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An optical—optical double-resonance study of the Rydberg states of O 2.
Il. The np and nf (ungerade) states excited via single-rotational
levels of the b'X7, valence state

A. Marica Sjodin,? Trevor Ridley,” Kenneth P. Lawley, and Robert J. Donovan
School of Chemistry, The University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ, Scotland,
United Kingdom

(Received 4 November 2002; accepted 21 February 2003

The np(n=3-10) andnf(n=4-9) Rydberg states of Oconverging on Q*Xzﬂl,zg and
X21'13,2g have been studied between 75000 and 99900 cosing optical—optical double
resonance with multiphoton ionization. Three-photon excitation from single rotational levels of the
initially excited b 1259 valence state was used to access these states){Téimtes show a strong
tendency toward$(),w) coupling for all values ofn, whereas thenp states appear to be best
described by A ,S) coupling forn=8. The intensities of some of thd bands are anomalously high
due to accidental resonances with thsad%ll'llg Rydberg state at the two-photon level. ZD03
American Institute of Physics[DOI: 10.1063/1.1566949

I. INTRODUCTION actions should diminish asincreases, at the same time the
energy levels will become closer together, leading to a con-
In a companion papérwe report the use of optical- gested spectrum where single rovibronic bands will be hard
optical double resonance with resonance enhanced multiphgy distinguish from an apparent continuum of blended bands.
ton ionization(OODR/REMP) to excitegerade nsandnd To simplify the spectrum in this energy region we have
Rydberg states of ©Ousing two-photon excitation from ysed(1+[(3')+1']) OODR/REMPI spectroscopy. This mul-
single rotational levels of the metastableX o, valence state  tiphoton excitation scheme has several advantages over
in a (1+[(2')+1']) excitation pathwaythe OODR notation  single-photon excitation. Using three photons removes the
has been described previoustyWe now apply the same need to generate the high-energy vacuum ultraviolet photons
technique to excitengerade npandnf Rydberg states using  required to excite, in a single-photon transition, tingierade
three-photon excitation from single rotational levels of theRydberg states that lie at energies above 75000 cMul-
b '3 state in a(1+[(3")+1']) excitation pathway.+ tiphoton excitation also allows access to higher-angular-
Reachingungeradestates from thegerade b'Sq State  momentum states that cannot be reached by single-photon
requires an odd number of photons. A few, short, vibrationaansitions. Furthermore, since the OODR/REMPI spectrum
progressions ofip Rydberg states have been identified forig recorded via a single intermediate rotational level, only a
n=3-4 n a range of one-p[]ot+on absqugtlon experimentse,y rotational levels of the Rydberg states can appear in the
from theX %, , a“Azg, andb 320_ statel§3 andin(3+1)  fina) spectrum, resulting in a less congested spectrum com-
REMPI experiments from th¥ °%; state.” By photolyzing  pareq with absorption spectroscopy from thdA,, or
O3, Collins et al'® were able to prepare Qn the a A, blS: states, populated through photolysis of Or dis-
state, virtually in the absence of the’X, state, and hence chargge excitation of © where a large number of rovibra-
were able to observep series up tm=10. In addition, they o |evels of the initial state are populated.
also tentatively identified somef series wheren=4-9. While the advantage of rotational selection for investi-

However, these bands were generally broad and in Som&ating the Rydberg states is clear, the two-color, multiphoton
cases probably represent unresolved components based 94y’ ais allows for other excitation schemes which can

the two spin—orbit components of the core. One-photon tran(:omplicate the spectrum. For example, the 33, v=1

" 3y — _
S'lt'O”E from thex e%09 St:te_t(ﬁ =0 of the_4; cohmplex have o6l is detected through three different excitation schemes:
also been reportef, and eight states with sharp structure o, —51690em through (1+[(3)+1'], at vpape

