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ABSTRACT

The use of the random phase approximation with exchange (RPAE) for
Cross

calculating partial and total photoionization ;\ sections and photo-
electron angular distributions for open-shell .atoms is examined for atomic
. chlorine. Whereas the RPAE corrections in argon (Z=18) are large, we
find those in chlorine (Z=17) to be‘much smaller due to geometric factors.
Hartree-Fock calculations with and without core relaxation are also
presented. Sizable deviations from thelose-coupling results of Conneely

are found.




I. INTRODUCTION

If one excludes the Tightest elements (i.e., 1<Zc10), then it is
fair to say that the role of electron correlations in atomic photoioniza-
tion processes has only been extensively studied for the rare gases and
a few other closed-shell systems. The reasoﬁs for this are, firstly;
the availability of detailed experimental rare gas pho*oabsorption spectra,]
and secondly, the relative theoretical ease of dealing with spherically
symmetric targets having only a few final state channels. The key to
the current theoret;ca! understanding: of these closed-shell photoabsorp-
tion spectra has been the random phase approximation with exchange (RPAE).
The RPAE calculations of Amusia, Charepkov, and coHaborators,2 and of
wendin,3 Lin,4 and Starace5 have amply demonstrated the important influence
that virtual excitations of pairs of valence electrons have on closed
shell photoabsorption spectra and the necessity of taking these electron
correlations into account in order to obtain good agreement with experiment.
Consider specifically the history of some of the theoretical work concerning
argon, one of the most thoroughly studied atoms. Hartree-Fock,6'7 intra-
channel,8 and close-coupling calculations faiied to reproduce its experi-

10" Not until the RPAE calculation

mental photoionization cross section.
of Amgsia et gl.z was good agreement (=10%) between theory and experiment
obtained. Furthermore the importance of the electron correlations that
the RPAE includes has been confirmed in argon by the very accurate many-
body perturbation theory calculation of the cross section by Kelly and

Simons.n 12

1n addition, Burke and Taylor © have recently done an R-Matrix
calculation of the argon photoionization cross section that gives agreement
with experiment comparable to that of the RPAE calculations. Thus while

for very heavy closed-shell atoms jt has been found necessary to take
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into account core relaxation effects in addition to the electron corre-
lations included in the RPAE,13 for the medium-heavy atom argon (2=18)

the RPAE has given calculated cross sections that are in very good agree-

1 12

ment with both many-body perturbation theory ' and R-matrix

10

calculations
and with experiment.
Despite its success, the RPAE as originally developed for atomic

photoabsorption by Altick and Glassgo]d.]a 2-5

and as used subsequently,
has been largely limited to the theoretical treatment of closed-shel?
atoms. The only exceptions have been: (1) An extension of the RPAE by

15

Cherepkov et al., ~ to the treatment of photoionization by open-shell

atoms having a half-filled valence shell (e.g., atomic nitrogen); and

(2) An exiensior of the RPAE by Dalgaard'®

to the calculation of oscillator
strengths for discrete transitions in open-shell atoms having either two
electrons or two vacancies in the valence shell (e.g;, silicon). Very
recently, however, the general case has been solved and there are now

two RPAE theories suitable for calculating the photoionization cross
section of an arbitrary open-shell atom: these are tre theories of

Ar'mstrong‘7 and of Rowe and Ngo-Trong‘B.

While these two theories differ
in the requirements they place on the excitation operators that induce
transitions oetween initial and final states, they are oiherwise very
similar. ’

In this paper we use the open-shell RPAE theorv of Armstrong]7
for the first time to explore electron correlation effects ca the photo-
jonization cross sections and photoelectron angular distributions of
atomic chlorine. We have chosen to study atomic chlorine (Z=17) since

it is adjacent to argon (Z=18) in the periodic table and therefore might

be expected to have similarly strong electron correlations that, as with




argon, are accounted for adequately by the RPAE. In addition, it has
been sugge'sted]g that atomic chlorine, as well as the ofher halogen atoms,
might in the near future be more readily studied experimehtally than other
open-shell atoms having Z>10. As further motivation for our study, we
note again that at present the photoabsorptioﬁ properties of approximately
75% of the elements in the periodic table, mostly open-shell atoms, are
largely unstudied either experimental]yl or theoretically (except in
the independgnt electron approximation).zo’Z] |
Section II describes the reduction of Arhstrong's]7 equations of
motion to a f.rm suitable for numerical computation. The computation
jtself is described in detail. In brief, we have employed a basis set
of discrete and continuum wavefunctions computed in the Hartree-Fock

(HF) approximation and we have ignored coupling betw~2sn photo~lectron

channels. Section III presents our HF and RPAE calculations of total

" and partial photoionization cross sectigns and photoelectron angular

diétributions. We find that in contrast to argon, the electron corre-
lations included in the RPAE are rather weak for atomic chlorine. We
expect this result to hold even if future calculations include coupling
between photoelectron channels. Cdmparison is made with a cfbse-coup]ing

22,23 Section IV summarizes our results and

calculation of Conneely.
conclusions concerning electron correlations in atomic chiorine and

other haiogen atoms.

II. SOLUTION OF THE OPEN-SHELL RPAE EQUATIONS

The equations-of-motion derivation2 =25

of the RPAE starts by assuming
a particular expansion for an excitation operator that induces transi-
tions from the ground state (e.g., for photoionization this is the electric

dipole operator). By taking appropriate commutators of this operator with
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the Hamiltonian of the atom one obtains equations for
the coefficients in the expansion of the excitation operator. These

coefficients are all one needs to obtain numerical values for
matrix elements of the excitation operator and hence for cross sections.

V7 open-shell RPAE equatiohs for the coefficient

The Armstrong
vectors X and Y of odd-parity, single-electron excitation Opékators are
given most simply in matrix form:

A D X u o X _

.. * * ) (])

D't A ! Y 0 -u Y .

The matrix A represents the interaction between singly-excited final-

L]
€

state configurations, while the matrix D reoresents the interaction between
the ground state and doubly-excited states. The matrix U distinguishes
Eq. (1) from the analogous equation for the closed-shell RPAE for which
U becomes the unit matrix. U differs from the unit matrix because of
the multiplicity of parent states .that an 6pen-she11 term level has.
Finally, the excitation energy is labelled w,'which equals the photon
energy in a pho*oionization interaction.

