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The collisionally induced absorption process and the broadening of the 6P resonance line of the
Cs-Rg system (Rg=Xe, Kr, Ar, and Ne) are studied theoretically by the symmetry adapted
cluster-configuration interaction (SAC-CI) method. The potential energy curves and the transition
moments of the CsRg system correlating to the 6S, 6P, 5D, and 7S states of the Cs atom are
investigated. The reduced absorption coefficients are calculated using the quasistatic approximation
and the results agree well with the experimental data. The monotonic dependence of the spectral
peaks on the rare gas species is due to the similar monotonic dependence of the avoided crossing
point between the 753, and 5d3 states. The absorption intensities decrease as the rare gas atom is
substituted from Xe to Ne in agreement with the experimental observation. The intensities of the
653 —5d3 transitions are calculated to be larger than those of the 653 —7s2, ones, since the former
transitions are induced at larger internuclear distances than the latter. © 1995 American Institute of

Physics.

I. INTRODUCTION

Chemical reactions in optical fields have received much
attention in recent years in the field of spectroscopy.! Colli-
sion induced dipole transitions and line broadening contain
important information on the interaction potentials of the
ground and excited states and the collisional dynamics of the
transient species, and have been widely observed and inves-
tigated for alkali atoms?™!! and alkali—earth atoms'?~!> per-
turbed by rare gas atoms. In particular, the Cs—rare gas (Cs—
Rg) system shows relatively strong interactions and
therefore, its absorption and/or emission spectra exhibit large
intensity, shifts, broadening, and asymmetry. The dipole for-
bidden transitions, the S-S and S—D transitions, of the Cs
atom are induced by the collisions with the rare gas atoms, >
these collision induced absorption spectra were observed by
Moe et al.? The broadening and the shift of the resonance
lines have also been observed for this system; Hedges et al.’
and Kielkopf et al.® reported the detailed spectra for the 65—
6 P emissions and 6S—nP absorptions of the Cs atom.

Several theoretical studies have been performed to elu-
cidate the mechanisms of the collision induced transitions
and the line broadening.”~'® Baylis’ investigated the line
broadening of the 6S—6P transitions of the alkali—rare gas
systems employing the semiempirical potential curves. Pas-
cale etal. calculated the potential energy curves® and the
oscillator strengths® of the alkali-rare gas systems using the
semiempirical model of Baylis’ and investigated their colli-
sion induced absorption processes. However, because of the
limitations in their procedure, they could not reproduce well
the experimental spectra for the Cs—Rg system.'°

In a previous paper, we investigated the collision in-
duced absorption process of the Cs—Xe system using the ab
initio symmetry adapted cluster-configuration interaction
(SAC-CI) method for including electron correlations.!! How-
ever, the ordering of the 5D and 7S levels of the Cs atom
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was not properly reproduced in that calculation. In the
present study, we have overcome this problem by using re-
fined basis sets. We are interested in the interatomic interac-
tions at intermediate region, which are related to the far-wing
regions of the spectra. The SAC/SAC-CI method'¢~'® is used
for the calculations of the van der Waals (vdw) interactions
of the open-shell Cs—Rg system. The method has been ap-
plied successfully to a large number of molecular spectros-
copy problems,'® including the diatomic systems like Li,
(Ref. 19) and Ar,.”° The reduced absorption coefficient,
which is directly determined by experiment, is estimated by
the quasistatic approximation.>?!~%

n CALCULATIONAL DETAILS

The basis sets should be flexible enough to describe the
vdw interactions. In the previous study,'! we used for Cs the
relativistic effective core potential of Hay and Wadt?* and the
diffuse functions proposed by Langhoff et al.> However, we
failed to reproduce the proper energy ordering of the 5D and
78S states of the Cs atom, even though the core polarization
effects were included. The relative positions and the interac-
tions of these states in the Cs—Rg systems are quite impor-
tant for reproducing the spectra and therefore, we first exam-
ine here the all-electron basis of Huzinaga et al? The
excitation energies calculated at almost the dissociation limit
of the systems (15.0 A) using the Huzinaga basis are given in
Table I and compared with the previous results in Fig. 1. The
deviations of the present results from the experimental val-
ues are within 0.25 eV and the ordering of the excited states
of the Cs atom is properly reproduced. The f-functions are
not important for the excitation energy and therefore, are not
included in the present study.