Wer%:m?“ona”y a”?'{lzed' b g, —25960cm through (1+[(2'+1)+17), both via the
e lown part of the Q spectrum has been much stud- biSs, State, and abyge26050cm * through (3 +1'),

ied, but it has been difficult to interpret because of strong,. 3w o .
Rydberg—valence interactions which predissociate and shi irectly from theX .29 state. Thus the thre(_a—photon signal
thy | 9 Rvdb tate S \While th pﬁ s of hint om the states of interest may be affected in many ways. It
€ lowh Rydberg states. tie the efiects of Such INter- -an be concealed by competing resonances, enhanced by an
additional resonance at the one- or two-photon levels, or di-
dAlso at Department of Physics, Section of Atomic and Molecular Physics,minished by ground-state depletion_ In this last process, the
Roy"’l‘('h”l‘smme 3f Technology, KTH Roslagstullsbacken 21, $-106 91,,55ation of the ground-state rotational level from which
Stockholm, Sweden. .
YAuthor to whom correspondence should be addressed. F#4-131- the OODR pathway begins can be depleted by a more favor-

6506453. Electronic mail: tr01@holyrood.ed.ac.uk able excitation involving the probe laser alone. Examples of

0021-9606/2003/118(19)/8791/6/$20.00 8791 © 2003 American Institute of Physics
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this ground-state depletion are described in Sec. Il E. S L
A further disadvantage of the technique is that the peaks
are power broadened as a consequence of the high-power L g
densities that are required to excite a nonresonant three-
photon transition. Previous work with our experimental ar-
rangement has demonstrated that the observed maximum of
a signal is shifted towards higher energy as the power broad-
ening increases. Comparisons with the knowp 335,
state band positioh%indicate that our results overestimate * |l
the energy by up to 10 cit even after calibration. Thus all il Mﬁ 1 ]
of the transition energies quoted here are subject to a similar | 3prs - ! - | |
offset. =0 1 2 3 4
In a companion papérexperimental results showed that 26000 78000 80000 82000 84000 86000
the 3s and 3 states are best described by,E) coupling,
while (Q,w) coupling becomes more appropriate msn-
creases. Those results also highlighted two criteria that werglG. 1. OODR/REMPI spectrum af=0-4 of the Q 3p f 'Z4, Rydberg
crucial for the observation of stron@+1) REMPI signals State excited in a1+[(3)+1']) scheme viab ‘5, (v=0, J=0). The
from the essentially singlét '3 g, state. First, strong transi- roader featuretstarred arev =02 of the 31 Rydberg-state cluster seen
tions are observed to states which are singlet in theSjf via (4"+1) excitation of theX "2 state.
coupling scheme or are linear combinations of equal weights

of singlet- and triplet-spin states in thé,w) coupling  (e.g.,SandT branch lines Hence term values for the ob-
scheme(the remaining states being pure triplets in thisserved Rydberg states could not be obtained. The data pre-
schemé Second, it was shown that strong transitions aresented are therefore, strictly, transition energies.

only observed to states which are not predissociated. This

was exemplified by the gtand 5 states where only very Ill. RESULTS AND DISCUSSION

weak transitions were observed to the former, which are pre-~

dissociated with a linewidth of~6 cm !, whereas strong A. Overview

transitions were observed to the latter, which have linewidths Figure 1 shows thé1+[(3')+1']) OODR/REMPI spec-

