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The multiphoton excitation of cesium through potentially resonant continuum molecular
states is investigated over the 6200-5000-A wavelength region with a tunable dye-laser source

0

having a 0.06-0.08-A linewidth and a space-charge ionization detector sensitive to a few ions
per second. Conditions are established under which the lifetime of the resonant intermediate
state against photoexcitation exceeds the lifetime against dissociation. Single- and double-
photon resonances occur for the same wavelength and give absorption maxima corresponding
to the line. spectrum from the intermediate state following dissociation. These lines are
modulated in amplitude as a function of wavelength by the more slowly varying absorption
resonance from the initial to the intermediate continuum state. As a consequence, the re-
sulting dispersion curve for two-photon absorption in cesium shows what appear to be res-
onant intermediate d7(( II~) terms dissociating to give a 52D atom and resulting in the strong
development of features corresponding to the fundamental series (5 D n E) of atomic cesi-
um in absorption. Components to n = 50 were observed and recorded to a precision sufficient
to determine the average quantum defect for E states to be (n —n~) =0.033 in the limit of
large n. More complex structure is attributed to p~( II~) and pa( Z„) terms dissociating to
give a 6 P3/2 atom and resulting in the development of the n=8 to 32 components of the
6 P3/2 n D3/2 &/2 part of the diffuse series in absorption. Terms dissociating into 6 P&/2
were found only at higher photon energies (-2.27 eV) corresponding to the n ~ 10 members
of the 6 Pi/2 n D3/2 series.
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The importance of molecular components to the
multiphoton ionization of cesium has been dis-
cussed in recent letters' and communications.
It has been demonstrated' that the possibility of
resonant intermediate states of Cs, can cause the
dispersion spectrum for ionization to be completely
dominated by structure corresponding to molecular
absorption bands, even at rather low molecular-to-
atomic ratios. This paper reports the extension of
these results to the investigation of multiphoton
excitation of cesium through potentially resonant
continuum molecular states resulting from colli-
sions of the excited atoms.

The inclusion of collision states into the scheme
of multiphoton excitation of cesium in the visible-
wavelength range, in a sense, represents a gen-
eralization of three-photon ionization models orig-
inally formulated for isolated c.esium atoms. '
For a single ground-state atom in the appropriate
dipole approximation, expressions for the line
strength for multiphoton excitation and ionization
contain products of terms of the form

(1b)

where the matrix elements are the usual dipole
values with summations implied over products of
intermediate-state quantum numbers not explicitly
expressed. Values of l can be either s or d in ac-
cordance with dipole selection rules, and the first
intermediate state must be a p,. as indicated. As
has been discussed, dispersion curves for pro-
cesses depending on line strengths containing such
terms can be expected to be dominated by single-
photon res onanc es arising from zeros in the de-
nominators of the T, terms of Eq. (la), two-pho-
ton resonances from the T, terms of (1b), and
higher-order resonances where appropriate. Ex-
amples of the two-photon resonances of (1b) have
been recently reported' for both l& —-j'Sg/2 and

='2
l~ =2 D3/2, s/2 ~

For.nonisolated atoms, the occurrence of molec-
ular continuum states resulting from binary col-
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lisions must be considered, and the resonances of
(la) and (lb) can be expressed

Tg(g(pg) g(&)) =
( )

'
( )

&e(p;) l~ le(s)) (2a)
.i 1 0

T2(4(~g) 4(pf))

(0(4) la 10(p ))
[E,(R,) -E, (R,)]+[E,(R,) —E,(R,)] -2hv'

(2b)

where now g(l) is one of the manifold of molecular
states dissociating into l. Dispersion forces can
be expected to remove the degeneracies between
many of these states, and the energy of the tran-
sition, of course, becomes a function of R, the
internuclear separation 'of the colliding pair. In
the case of sufficiently repulsive potentials, the
internuclear separation can change during the life-
time of the intermediate state, as implied in (2b).
The resulting line strength must then be integrated
over distributions of R. It is the modifications of
the dispersion curve for multiphoton excitation
which are implied by Eqs. (2a) and (2b) that are
the concern of the experiment reported here. Be-
cause of the possible occurrence of strongly re-
pulsive potentials with considerable variation over
the possible values of R, there is the possibility
of obtaining simultaneous resonances in both sin-
gle-and double-photon terms. In particular, for
those R for which

E,(R,) Z, (R,) =hv =Z,. (R,) Z, (R,),
strong double resonances should be observed in
the spectra of the yield of the final state, provided
overlap integrals implied in the matrix elements
do not preclude transitions at those R.