We thus use the Huzinaga basis set?® and all electrons
are explicitly treated for both the Cs and Rg atoms. The basis
set of Cs is composed of [7s5p2d] set for the valence part,
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TABLE 1. Excitation energy of the Cs atom (eV).

State Expt® SAC-CI®
6P(*P,)5, 2P3)) 1.386, 1.455 1.18
5D(*Dsjy, 2Dsy) 1.798, 1.810 178
18(%8,2) 2.298 2.04
TPCPyy, 2Pyy) 2.699, 2.721 2.68
6D(*Ds, *Dsp) 2.800, 2.806 2.70

“Reference 32; the splittings are due to the spin—orbit interaction.
®Calculated using the Huzinaga’s basis set for CsRg at the internuclear dis-
tance of 15.0 A. -

augmented with the (3s3p3d) primitive sets of Langhoff
et al.? for the Rydberg states. The Xe basis is the [655p2d]
set plus (2d) polarization functions of Huzinaga® aug-
mented with the primitives (3s2p) of Ermler et al.?’ The
basis sets of the other rare gas atoms are of similar quality to
that of Xe; namely, the Rg basis set is derived from [ns(n
—1)p(n—4)d] [n=5(Kr), n=4(Ar), and n=3(Ne;3s52p)]
plus polarization (24d) set of Huzinaga® augmented with the
diffuse (252p) functions. The final set is [10s8p5d}[ns(n
—1)p(n—4)d] for CsRg [n=8(Xe), n=7(Kr), n=6(Ar),
and n=5(Ne;5s4p2d)]. The resultant SCF dimensions are
117, 107, 97, and 93 for CsXe, CsKr, CsAr, and CsNe, re-
spectively. Relativistic effects are not included in the present
study. Calculations are performed at 13 Cs—Rg distances
from 3 to 15 A.

The SAC-CI method” is used for calculating correlated
wave functions. Details of the SAC (Ref. 16) and SAC-CI
(Ref. 17) theories have been reported elsewhere.!® For CsXe,
the cation CsXe* is solved by the SAC method and the vari-
ous states of CsXe are constructed by the SAC-CI method.
The eight occupied valence MO’s (55x5PxeSScsSPcs0Scs)
and the lower 41 unoccupied MO’s are adopted for the active
space. In the SAC step, configuration selection?® is per-
formed with the threshold of \,=1X10"° a.u. for the linked
operators. In the SAC-CI step, no configuration selection is
performed for the linked terms, because weak interactions of
the vdw system should be calculated. The resulting SAC-CI
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FIG. 1. Basis set dependence of the excitation energy of the Cs atom; (a)
basis set used in Ref. 11; (b) basis set used in the present study; and (c) basis
set (b) plus f-function proposed in Ref. 25.
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dimensions are 3961(2 states), 3370(II states), and 2788(A
states) for all the internuclear distances. For the other CsRg
systems, the calculations are of similar accuracy to those of
the CsXe system. The SCF orbitals were calculated using the
program HONDO7 (Ref. 29) and the SAC/SAC-CI calcula-
tions were performed using the program sAcss.*®

To investigate the fine structures observed for the 6P
state, the spin—orbit interactions are included by the method
reported earlier.’! The spin—orbit coupling constant is esti-
mated to be {p=369.4 cm™! from the atomic spectral
data. 32 '

The basis set superposition error (BSSE) is taken into
account. The BSSE of atom A is calculated as

Sa=Ep($aUdp)—E (4), (1)

where ¢, and ¢, denote the basis sets centered at A and B,
respectively. The total BSSE correction is estimated as

o= 5A + 53 . (2)

The BSSE of the excited states is assumed to be the same as
that of the ground state.

