding thes3hreshold in the MBPT calculation and agree fairly wéII with the RRPAR results

result from interactions betweers3>np excited states and
the 3p channel. The MMCDF calculation includes relativis-
tic effects, interchannel coupling, relaxation effects, but no
RPAE-type diagrams. Clearly the RPAE effects are impor- The penultimate subshell of argon has proven interesting
tant for photoionization of the valance subshell. because of strong interchannel coupling between the 3s
The RRPAR total photoionization cross section and thechannels and the predominanp 8hanneld8]. The Cooper

partial 3p4» and 33, cross sections are shown in Figbl minimum of the 3 subshell cross section leads to a corre-
The sum of the partial 8;, and 33, cross sections is not sponding minimum in the 8 subshell cross section. In this

B. The 3s subshell
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study, we have calculated the photoionization parameters us- (@
ing three different models. The RRPA calculations include
most effects of both ground- and final-state correlations. Cal-
culations in the RRPAR model include RRPA effects as well
as relaxation effects by calculating continuum orbitals in the
potential of a relaxed ion and using the experimental thresh-
olds. In the RRPAR, overlap integrals are included between
the various spectator electrons of the ionic core when calcu-
lating partial cross sections for a specific subshell. The third
technique, RRPARA, contains relaxation effects as in the
RRPAR, but also accounts for Auger decay @ 8lectrons

into the 3 hole state by including energy-dependent rear-
rangement terms in the dipole matrix element that result
from overlap integrals between continuum orbitals aqd 3
ground-state orbitals. In this instance, the specific term added
to the RRPAR dipole matrix element is

Cross Section (Mb)

’ 3.0
(DSSHSpj')<3pj|€pj> @ = g 200
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‘g 20 g UL
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Partial photoionization cross sections for the fibshell 5 F g :32 !
obtained by the RRPA, RRPAR, and RRPARA methods are g 10F ‘% 7ok
shown in Fig. 2a) along with the experimentally measured 05 165 Lt ol 1]
cross sections of Marr and Wel2], Houlgateet al. [31], 1 14 16 18
Lynch et al. [32], and recent measurements by ibis et al. Photon Energy (a.u.) Photon Energy (a.u.)

[10]. The effect of the strong interchannel coupling with
3p channels ensures that all three models obtain a minimum FIG. 2. Theoretical and experimental data for photoionization of

at approximately the same energy, although the RRPARAne argon 3 subshell.(a) The solid line is the RRPA, the dashed
calculation never exactly vanishes. Ignoring the shift in(gotteq line is the RRPAR lengthvelocity) form, and the dot-
threshold, it appears as if relaxation has enhanced the croggshed curve is the geometric mean of the RRPARA. The experi-
section at low photoelectron energies, perhaps by displacingiental data are represented by solid dotsploet al. [10]; open
oscillator strength from bound-bound transitions belowcircles, Marr and Wesf2]; squares, Houlgatet al. [31]; and tri-
threshold. Auger decay from thep3subshell has enhanced angles, Lynchet al. [32]. MMCDF calculations[30] are inverted
the cross section for energies below the minimum and detriangles; MBPT[29] are diamonds(b) Total photoionization cross
creased the cross section for higher energies. The RRPAR#ections displayed with the same line representation &a)ir(c)
calculations are in excellent agreement with the recent meatngular-distribution asymmetry parameters. Experimental data
surements of Mbus et al. [10] at energies below 2.0 a.u., (solid dot3 are from Mduset al.[10]. MMCDF calculationg 30]
although the theory does not reproduce double-electron res@re triangles.
nances just above threshold. Partial Zhotoionization cal-
culations in MBPT by Wijesundera and Kell29] are in  tions including relaxatiori30] are also in resonable agree-
better agreement with experiment above 2 a.u. This is probhent apart from a small energy shift.
ably due to inclusion of coupling with satellite channels that When relativistic effects are neglected, the angular-
remove flux from the main-line S cross section. Results distribution asymmetry parameter for photoelectrons origi-
from MMCDF calculations[30] are also shown. Although nating in ans subshell of a closed-shell atom has the value of
the MMCDF has relaxation included similarly to the 2 independent of energy. The dip seen in Fi)2s due to
RRPARA and interchannel coupling, it does not include allcoupling between the 3—kps, channel and the S8—kpy;
the diagrams that characterize the RPAE. The total photoiorhannel in the vicinity of the minimum of the cross section.
ization cross sections shown in Figb2are due in large part Applying the formulation for the electric dipole asymmetry
to contributions from the B subshell and appear relatively Parameter to the present case gil/@4|
insensitive to the effects of Auger decay in this region. 2
The angular-distribution asymmetry parametess _ 2D5)31 4D 12D 32C08 8172 S312)
[shown in Fig. 2c)] is affected strongly by Auger decay. 3s D%,+2D3%, ’
Both the RRPA and RRPAR results show large departures
from the nonrelativistic value of 2 at the location of the whereD; are the dipole matrix elements adgare the phase
Cooper minimum. Including Auger effect terni&q. (4)]  shifts. When the matrix elemenB,,, andD 3, are approxi-
prevents the matrix elements from going completely to zergnately equal and the phase shittg, and J;, are approxi-
at the minimum, thus suppressing the reduction in themately equal B3 is approximately 2. In the vicinity of the
angular-distribution asymmetry parameter. The RRPARACooper minima where the two channels may have minima at
calculations are in reasonable agreement with the recemslightly different energies, the matrix elements may be quite
measurements of Muws et al. [10]. The MMCDF calcula- different causing deviations @5 from 2. Adding contribu-

