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A previous calculation of the cesium 6s—ep photoionization cross section is extended to include
interchannel coupling to the 5p —ed photoionization channels. For photon energies in the range 0.35
a.u Sfiw S 1.12 a.u, ie., just above the near-threshold cross-section minimum, the 6s photoionization cross
section is found to be dominated by 5p —5d resonance transitions. No experimental data exist for this

energy region.

The 6s photoionization cross section of atomic
cesium has been studied extensively by both ex-
perimentalists'™ and theorists®~'® near threshold,
in the vicinity of the cross-section minimum.
However, there appear to be no experimental data
and only a single other ab initio theoretical calcu-
lation'® of the photoionization cross section beyond
about 3 eV above threshold. We report here an ex-
tension of our previous ab initio theoretical calcu-
lations (Ref. 13, hereafter referred to as I) to in-
clude interchannel interactions over the energy
region from threshold up to 1 a.u. (27.21 eV)
above. We find that above the near-threshold
minimum the cross section is dominated by 5p - 5d
resonance transitions. .

In I we presented ab initio theoretical calcula-
tions of the cross section, photoelectron angular
distribution, and photoelectron spin polarization
resulting from photoionization of the 6s electron in
cesium., We started from a basis of nonrelativistic
Hartree-Fock wave functions and treated final-
state spin-orbit interactions in the Breit-Pauli
approximation’ exactly. Only 6s — ¢p transitions
were considered over the photoelectron energy
range 0<e<1 a.u. Our results agreed with ex-
perimental measurements just above threshold,
but our cross sections beyond 2 eV above threshold
failed to rise as rapidly as the experimental mea-
surements,®* some semiempirical calculations, ®°
and the nonrelativistic random-phase approxima-
tion (RPA) calculation-of Amusia and Cherepkov'?
(which did not treat relativistic interactions, but
which included interchannel coupling between the
6s and 5p subshells).

We report here ab initio calculations of the 6s
photoionization cross section in cesium which in-
clude final-state interchannel coupling between the
6s and 5p subshell channels as well as the most
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important final-state spin-orbit interactions.
Specifically, we have included the following six
channels in our calculations:

Cs5p%6s(2S, ;,) + iw = Cs* 5p°('S)€p(*b5 /2,1 /2) ®
-~Cs* 517568(317)611(2?3/2,1/2) )

~ Cs*5p°6s("p)€d(ps /2,1 /2) . (3)

The final-state J=3 and 3 channels, of course, do
not interact. For each value of J, the final-state
interactions that we have included in our calcula-
tions are indicated in Table I. Here the spin-orbit
interactions are the same as were included in I.
The Coulomb interactions are those induced by the
electrostatic interaction operator Zm 73;. There
are no Coulomb interactions along the diagonals

in Table I since we use a basis of Hartree-Fock
continuum wave functions calculated in the field of
the appropriate ion, whose orbital wave functions
are those of the neutral cesium atom (i.e., we have
used the so-called V¥-! potential in the “frozen-
core” approximation's). The binding energies we
have used are the Hartree-Fock orbital eigen-
energies.

Our results for the 6s photoionization cross sec-
tion over the energy range from threshold to 1 a.u.
(27.21 eV) above are presented in Fig. 1(c). For
comparison, we have plotted on the same energy
scale in Figs. 1(a) and 1(b) the nonrelativistic
Hartree-Fock predictions for the continuum os-
cillator strength df/dE for channels (2) and (3),
respectively.'® Note that the discrete members of
these channels have been plotted also, following
the prescription of Fano and Cooper.'™'® As com-
pared with the calculations reported in (I) we find
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TABLE I. Block form of the final-state interaction matrix V. Each box indicates the in-
teractions between each pair of final-state channels.

5p%€pCPy 45,3/2)

5565 (LP)ed(Py ;5 3/9)

5p°6s (CP)ed (*Py /3, 3/5)