The quasistatic approximation is adopted for cal-
culating the reduced absorption coefficient. Though there ex-
ist more elaborate treatments,>> this approximation seems to
be reliable and also useful for understanding the mechanism
of the collision induced absorption process. Assuming a bi-
nary collision between Cs and Rg atoms in the canonical
distribution, the reduced absorption coefficient is given by?

kN @ 4m 47R?
Py ‘? 7Y D(R‘)z[d[V,(R)—V,(R)]/deRC]

5,21-23

Xexp| —

©)

Ve(R)— V()
kT '

where ng and n, are the densities of the perturber Rg and the
absorber Cs, respectively, D(R) denotes the induced transi-
tion dipole moment at internuclear distance R, and V, and V,
are the energies of the ground and excited states, respec-
tively.

. POTENTIAL ENERGY CURVES

We have calculated the ground and excited states of the
Cs-Rg system correlating to the 6§ (ground), 6P, 5D, and
78S states of the Cs atom. Though the excitations to the 5D
and 78 states are originally dipole forbidden, they are colli-

. sionally induced through the interaction with the rare gas

atom. For the dipole-allowed 6S—6P transition, collisional
perturbations by rare gas atoms lead to the broadening of the
resonance line.

First, the potential curves of the CsXe system are given;
those of the other CsRg systems are similar. Figure 2 shows
the calculated potential curves of the 6S, 6P, 5D, and 7§
states of CsXe. Hund’s case a, which is suitable for describ-
ing the present system,? is adopted. The calculated spectro-
scopic constants for the bound states of the CsRg system are
summarized in Table IL

The calculated potential curve of the ground state of
CsXe has a flat shape with a shallow minimum of 30 cm™! at
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FIG. 2. Potential energy curves of the 6s, 6p, 5d, and 7s states of the
CsXe system without spin—orbit coupling.

4.97 A, while in the atomic scattering experiment of Buck
and Pauly, a well of 110 cm™! is observed at-5.45 A.3* For
the other complexes, no potential minima were calculated for
the ground states after considering the BSSE, though shallow
wells were observed experimentally for the ground states of
CsKr and CsAr.*

The 6p3. and 5d3, states are due to the excitations from
the 6s nonbonding MO to the weakly antibonding 6p o and
Sdo MQO’s, so that the system becomes unstable and the
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potential curves are repulsive. The repulsive interaction in
the 543 state seems to be larger than that in the 6p3. state
and starts from a larger internuclear distance. The 543 state
has a characteristic hump at 4.6 A and the 6p3 state has a
shoulder at 5.0 A. These features were also obtained in the
semiempirical calculation.® The hump of the 543, state is
caused by an avoided crossing with the 753, state so that the
natures of these states are reversed at this point, though in
Fig. 2 the upper curve is still called the 7s3, state and the
lower one the 542, state even in the shorter region. Pascale
et al® explained that the hump in the 6p3 state occurs
through the interaction with the neighboring states of the
same symmetry corresponding to 5D, and 5D, levels in
their dissociation limits. We also observe a configuration
mixing with the 6s—5do component in the 6p3 state,
which may cause the shoulder in the potential curve.

The 6pIl, 5411, and 5dA states have shallow minima
in their potential curves. The Rydberg orbitals of these states
of the Cs atom are not directed towards the rare gas atom,
but the ion core of the Cs atom polarizes the electron density
of the rare gas atom, which is responsible for the attractive
force. For CsXe, the dissociation energy and the equilibrium
distance are calculated to be D,=538 cm™' and R,=4.33 A
for 6pIl, D,=280 cm™! and R,=4.48 A for 5dII, and
D,=698 cm™! and R,=4.20 A for 5dA, as shown in Table
II. Since the Rydberg orbital of the 5dII state has a compo-
nent along the CsRg axis, the attractive force is smaller than
those in the 6pII and SdA states. Therefore, the equilibrium
distance, R,, of the SdII state is calculated to be larger than
those of the 6pIT and 5dA states and the binding energy, D,,
of the former is smaller. The potential curve of the 753 state
also has a well (662 ¢cm™') at 4.61 A which is due to the
avoided crossing with the 5d3 state, as noted above.