The examination in this work of the dispersion
spectrum for the ionization of cesium with a tun. -
able dye laser in the 6200-5000- A region has led
to the identification of two photon-absorption tran-
sitions through what appear to be intermediate
dw('ll, ) terms that dissociate to give a 5'D atom
and result in the strong development of features
corresponding to the fundamental (5'D- n 'F) se-
ries of atomic cesium in absorption. Components
to n =50 were observed and recorded to a precision
sufficient to extend existing tabulations of n 'E
term values beyond the previous limits of n =14
obtained from classical emission spectra' and
n =23 from absorption. '

More complex structure in the spectrum for mul-
tiphoton excitation evidently results from pw( II~)
and pc('Z„) terms which are potentially resonant
and dissociate into a 6'P, &, together with a 6'S,~,
ground-state atom. Linewidth of the dye laser has

been adequate to resolve both splitting of the inter-
mediate 6'P, ~, and the broadening of the resulting
transitions caused by the molecular interactions.
Terms dissociating into a 6 Py/2 atom have been
found at substantially higher photon energies
around 2.27 eV.

The results of this work are believed not only to
indicate the importance of dissociative molecular
states to the multiphoton ionization of cesium at
wavelengths below 6200 A, but also to point toward
the development of techniques for the correlation
of continuum molecular states observed in absorp-
tion with the resulting dissociation products.
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FIG. 1. Illustrative potential curves for the energy in
cm ~ of Cs*+ Cs as a function of internuclear separation.
Only molecular states optically connected to one of the
states originating from Cs(6 g + Cs(6 5) are shown. An
absorption transition occurring at the large internuclear
separation characteristic of the Z+„state and leading to
dissociation is indicated by arrow (1), while a similar
transition from the smaller-8 characteristic of the ~Z~
state is shown by arrow (2).

II. THEORY AND EXPERIMENTAL METHOD

For illustration, Fig. 1 presents one possible
estimate of the location of the more important
molecular potentials of cesium not inconsistent
with previous spectroscopic studies, '" theoretical
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calculations, "'"and the results of this work to be
discussed. Not shown are potentials for states
forbidden to optical transitions from both states
resulting from two 6'S atoms by either strong
(case c) or approximate (case a and b) selection
rules. Such states would not be expected to yield
T, terms in the dipole approximation.

Both a 'Z+ and a 'Z„' can arise from the collision
of two O'S», ground-state atoms. The former is
strongly bound and forms the ground state of the
Cs, molecule with a dissociation energy" of 3197
cm '. The triplet state is repulsive with a small
van der Waals minimum" of the order of 50 cm '
around 7-8 A. Depending upon the height of possi-
ble centrifugal barriers, equilibrium populations
of both states could be expected to be of the order
of 10'-10' cm ' for energies within a few kT of
that of an isolated 6'S atom and at a pressure of
0.1 Torr of cesium vapor. For comparison, the
equilibrium population at the bottom of the poten-
tial well of the 'Z' state is around 8&&10" cm ' at
500 K.

Thus, transitions of the T, type could occur for
three possible populations and internuclear sepa-
rations; the strongly bound Cs, population of the
'Z' at R around 4.5 A, the population of the vibra-
tionally excited levels of the 'Z' state within a few
kT of the dissociation limit at internuclear sepa-

0
rations in the 4-7 A range, and the population of
the 'Z„' van der Waals state at R ~ 7 A. Although
O'S, &,- 5'D, &»&, transitions are forbidden in ab-
sorption in the dipole approximation and cannot
contribute to T, terms in the limit of R —~, sever-
al possibilities occur for transitions between mo-
lecular states resulting from the pair. One possi-
bility, the so( Z„')-dw('ll, '), is indicated by the
arrow marked (1) in Fig. 1. Depending upon the
relative steepness of the upper and lower potential
curves, absorption to the da ('ll, ) state could be
expected to span a range of photon energies lying
to the violet of the threshold at 6851 A correspond-
ing to the energy difference of the O'S and 5'D par-
ent atoms.