General expressions for the matfices A, D, and U in LS-coupling

are given by Armstrdng]7

in terms of an arbitrary basis of independent
particle wavefunctions. While these general expressions appear to be
quite complex, they simplify considerably upon making a few restrictions.
In this paper we make the following restrictions:

(i) We consider excitations from the open-subshell only. The
experience gained from using the RPAE for closed-shell atoms27 seems to
indicate that inter-subshell interactions are important only for subshells
having a small photoionization cross section relative to'the cross section

for nearby subshells. Neglecting interactions between subshells serves

to make U diagonal and proportional to the square of a fractional parentage
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coefficient for}%giﬁnd state, open-subshell configuration.
(1) We choose for the excited orbitals an independent particle
basis set of restricted HF wave functions calculated (iﬁ LS-coupling)
in the field of the VN'1 pot.ential28 constructed from the set of HF dis-
crete orbitals for the atom minus one of the open-subshe11 oéﬁitals.
This choice of basis set simplifieﬁ.the matrix A by eliminating direct
intra-channel interactions betwzen continuum orm‘tals.2
(}ii) We ignore any interaction between different final state
channels, i.e., inter-channel‘coupling. To define these.bhannels in
LS-coupling, consider the photoionization of the lowest term level
250+]L° of the open-subshell nlg of an atom(] by means ¢f the electric

dipole interaction;
Am)Bo'lL) + w —
+ o N-1,25 +1 25 +1
A ne NPT L) +ea(T0TL) (2)

We label thé final §tate. on the right in.(2), by ic where i, the channel
index, 1is meant to specify particular values of Sc and Lc (tne spin and
orbital angular momentum'gf the ionic core), of g (the photoelectron's
orbital angular momentum), and of L (the total orbital angular momentum

of the final state). € is the photoelectron energy, which may have

discrete (i.e., negative) as well as continuum values. AThe electrostatic
interaction is diagonal'in L and hence neglect of inter-channel interactions
amounts to neglecting matrix elements between states ic and j ' having
differing photoe]ectron'drbital momenta 2. Close-coupling calculations
indicate that these interactions do not have a large effect on the total

29

cross section except in resonance regions, We shall discuss our neglect

T T R B - = A e b
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of the inter-channel interactions in more detail in Section III. Neglect
of these interactions serves to make the matrix A diagonal in i and ¢

and equal to the product of the photon energy w and the.diagonal matrix
u.

Expressions for matrix elements of U, A, and D apprbprigte to
restrictions (i) and (ii) above aré_derived in Appendix A starting from
the general expressions for these matrices given by Eqs. (27), (28),
and (50) of Ref. 17. Restriction (i{i) implies that we keep only those

matrix elements, given in Eqs.(A.10), (Al2), and (A.17) below, that

~ are diagonal in the channel indices i and j. In order to indicate our

method of solving the open-shell RPAE equations-of-motion in Eq. (1),

it suffices to give here only the form of the matrices U, A, and D in

the approximation that we make the restrictions (i)-(iii) above. From

Appendix A, we have:

= ' - - '
Uie, je! &(cwe )Uij 8(e-¢ )Gijuii (3)
Aie, je! : 6(e-e')dij'(e+Ei)Uii - (4)
Die, je' * SizDie,je | (5)

In Eq. (4), E;

; Vs the binding energy in the ith channel. 1n what follows,

then, we consider only interactions within channel i. The appropriate
multichanne! equations, however, may be easily inferred from the equations
below provided one diagonalizes the matrix Uij at the outset of a multi-

channel treatment.

General Single-Channel Equations

Solution of the single-channel open-shell RPAE equations-of-motion




starts by substituting Eqs. (3)-(5) -in Eq. (1), noting that all matrix
elements are real, and dividing both sides of Uii to obtain the following

coupled equations:

fde'vis’ iel Yiel(w) = (u’-c"Ei)xie(m) - (6)

fde'Vie’ 1.‘:.Xie.(w) = -(w+e+Ei)Y1.€(w) (7)
where

Vie, ie' = Dig, ie'/Viir ' (8)

and the inteagration over photoelectron energies €' includes a summation
over discrete values of ¢'. EQs.(6) and (7) can be uncoupled by first

solving Eq. (7) for Yie(w)’

- ) ' ,
Yis(w). - " ‘(——me_'_ i fdfi Viea ielxiel(w)) (9)

and then substituting Eq. (9) in Eq. (6) to get a single equation for
Xi C(w)’

[de’ Vie, ie.(w)xis.(w) = (ur-e-Ei)XiE(w). (10)

In Eq. (10) the matrix element Vie ie.(m) is defined to be:

- " ]
Vie, e (W) ==V, sotimmEy Ve, den (1)

Note that whereas the matrix element Vie je! denotes the excitation of a
’

pair of electrons out of the open-subshell ground state to the final states

ic and i¢', the energy-dependent matrix element Vie 15'(“) denotes an
]

T




indirect (i.e., second-6rder) intra-chanpel interaction between final
states ie and i¢'.
Solutions xie(“) of Eq. (10) may be written quité generally in the

following form:

Xie\w) { T-'--y- Kie 1-(w) + G(ure-E )} Bi(w).  (12)

Here P indicates the Cauchy Principal Part is to be taken in any inteqra-
tion over the singular denominator. K(w) is a reaction matrix, defined

by the integral equation obtained upon substituting Eq. 12 in Eq. (10)

Kie, i2(9) = Vi jglu) #

jdE:' v'le le'( )m el 'le w). — (13)

Nofe that Xie(w) depends only on the column of the reaction matrix K(w)
having the index i€, where € is the photoelectron energy appropriate to
.the photon energy w,

) € = -, ‘ (18)
Lastly, Bi(w) is a norma]i;ation factor determinéd from the open-shell

RPAE normalization condition (Cf Eq. (33) of Ref. 17):

Jde{ X (m)Un ie(w ) (w)U”Ym(w )} = s(ww'). (15)

In Appendix B we show that

L]

By0) = (U1 + 02K N7, (16)
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Having obtained the coefficient vectors xis(m)‘and Yic(m) for an ar-
bitrary one-electron excitation operator we can now give the open-shell
RPAE form for matrix elements c¢f the electric dipole opérator in terms
of the Coulomb interaction matrix eleme.ts. 'Denoting the exact ground
state by the bra (g| and the Hartree-Fock ground state by <g[ and using
similar notation for the final statgs ie, the reduced matrix elements of

the electric dipole operator are given by Ref. 17, Eq. (37) as:30

(g]|rl]iE) #
(Uy) de<a]Ir[[Te> (K (w) + ¥y (0) (17)

Substituting Eq. (19) for Yie(w) in Eq. (17), then substituting Eq. (12)

for Xie(w), and making use of Eqs. (14) and (16), cne obtains:

1

(g]lrl]iE) = {<g||r|liE> + Pfde<g|lr|[ic = Kie,j2(w)

where for compactness we have defined

- | ‘
Gie,iE(w) - vie,iE + P!de'vie,ie'lw-e';gif Kiel,ig(w)- | (19)

Eq. (18) thus gives the open shell RPAE reduced electrié dipole matrix
element as the sum of three tenns; (1) the zercsorder (i,e.. HF) reduced
dipole matrix element for photoionization from the qround state to the
final state ic; (2) the contribution arising from indirect interactions
between final states ie induced by virtua] double excitations (cf. Egs.