The potential energy curves of the 542, 5dII, 5dA,
and 7s3 states of CsRg (Rg=Xe, Kr, Ar, and Ne) are com-
pared in Fig. 3. The attractive wells of the 5dII, 5dA, and
753, states become shallower and the equilibrium distances
become shorter as the rare gas atom is replaced from Xe to

TABLE II. Calculated spectroscopic constants for the bound states of the CsRg (Rg=Xe, Kr, Ar) system.

SAC-CI
Expt.
System State D, (cm™) D (cm™) R, (A) w, (cm™)
CsXe 653 (Ground) 110° 30 497
5dA 698 420 33.2
5d1 280 448 235
753 ~890° 662 4.61 33.8
6p,, ~430° 425 427 32.5
6p*I,, ~500° 538 433 324
CsKr 5dA 441 3.90 46.2
753 322 435 223
6p°11,, ~300° 163 3.95 35.1
6p°I1,, ~350° 283 . 398 38.3
CsAr 5dA 340 3.69
753 113 427

*Reference 34.
®Reference 2.
°Reference 5.
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FIG. 3. Potential energy curves of the 5d%, 5dII, 5dA, and 7s% states of
the CsRg system (Rg=Xe, Kr, Ar, and Ne). Energy is relative to the disso-
ciation limit of the ground states.

Ne. For example, the dissociation energies and equilibrium
distances of the 5dA and 753, states of CsKr are calculated
to be 441 cm™! at 3.90 A and 332 cm™! at 4.35 A, respec-
tively, and the 5dI1 state is almost flat. These features are
clearly explained in terms of the polarizability and the vdw
radius of the rare gas atom. According to these changes, the
avoided crossing between the 5d3 and 753, states occurs at
shorter internuclear distances as the rare gas atom is substi-
tuted from Xe to Ne. The avoided crossing points are calcu-
lated to be around 4.6 A, 4.3 A, and 4.1 A for CsXe, CsKr,
and CsAr, respectively. Correspondingly, the observed peaks
of the collision induced absorptions show monotonic shifts;
namely, the 65X, —7s3 peak becomes closer to the free
atomic position (Fig. 7) and the 653 —5d3, peak becomes
more distant from the free atomic position (Fig. 8), as the
rare gas atom is replaced from Xe to Ne. Thus, the mono-
tonic shift of the collision induced absorption peaks with
substituting rare gas atom is confirmed to be due to the
change in the relative position of the avoided crossing point.

Figure 4 shows the difference potential, which is the
dependence of the excitation energy on the internuclear dis-
tance, for the 5d2., 5dII, 5dA, and 7s3. states. The differ-
ence potential gives the absorption energy at the correspond-
ing nuclear distance. It is clear that the 5d3 states are
responsible for the absorption bands on the blue side of the
atomic forbidden line, while the 753 and 5dII states give
rise to those on the red side. The 6s%—5dA transition is

6825

0.080
CsXe CsKr
6sL — 7sT 6sL — 7sZ

0.075
= /_/ /
K
e
£ o070 65T = 5T 65 — 5dT
5 /\
e 6sZ — 5dIT
£ o06s 6sE — 5dI1
3 ' 65 - 5dA
& 65E - 5dA

0.060 ‘

0.055

3 4 5 6 4 5 6
Distance (A) Distance (A)
0.080
CsAr CsNe
63 — 75T 6sL — 7sZ

0.075 -
3
<3
£ 0070 65E — SdE 655 - 54T
s 6sL — 5dI1
_§ 0.065 6sL — 5dI1
3 T 6L 5dA 6sZ — 5dA
&

0.060

0.055

3 3 7

4 5 6 4 5 6
Distance (A) Distance (A)

FIG. 4. Excitation energy as a function of the internuclear distance (differ-
ence potential) of the 5d3, 5dI1, 5dA, and 75X states of the CsRg system
(Rg=Xe, Ki, Ar, and Ne).

forbidden even in the collision system as shown in the next
section. The difference potentials for the 653 —5d% transi-
tions have extrema at 4.69, 4.39, 4.19, and 3.68 A for CsXe,
CsKr, CsAr, and CsNe, respectively. These values reflect the
positions of the hump in the 543 states caused by the
avoided crossing between the 543 and 7s3 states. The
semiempirical calculation also gives the extremum at 4.34 A
for CsXe.® On the other hand, the excitation energies of the
753 and 5411 states decrease with the internuclear distance
and there exist a flat region at small distances. This existence
of the flat region supports the interpretation of the experi-
mental 653 —7s3, absorption spectra due to Moe et al.? as
discussed in Sec. V. In a classical picture, these extrema and
flat regions in the difference potentials correspond to the

- peaks of the shifted bands, as seen from Eq. (3). Tables III

TABLE III. Energy shift of the 6s% —7s3 excitation of the CsRg system
relative to the 6S—7S transition of the Cs atom (in cm™").

