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It is demonstrated that by taking into account many-electron correlations within the framework of the
generalized random-phase approximation with exchange, it becomes possible to describe within the experi-
mental error the recently obtained dékjeldsonet al. Phys. Rev. A62, 020702R) (2000] on the photoion-
ization of iodine ions T and P near and above thedd®-subshell threshold. Results are also presented for the
single photoionization cross sections of theadnd P* ions.
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I. INTRODUCTION random-phase approximation with exchan@RPAE) were
Experimental data on the photoionization cross section o _erfo_rmed, along with a careful analysls of the possible con-
A o ributions of other, non-RPAE correctioh%0]. It was con-
atomic iodine and its ions above thel 4hreshold had long  ¢),4eq that the difference between the results of calculations

presented a problem for theory. In a number of experimental,y experimental daf@—4] could be explained only by the
investigations the results showed a striking qualitative differinaccuracy of the latter. Stimulated by this theoretical result
ence between the data on photoionization above tde 4[1(0), absolute measurements of the photoionization cross
threshold for atomic iodine and its iof&—4] on one hand, section of I' and B* [1] confirmed the main points ¢L0],

and Xe[5] on the other. The difference was huge: the meademonstrating that the earlier experimental data required
sured iodine photoionization cross sections, as a function alenormalization. However, the latest experimental dafa
photon frequency, were found to be quite similar in shape shows some deviation from the RPAE results[®0]; the

to that of Xe, but a factor of three smaller. This result con-experimental cross section maximum, in the region domi-
tradicted intuition and the results of several calculationshated by 4l-electron photoionization, is about 10% smaller
[6,7], which led to the conclusion that for the intermediatethan the RPAE result and shifted to higher energy-iyRy.

and inner subshells, particularly well above their ionizationlt is here demonstrated that by taking into account core re-
thresholds, there should not be a prominent difference bdaxation, in addition to multielectron correlations, within the
tween Xe and its neighbor I. This view was supported by thédramework of the generalized random-phase approximation
oscillator strength sum rule that can be applied reasonablyith exchange(GRPAE), good agreement is achieved be-
accurately to each individual subshell of a multielectrontween the results of the recent absolute measurenjéits
atom or ion. According to this sum ru[8,9], the area under and theory for the photoionization cross sections ‘ofahd

the photoionization cross-section curve resulting from the ted?* in the energy region dominated byl4onization.

4d electrons in Xe and its ions Xe Xe?* on one hand, and

. . 2+ —_ .
landitsions I, I1°*, I~ on the other, must be approximately Il. BRIEE REVIEW OF THEORY
the same.
On the basis of these qualitative arguments, calculations A detailed description of RPAE calculations is given in
of 4d photoionization cross sections of I, | I>* that in-  [9,11]. Briefly, the photoionization amplitude, within the

cluded significant electron-electron correlation using theRPAE, is given by[11]

E (V'D(w)|[v' v ;n/||U4||v";e,/ £1)
3 [0—E +tE,tio(1-2n,)]

(n/|D(w)]e,/ =1)=(n/[d(w)]e,/ 1)+ > -
v <FJ/'>F v>F,V'<F

()

Here n/ represents the principal and angular momentunare the RPAE and HF dipole photoionization amplitudes, re-
quantum numbers for the initial state of the ejected electronspectively. The summatiofintegration) in Eq. (1) is per-
i.e., of the hole,e, /+1 the final statep"=n"(¢"), /"  formed over occupied<F) and vacant ¢ F) one-electron
=/"+1,andv'=¢'(n’), /' refer to the intermediate elec- states, which are determined by their enerd@sprincipal
tron and hole Hartree-FodiKiF) states, an® (w) andd(w) guantum numbers’(n’) and angular momentur’ and the
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limit of §—0 is assumed. In Eq1), n, denotes the Fermi- T Tm o (;HFI’AE ]
step functionn,=1 for v<F andn,=0 for v>F, E, are 8l ..... RPAE |-
the HF energies. All single-electron states are calculated F 4 ' )

within the HF approximation. #r

However, somewhat different zeroth-order HF wave func-
tions for the states of'l and P, respectively, were used.
For the case of'l, in the open-shell RPAE, term dependence
is very important foroutershell excitation and ionization in
the vicinity of the outer-shell thresholds. But, in the energy
region above the d threshold, where photoionization from
the filled 4d'° subshell dominates, the outer-shell cross sec-
tions are small and insensitive to the term dependéage i i A
change effects are small well-above thresholhd outer- 40 %0 607080 80 100 110 120 130 140 150
shell multiplet structure does not significantly influence Photon energy (eV)

the 4d photoabsorption. Therefore, in case of | FIG. 1. Photoabsorption cross section df The solid line is the