(11) and (13)); (3) the contribution arising from the de-excitation of




n

the virtual, doubly-excited state (ie, it) to the singly-excited state
ie by absorption of the .photon w. '

In summary, the reduced dipole matrix elements, fvom whicn cross
sections and other measurable quantities may be calculated, are given
in our one-channel, open-shell RPAE treatment by Eq. (18) in terms.of
zero-order reduced dipole matrix elements and in terms of two energy-
‘dependent matrices K{w) and G(w). (w) is defined by Eq. (13) in terms
of the indirect intra-channel interaction matrix V{w), which in turn is

defined by Eq. (11) in terms of tne zero-order Coulomb matrix elements

v 5(w) is also defined in terms of the matrix elements V.

1€si€|
in Eq. (19). Any calculation of open-shell RPAE reduced dipole matrix

je, ie!”

elements thus starts from the computation of the matrix elements Vig je'?
. *

which are defined by Eq. (8) as the ratio of Die v and U, each of

. _ sie
which are given in Appendix A. ”

Calculational Details Specific to Photoionization

of Atomic Chlorine

We have considered the following photoionization reactions in atomi~
chlorine: | -
c23p>(%P) + hw » Ca*3pH(BeIL ) + eni®l) (20)

The allowed values of the ion term levels 25c+]

Lc’ the photoelectron or-
bital angular momentum &, and the final total orbital angular momentum
L for the nine allowed channels i are qiven in the first three columns

of Table I. Column four of Table I specifies the interaction matrix

elements Vie ie* in each channel i in terms of the Slater integrals
»

R] and R3, where in atomic units
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RK = RK(3p3p;cee'y) ,
. k
o o I . .
=0y _f psp(r]) Peg(r1) P3p(r2) Pt (ry) drydr, (21)

e

In Eq. (21) Pnz(r)/r is the radial wavefunction of an ng electron.

The reduced dipole matrix elements are given by

305 201 r 130} (S ) eifL>
= G<3plrl€2>5 |
Y €3(2-5+(2041) - (2L ) (O”‘){tcﬁ} | 22)
x(3° 2 (|35, o) Birfess
where
' <3p|rlé2> = Jy 3p(r) P (r) rdr. . (23)

The coefficient o defined in Eq. (22) is given for each of the nine allowed
channels in column five of Table I. The channel cross sections for
photoionization of atomic chlorine are given in terms of the reduced

dipole matrix elements by

= (0.4484 x 107"8ca?) (£ +e)<ap® 2 Ir|1ap’(B5c*TL et 22, (28)

31

where the binding energies Ei were taken from experiment” and averaged

over fine structure levels:
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E(3P) = 0.4768 a.u. ) | (25a)
E(]D) = 0.5283 a.u. (ZSb)
E(]S) = 0.6022 a.u. ) . (25C)

Note that Eq. (24) requires E; and € to be in atomic units (1 a.u. =
27.2108 eV) and the continuum radial wavefunctions Pel(r) to be
normalized per unit energy (a.u.).

The open-shell RPAE calculations employed a basis set of restricted

N-1 28

HF excited orbitals computed in the V potential™ of atomic chlorine

minus one 3p electron orbital. We shall call this basis the "unrelaxed

N-1

HF basis. The V potential was constructed using the discrete HF

orbitals for atomic chlorine given in the Clementi-Roetti tables.32

The first two discrete excited orbitals in each channel were computed

using the multi-configuration HF computer code of Froese-Fisher.33

Continuum HF radial wavefunctions were computed by the method of Dalgarno,

34

Henry, and Stewart” using the computer code of S. T. Manson. These con-

tinuum HF orbitals correspond to those employed by Kelly and $imons']
and to the wN(LS) functions of Amusia gg;gl.z
An alternative HF calculation was also carried out using restricted

N-1

HF excited orbitals computed in the V potential constructed from dis-

crete HF orbita]s32

appropriate to the alternative term levels of singly-
ionized chlorine. This second HF basis, called here the “"relaxed" HF
basis, allows for core relaxation. Because of the slight non-orthogonality
of the initial state (atomic) and final state (fonic) discrete HF or-
bitals in this second calculation, we did not do an oper-shell RPAE cal-

culation using this basis set. The squared overlap integral between initial
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and final state Slater determinant wavefunctions is estimated from
similar calculations35 for argon photoionization to be better than 96%.
We did not take this non-orthogonality into account and thus our

"relaxed" HF results are too large by <4%. Our "relaxed" HF calculations
7

-

correspond to similar calculations of Kennedy and Manson.
In solving the open-shell RPAE_equations all integrations over photo-

electron energy € imply a summation over discrete energy values. This

summat%on is azoomplished by first giVing the discrete wavefunction for

the last level nf included in our summation a continuum energy normali-

zation by multiplying it by the factor36
Y
do (-2¢,)7%4, (26)
de e=e,

The summation over levels n'f% having n'>n is then accomplished by starting

the integration over € at €€, rather than at threshold.

£

In all, we employed a basis set.in each channel of 17 excited orbitals

ef. Two of these were discrete (either 3d and 4d or 4s and 5s) and
fifteen weré in the continuum ir the range 0<e<8 a.u. The various integral
equations were reduced to a set of linear algebraic equations that were
solved by matrix inversion.37
Finally, note that all dipole matrix elements were calculated using
the dipole length formula. Requiring the HF Hamiltonian to be gauje
invariant forces one to choose the length formula “or Hf ca1cu1ations.38
For RPAE calculations, Amusia gg_gl.z show that length and velocity
formulas are equal for ciosed shell atoms. Unfortunately we have not beepn
able to prove this cquality in the RPAE for open-shell atoms.
In what follows we present zero-order results using Both our "relaxed"

and "unrelaxed" HF basis sets and open-shell RPAE results starting from

. e .
i e

ST

i,
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the “unrelaxed" HF basis.
111, RESULTS

Partial Cross Sections

.~

In Tables II-IV we present the individual channel cross sections for
photoionization of atomic chlorine.” Each table presents cross sections
for channels having in common a particular ion core term ievel. The last
column of eacn table gives the sum of these cross sections, i.e., the
partial cross section for photoionization of atomic chlorine leaving the
jon in a particu]ar term level.