System Expt* SAC-CI® PV*
CsXe -1061 -630 -136
CsKr —829 —480 —676
CsAr ~741 -420
CsNe -500 -370 217

*Reference 2.
®Energy shift is estimated from the flat region of the difference potential.
“Semiempirical calculation of Ref. 8.
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TABLE 1V. Energy shift of the 6s% — 5d2 excitation of the CsRg system
relative to the 6S—5D transition of the Cs atom.

SAC-CI®
Expt PV
System (cm™')*  Shift (cm™') Internuclear distance (A) (cm™')°
CsXe 1082 1130 4.69 3153
CsKr 1204 1030 4.39 2696
CsAr 1478 1100 4.19 1759
CsNe 1585 1150 3.68 3378

“Reference 2.
®Energy shift is estimated from the extremum of the difference potential.
“Semiempirical calculation of Ref. 8.

and IV give the frequency shifts of the peaks associated to
the 7S and 5D lines, respectively. The shift values are dis-
cussed in detail in Sec. V.

IV. TRANSITION MOMENTS

The 65— 5D and 65— 7S transitions of the Cs atom are
dipole forbidden, but are induced by the interactions with the
Rg atoms. The absolute values of the induced dipole mo-
ments are shown in Fig. 5 as a function of the internuclear
distance. These induced moments are mainly due to the intra-
atomic orbital mixing of the p-components of the Cs atom,
caused by reduction of the spatial symmetry of the system.
Transitions from 652, to 752, 5d2., and 5411 are induced at
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FIG. 5. Absolute value of the transition dipole moments for the 6s%—5dZ,
652 —5dIl, and 653 —7s3 excitations of the CsRg system (Rg=Xe, Kr,
Ar, and Ne).
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the nuclear distances from 3 to 7 A. The 5dA state does not
have an induced transition dipole moment, and therefore
gives no contribution to the induced absorption spectra.

The induced transition moment is an important factor, as
seen from Eq. (3), in determining the intensity of the induced
absorption. The overall behaviors of these transition mo-
ments are common to all the CsRg systems. The 653 —5d%
transition moment is induced at larger internuclear distances
than that of 6s3,—7s3; the p-component of the Cs atom
interacts more readily in the 5d3, state than in the 753, state.
Since the Boltzmann factor of the ground state sharply de-
creases in the repulsive region, R<4 A, this explains the
observation that the reduced absorption coefficients of 653,
—5d3, are larger than those of 653 —753,.! The magnitude
of the transition moment is reversed between the 542, and
753, states at the avoided crossing. The 653 — 753, transition
moment shows an oscillatory structure, as in the semiempir-
ical calculation of Pascale,’ reflecting the nodal property of
the p-component mixed into the 753 state. Due to this nodal
property, the CsXe interaction at around 5-6 A has only a
small contribution to the collision induced absorption around
the 7S line. The calculated transition moments seem to be
underestimated in comparison with the experimental results
as discussed below.

V. ABSORPTION SPECTRA

The collision induced absorption spectra are calculated
using the quasistatic approximation given by Eq. (3). The 7s
and 5d lines of the CsXe absorption spectra are shown in
Fig. 6. In the spectra, the internuclear distance of the colli-
sional complex at which the corresponding energy absorp-
tion occurs in a classical picture, is given. It is clearly seen
that the vdw complexes at internuclear distances ranging
from 3 to 7 A are the main contributors to the collision
induced absorptions.