of <2 cm L. The same criteria \ivill+be used to interpret thetrum over the range 75000—86 000 chin this spectrum,
(3+1) REMPI spectra from thé "2 o4 state recorded in the 54 41 of those shown in this work, the intermediate state
present study. b, (v=0, J=0) is optically pumped from the ground
state. The spectrum is dominated by the well-kntwri2
Il EXPERIMENT vibrational progression of thepsf 1_2§u state. In this pro-
gression, each vibronic barjdull width at half maximum
The pump and probe photons were produced by two in{FWHM) ~30 cm 1] is comprised of unresolveR and T
dependently tunable dye lasétsambda Physik FL 3002 and branches which are separated by 17 énbut are blended as
Lambda Physik FL 2002pumped by a XeCl excimer laser a result of power broadening. Previous VUV absorption stud-
(Lambda Physik EMG201MSIC The (0,00 band of theb ies have shown that these bands have well-resolved rota-
—X transition, at 13118.0 cit, was pumped using R700. tional structure with sharp lines.
The probe photons for the+[3'+1']) scheme were gener- The v=0 bands of the other two singletp3Rydberg
ated using the dyes DMQ, QUI, DPS, S3, and C47 to covestates in (\,S) coupling, 3 I1,, and P e'A,, states, are
the region 345—-485 nm. The counterpropagating pump andnly seen very weakly in the spectrum shown in Fig. 1. The
probe laser beams were focused to an overlapping pointina=1 level of the $ e!A,, state is hidden by one of the
differentially pumped ionization chamber using lenses of fo-broader features which result from one-color four-photon
cal length 6 cm and intersected, at 90°, the pulsed moleculdransitions from the ground state to=0, 1, and 2 of the
beam generated using a backing pressure of 600 Torr,of O 3d-state clustet’"18
The resulting ions were ejected into a linear time-of-fight ~ The OODR/REMPI spectrum recorded by scanning
mass spectrometer, and the ion current from the microchans,pe between 24500 and 29 100 chis shown in Fig. 2.
nel plate detector was processed by a boxcar integrator anthe spectrum in Fig. 2 is shown in expanded form and res-
stored on a PC. caled to give thé¢1+3') four-photon energy, in Figs. 3 and 4.
The wavelength of the probe laser was calibrated by siAs Fig. 4 is a composite of two spectra, neither of which is
multaneously recording the neon optogalvanic spectrumpower normalized, only a broad overview of the relative in-
However, the main source of error in the measurements waensities of the peaks can be obtained.
the power broadening, discussed above, which results in the The bands shown in Fig. 2 are observed via several dif-
quoted experimental transition energies being up to 10'cm ferent excitation pathways. Most of the broad signals are
higher than the true values. caused by (3'+1') transitions from theX32; ground
With the possible exception af=0, 1, and 2 of the #  state to $ Rydberg state§’ The 3p f13,,, vibrational pro-
states, the observed vibronic bands could not be fully rotagression is seen strongly in this/,ne region via
tionally resolved and may be blends of two or three lines(1+[(2’+1)+1']) transitions, in which one pump and two

3p'I

u

2

O_* lon Signal A.U.

Total photon energy (1+3') / cm-1
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3piz * | I y=g | I 2 | r .
¢ 3sd'm {
L x 9% * np, v'=
T =5 b 7 ls o 10 ]
. ot f =g I T 5 T .
2 f - np, v'=1 ! ‘ i
< 2
© or ]
5 t * . @ L .
(7] 5 U
c * -}
< ARuty )
+ r O -
f, v'= . ) | L
ON * i LJ [ ”o=4l nf, v'=11 5‘ J | 73 9: 1 Ll
* n=4 nf, v'=2 5 6 7
i U L_ L =4 5 1) .
5 " 1 1 n 1 n n P T N
S  I—
ol . L Y 91000 93000 95000 97000
R — - L - Total photon energy (1+3') fcm-1
25000 26000 27000 28000 29000
Probe energy / cm-1 FIG. 4. OODR/REMPI spectrum of Obetween 90 100 and 98 000 tin
excited viab 1239 (v=0, J=0). The energy scale corresponds(1e-3')
FIG. 2. OODR/REMPI spectrum of £ over the range vpove  excitation. The ionization energies 0bOX ?ITy;, andX Il at 97 348