Comparing Tables II-IV with Table I we find the open-shell RPAE channel
cross sections are smaller or larger than the "unrelaxed" HF channel cross

1

" sections depending on whether the coefficient of the R° Slater integral-in

the matrix element Via,ie

as -seen by inspecting Eqs. (18) and (19), provided the term in Eq. (18)

. is positive or negative. This is reasonable

involving the matrix K(w) has only a small influence on the reduced dipole
matrix element. .«

Since Kie,ie
depends linearly on Vic

,(w) depends on the square of Vie,je' While Gia,ie'(“)

jets We can check the relative importance of

these two matrices by investigating the magnitudes of the matrix elements

v

je,ie' The maximum value of |Vie’i€.| for any of the none channels and

for any € or €' turns out to be 0.35 a.u. for the Cz+(]S)ed (ZD)_channe1.

3 Slater

This is due to the following circumstances: (a) the R] and R
integrals are relatively large in this channel (e.g., they attain maximum
values of 0.94 a,u. and 0.55 a.u, respéctiveﬁy); (b) the coefficients

multiplying the R1 and R3 integrals (Cf. Table I) are both sizable and of

the same sign in this channel. The other d-electron channels have peak
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values of vic,ic' that are 30%-90% of that in the C2+(]S)cd(20) channel,
ror these hagnitudes of Nie,ic' we find in all cases that the matrix
elements of G(w) are at least an order of magni;ude greater than those
of K(w). Hence, it is the magnitude and sign of Gie,ie'(w) (which‘is
nearly equal to vie,ie') that determines ihe 6bserved behavior of the
open-shell RPAE channel cross sections relative to those of the "un-
relaxed" HF channel cross sections.

From Tables II-IV we see that in each channel the RPAE correction
to the HF. cross section is frequently greatef than 10%. The last column
in each table, however, shows that summing the channel cross sections
gives HF and RPAE partial ionic cross sections (i.e., corresponding tb
a particular ion term) that are usually well within 10% of each other.
fhis reduction in the importance of the RPAE corrections for the partial
jonic cross sections as compared to the individual channel cross sections
is due to the alternating sign of the RPAE corrections in the individual
chénnels which is discussed above.

Figs. 1-3 present plots of the partial ionic éross*sectjpns in
three different approximations. The solid lines are the RPAE cross sections,
which improve'upon the "unrelaxed" HF cross sections, represénted by the

dashed lines. The dotted 1ines represent the "relaxed" HF cross sections.

The relative behavior of the two types of HF cross section is similar to
L 6,1

7

their behavior in «~gon. In argén; the "unrelaxed" HF cross section
is too high near the threshold, while the "relaxed" HF cross section
is more nearly the correct height, although shifted toward higher energies.
The RPAE corrections for argon bring the "unrelaxed" HF cross section

down toward the "relaxed" HF cross section near threshold. In chlorine,

however, not only does the RPAE cross scction show only small deviations
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from the “unrelaxed" HF cross section, byt in the case of the partial cross
sections for the 'D and 'S }on terms the RPAE corrections to the "un-
relaxed" HF cross section widen the separation from the "relaxed" HF

cross section near threshold (Cf. Figs. 2 and 3). If the "relaxed" WF
cross sections near threshold are as reliable for atomic chlorire as they
are for argon, then there would seem to be important relaxation effects

in atomic chlorine that are not accounted for by the corrections in-

cluded in the RPAE. Unfortunately the lack of experimental cross sections
for atomic chlorine does not permit a judgment on whether the RPAE or

the "relaxed" HF cross sections are more accurate near threshold.

Photoelectron Angular Distributions

We have calculated the photoelectron angular distribution asymmetry
parameter B for photoionization leading to each of the three ion term
levels. We use the angular momentum tiransfer formulation for g in
LS;coupling of Dil1, Starace, and Manson.39 The RPAE corrections to the

"unrelaxed" HF phase shifts are given for each channel i by:40
GRPAE(w) = - arctan(nKiE’iE(m)). - ) (27)

The maximum value of 5RPAE(w) in any channel is 0.1 rad. The asymmetry
parameters B(3P) and R('D) are plotted in Fig. 4; B(}S) is plotted in Fig. 5.
The cummulative effect of the differences between HF and RPAE dipole matrix
elements and phase shifts is no greater in the case of 8 than it is in the .
case of the partial ionic cross sections, Note that whereas Figs. 4 and

5 show only the region of photoelectron encrgies 0<e<1.0 a.u., the near

equality of the HF and RPAE results for g has been verified up to €=5.0 a.u.
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Total Photoionization Cross Section

Fig. 6 presents our results for the total photoionization cross
section as a function of photon energy hv, The differeﬁce between the
“unrelaxed" HF and the RPAE calculations is even smaller here than it is
for the partial ionic cross sections. This is because tﬁe RPAE correc-
tions have alternate signs in the three ionic cross sections: for the
3p jon term (cf. Table II) the RPAE cross section is smaller than the
HF one for hv20.5 a.u.; for the 'D ion term (cf. Table III) the RPAE
cross section is larger that the HF one for 0.53 a.u.fhvfb.ﬁz a.U.,

]S ion term (cf. Table IV)

but smaller for hv>0.62 a.u.; lastly, for the
the RPAE cross section is larger than the HF one for hv>0.60 a.u. As

is the case for the partial cross sections, here again substantial differ-
ence exist between the "relaxed" and the "unrelaxed" HF cross sections
.that are not corrected by the RPAE. ‘

The crosses in Fig. 6 are the total close-coupling cross sections for
atomic chlorine of Conneely.zz’23 Our'calculations do not include the
inter-channel interactions that are included by Conneely. However, as
discussed beiow, there is reason to believe that the large differences

between our calculations and those of Conneely are noi due to our neglect

of inter-channel interactions.