For a strongly repulsive state, dissociation
would occur within the lifetime of the intermediate
state and the transition caused by the "second pho-
ton" should correspond to a component of the ab-
sorption spectrum of an isolated 5'D atom. If the
photon energy also corresponds to such a compo-
nent, then both a T, and T, resonance would occur
with a resulting high yield of final states.

Similar possibilities occur for excitation from
both the strongly and weakly bound populations of
the 'Z' state with the restriction that the inter-
mediate state now be of u symmetry. The arrow
marked (2) in Fig. 1 indicates a possibility for ex-
citation of the 'Z„' state from levels high in the

TABLE I. Long-wavelength limits for single-photon
resonances to intermediate states dissociating to 6 0&&2,
6 @3(2, and 5 D~g2 g2 atoms from the three principal.
initial states together with most probable internuclear
separations for the first resonance.

Initial
state

Long-wavelength limits for
Characteristic states dissociating to

R 6 P f/2 6 P~(~ 5 Dy2

3++
8

Z+ (v )
Z+(v =0)

7-8 A
0

4—7A
4.5 A

8945 A 8523 A 6851 A

8945 A 8523 A 6851 A
6956 A 6698 A 5620 A

well of the 'Z,' state. It should be noted that the
absence of a molecular band observed either in
absorption or emission which could correspond to
a transition between these two states together with
the estimates of Mulliken" that 'Z„ lies above 'lI„
argues for the repulsive nature assigned to the 'Z„
in the figure.

The principal differences in the three possible
initial states for multiphoton transitions lie in the
different internuclear separations at which such
transitions could be expected, as already dis-
cussed, and in the energy threshold for each.
Table I summarizes the long-wavelength limit for
single-photon resonances to the three principal
manifolds of states resulting from the O'P, ~„
O'P, ~» and 5 D,~»» levels of the separated at-
oms at internuclear separations sufficient to en-
sure that dissociation can occur.

The 6 Py/2 and O'P, &, levels are treated sepa-
rately because the occurrence" of large R ' reso-
nant van der Waals forces together with a signifi-
cant doublet separation and the paucity of states
resulting from the O'P, ~, level suggest a Priori
differences in the occurrence of the two as inter-
mediate states. Such resonant dispersion forces
characterizing S-P collisions complicate consider-
ably the correlation of molecular terms with col-
lision states arising from 6'P atoms by introduc-
ing potential crossings at large internuclear sep-
arations, 12-14 A. On the basis of these cross-
ings, which are presumably avoided in a type-c
coupling scheme, together with theoretical guid-
ance from analogous problems, "'"the most prob-
able correlation appears to be that, for the u
states, only 'll„, ,—0+arise from 6'P, &, and for the

g states, only 'Il, + and 'Zg, ,—. All the u states
dissociating into Py/2 atoms which could serve as
intermediate states for excitation of 'Z' state pop-
ulations are triplets and therefore forbidden to di-
pole transitions in case-a or case-b couplings
which could be expected at the smaller internuclear
separations characteristic of those initial states.
Of the g states which could be excited, the 'Z,
0 =I, and 0 have strongly attractive van der
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Waals forces, "and so would be resonant only to
the red of the 8945 -A limit shown in Table I, even
at the minimal separation of the 'Z' initial state
that could be significantly populated. The remain-
ing II„+ state has polarization difficulties when
the quantization of 0 in case c along the direction
of the E field of the laser radiation is considered.
Of the resulting Stark components from the ground
state, only the M„=O resulting from 0 =1 should
be able to combine with 0' of the upper state and
this is in violation of 0-0 selection rules, assum-
ing no change of the weakly coupled rotational mo-
tion of the collision state. Consequently, excita-
tion of intermediate 6'P», atomic states is a
priori expected to occur with greater difficulty and

probably only as a consequence of higher-order ef-
fects such as excitation and predissociation of
states resulting originally from d terms and re-
quiring higher-energy threshold photons than for
6 &3('

In contrast, excitation of the 6'P, &, intermediate
state does not present such problems because of
the greater number of potential terms arising from
6 P3y2+ 6 S, /2 and being suitably repulsive in char-
acter. Sufficient terms are available for excita-
tion from either 'Z' or 'Z„' initial states.