The experimental and theoretical absorption spectra of
the 75 band of the CsRg system are compared in Fig. 7. The
experimental absorption spectra have broad continuous
bands located to the red side of the atomic forbidden line.
The energy shift of the peak maximum and the band intensity
becomes smaller as the rare gas is substituted from Xe to Ne.
The experimental absorption bands have vibrational struc-
tures, which indicate the existence of attractive wells in the
excited states. As shown in Table II, the calculated 753, po-
tential curves have attractive wells with the dissociation en-
ergies of D,=662, 322, and 113 cm™! for CsXe, CsKr, and
CsArr, respectively, in the order of the polarizabilities of the
rare gas atoms. Moe et al. proposed” a potential well depth
of ~890 cm™! for the 753 state of CsXe through the analy-
sis of the absorption spectrum. They also reported? that the
spectral shapes and the peak shifts do not change with vary-
ing temperature, therefore this red-shifted band occurs by a
mechanism similar to that of the satellite observed for the
dipole-allowed transition.

Accordingly, there exist flat regions in the difference po-
tentials of the 653, —7s3, transitions for all the species, as
noted previously. The classical treatment breaks down for
these regions and the calculated absorption intensities di-
verge to infinity at the corresponding energies. The energy
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FIG. 6. Calculated collision induced absorption spectra for (a) 7s and (b)
5d states of the Cs—Xe system. Values in the spectra show the internuclear
distance at which the corresponding transition occurs in a classical picture.

shifts from the Cs atomic forbidden 6S-7S peak are given
in Table III. The red shifts of 6s3 —7s3, are calculated to be
—630 cm™!, —480 cm™', —420 cm™!, and —370 cm™! for
CsXe, CsKr, CsAr, and CsNe, respectively, which repro-
duces the monotonic change of the peak shift observed in the
experiment, though the absolute value are underestimated.
The semiempirical calculations did not reproduce this order.”
Our calculated absorption intensities also reproduce the ex-
perimental trends; the absorption intensities decrease as the
rare gas is substituted from Xe to Ne.

In Fig. 8, we compare the experimental and theoretical
collision induced absorption spectra associated with the 65—
5D forbidden transition. The absorption band of the 6S-5D
transition has a more complex shape than the 65-75 one.
This is because the 542 and SdII states contribute to the
induced absorption. The 5d3, state is the source of the band
in the blue side region of the atomic transition, while the
5dI1 state is responsible for the band in the red side region.

The peak shift of the blue side band of the atomic tran-
sition becomes larger, while the intensity of the band be-
comes smaller, as the rare gas atom is substituted from Xe
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to Ne. As shown in Fig. 5, the difference potential of the
653 —5d% excitation has an extremum for all species. The
calculated energy shifts for the 653 —5d3 excitations are
compared in Table IV with the experimental values and with
those calculated by Pascale et al.® The peak shift for CsXe is
calculated to be 1130 cm™!, compared to the experimental
value of 1082 cm™!. The calculated peak shifts for
652, —5d3, do not reproduce the experimental ordering with
the substitution of the rare gas atom. This is because the
energy separation between the 5D and 7S states of the Cs
atom is underestimated in the present calculation.

The 652 — 5dI1 excitation also has an induced transition
dipole moment. This transition is calculated to have smaller
intensity in comparison with the 653 —5d3, excitation and
to be located to the red side of the forbidden atomic line. In
the experimental spectra’ the intensity of the absorption band
on the red side of the atomic line seems to decrease gradually
as the rare gas is substituted from Xe to Ne. On the other
hand, the calculated difference potentials have flat regions as
shown in Fig. 4, and therefore, the theoretical spectra have
limits in their red shifted bands. However, it was noted that
the precise experimental analysis of this region was difficult
since2 this band partially overlaps with the absorption band of
CSz.