Comparison With Calculation of Conneely

The best comparison Letveen our cross sections and those of Cbnneely
should be for the channel C£3p5(2P)+hVHC£+(]D)Ed(zs). This d-electron
channel can only interact with the s-electron channel C23p5(2P)+hvf
C£+3p4(]S)es(25), which should probably have only a very small effect on

d-electron channel. Fig. 7 shows our results for this d-electron channel

23,23
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and compares them with those of Conneely. In principle, except for the
inclusion of the coupling to the s-electron channel, Cohneely‘s cross
sections for this d-electroa channel (indicated by crosses) should be
identical tc our “"relaxed" HF cross section. For photoelectron energies
€>0.3 a.u. our "relaxed" HF cross section is in fact identical to that
of Conneely. For €<0.3 a.u., however, there are large discrepancies
‘between the two calculations that most likely are not due to our negiect
of coupling to the s-electron channel. |

It was easy for us to check the strengtﬁ of the s- and d-electron
channel coupling in argon and at the same time to verify that our "re-
laxed” HF computational methods are working properly. We computed thé

"relaxed" HF cross section for photoionization of argon,

Ar3pb('s)+hwart3pd(Zp)+e (220, 2),
.

igﬁoring the coupling betweer the s- and d-electron channels. We compared
our results to prior calculations of L. Lipsky9 which included (via close-
coupling) the interaction between the s- and d-electron‘channels. We
made sure to use exactly the same‘dN'] potential and the same binding
energies as Lipsky and to take into account effects of non-orthogonality
between initial and final basis sets. Thus the only difference between
Lipsky's calculation and ours is'the inter-channel coupling. Yet our
results are within 4% of Lipsky's for all photoelectron energies in the
range 0<e€<2.0 Ry. ‘ |

In summary, the discrepancy between our calculated cross sections
for atomic chlorine and those of Conneely muy indicate that inter-channel

coupling is much more important in chlorine than in argon. However, if the
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inter-channel coupling is in fact as weag in chlorine as it is between
comparable channels in argon, then the discrepancy must have other, at
present unknown, causes. Our agreement to within 4% Qith close-coupling
calculations of Lipskyg for afgon indicates that the discrepancies in
chlorine are probably not due to any inefficiencies or inaccuracies jn'our

computer code or method of procedure.

Multichannel Open-Shell RPAE Calculation

Because of the smallness of the intra-channel RPAE corrections to the
sinyle-channel cross sections, we have chosen not to proceed at this time
to calculate the RPAE inter-channel interactions. Using the equations
in Appendix A we have, however, calculated the angular factors for these
interactions in order to obtain an estimate of their strength. The off-
diagonal elements of the A-matrix give the direct interaction between
photoelectron channels that is included in close-coupling calcilations
as'well as in the RPAE. These off diagonal elements have a magnitude
of =0.4 R](3ped; €'d3p), which is not negligibl: but at the same time not
terribly large. The importance of these interactions can be determined
precisely by Eomparison of the single-channel results we present in this
paper with the results of g1ose-coup1ing ca]cu1a£ions using the same
binding energies and yN-1 potentials. - Unfortunately the comparison between
our results and the c]ose-cpup]ing calculations of Conneé]y is ambiguous
at this point, as discussed above.

The off-diagonal elements of the D-matrix are only included in the
RPAE and represent corrections to the inter-channel interactions arising
from virtual double excitations. We find that the normalized off-diagonal

elements vie,ie" defined by
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Vigde'® i e/ Wglg)* o+
have angular coefficients of 0,1 for the R1(3p§p; ed éh) Slater integral.
The magnitude of these off-diagonal angular coefficients is thus about
one third the magnitude of those for the diagéna] matrix elements (cf.
Table I). Since the diagonal matrix elements have only a small effect on
the single-channel cross sections, we thus do not expect the off-diagonal

interactions. V.

i, je ! to alter the cross sections appreciably.
9 .

IV _CONCLUSIONS

We have presented open-shell RPAE calculations of the partial and total
photoionization cross sections and of the photoelectron angular distri-
Butions for atomic chlorine. Despite the fact that chlorine lias only one
fever electron than argon, the RPAE corrections in étomic chlorine have been '
" found to be very much smaller than in av~on. The direct reason for this
is.the smaller magnitude of the matrix elements that take into account
the effect of virtual excitations of pairs of d-electrons from the ground
state. In chlorine, in a typical d-electron channel, these matrix elements
are =0,3 R](3p3p;eq~:e'd), where R1 is the largest Slater infégral. In
argon, by comparison, these matrix elements are ~1.3 R]. Now in chlorine
there are six d-electron channels, whereas in argon there is only one.

Thus one may argue that the RPAE.COrrections are, in fact, as strong in-
chlorine as in argon but are dissipated among six channels. Unfortunately
the RPAE corrections do not have the same sign iﬁ all channels so that
summing the individual channels to obtain the partial ionic cross sections
or the total cross section reduces the difference between an RPAE

calculation and a HF one.
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It might be thought that perhaps only one of the ejgenchannels of é
the photoélectron-ion interaction is stronqly modified by'the RPAE correc- :
tions, but that these modifications are reduced in transforming to the
experimentally observed channels given in Tab?e I. To check this we
diagonalized the A-matrix at a particular photon energy and transforined
the D-matrix to this new representation. The transformed D-matrix had
‘somewhat smaller off-diagonal elements and somewhat larger diagonal
elements but unfortunately no single channel took unto itself all of
the RPAE corrections represented in the D-matrix. The impossibility of
simultaneously diagonalizing both the A and D matrices suggests then
that the RPAE corrections are not concentrated in a single channel of some
suitable representation.
| We are thus forced to conclude that the RPAE may not have as dramatic _
effects in open-shell atoms as in closed-shell atbms. Since this result
" in chlorine hinges on geometrical factor- rather fhan dynamical ones
(i;e., the Slater integrals are quite large in chlorine - only the angular
factors are small), we expect similar results for the other halogen atons.
Alternative open-shell atoms for which the RPAE might introduce stronger
correlations Qou]d probably have to be of one of the fo]]owin§ kinds:

1. Open-shell atoris having a reduced number of photoionization
channels, e.qg., as for photoionization from ground or excited states
having total orbital angular moméntUm L=0. Unlike the rare gases, however,
these spherically symnetric atoms would still have several ionic term
levels to photoionize to and thus there would stiil be more channels
than for the rare gases.

2. Open-shell atoms having RPAE corrections of the same sign in

each photoionization channel so that the RPAE corrections produce a
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cumulative effect on the partial and total cross sections. Alternatively,
there might be some open-shell atoms for which the RPAE corrections are
concentrated in only one channel. Unfortunately we know if no systematic
way to pinpoint such atoms, if indeed they exist at all.

Lastly, it remains to be determined whether a proper kind of Hartree-
Fock calculation (i.e., "unrelaxed," "relaxed," or perhaps some other)
is sufficient to correctly predict open-shell atom cross sections or
whether there are other correlation effects, not included in the RPAE,
which require a separate treatment. Unfortunately there is no experi-
mental photoionization data as yet for atomic chlorine (or for other heavy,
open-shell atoms) to answer this question even though the experiment for

19 For this reason it is desirable

atomic chlorine is certainly feasible.
to do other calculations for atomic chlorine, by different methods, par-
ticularly because of the unresolved discrepancies between our results

and those of Conneely.