The experimental method used in this and relat-
ed works is based upon the detection of ionization
resulting from the chemistry of the excited states
populated by the absorption event. Useful detect-
ing sequences have been found to include multi-
photon ionization, associative ionization, and elec-
tron-impact ionization by thermal electrons of low
energy. The positive ions produced in this way en-
hance the output signal of a thermionic diode con-

taining the absorbing gas by partially neutralizing
the negative space charge surrounding the diode
filament. The relatively longer time the positive
ions spend traversing the potential well of the
space-charge region provides for the release of
10 -10' electrons per ion from that region. Fur-
ther amplification of 10 -10' is provided external-
ly by a tuned amplifier as previously discussed. '
Essentially, this technique when coupled with ex-
citation from a tunable dye laser and computer-
interfaced detection as shown in Fig. 2 represents
a modernization of the early experiments on pho-
toionization. "" These techniques are now suffi-
cient to allow detection of ion signals as small as
a few per second.

The particular absorption cell used in these stud-
ies was of Pyrex glass with quartz windows and
filled with cesium at a pressure controlled by a
two-chamber oven. The detecting diode included
in the cell consisted of a 0.15-mm-diam tungsten-
wire filament and a silver-disk anode, both acti-
vated with cesium and separated by 1.5 mm. They
were aligned so that the diode-conduction path lay
transverse to the optical axis.

The photon source was a tunable dye laser con-
structed from standard components as shown sche-
matically in Fig. 2. It was operated in the pulsed
mode and pumped with a nitrogen laser delivering
about 50 kW peak power to the dye. Pulse widths
were of the order of 15 nsec, and repetition rates
were 8 sec ' as limited by drift times for ions
within the space-charge diode. The dye laser was
operated with a rhodamine 6G, B, and HCl mixture
and continuously tuned with 0.18-cm ' bandwidth
through the 5750-6200-A wavelength range and
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with a 4-methylumbelliferone, Quorescene, and
HCl mixture in the shorter-wavelength range to
5000 A. The output beam was focused into the ab-
sorption cell, and the exact position of the focal
volume within the detecting diode structure was
not found to be particularly critical. It was only
required that the positive ions ultimately produced
from the products of the absorption process under
investigation be able to diffuse or drift into the
space-charge cloud surrounding the heated fila-
ment. Satisfactory signal-to-noise performance
was found for a working pressure corresponding
to a saturated vapor of 490 'K. Under these condi-
tions, the number density of cesium atoms was
3.2x10" cm ', while that of the molecular cesium,
Cs„was 7.8x10" cm '. Optional-filament tem-
peratures were of the order of 1100 'K for the de-
tecting diode.

As the laser output was not of constant intensity
either as a function of time or wavelength, it was
found necessary to simultaneously digitize both the
diode output signal resulting from the photon ab-
sorptions and the input laser intensity for each la-
ser pulse. This was accomplished as shown in
Fig. 3 with a 10- bit AjD conversion system di-
rectly interfaced to an appropriate instrumenta-
tion computer. It additionally supplied the pulse
train necessary to advance the laser wavelength in
0.03-A steps after the proper sampling time had

elapsed. Linearity of the wavelength drive was
monitored with a 6-mm etalon which produced in-
tensity modulations detected in the data channel
used to record the laser-input intensity.

III. RESULTS AND CONCLUSIONS

A. Resonances from fundamental series, 5 D~n F

Most pronounced in the spectrum in the wave-
length region under observation was a strong de-
velopment of structure corresponding to compo-
nents of the fundamental series of atomic cesium.
It was. found together with underlying structure
from the cesium molecular band at 6250 A, result-
ing from the two-photon photoionization of ground-
state Cs„as discussed previously. '.

The resulting ion current corresponding to the
relative probability of photoabsorption is shown as
a function of wavelength in Figs. 3(a) and 3(b). The
variation in input laser intensity is shown below
the diode signal for reference. The pronounced
structure corresponds, as marked, to the cesium
5 Ds],-e 'F,i, series convergent at 5912.99 A and
the 5'D, ~,-s 'E,&, ,i, convergent at 5947.33 A with
components clearly identifiable from n =12 to
n = 50. Irregularities in the spacing of successive
series members is an artifact of the drive mech-
anism of the laser grating and can be corrected,
as mentioned above, from the intensity modulation
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FIG. 3. Upper curve:
photoionization spectrum
as a function of wavelength.
The large signals corre-
spond to sequences of the
findamental series arising
from absorption transitions
from the 5 D312, , i2 states
to the n2ES/2 &i2 states.
Above each curve is indi-
cated the principal quan-
tum number, n, of the
corresponding line. Lower
curve: input laser inten-
sity as a function of wave-
length showing the inten-
sity modulation introduced
by the 6-mm external etalon
for the purposes of cali-
brating the wavelength
'linearity; (a) Upper spec-
trum: wavelength region
6040-5980 A., and (b) Lower
spectrum: wavelength re-
gion 5980-5g20 A,.
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gv~=97. 59 cm ', (5)

which is in agreement with previous values'" of
97.589 and 97.5884 cm '.