VI. BROADENING OF THE 6 P EMISSION LINE

The broadening of the 6 P resonance line is due to the
6p3. and 6pIl states of the CsRg system. Hedges et al.’
analyzed the far wing regions of the emission spectra of the
6P line and determined the AIl,,,, AIl,,,, B, potentials
of the CsRg system using the quasistatic approximation. An
elaborate theoretical study on the far-wing line shape is
given by Ma and Tripping.35

Figure 9 gives the calculated potential curves of the
6P, 6pIl,,, and 6p*I1,, states of the CsXe system
including the spin—orbit effects. For the CsXe system, our
potential curves of the 6p2Il,, and 6p*Il,, states show
good agreement with those experimentally determined by
Hedges et al.® The dissociation energies and the equilibrium
distances are calculated to be D,=425 cm™!, R,=4.27 A
and D,=538 cm™!, R,=4.33 A for the 6p°Il,, and 6p>I1,,
states, respectively, in comparison to the experimental values
of D,=~430 cm™! and D,=~500 cm™!, respectively.’ For
CsKT, these states are calculated to have shallow potential
wells of D,=163 cm™! and D,=283 cm™! which compare
with the experimental results of D,=~300 cm™' and
D,=~350 cm™'’ The calculated potential curve of the
6p*3,, state has a small hump at Rpump=5.1 A (CsXe),
which is also reported in the theoretical work of Pascale
et al.® However, the potential curve determined by experi-
ment does not exhibit such a feature.®

The calculated and experimental emission spectra for the
6P-6S line of the CsXe system are compared in Fig. 10.
The difference potential for 653 — 6p*3.,, also has an extre-
mum like that of 652 —5d2 and therefore, the calculated
emission band shows a divergence on the blue side. Corre-
spondingly, the experimental spectrum also has a peak of the
emission band in the blue region. The calculated shift values
and the internuclear distances giving the peaks for the
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652 —6p*3,, transitions of the CsRg system are summa-
rized in Table V. The energy shifts are calculated to be about
400 cm™!, while the observed ones are around 200 cm™".

The blue shift values for the 653 —5d3 transition
shown in Table IV, are calculated to be larger than those for
the 652 —6p3, ones for all the systems, as observed in the
experimental spectra.>> This is due to the fact that the 5d3
state is more repulsive than the 6p3, state.

The 6p°I1,;, and 6p°Il,, states are responsible for the
red bands and their band intensities gradually fall off away
from the 65— 6P atomic line. However, the calculated emis-
sion bands in the red wing have small spikes which are due
to the Boltzmann distributions in the upper bound states.
These spikes are less clear in the experimental spectra,
though they seem to be observed for the Kr and Ar com-
plexes.

Vil. SUMMARY

We have applied the SAC-CI method to the calculations
of the collision induced absorption spectra of the CsRg sys-
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FIG. 10. (a) Experimental and (b) theoretical emission spectra for the 65— 6 P transition of the CsXe system. Experimental spectra are cited from Ref. 5.
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TABLE V. Energy shift of the 653, —6p2X,, transition relative to the 65—
6P transition of the Cs atom.

SAC-CI®
Expt.
System (cm™)* Shift (cm™') Internuclear distance (A)
CsXe ~150 400 ~5.00
CsKr ~150 350 ~4.75
CsAr ~200 430 ~4.50
CsNe ~230 420 ~4.00

*Reference 5.
YEnergy shift is estimated from the extremum of the difference potential.

tem (Rg=Xe, Kr, Ar, and Ne) associated to the 5D and 7§
lines of the Cs atom. The broadening of the 6P resonance
line is also investigated by the present method. The reduced
absorption coefficient of the induced transition and the nor-
malized intensity, which are directly observed by the experi-
ment, are calculated using the quasistatic approximation. The
spectroscopic constants for the bound states of this system
are also calculated.

The relative positions and the avoided crossing interac-
tions between the 542, and 753, states are important for the
descriptions of the collision induced absorptions around the
5D and 7S forbidden lines. The monotonic shift of the spec-
tral peaks with substituting the rare gas atom is confirmed to
be due to the shift of this avoided crossing points. The direc-
tion and the magnitude of the calculated band shifts agree
well with the experimental data.

The intensities of the 653, —5d2, transitions are calcu-
lated to be larger than those of the 653 —7s3 ones, which is
attributed to the fact that the former transitions are induced
in larger internuclear distances than the latter ones. The ab-
sorption intensities are calculated to decrease as the rare gas
atom is substituted from Xe to Ne in accordance with the
feature of the observed spectra.
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