ACKNOWLEDGMENTS

We are most grateful to Professor S. T. Manson for providing us with
his continuum Hartree-Fock computer code and for aiding us in the cal-
culation of the asymmetry parameters B. We wish'to thank Professor P. L. -
Altick and Professor D. J. Rowe for clarifying the procedure for normalizing
continuum wavefunctions in ;he random phase approximatioﬁ. We also wish
to thank Professor L. Lipsky and Dr. M. J. Conneely for discussions con-
cerning their close-coupling calculations for argon and chlorine respectively.
Lastly, we are most gratefui to Professor U. Fano for helping to suggest

explanations for the washing out of RPAE effects in open-shell atoms.

el




24

"Appendix A: Calculation of the U, A, and D Matrices

He give here the expressions used to calculate the matrix elements uij’

Aij and Dijin the special case that we only consider excitations of a

single ground state subshell nzg. We start in each case from the defining

17

equations of Armstrong, ' whose notation may be changed to that of this

paper by making the following replacements:

.S, L, 8,0 - Sc’ Lc’ Sc', Lc' (A.1a)
Sy Ly Sy L' >S5 Ly St (A.1b)
10, zB, B0 &y €L 'L, N&ys ML, (A.1c)

The meaning of the symbols on the right of (A.1) may be inferred from
Eq. (2) of this paper. |

The general formulas of Ref. 17 for the U, A, and D matrices all
involve the coefficients i and M (defined by Eqs. (17) and (18) of Ref. 17)
which are in turn'expressed in terms of multiconfiguration coefficients of
fractional parentage (MCFP). Because they are ubiquitas, it is conveniént
to evaluate the coefficients N and M first.

The specific form of N which appears in thisparticular calculation is

N(Sch’ Yels glo) =

(g SOLOF!YCSCLC, lo)(YSL{IYCSCLC, el

(A.2)
vhere the CFP on the right are the MCFP defined by Armstrong,41 and g, Yoo
and y indicate any additional quantum numbers necessary to specify the state
~f the groundbionic core, and final configurations respectively. Use

of £q. (23) of Ref. 41 gives
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(g5,Lo (1Y Scher 2y) = (0% (ol syt il Ny s L s 1)) (A.3)

where the CFP on the right is the.usual one for an nng

T is the total number of glectrons in the atom. The value of the second

42

configuration, ~ and

MCFP in Eq. (A.2) depends on the specification of y. The most obvious

and convenient form for y is

(¥SL) =|(filled subshells) s 'y S L _,eesL) (A.3b)
in which case '
- Tk
(YS|‘{|YCSCLC’C£) =T (A.3C)
and thus
N(S L ,yeL, 9% ) = !?(z" S L {|§"“ SL, %) (A.4) '
cherYERs k) = T g Bplotide Yedccr %o/- .

In what follows we shall not refer to the filled subshells, as in Eq. (A.3b),

since they are passive,

The form of M which appears in the calculation of the D matrix is

M(Sc' LC‘, Yiys v'e's') = I % S Sc'. % L Lc'l
] ' ]
L SOSc L LoLc
S+S_+L+L _+1 - n
x(-1)" 70 " "o [sc', Lc'] (YJL{lyc'Sc’Lc", zq) (, )
A.5

X(YIS('I_O{ IYC"SCHLC“ R sIyll )

where the summation is over Yc", Sc",.ahd Lc" and where [Sc‘, Lc', ver)

- 19
-(ZSC +-)(2LC'+1)....
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Evaluation of Eq. (A.5) requires specification of y, y', and Y. We
want y to have the form given in Eq. (A.3b) and y' to be defined by
v'sty) = 108 2n,5,0L,, (ete'2)syLy)s L), (A.6a)

The choice of yc” is limited only by the requirement that it specify all

states of the configuration ng'zez, The most obvious choice is

ny - N'z TR
‘Ybusc“Lc ) = |(1z.o YQSZLZ’ L) Sc Lc') (A.Gb{
With these choices of v, Y' and-E" the two MCFP in Eq. (A.5).become

(ySL{]v."s Sc"Lc"s %) = (-1)5¢"Se *ethe (E%l-)La

L 1
th.c, Lc“’ Sc’ Sc"] f‘ L LC : S SC

% L3 Lc" %S, c" (A.7)

N-1 N-2_
X (gb YCSCLC{ILO stszs 10)
and ) v

' we o (oL S +L,#S, 4 %

(v'SgLo LIy, "S "L "s €'2') = (-1)7 070 2772 (Ae.e'/"
] n . [
X[S" 3 L' L31% 3% Lo be'L 3% S0 5 (A.8)
? Ly 2 L, Sy % S, i

. where Ae;‘ =2 if ef=e'L' and b, E.=1 otherwise. Inserting Eqs. (A.7) and
(A.8) into Eq. (A.5) and summing over Sc“ and Lc" gives finally the desired
expression for M:

' i
M(SC'LC" Yzo’ Ylelzl) = (-])LC +L3+L0+20+SO+%-SC 53

x T8, )% 15, L Ls Seo Ly ST

btk {Lc' L3 L;} 5. Sy S, {sc' S, sc} :
Lot Lie L oe'f(s, % s\|5 S % (A.9)

x(t"'l

N-2
() quch{lzo Y255k )

P
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U-Matrix

tor the special Eége of ‘excitations from a partially filled shell
to an empty shell, Ref. 17 shows that U is diagonal. The elements of U
can be obtained either by combining Eqs. (30)-and (32) of Ref. 17 or by
substituting Eq. "(A.4) above in the defination of U, given by Eq. (29)

of Ref. 17. In either case one obtains

= . . ' ' t
U " = U(Scs LC’ €L, Jloo Ms SC ’ LC s €', 20: M)

ie,je
= 8(0 S.') 8Ly L") 8(, 2°) 8(e-et) WT2  (A0)

2
1)

4o N-1
xi.(lngOLo{Ilo bech

c

. A-Matrix

Using Eqs. (27) and (29) of Ref. 17 the matrix elements of A can be

- written .
. - . t ’ 1ot
Aie, jel— A(Scs Lcsefa 2-0, M ’SC ’ LC s E 2, 0’ M)
=L ’
= TyalScLos Yets 9%) (ySLUGH, [Hy'SLUGH, ) (A1)

] [ ] lel t
xN(Sc L.'s v'e'2'y g.v,o).