Although large populations of lower-lying excited
states have been observed in fluorescence from
cold cesium vapor excited by a continuous argon-
ion laser and attributed to the result of complex
excited-state chemical mechanisms, it is unlikely
those reactions are relevant to this experiment.
In the pulsed-laser experiment reported here, the
duration of the absorbed photon pulse is about four
orders of magnitude less than the inverse collision
frequency and effectively precludes any appreciable
excitation transfer between cesium species during
the time the fundamental series could be excited.
Conversely, the repetition rate for the laser is
orders of magnitude slower than the destruction
frequency for excited species produced by preced-
ing pulses so that the production of 5'D atoms and
the subsequent transitions to the e 'F,~»~, states
must occur within the same 10 '-sec interval.

The existence of an appreciable, 0.2 A', absorp-
tion cross section, experimentally observed" for
cesium in the 5700-6000-A wavelength region qual-
itatively suggests the availability of continuum
states having suitable energies at internuclear
separations of significance for T, resonances.
That the energy threshold lies considerably lower
than the minimum listed in Table I as required for
excitation of the large 'Z~ ground-state population,
implies that either or both of the collision state
populations of 'Z' and 'Z„' are those initially excit-
ed by the T, resonance. Since the populations of
both states are considerably less than that of the
ground 'Z', saturation of the ionization yield of
the multiphoton processes could be expected at
considerably lower laser intensities. This is
clearly found to be the case. Figures 4(a) and 4(b)
present the data obtained from examination of the

imposed by the 6-mm etalon and seen in the lower
trace of Fig. 3. The lowest-energy E level which
could be excited was 8F which corresponds to a
long-wavelength limit for the threshold for produc-
tion of 5'D atoms of at least 6628.66 A.

Tabulation and correction of the data of Figs. 3
was used to derive effective principal quantum
numbers, n*, for the F states. Averaging to im-
prove experimental statistics yielded an average
limiting quantum defect for the F states of

&s s*-& =O O88..
Also of interest is the average value of the doublet
separation derived for the two series to the 5'D, ~,
and 5'D, &, levels. From this was determined an
experimentally averaged level splitting for the 5D
level of

ion-current yield in the two cases as a function of
the laser intensity. Intensity ranges, while not
standardized absolutely, are similar in the two
figures.

Figure 4(a) records the ion yield at 5988 Acorre-
sponding to the T, resonance for the transition
5'D, &,-31'F,&, », . A clear second-order depen-
dence is seen for the line intensity as indicated at
lower intensities and almost complete saturation
at the highest intensity. Analogous data for the
background ion current obtained from limits of the
continuum lying immediately adjacent to the sides

20-
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FIG. 4. Photoionization current less dark current as

a function of laser intensity; (a) e, ion signals corre-
sponding to the peak of the 5 D&~2-31 5'&y2, ~~2 line at
5988 A; 0, ion signals corresponding to the limits of the
continuum lying i~mediately adjacent to the sides of the
5988-A. line. (b) ion signal corresponding to the (19,12)
v", v' component of the X C transition at 6440.2 L for
bvo-photon ionization of Csi.
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of the line are presented in Fig. 4(a) and are seen
to have the same dependence as the resonance line.
This could be expected to occur from a blurring of
the resonance as a result of variation in 8, in Eqs.
(2b) and (5) during the transition from the inter-
mediate state.

Figure 4(b) presents for comparison the ionization
yield as a function of laser intensity which was re-
ported previously, ' for the (19, 12) component of
the T, resonance at 6440.2 A for two-photon ioniza-
tion of the component of the bound 'Z' population
having v" =19. No evidence of saturation is seen
and the dependence is clearly quadratic as would
be expected from the relatively larger population
of that initial state.