=24 400-29 000 cm. The energy scale shows probe photon energy ratherang 97 548 cm?, respectively, are arrowed.
than total energy in order to illustrate the occurrence of different excitation

schemes. The 3d 1Hlg (v=0-2) bands are seen via @+[(2")+2'])
scheme, the g f 134, (v=0,1,3,4) bands via 1+[(2'+1)+1']) scheme
and the 5 states via a1+[(3')+1']) scheme, all excited vid 'S4, (v
=0,J=0). Various  Rydberg stategstarred are observed via 68’ +1')
scheme from theX 33 state. The 8 C3Il, (v=2) band(+) is seen via
(1+[(2')+2']) ionization.

verges. IEs for @ X?I1;, and X ?I13,, of 97348 and
97548 cm}, respectively, were used?! 5 was found to be
0.73+0.07 and 0.0%0.04 for thenp andnf states, respec-
tively. These agree closely with the values of Q0706
and 0.0£0.01 for thenp and nf states of atomic oxygen,
rqespectively.

The transition energies for the observeg andnf Ry-
dberg state vibronic levels and the effective quantum num-
bers of their electronic origins are presented in Table I. It can

probe photons coherently excite a three-photon transitio
from theb '3, state. Thev=0 levels of the § 'II,, and
3pelA,, states, indicated in Fig. 3, are observed very

weakly by the same excitation route. Thes0—2 levels of . . .
y be seen that thap's, series, withn=3-10, converging

the 3 d'I1,, staté® are observed vigl+[(2')+2']) transi- [esS, W

tions. Most gof the remaining bands have been assigned 3" Q" X *Mgg has bee_n |dent|f|ed_. The_f Ry(_JIberg state
(1+[(3')+1']) Rydberg resonances and are discussed below,USté's, fom=4-9, which appear in pairs with a spacing
Severalnp andnf states are assigned. These were iden-Of N ~§00 cm-, correspondlng tq , the splitting  of
tified mainly on the basis of their effective quantum number®2 X 111232, have also been identified.

n*=(n—J), as calculated from the Rydberg equation
T([QIn))=1E(Q¢)—R/[n—8(1)]%,

where T([Q.]nl) is the term value of the electronic state
origin, R is the Rydberg constartl09735.5 crﬁl),.and _ previously.v=0—4 of the sharp g 13, state have been
IE(Q).) is the ionization energy of the relevant spin—orbit goan via a strong one-photon transitions from HiS
component of théHg ion to which the Rydberg series con- ¢i41612 The 3 T, 0=0 level around 75170 cnt hags

. u

been seen via strong one-photon transitions fromaIP’IA29

B. np states

The three singlet 8 Rydberg states inX,S) coupling,
3p i35, 3p iy, and P e’A,,, have all been observed

02+ lon Signal / A.U.

1
4p 2u+

4p1nu

v'=0

88000

90000

andb '3, states®**The 3p e*A,,v=0 and 1 levels have
been seen via strong one-photon transitions frorml?‘ng
state!®!2 around 75390 and 77230 c¢thand via weak
three-photon transitions from th& %% state}® around
75400 and 77200 ciht. In previous studies, both the
3pl,, and P elA,, states were seen as diffuse bands,
showing that they are predissociated. The0 bands of the
3pl,, and P elA,, states are only seen very weakly in
the spectrum shown in Fig. 1. The observation that these
states are predissociated explains, at least in part, why they
are seen so weakly here.

Thev=0 and 1 bands of thep}j '3, state have been
seen via strong, rotationally sharp, one-photon transitions
from the b*S(, state’® Although a strong transition to

Total photon energy (1+3') / cm! v=1 of the 4p J 13, state can be seen in Fig. 3, the-0

band is absent. This will be discussed further in Sec. Il E.
The other two singlet @ Rydberg states,
4p h1,,(87121cm?) and 4 i *A,, (87128 cm't) have