4

- Substituting the form of N obtained in Eq. (A.4) gives

_ N N N1
Ais,je' B ;f L (20 Y SoLo{Ilo YeScles 10)
e

N N"] ] ] ] :
x(85 9 S,L {18 Y 'Sc'Le's %) : (A.12)

N-1 N-1_ 1¢ 0y o :
x((sz0 Y Sckeo et) SL|H|(R.° Ye'S'Le's e'%')SL)
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Evaluation of the A matrix is simplified considerably by use of a

N-1

¥ potential to calculate excited state wavefunctions since in .this case

(NN s Loy etSLIHI(EY 'y S Les e'2')st)

cc¢
- (A13)
=E(YCSCLC, ef; SL) &(e-¢') &(2, 2')
. 25+1
vhere E(YCSCLC, ef; SL) is the Hartree Fock energy of the- L state

N-1

corresponding to an excited electron e2moving in the V potential of the

jonic level YchSc‘

Since we have ignored interchannel interactions in this paper, the sum

over y. and yc' in Eq. (A.12) contains only one term: the one having the

particular term 25c+]

Lc of the ionic configuration 3p4 that is under
_consideration. Thus elements of A diagonal in the ionic core quantum

numbers are given by:
. [ =
A(Sc’ Les €25 253 Sc’ Lc’ e'e, 20) (A.14)

K-1 2
vySL., Eo)

Ne,
E(SCLC, e; SL) 5(5-8')522|(10950L0{|10 Scbe

Eq. (A.12) shows that matrix elements of A non-diagonal in the ionic
ccre quantum numbers require evaluation of electrostatic matrix elements

of the form

N-1

N-1 1
(25 v Scleset)SL] 335 7,TJ,I(sLo

] ) [} 190
0o 'ccc Ye Sc Lc » €'2') SL)'
These matrix elements can be easify evaluated by the methods of Ref. 41 or

looked up in a number of published works.43’44
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D-Matrix

The D-Matrix appropriate for this papér is given by Eq. (28) of
Ref, 17:

= - s $
DiE‘je. - D(SC’ Lc’ E’., 2'0. M’ sc.’ Lc s € Z'. 20’ M)
=% I ib(Sch, Y'els 98,) M(S 'L s v'2,, ve'e')
YsY

¥ N(Sc' Lc'. Y'e's!, g!.o) M(SCLC‘, Y'2%,s YE:R.)} (A.15)
x (5L MM, [HIgSLoMgM, )

The matrix element -of H in Eq. (A.15) is given by:4]

(YS5Lo H1aSLo) = (R(H-1)/8. )% (-1)53")

N N-2 2 L 2L '
x (295,Lo{1% “¥pSpLas 2,54L3) 3 (A.16)

Lo Lo k

k Kife) RK(o g s ene'a’
x (5, 11C7112) (25 [1C7[{2") R (25855 ete'l’)

41,45

where the CFP is a two-body CFP. The sum over y and y' in Eq. (A.15)

is equivalent, in this case, to a sum over Yoo YZSZLZ’ and S3L3. Sub-
stitution of Eqs. (A.4),(A.9), and (A.16) in Eq. (A.15) yields then the
following expression for the D matrix elements:

L -S +L '+Sc'+2'+53+%

Die jor = (-0 Sote N(N-1)/(2T%) -

) e % (N N-1
xY'CSBL3 [Les Sea L3s Sgs Lo SI™ (26S0Lol1257 vcScles %)

S,L, o (A.17)

N
X (Eq c’cc' YZSZLZ’ zo)(zosoLo{lzo ?ZSZLZ’ 2053L3)
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' ' 1 ' . et
) Lc Lc L3 L Lc L3 Lo L Sc Sc S3 Sc Sc 53
2r L) fe b e e okl e Sy [So S, %

(A.17)

k k k - ,
x (2 11C7[12) (2,11CT[[2") R (2,8, €2€'2') + term with L oL '

and L',




31

Appendix B: [Hormalization of RPAE Coefficients

We wish to normai{éé the coefficients Y, (w) and X, (w) defined in
Eqs. (9) and (12) by finding the value of the coefficient Bi(w) in
Eq. (12) that allows the RPAE normalization condition, Eq. (15), to
be satisfied. We conside" each term in Eq. (15) separately. Using

Eq. (12) the first term may be written:
sdex. Yw) v, X (w?) = U Bf(w) B (w”)
ie'™ Ui Ye ii o\ Bl

R . 1 . + 1 -
x o) -y Kigiee ) * Kgiel) oy (1)

1 1
K: oo
(w-e-E) (w-e-E;) TEF

t .

Note that the photoelectron energies in Eq. (B1) having a bar above

them are fixed as follows:

€Zeo-E; and & = w-E; - (82)

Eq. (B1) may be simplified by re-writing the product of .energy denominators

in the last term as follows:46
. -] h . _]
(w-e Ei) (w'-e-E;) . (B3)

1 ( ] - ]
(w=w" ) (m"S'Ei) (w'C‘Ei)

} + 1r2 6((n"m') a(w'c.'Ei)

Substituting Eq. (B3) in Eq. (B1) and rearranging terms gives:
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raext_(w) Uy Xy (07) = U787 ()B; ()

x %(w-w‘) 0 +32|Kia'ia(w)|2] : (B4)

1 - . 1 - (.-
- W‘)’Pfdil[ﬁ(w-e Ei) + 16 le(w) Tw__;g;r ]KiC*iE’(w )

+

;
BT Praek ) 8 eug) + gl Ky 00 i

The two integrals in Eq. (B4) cancel identically. This may be

~verified by using Eq. (13) to.substitute in the first integral

- . R )
K‘Ig 18'(0’ ) = V]'e,'i'e-'(m) + Plde Vie.ie'(w)m Kie',ig'(w ) (B5)

i

and to substitute in the second integral

+ -
KIe 15(”) - le i€

Z(w) + Pfde Kle ( )"T—:E—:ff) V.IE 15’(w) (B6)
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Exact canceilation follows since V+(w) is Hermitian and real (cf. En.(11)),
Note that V(w) and V+(&5 both depend on w in Egs.(B5) and.(BG) even

though the K-matrix in Fq. (R5) depends directly on w' and that in [q.(B6)
on w. This is because in considering the orthonormality properties of
states with different energies we must require them to be solutions of

the same Hamiltonian, i.e., the one containing V(w), otherwise there is

no reason for the states to be orthogonal if they have all other quantum
numbers the ‘'same. |

Eq.(B4) thus simplifies to

+ “ 2 2 2 ) '
JdeX; ()Ug Xy (%) = 1By (w) 7055 1117 Ky 5= () |7 16(w-w) (67)

A similar treatment of the second term in Eq.(15) leads to no such
simplification. In particular, this second term is completely non-singular

and no delta function 6(w - w') can be factored out. Eq.(15) thus becomes

upon substituting Eq.(B7): .
- 2 2., _ . 2 .
8(w-w”) I%hﬂl%iﬂ+nlﬁedJM|]Mww)
(88)
_ t .
fdevie(w)uiiYie(“’ )
Taking the following iﬁtegra] of both sides,
w + dw
Limit Idw' R
Suw> 0 w - dw . ' (89)
results in
_ Y 2 2

which proves Eq.(16) in the text.
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TABLE I: Angular Momenta and Angular Momentum Factors for the

Nine Allowed Photoionization Channels for Atomic Chlorine.