®
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FIG. 3. Total photoionization cross sections for the argprs@bshell. Theory: thick solid line, the unrelaxed RRPA total cross section;
dot-dashed line, the RRPARA that includes relaxation effects; dotted line, the GRPAE by Allisiand dashed line, MBPT including
polarization by Pan and Kellj33]. Experiment: solid dots, Deslattg€2]; solid triangles, Lukirskii and Zimking11]; and thin solid line,
Nakamureet al.[13]. The data from Nakamuret al. was not on an absolute scale and was scaled for this figure to the RRPARA calculation
at 9.30 a.u.

tions from Auger decay to the dipole matrix elements pre-ion is due to overlap integrals of the sudden approximation
vents the matrix elements from vanishing and thus smootheedistrubuting flux to multiple-excitation channels. The
the dip inBss. large, energy-dependent change in the cross section is due to
differences in the potential of the outgoing photoelectron.
C. The 2p subshell Corresponding differences are noted in the branching ratio

The importance of rearrangement in calculations of the? = ?(2Pa2)/0(2pyy7) plotted in Fig. 4c). The relaxed cross
2p subshell cross section of Ar is clear in Fig. 3. The totalSEctions that begin with positive slope leadyte 2, whereas
photoionization cross-section results in the RRPA andhe RRPA cross sections beginning with negative slope lead
RRPARA are plotted along with the nonrelativistic GRPAE 10 y<2.
calculation of Amusia and Cherepkd6] and the MBPT Angular-distribution asymmetry parameters for the RRPA
calculation including relaxation and polarization effects ofand RRPARA are shown in Fig(d) along with the data of
Pan and Kelly33]. The MBPT calculation demonstrates the Lindle et al.[14], taken at two different synchrotron sources,
large effect of polarization diagrams and is approximately inand Avaldi et al. [15]. It is possible that the discrepancy
agreement with experimentl2] near the peak; however, between theory and experiment near 9.5 a.u. is due to polar-
they disagree at higher energies. The experimental daftaation effects, which Pan and Kel[\83] demonstrated are
shown are from Lukirskii and Zimkingl1], Deslatted12], significant in 2 cross-section calculations.
and Nakamurat al. [13]. The measurements of Nakamura
et al. [13] have been scaled to agree with the RRPARA at
9.23 a.u. A simple scaling of the measurements of Deslattes D. The 2s subshell
[12] would bring them into excellent agreement with the . )

RRPARA calculations. It should be noted that the Auger The effects of interchannel coupling and rearrangement
effects are small and we have not plotted the RRPAR calcuon the = subshell cross section of Ar were studied by
lations since they are indistinguishable from the RRPARA. Lavrentevet al.[17] in the framework of the nonrelativistic

In Fig. 4(a) we show the breakdown of the total photoion- RPAE and included rearrangement with a technique similiar
ization cross section into various partial cross sections abovi® that used in the present RRPARA model. Experimental
the 2p photoionization threshold in the RRPARA. The total measurements of thesZoartial cross sections were reported
photoionization cross section is shown without the reductiorby Lukirskii and Zimkina[16].
due to overlap integrals among the spectator electrons; this Results of the RRPA, RRPAR, and RRPARA calculations
then includes, approximately, the contributions of double-are plotted in Fig. 5 along with the experimental measure-
photoionization and photoionization-with-excitation chan-ments[17] and the RPAE calculations of Lavrente¢ al.
nels in the total. The B3, and o4, partial cross sections are [17]. Both the 2 and 3 subshell electrons can make Auger
also shown, as is the sum of alf&nd 3 channels. transitions into the & hole with 3p— 2s transitions having