The Most probable excitation sequence appears
to include absorption first through a T, resonance
to a dm or do intermediate state from either or
both of the 'Z,'(v-~) or 'Z„' collision states ac-
cording to

Csf*('Z„') +hv - Csg*(dw 'll, ),
Cs,**('Z')+hv -Cs~*gv 'll„),

(6a)

(6b)

Csf*gs)- Cs(5'D) + Cs,

by absorption of a second photon

Cs(5 D)+hv Cs(s E). (6)

Subsequent detection could be expected through
an ionizing step which at lower laser intensities
need not occur during the 10 '-sec period of illu-
mination. The ionizing step can be either

Cs (n'E) + Cs -Cs', +e

where the double asterisk indicates a continuum
state. In the first case, ds(II, ) is preferred over
d&(Z ) by analogy with the p terms for which II
lies above Z, the latter having little repulsive
character at the large internuclear separation
characteristic of so('Z+). However, for the d
states the dispersion forces are nonresonant,
hence of a 8 ' nature, and at the large R may not
provide the span of energies over which the double
resonance was observed, particularly for the
do(Z ) state, presumed attractive. In the second
case, dvg„) is preferred over dc(Z„) for the same
reasons, although the much smaller characteristic
A makes this preference doubtful. Since the
dn ('ll„) is most probably the bound C state suggest-
ed by Kusch and Hessel, ' to dissociate to a 5D at-
om, the transition must occur for the smallest
8's corresponding to turning points in the 'Z' state
to give population of dv('ll„) lying above the disso-
ciation limit.

The second excitation step should occur from the
T, resonance following dissociation of the inter-
mediate state,

or

Cs (n'E) + Cs -Cs' + Cs (9b)

According to Lee and Mahan'0 associative ioniza-
tion by reaction (Qa) is the dominant reaction chan-
nel for ionization of P states having n &12, while
(9b) becomes of primary importance for n & 12.
While the analogous determination of ionization
products resulting from I" states has not been
made, it appears probable that their reactions
would be similar to those of P states of compara-
ble energy. In the case of the spectra observed in
this work and presented in Fig. 3, only transition
to high levels with n & 12 were examined in detail
which implies ionization occux red primarily ac-
cordlllg 'to (Qb).

In the case of this excitation sequence, it could
be reasonably expected that there would be evi-
dence of a superimposed amplitude modulation of
the components of the fundamental series as a
function of wavel4. ngth resulting froxn the more
slowly varying T, resonance for reactions (6a) and
(6b). Such variations are in fact seen in the data
of Figs. 3 as an envelope to the Rydberg-like spec-
trum of the fundamental series.

These results suggest the use of two synchro-
nized excitation sources of different wavelength in
which one remains fixed to detect the dissociation
products through the T, resonances from step (6).
The other would be varied in wavelength to probe
the structure of the repulsive parts of the states
excited by the T, resonances according to Eqs.
(6a) and (6b).

B. Resonances from diffuse series, 6 P, /2 3/2 n D

As inferred in Sec. II, in addition to structure
in the photoionization spectrum corresponding to
the fundamental series, parts of the diffuse series
were obtained. Of particular interest was the much
higher photon energy required to excite lines from
the O'Z, /, level than for the 6'&3/, .

Three features were observed. The strongest
were components corxesponding to the n =8-10
members of the O'P, /, -n'D, /, ,/, doublet of the
diffuse series, substantially split and broadened
as typified by the O'Ps/2 9 D3/2 5/2 structure at
5847 A shown in Fig. 5. Of secondary importance
were higher members of the same series to n =32,
not noticeably broadened. The third type of feature
comprised members of the 6 P», -n'D, /, part of
the diffuse series, but only for n ~ 10. Components
for n = 7-9 could have been expected in spectral
regions relatively unobscured by other structure,
but were not observed for any of the lasex intensi-
ties available to this experiment. The nonoccur-
rence of transitions from the 6'P», level at lon-
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FIG. 5. Direct recording
of the detected ion current
(upper curve), and input
laser intensity gower
curve), as functions of
wavelength for the 2-A,
interval containing the
6 E'3g2 ~ 92D3y2 transition
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tion (right-hand-side curve) .
Amplifier gain differs for
the two traces.
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ger wavelength is the most unequivocal indication
that no significant component of intermediate-state
popule, tion of atomic cesium results froxn process-
es other than photon absorption.