The ot L Mgge :

% 2 2 Y L . -3

% 2 1 B+ I B +3%

% 0 1 2w +61

) 2 2 Hr R+ 1583 -y
) 2 1 SLURE S +3%

) 2 0 el e 9 -2/3"
Ip 0 2 R (10/3)*
I 2 2 -% R - 22 12 - -2/3"

s 0 0 32- R! (2/3)"
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Tabe 11, Cross Sections® for C£3p5(2P) + hv -+
- et 3p (3p)ea( 2L)

Photon Photo-
Energy electron

2 b 2. .c 2_.d e
Frerey  0_4(°D) 0. (P) 0ee(P) Opop( F)
hv(a.u.) e(a.u.) HF RPA HF RPA  HF RPA HF RPA
. _

0.4768  0.000 | 15.37 1k.69 6.85 7.59 | 3.00 3.10 |25.22 5.38
0.5268  0.050 | 18.57 17.53 |8.19 9.07 | 2.61 .69 |29.37 29.%>
0.5768  0.100 | 20.L0 18.99 |8.62 9.51 |2.27 2.35 31.29 30.85
0.6518  0.175 | 20.89 18.93 |7.77 8.53 | 1.87 1.93 | 30.53 29.39
0.7268  0.250 | 19.09 16.72 |5.92 6.47 |1.55 1.61 | 26.56 24.8&
0.8268  0.350 14,36 11.98 | 3.5 3.78 |1.23 1.28 | 19.04 17.0k
0.9768  0.500 | 6.95 5.39 |1.25 1.4 |0.893 0.931] 9.09  7.73
1.2268  0.750 1.23  0.817}0.161 0.202| 0.569 0.595}{ 1.96 1.61

1.4768  1.00 0.089 0.032|0.003 0.008] 0.395 0.413]| 0.k87 0.453

1.7268 1.25 0.014 0.034 | 0.016 0.011] 0.291 0.304| 0.321 0.349

1.9768  1.50 0.114 0.139|0.051 0.045] 0.224 0.233| 0.389 0.b417T

2.4768  2.00 02267 0.270 | 0.098 0.096 | 0.146 0.151| 0.511 0.517

3.4768 3.00— 0.319 0.301}0.109 0.113{ 0.076 0.078] 0.504 0.k92

5.4768  5.00 0.21€ C.201 [ 0.067 0.071] 0.030 0.030]| 0.313 0.302
%ross Sections given in units of 10718 e,

. .

bCross Section for photoionization to the channel C% 3ph(3P)sd(2D).'
' +

®Cross Section for photoionization to the channel CL 3ph(3P)ed(2P).

dCross Section for photoionization to the channel C2+3ph(3P)es(2P).

®Cross Section for photolonization to the 3P state of C£+, equal to the sum
of the prior three colums.
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Teble IV: Cross Sections® for C£3p5(2P)'+ hv +
et 3t (Bs)en( 2L
Photon Photo-

Energy electron
2.\b 2. ¢ 1..d
Energy OcalD) 0.4 (°S) Iyl S)

hv(a.u.) e(a.u.) HF RPA HF RPA HF FPA

L e

0.6022 0.000 7.80 9.23 0.436 J.461 | 8.24 9.69

0.6522 0.050 6.57 T.28 | 0.36 0.387| 6.9% T.67
0.7022 0.100 L.k0 L4.70 | 0.310 0.328)| L.T1 5.03
0.77T2 0.175 2.13 2.26 | 0.245 0.261 | 2.38 2.52
0.8522 0.250 1.01 1.10 | 0.197 0.210| 1.21 1.3
0.9522 0.350 0.378 0.436 | 0.150 0.161 | 0.528 0.597
1.,1022 0.500 0.678 0.10k | o0.104 0.113} 0.182 0.217

1.3522 0.750 1 0.000 0.002 | 0.063 0.068 | 0.063 0.070

1.6022 1.00 0.011 0.007; 0.041 0.045 | 0.052 0.052

1.8522 1.25 0.027 0.023 | 0.029 0.032 | 0.056 0.055

2.1022 1.50 0.039 0.036 | 0.022 0.024 | 0.061 0.060

2.6022 2.00 0.048 o0.048 | 0.014 0.015 | 0.062 0.063

3.6022 3.0C 0.0LL . 0.047 | 0.007T 0.007 | 0.051 0.054

5.6022 5.00 | 0.027 0.029 { 0.003 0.003 | 0.030 0.032
%cross Sections given in units of 10-18 en®.

beross Section for photoionization to the channel C2+3ph(ls)€d(2D).

®Cross Section for photoionization to the channel Cl+3ph(lS)es(25).
d

+
Cross Section for photoionizaiion to the 1S state or CL , equal
to the sum of the prior two columns.

i, )
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FIGURE CAPTIONS

1. Partial cross scctions for photoionization of atomic chlorine

leaving the ion in the e state. Solid line: open-shell RPAE calcula-
tion; dashed line: “unrelaxed" HF calculation; dotted Tine: "relaxed”

HF calculation.

2. Partial cross sections for photoionization of atomic chlorine

leaving the fon in the 1p state. Solid line: open-shell RPAE calcula-
tion; dashed line: "unrelaxed" HF calculation; dotted line: "relaxed"

HFE calculation. |

3. Partial cross sections for photoionization of atomic chlorine

leaving the ion in.the 1 state. Solid line: open-shell RPAE calcula-
tion; dashed line: "unrelaxed" HF calculation; dotted line: "relaxed"

- HF calculation. |

4, Photoelectron angular distribution asymmetry.parameters B(3P) and
B(ID). Solid line: open-shell RPAE calculation; dashed line: "unrelaxed"
HF calculation.

5. Photoelectron angular distfibution asymmetry parameter B(‘S). Solid
line: open-;he]l RPAé calculation; dashed line: "unrelaied” HF calculation.
6. Total photoionization éross section of atomic chlorine vs. photon
energy. Ion term level threshold erergies indicated by arrows. Solid
line: open-shell RPAE calculation; dashed line: “unrelaxed" HF calcula-
tion; dotted line: "relaxed" HF calculation. Crossés refer to the
close-coupling calculation of Conneely. | |

7. Partial cross section for photoionization of atomic chlorine leading
to ejection of the photoelectron in the éhaﬂnel cz+3p4(]D)ed(25). Solid
line: open-shell RPAE calculation; dashed line: “unrelaxed" HF calculation;
dotted line: "relaxed" HF calculation. Crosses indicate the ciose-coupling

calculation of Conneely.
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