FIG. 3. OODR/REMPI spectrum of Obetween 86 100 and 91 400 ¢
excited viab 1239 (v=0,J=0). The energy scale corresponds(1a-3’)
excitation. The P states are seen kit+[(2’'+1)+1']) ionization.
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TABLE |. Experimental transition energies, in ¢ for thosenp (n=5-10) anchf (n=4-9) Rydberg states
of O, observed in thg¢1+[(3')+1']) OODR/REMPI spectrum and literature values for thopeaBd 4p states
which are also observed in the present study. The effective quantum nunibesesre calculated using ioniza-
tion energies of @ X ?I1,,; andX ?I1,, of 97 348 and 97 548 citt, respectivelyRefs. 20 and 21 See text
for discussion of the # cluster. For each core state, the valuesrfdrstates withn=4 refer to unresolved

components.
0.=1/2 v
nl n* 0 1 2 3
4f 3.98 90430 92318 94172
4f 3.99 90454 92347 94185
4f 4.00 90470 92368 94201 96002
5f 4.99 92943 94839 96676
6f 5.97 94313 96197
7f 7.03 95131 96996
8f 8.06 95659 97528
of 9.02 96002
0.=3/2 v
nl n* 0 1 2 3 4
3p Iy, 2.21 75170
3ptA,, 2.23 75390
3p g, 2.27 76263.9 78153.0 80001.8 81824.1 83600.8
4p M4, 3.24 87121
4p1sg, 3.28 87370.6 89264.5
4f 3.99 90635 92512 94374
4f 3.99 90655 92548 94384
4f 4.00 90667 92564 94403 96199
5p 34, 4.25 91474
5f 5.00 93160 95031 96873
6p 124, 95518
6f 6.01 94509 96392
7p s, 6.32 94799 96655
7f 7.03 95325 97194
8p 1%, 7.31 95496 97345
8f 7.92 95800
9p 134, 8.34 95971
of 9.01 96197
10p 12, 9.26 96269

4 iterature(Ref. 12 transition energy.
bLiterature(Ref. 10 transition energy.
‘Literature(Ref. 12 term values ford’ =0.
dLiterature(Ref. 6 transition energy.

both been observed following one-photon transitions fromknown thatn=3 and 4 of the’S ;, series undergo avoided
the X33 staté and thea’A,, state’” respectively. The crossings with theB 33, valence stat8.This very strong
4p h'1,, Rydberg state has been shéwto contain only interaction[~4000 and 2000 cit for n=3 and 4, respec-
one unpredissociated rotational leviet 1, while the sharp-  tively (Ref. 16] dominates any spin—orbit coupling with the
ness of the pi'A,, state was not specified. The narrow 3¢ Rydberg state(~200 cm®). The strength of the
peak observed at 87 121 Cthin Fig. 3 is probably due to a Rydberg—valence interaction will continue to decrease as

.y _ . l
}_r'ansmon to UtHO’bJ_'l (f)fthth?, 4h r,[t%u Rydtberg ,ftat?' increases. If the tentative assignment that g, series
OWever, on the basis of the finé position, a ransitiowto ..o megs observable for=8 is correct, this implies that

=0 of the 4p i 'A,, state cannot be discounted. . . lina h . for th
Thew =0 levels of thenp S series are identified up to spin—orbit coupling has become dominant for these states.
ou Thev =14, 15, and 19 vibrational levels of tHé '3,

n=10. Weak bands are observed-a225 cm * o low en- valence state with origins at 88 313.7, 88 631.0, and 88 975.4
ergy of then=8-10 members of this series. These may be’ ™ =) 9 h " '

due to thenp33, series to which thep!Sy, series is cm -, respgctively, have begn pre_viously observed, in 'Fhe
coupled by spin—orbit interaction. However, such an assign€nergy region covered by Fig. 3, in one-photon absorption
ment must remain tentative. experiments from theX ®S | state?® Two weak bands at

Clearly, the core—Rydberg coupling of te states is 88304 and 88604 cnt are now seen in the region of the
very different from that in thexs andnd states. The strong v =14 and 15 levels in the spectrum in Fig. 3. However, it
series'>§, in (A,S) coupling can mix with theé>, series  seems very unlikely that these two weak bands can be as-
as a result of spin—orbit coupling in the core. However, it issigned as ther=14 and 15 levels of thé’ 13, valence
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state since they are observedl@wer energies than the lit-

erature valuegpower broadening would move the bands to
higher energy. Therefore these two bands, along with a third

at 89183 cm?, remain unassigned.