Both of the last two classes of excitations ap-
peared first at long-wavelength limits below 5600
A, approximately the limit shown in Table I for
the excitation of dissociative d terms from either
of the two ground collision states. This strongly
suggests that at wavelengths below 5600 A excita-
tion of atomic n'P states occurs primarily as a
consequence of higher-order effects involving ex-
citation and predissociation into p terms of states
resulting originally from d terms. That the nec-
essary potential crossings occur is made probable
by the resonant nature of the dispersion forces for
p terms giving a long-. range 8 3 dependence and
nonresonant forces for d terms with a R ' depen-
dence. As a consequence of the large polarizabili-
ty for P states, the repulsive energy expected for
pupil~) and popZ„) terms becomes large even at
relatively large internuclear separations, while
the d terms could be expected to remain relatively
flat.

Excitation of the broadened n =8-10 members of
the diffuse series from O'P, &, and the absence of
components from O'P, g, at energies below 5600 A
is in agreement with general features expected for
the molecular states illustrated in Fig. 1. As dis-
cussed in Sec. II, the paucity of states resulting
from O'P, ~, + 6 S»„ together with selection rules,
and the strongly attractive nature expected for
po'pZ~ ), make it most unlikely that T, resonances
can occur for direct excitation to p terms leading
to 6'P», atoms from any of the possible initial
populations with wavelengths in the visible region.

Conversely, the pv pII, ) states with 0 = 2, 1, and 0
are expected" to be strongly repulsive at large
internuclear separations and dissociate to 6 P3~,
atoms offering T, resonances corresponding to

Csf*pZ„') +Itv -Cs,**(pv'IIi)- Cs*(6'P,~,) + Cs .
(10a)

At smaller internuclear separations excitation of
the so('Z~) populations could occur through the
'Z„' level as illustrated by the arrow marked (2)
in Fig. 1,

Csf+('Z,') +Itv -Cs2~'(pc'Z„') -Cs'(O'P, g, ) +Cs,

(10b)

or through the pv('ll„) bound state to energies above
the potential barrier to dissociation. ' For proper-
ly resonant photons, either process could lead to
T, resonances corresponding to O'P, ],-n'D, g, ,g,
for n =8, 9, or 10. Qualitatively the pronounced
broadening of the resulting resonances seen in the
O'P, ~2 9'Ds~, and 69',~,» 92D,~, components
shown in Fig. 5 are in agreement with the substan-
tial kinetic energy which should be possessed by
the dissociation fragments of a directly excited
II~ state. However, the interpretation of the

splitting of these lines is more equivocal. That it
should occur primarily for directly excited p
terms, and not for the d terms giving the funda-
mental series, suggests the importance of the long-
range resonant dispersion forces occurring be-
tween & and S atoms. It can be further expected
that these splittings are related to the molecular
satellites reported" "for absorption lines of the
principal series (O'8 n'P) and in some manner
reflect the fact that for these states the T, reso-
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nance does not occur principally at values of R so
large that dispersion forces are negligible. Wheth-
er the distinct components seen in Fig. 5 represent
transitions from different p terms at large enough
R to give splitting of the order of only 1 cm ', or
whether the splitting results from transitions to
different d terms at some smaller R cannot yet be
resolved. In the latter case the dissociation
through some attractive p term would need to be
stabilized by either a collision or a substantial
centrifugal barrier, and the relative infrequency
of the former during the laser pulse would require
the initial excitation occur from the more populous
lower v of the bound 'Z,' state. Should this be the
case, the relative number of components split from
the 6'P, /, -9'D, /, and 6'Ps/2 D5/2 line»»n
general agreement with the number of transitions
to the different d terms resulting from D, /, and

D5/2.
Examinations of the intensity dependences in

these cases does not tend to distinguish between
possibilities, rather indicating considerable com-
plexities resulting from further intensity-depen-
dent shifting and broadening of the split compon-
ents, presumably by the high fields at the laser
focus.

Further clarification of the excitation of the p
terms will apparently depend upon independent var-
iation of the wavelengths of the two photons in-
volved, as discussed above. Such a system could
be implemented with synchronous dye lasers and
would serve to support a more detailed molecular
photodissociation spectroscopy with direct identi-
fication of the dissociation products. The viability
of such a technique is strongly indicated by the re-
sults of this work which substantiates the occur-
rence and importance of multiphoton excitation
through potentially resonant continuum molecular
states.
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