([Kr]4d'%s*5p%), the term-averaged HF wave functions present GRPAE result, the dashed line is the RPAE résd]t and

[12] associated with the following transitionsd®—4d°®  the open circles are experimdi.

n(e)f, n(e)p; 5p*—5p° n(e)d, n(e)s; 5s°—5s n(e)p

have been used. Note that the excited states are calculatedrrected energies in GRPAE calculations leads to better

using thesamecore orbitals as in the initial state, i.e., core agreement between results obtained with length and velocity

relaxation is not included in the RPAE method. Note alsoforms of a dipole operator.

that the use of term-averaged HF wave functions leads to The ions considered in this paper have open shells. There-

some small disagreement between cross sections obtainéare, the application of the GRPAE equations to them is little

with the length and velocity forms of dipole operator. There-bit more complex than in closed-shell systems. But these

fore, the final partial and total RPAE photoabsorption crosgomplications are the essentially same for the GRPAE and

sections presented have been averaged over the results of fREAE and have been discussed in detil, 11]. In addition,

two different forms of the operator. since reliable experimental ionization thresholds are lacking
The B+ ion possesses a half-filledpSsubshell; therefore, for the inner shells under consideration here, theory is re-

it is convenient to use the spin-polarized version of theduired to obtain values more accurate than HF. More accu-

HF (SPHP [13] in this case for the zeroth order ground 'at€ 4d threshold energies could be approximated by assum-

and excited wave functions. Within SPHE framework. N9 that the difference between the experimental value of the

2 - : "4d ionization threshold for | and its ions and the HF values
the outer-shell structure of *1 is given by h f tral X diff f about 7 eV.
[Kr]4d514d®| 5s15s|5p3T, where the arrows represent S ¢ "€ Same as for neutral %€, a diflerence ot about 7 ev.

lectron-spin proiections. Th nvenience of this methoololI_\/Iore accurately, thed ionization potentials can be obtained
electron-spin projections. The convenience by adding to the experiment@l] excitation energy of the
ogy arises from the additional spin-polarized levels that be- d—5p resonance, the calculated HF Sonization for I

have as filled subshells, so that the ordinary methods o nd P*. These estimates give the following values for the
many-body theory can be applied without additional approxi-4q  threshold energies{E,|~67 eV for I and |Eyu|
mations[11,14. In addition, the equality of length and ve- _gs av/ for P+, and these energies have been used in the
locity cross sections is preserved within this formulation. INGRpPAE calculations.

our spin-polarized RPAE calculations, we have included the

interaction between eight channels:d®4 —n(e)f1],

n(e)pTl; 5stl—n(e)pTl; 5pT—n(e)dT, n(e)sT, and lll. RESULTS AND DISCUSSION

all of the zeroth order wave functions, ground and excited The total photoabsorption cross sections are obtained as a
state, have been calculated using SPHF with no corgum of all partial cross sections. The RPAE and GRPAE
relaxation results for I and P* ions in the range of 40—170 eV are
To make the calculations more accurate, the RPAE formushown in Figs. 1 and 2, respectively; also presented are the
lation is generalized to the GRPAE that introduces two im-experimental datd1]. Note that for ' RPAE results are
portant alterations into the RPAE, E(). First, the vacancy presented only aboveddionization threshold, since our aim
states are calculated by solving ttterm-averaged or spin- is to emphasize the effect of relaxation in the continuous
polarized HF equations in the presence of the vacancy itselfspectrum. The RPAEd maxima are closer to threshold and
i.e., the final-state core orbitals are modified to take intohigher then the GRPAE results. This is because the relaxed
account the existence of this vacancy. Thus, core relaxatioGRPAE orbitals are more compact, thus screening the
is introduced and the excited orbitals are calculated in theucleus more efficiently so that the field “seen” by the pho-
field of these core-relaxed orbitals. Second is that instead dbelectron is weaker in the GRPAE case, and more energy is
the HF occupied level energids, (v<F) corresponding required for thef-wave photoelectron to overcome the cen-
improved theoretical or even experimental ionization potenirifugal barrier. The GRPAE maxima are, therefore, further
tials are used. As it has been shown eailE5], the use of out (in energy, broader, and since the areas under the cross-
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Photon energy (eV) FIG. 3. Single photoionization cross section df leading to