C. nf states

The nf Rydberg state clusters, for=4-9, which ap-
pear in pairs with a spacing 6f200 cm %, corresponding to
the splitting of Q* X2H1,2,3,;g, have been identified. This
suggests that thef states, even for the lowest=4 cluster,
can be effectively described W¥),w) coupling and are pre-

sented accordingly in Table I. The current assignments call

into question the previous identificattdnof some broad-

bands seen in the one-photon absorption spectra from the

a'A,, state as highenf states.

In these assignments we have only specified ngy,
andlgy. The different possible orientations of theorbital
with respect to the coré.e., Agy) will result in a cluster of
states that can each be further characterized Ky walue. If

spin is to be conserved, only transitions from the singlet

b '3, state to states that, {),) coupling, are linear com-

binations of singlet- and triplet-spin states will be allowed.

The 4 possible configurations o?[([g)nf)\Ry will produce
16 such states, 8 for ea€ly, (see Table | of Ref. 1 Three-
photon transitions from thée 1239 state to 12 of these are
allowed, 6 for eaclf). (transitions to the 0 andI states are
still forbidden.

In an attempt to identify different components of the 4

cluster, the 4 (v=0, 1, and 2 bands were recorded under

Rydberg states of O,: Part Il 8795
2 2
() (I, ) (r1,)
v'=0 ‘\"
ki
(W'\, A il b
AN B
) 5 \M‘ﬂ h ‘a/"_ ) \'\ "A ‘; !
rAhﬁ“‘.f‘«‘ﬁ\/\w.v/‘m“/“m ”M i ,‘) t o H\vﬂ
v R k‘“ '/\W’W’J i w"l,,,wlf" /Mu“v"‘\“‘»wf""\wvw y,
90300 90500 90700 90900
0! et
= ﬁ r‘
< { ‘\
= I n *
p I Wt
5 i il
(2 - 1‘\\‘\}”\»1 HH ‘i“‘\v B
woiape W WA I " .
+2N Aot W , Moy oo S
(@)
| 92100 92300 92500 92700 _
© v'=2
|
|
| W
' b
b i
iy “‘LW’A\,;‘UM‘/\ 1‘ ‘M\ \A\
““MA’“"”VVM.WW A MVJ“\PVW" / M/‘MWJ MWW\(m
|
94000 94200 94400 94600

Total photon energy (1+3') /cm-?

FIG. 5. Higher-resolution spectra of the lowest vibrational levels of the 4
Rydberg states of © (a) v=0, (b) v=1, (c) v=2. The broad structure
below @l1y,,)4f (v=0) is a one-color signal.

higher resolution using a lower probe laser power and a . _
slower scan speed. In the resultant spectra, shown in Fig. 9f SandT branches sincd must be=(). If the experimental

the linewidth is reduced te-10 cm ! and many more peaks

linewidth is 10 cm%, then the branches will not be resolved

are observed. For instance, the two bands near 92400 afid €ither case. The unresolved branches will produce a single

92600 cm?, shown in Fig. 4 and assigned to

peak which is much broader than any observed in Fig).5

=1 (2H1/2g)4f and (2H3/2,g)4f! respective|y’ are now seen This appears to confirm that the twof h3H1u and two

to consist of at least three peaks in Figb)s
Using the relative intensities of thep3states, shown in

4f 137, coupled pairs are not seen strongly.
The transitions to thé*®, coupled pair of states from

the spectrum in Fig. 1, an attempt can be made to predid® =gy (v=0, J=0) should only consist of a branch.
which 4f states will be observed. Thus it might be expectedlhus the lowest-energy peak in each of the triads observed in

that the 4 '3.5,/33 5, coupled pair will be observed strongly,
whereas the two #3[1,, and two 4 *3A,, coupled pairs
will only be observed very weakly. As thef 43® 5, coupled
pair has no equivalentBstateqthey involve thef § orbital),
its intensity cannot be predicted.