interactions, predict that the 6s —€p cross sec-

5p%€p CPy 9, 3/9) Spin orbit Coulomb Coulomb
5p°6s (P)ed Py /3 3/5) Coulomb 0 Coulomb
5p°6s CP)ed Py 3/9) Coulomb Coulomb 0
rT T T T T 1 that at threshold both dipole-length and dipole-
T T T T velocity cross sections are increased in value,
40.0 (a) [ ] e particularly the dipole-velocity cross section. Al-
Cs5p°65(2S) —m— so, the location of the minimum in the cross sec-
Cs* 5p%65 (%) <d (2P) tion is S.hlfted .to hlghgr energies (by 2 and 4 'eV,
30.0| E respectively, in the dipole-length and -velocity
;E approximations). For photoelectron energies
4 54 € 2 0.3 a.u. our calculated cross section rises ra-
W 20.0 b pidly under the influence of the 5p - 5d resonance
% transitions, whose oscillator strengths are indi-
n cated in Figs. 1(a) and 1(b). We have not given any
0.0 7 quantitative predictions in the resonance region
since the resonances induce such rapid oscillations
. in our calculations that we do not have a sufficient-
’ ly fine energy mesh to describe them. Further-
10.0 . 2 more, the resonance profiles are very sensitive to
;: (b) Csop6s(7s) = the energy locations and wave functions used for
S L.l Cs"5p" 6s('P) ed (*P) | the discrete members of the channels (2) and (3);
W 5d however, we have not attempted to optimize our
S '||l description of these discrete states. Nevertheless,
0.0 . we expect that the shapes of the discrete oscillator
50 strength distributions shown in Figs. 1(a) and 1(b)
- > (c) will be reflected in the 6s - €p cross section in the
) 2 resonance region. Above the threshold of the
2 Z eaof RE::: ::)N: € d channels, i.e., for photoelectron energies €< 0.6
NE a.u., the 6s cross section decreases smoothly from
39 a value of approximately 2 Mb. Most of this oscil-
o : 1of Co5p865(25) — lator strength in the 6s~ €p channel is also bor-
g 9 N o curagtan (i ) rowed from the 5p -~ ed channels. Indeed, our cal-
3 B - . s .
o o 47/‘/__, . . p°ep Ialz.uz culations reported in I, which ignored interchannel
0.2
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FIG. 1. (a) Oscillator-strength distribution in the
Hartree-Fock approximation for the channel Cs 5p%6s(S)
+7w —Cs*5p'6s CP)ed(?P). (b) Oscillator-strength dis—
tribution in the Hartree-Fock approximation for the
channel Cs 5p%6s(S) +%w — Cs*5p°6s(1P)ed(?P). (c)
Present results for the 6s-subshell photoionization
cross section in cesium in dipole-length (solid line) and
dipole-velocity (dash-dot line) approximations. The
dashed line gives the RPA results of Amusia and Cher-
epkov (Ref. 12).

tion is less than 0.076 Mb and 0.030 Mb, respec-
tively, in the dipole-velocity and dipole-length ap-’
proximations at all energies above the near-thres-
hold cross-section minimum,

We have also shown in Fig. 1(c) the nonrelativis-
tic RPA calculation of Amusia and Cherepkov,'2
which includes the same interchannel interaction
between the 6s and 5p subshells that we have in-
cluded as well as the effect of ground-state cor-
relations, which we have not included. Their
cross section rises monotonically near threshold
and does not exhibit the minimum observed ex-
perimentally. Their cross section levels off at
energies where our calculation indicates a mini-
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mum, and then tends to rise, as ours does, but at
energies about 0.17 a.u. higher in energy than
ours. While no resonance behavior is shown in
their cross section, it is possible that the location
of the discrete resonances in their calculation may
be quite different from that in our calculation.
However, we do not know this. The major differ-
ence betweenour calculations and theirs appears to
be our lack of ground-state correlations. It is
well known that such correlations can substan-
tially shift the location of minima in the cross
section'®; however, in general, qualitatively dif-
ferent cross sections are not expected. A more
minor difference between our calculations and
theirs is our neglect of the effect of the 5p -~ €s
transition on the 6s - €p cross section. The cross
section for the 5p - €s transition is about an order
of magnitude smaller than that for the 5p - ed
transitions which we have considered. While there
are probably non-negligible effects of the 5p -~ es
transition on the location of the minimum in the
6s - ¢p cross section (since at the minimum the
strong amplitudes nearly cancel), we do not ex-
pect any large effects on the cross-section values

elsewhere. For this reason; and also since we
have ignored ground-state correlation effects,
which are probably larger, we have ignored the
effect of 5p - es transitions.

We conclude that the Cs 6s photoionization cross
section is dominated by 5p - 5d resonance transi-
tion in the region just above the cross-section
minimum near threshold to 1 a.u. above threshold.
Experimental data for this region would be most
welcome to theoreticians. Furthermore, we con-
clude that the exact location of the cross-section
minimum near threshold is determined by a sen-
sitive balance between final-state interchannel and
spin-orbit interactions on the one hand and ground-
state correlations on the other.
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