Figure 4b) is a comparison between the partigd photo-  the largest effec{70% increaseon the cross section and
ionization cross section calculated in the RRPA and2p—2s transitions having a smaller effe¢6% decrease
RRPARA. An overall reduction in the RRPARA cross sec- Uncertainty in the experimental results hinders an accurate
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FIG. 4. Photoionization parameters for the arggn fbshell.(a) Solid line, total photoionization cross section; dashed line, partial
2p3, cross section; dotted line, partiap2; cross section; and dot-dashed line, sum of other single-excitation channels in the RRPARA.
(b)—(d) Solid line, the RRPA; dot-dashed line, the RRPARA geometric mean. The RRPAR and RRPARA are indistinguishable. The
branching ratioy in (c) is defined byy=o(2p3;)/o(2p1). The experimental data are shown(d) by solid dots and inverted triangles,
Lindle et al.[14], and triangles, Avaldet al. [15].

comparison between the various theoretical predictions and E. The 1s subshell

experiment. It is hoped that the present work will stimulate

further experimental work on this subshell cross section. The Deep inner-shell photoionization is influenced by a num-
excellent agreement between the RRPARA and RPAE  ber of effects. Rearrangement, radiative decay, Auger decay,
calculations shows that relativistic effects are minimal in theand post-collision interaction can all play a role. The impor-
case. tance of the effects of rearrangement and Auger decay can be
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FIG. 5. Partial photoionization cross sections for tlsesBbshell of argon. The solid line is RRPA; the dasldtted line is the RRPAR
length (velocity) form. The dot-dashed line is the geometric mean of length and velocity for the RRPARA. The RPAE including relaxation
[17] is given by the double-dot—dashed line. The experiment, represented by solid triangles, is from Laatrahted7]. A representative
error bar is shown for the experiment.
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FIG. 6. Photoionization cross sections of the slibshell of argon. The solid line is the RRPA and the dagbettdashefline is the
geometric mean of the RRPARRPARA) length and velocity forms. The inverted triangles are calculations allowingfeatancy Auger
decay by Amusid21]. The dotted line is from the experiment of Deslat&tsl. [18].

seen in Fig. 6, where the total photoionization cross sectionginly more important than relativistic effects since spin-orbit
in the RRPA, the RRPAR, and the RRPARA are shownsplitting of thresholds is not a large factor here.
along with the RPAE calculation of Amusia and Cherepkov

[6] including 1s vacancy Auger decay and the experimental IV. CONCLUSION
absolute measurement of Deslatitsal. [18]. The RRPA L ) ) _
result (which includes no rearrangement effedtas clearly Photoionization cross sections, branching ratios, and pho-

the wrong distribution of oscillator strength near threshold,toelectron angular-distribution asymmetry parameters have
but eventually converges to the measured values. The effeBgen calculated in the RRPA, RRPAR, and RRPARA mod-
of relaxation(as in the RRPAR resuliis to drastically re- _els for all subshells qf argon. Relaxation effec_ts are seen to
duce the cross section near threshold. The inclusion of relaicrease as deeper inner-subshells are considered. he 1
ation and Auger deca§RRPARA) leads to improved agree- 2S, anc_i 2 subshell cross sections are all very sensitive to
ment between theory and experiment. The RRPARArglaxgtlon. Auger decay was found to be an important con-
calculation cross section is somewhat large near thresholfdibution to the cross section forsland 2 subshells, but not
and also does not account for the resonance structure seenf@t the 2o subshell.
0.70 a.u. above threshold. Sql22] has determined that this None of the calculations explicitly included the effects of
is a doub'e_e|ectron resonance Whemd m e|ectr0ns are core polarization. These pOlarization effeCtS Sh0u|d be in'
virtually excited into a 8 state. cluded in photoionization calculations near thp and 3

As is the case with the2subshell, both the @ and 3  thresholds since the wave potential, having no centifugal
subshell electrons can make Auger transitions into the 1§rm, may change considerably when a short-range polariza-
hole with 30— 1s transitions having the largest effect on the tion potential is added.
cross sectior{77% increaseand 20— 1s transitions having This study has highlighted the need for more accurate
a smaller effect30% increase experlmentgl measurements for the deep inner shells of ar-

Significant differences are to be noted between tse 190N, especially the 2subshell. The new generation of syn-
Auger decay calculation of Amusia and Cherepk6y and chrotron sources should make such measurements possible.
the present result. Two physical effects could possibly ac-
count for the difference(a) Relativistic effects are included
in the RRPARA calculation but not in the RPAE calculations
and (b) Amusia and Cherepkop6] include 1s vacancy Au- This work was partially supported by a grant from the
ger decay by calculating the wave function of the slow pho-Andrews University Office of Scholarly Research. The au-
toelectron in the field of the doubly ionized rather than of thethors wish to thank V. Radojevifor use of therRRPAR code
singly ionized residual ion. This second effect is almost cerand Walter Johnson for use of tR&PA code.
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