Transitions to the #'3./33, coupled pair of states
from b'Xg, (v=0, J=0) should consist ofR and T
branches separated by 17 thassuming a typicaB value

Fig. 5 can be tentatively assigned to a transition to'thi,,,
coupled pair of states. A further peak, for which we have no
assignment, is observed between the triplets in the spectra of
thev=0 andv=2 levels, but not in that of the=1 level.
One-photon transitions from thé32; state to eight ro-
tationally sharp states of thef4=0 complex have been
reported:* Because of the experimental uncertainties, it is
not possible to determine which, if any, of these eight states

of 1.7 Cm_l_ The Separa’[ion of the two highest-energy peak@.re observed in the present eXperimentS. Thus, although the

in each triad in Fig. &) is equal to this value to within the

present assignments of peaks to different components of the

experimental uncertainties. Furthermore, the observed sep&f cluster are consistent with the experimental observations,

rations of the equivalent peaks in the=0 and 2 spectra in
Figs. 5a) and Fc) are not significantly different. Thus the

they are still speculative. Indeed, it may not be possible to
associate the observed features with any specific electronic

two highest-energy peaks in each triad are tentatively assubstates.

signed toR and T branches of transitions to the 43, /%3 o,
coupled pair of states.

Transitions to the two #°1,, coupled pairs from
b 1239 (v=0, J=0) should consist oR, S, andT branches
while those to the two #13A,, coupled pairs should consist

D. Signal enhancement by the 3 sd 1H19
Rydberg state

It can be seen from Fig. 2 that tlke=0 and 3 bands of
the 5f series, particularly those converging on the lower en-

Downloaded 05 Sep 2013 to 129.215.222.127. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jcp.aip.org/about/rights_and_permissions



8796 J. Chem. Phys., Vol. 118, No. 19, 15 May 2003 Sjodin et al.

ergy Oy X ?Il,5,, have considerably higher intensity than ries (n=3-10) converging orX ?I35 has also been ob-
the othemf peaks. These two intense peaks coincide, at theéerved({),») coupling appears to describe thé states most
two-photon level, withy =0 and 2 of the 8 d'I1,4 Rydberg ~ accurately, but only becomes dominant, if at all, for8
state, respectivef{’ The simultaneous two- and three-photon members of thenp series. The signal from thef4Rydberg
resonances produce a more intense and complex signal thatates can be resolved into several bands. It is suggested that,
either transition would be expected to do on its own. Byby analogy with thenp series where théll,, and ‘A,
contrasty =1 of the 3 d'Il,, state appears with only me- states are missing, transitions to tHgy,/°%q, and >,
dium intensity as its signal is not resonantly enhanced at theoupled pairs of states are observed.
three-photon level. No assignment has been made for the Thev=0 and 3 bands of thefSseries have considerably
band with medium intensity at 95380 cth which also ap- higher intensity than the otherf peaks as a result of acci-
pears to be involved in some form of accidental resonancedental resonances at the two-photon level withO and 2 of
The broad band around,,pe=28 200 cm?lis due to the 3 dll'[lg Rydberg state. In contrast, some OODR tran-
v=2 of the & C3Hg Rydberg state seen W +[(2')+2'])  sitions are not observed at all due to depletion of the initial
ionization. TheQ =1 component is observed due to spin— rotational level in the excitation pathway by probe-laser-only
orbit interaction (-98%°3I1,4,2%"I1,;) with the two-  transitions.
photon spin-allowed §d11'llg state. A two-photon transition
to the same vibronic level from the singlat'A,, state has ACKNOWLEDGMENTS

also been reporte%f. The authors would like to thank Professor M. L. Ginter
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