G. 2 Ph b . ion & 1 Th lid line | I2*: the sum of the § and 5 cross sections. The solid line is the
FIG. 2. Photoabsorption cross secno_n . 1 The solid line is present GRPAE and the open circles are experirfignt
the present GRPAE result, the dashed line is the RPAE rEB4ilt

d th ircl iméht. . . . A
and the open circles are experiméhy ization [14]. In this case these maxima presented in Figs. 3

and 4 are only very weakly modified by relaxation effects, as

section curves are constant, the GRPAE maxima are lower gfiight be expected for maxima resulting from interchannel
well. As seen, the agreement between the GRPAE and exnteractions of such widely separated channels. Most impor-
periment is much better, in fact well within the quoted 15%tantly, however, the calculated single-ionization cross sec-
experimental errof1]. The first resonances about 48—49 eV, tions agree quite well with the corresponding experimental
in Figs. 1 and 2, are thed4—5p excitations. The other reso- data[1], which indicates that all of the important physics is
nances just below thed4thresholds are the various excita- included in the calculations.
tions from 4d to nf and np states. However, it should be
noted that the fine structure of discrete levels and their oscil-
lator strengths are reproduced by the GRPAE only qualita-
tively. This is understandable because the discrete transitions we have presented results of the GRPAE calculations of
excitation energy and wave functions are not determineghe photoabsorption cross section fér and £* in the vi-
self-consistentlysee[15]), i.e., by solving the HF equations cinity of and above the @ ionization thresholds. Good
for an atom or ion with an inner vacancy and an excitedagreement with recent absolute experimental datawas
discrete electron. Although in the GRPAE equations we takgound; the introduction of relaxation and more accurate
into account electron correlation not only betweah ghell  threshold energies brought the previous RPAE requle§
but also the effect upon them from outes &nd % shells, into agreement. In addition, single-ionization cross sections
the role of the latter in the consideredregion proved to be for these ions were calculated and good agreement with ex-
unimportant. The use of the more exact energies in the GR-
PAE calculations principally moves the maxima a bit, with- 5
out materially altering their shapes; it is the core-relaxation
introduced into GRPAE, that is, primarily responsible for the | o
calculations being more accurate, as discussed above. Fui  4f ® B
thermore, note that, although we have presenteaverage i
of length and velocity cross sections, the difference betweer2 o 3
them, in both RPAE and GRPAE calculations, was never_
more than 2—3%, so this is a nonissue. :

In Figs. 3 and 4 we present the GRPAE single-electron
ionization cross section for'land P*, respectively. loniza-
tion of 4d electrons leads to double ionization, in each case, 5
because the vacancy is filled virtually 100% of the time by
an Auger process. Only photoionization of the outerahd
5p, electrons lead to appreciable single ionization. And as it s
is has been recently shown for Xghotoionizatior{16], the % 0 60 70 80 9 100 110 120 130 40
outer-shell cross sections nead threshold are strongly af-
fected by the interchannel coupling interaction with tret 4
photoionization channels. As a result, the single-ionization FIG. 4. Single photoionization cross section 8t lleading to
cross sections acquire rather strong maxima, owing to inten®+: the sum of the § and 5 cross sections. The solid line is the
channel coupling, rather similar to the case of ¥#hotoion-  present GRPAE and the open circles are experirfight

IV. FINAL REMARKS
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