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ABSTRACT

In diserete-continuum resonance CARS processes in I; irregular patferns
of resolved rotational lines are observed which may be attributed to acci-
dental enhancement by the pump wave. At increasing laser intensitics
however, satelilite lines tend 1o grow in, developing into rotahanal hand
structures with same similarity to convential non-resonance CARS spec-
Lr.

1. Introduction

Electronic resonance enhancement of Coherent Anti-stokes Raman Scattering (CARS)
was sct on a thorough theoretical foundation in detmled papers b%f the ONERA-gmupI‘
though expressions for the third-order nonlinear susceptibility x ) were derived for all POSSi-
ble cases of electronic enhancement, experimental evidence was restricted 1o examples with
pump and anti-Stokes wave in resonance with bound-bound transnmns in the Bq‘l'l"'uﬂ-x E"
system of Ly discrete resonance CARS. The group of Kiefer™* focused on the effects of clcc—
tronic enhancement by continuum states. These continuum resonance CARS processes were
agaln observed in the prototype molecule for these kinds of studies: melecular iodine, Dimoy
et presented evidence for a combination of pump-wave electronic enhancement by a
bound-bound transition and anti- Stokes electronic enhancement by continuum states in Iy. Re-
cently the latter dlqcre[e continuum resonance CARS process was reinvestigated in detail by
the present authors®. Tt was shown that the pump-wave crhancement acts as a mechanism for
selecting particular rotational states to be probed in this form of resenance CARS. As in all
resonance CARS processes strong Raman overtones are observed, the ml;enf-;mes af which are
governed by Franck-Condon overlap integrals. In the previous ll't\-'B‘i[lg'ltlDﬂ peculiar asym-
metrically broadened speciral features were observed in the resonance CARS spectra. These
features are the subject of the present higher resolution study. They are identified as rotational-
ly resolved Raman Hines enhanced by transitions in the medium, slightly detuned from the
pump frequency.

2. Experimentat observations

The experiments were performed in a standard two-color CARS-setup w:th a cohinear ge-
ometry for the incident beams. The frequency of the pump (0 =18788.30 cm’ 1y was obtained
from an injection seeded Nd-YAD laser and has an extrc:meii,r narrow bandwidth {Aw =0.003
cm l) The width of the tunable Stnkes iaser (Aw,=0.07 cm”') was improved by a factor of
tour to the previous mvesngatmn . The incident waves were focused (=25 cm) in a cell with
pure I, at room-temperature vapour pressure (0.3 torr). The generated blue anti-Stokes wave
at frequency wy=2w; -ty was separated with 2 color filter and a monochromator and detected
with a photemultiplier.

In Fig. 1 part of the Av=6 Rarman overtong spectrum is shown, once recorded at low laser
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intensities (fower spectrum) and once at fairty high laser intensities (upper spectrum., The ob-
served features were attributed® to process of discrete-continuum rcscnance CARS iy In
comparisen to :.pe-::traf" recorded with o Stokes-laser bandwidth of 0.3 e, the present spec-
tra show much narrower resonances. The previously observed asymmetnc lmc broadening
and noisy background level at higher intensities appear to consist of well resolved narrew res-
enances, Close 1nspe{,tmn of these fcdtures reveals that their spectral width equals the band-
width of the Stokes-laser (0.07 cm’ 1. The number of sateliite lines was found to grow
steadily with increasing laser intensity.
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Fig.1 : Observed specirum Tor (he Av=6 Raman averlone in discrete-continoum CARS in Iy, Lower spectrum rc-
corded at 0.8 mJ/pulse for the pump and 0.1 md/pulse for the Stokes beam. Upper specirum: 11 and 1.3 m)J
for @) und wa respectively. The absolwe intensity of the main resonances in the high power spectra is
aboul a factor of 25 larger.

3. Interprelation

As a starting peint for an interpretation of discrete-continuum resonance CAR§ spectra we
consider the expression for the nonlinear susceptibility for this pamicular process’:



x{]l] . E FJI({J} uﬂr:“’c‘vumunﬂ
0 (w0, =T ) (0,0 +w, =il ) (@ =0y —iT )

O,m v,

Here 10> represents the populated rotational ground states, In> the bound electronicaily excit-
ed states, hv> the vibrationally excited ground states invalved in Raman transitions, and le> the
electronically excited continuum states, respectively. A generalized energy level scheme with
the resonant interactions of the four waves is presented together with the relevant potential en-
ergy curves of I in Fig. 2.
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The first factor in the denominator selects particular states (0> for which an accidental res-
onance exists in the BT ,-X ¥, system with the fixed laser at =1 8788.30 ¢cm™! (estimat-
ed frequency of the pump wave). For ail R(J} and P(J) transitions the detuning e =@g-03 in
the first resonance denominator may be readily calculated, by making use of the accurately
known molecular constants’ for I5. These calculutions were performed for the (32,0}, (33,0
and {(34,0) bands of the B-X systern, and results are plotted in Fig. 3. in the (32,0) band ow| 1§
close to zero for J=56 in the R-branch and J=33 in the P-branch. In the (33,0) a near-zero de-
tuning & is found at J=86 and 83, and in the (34,0) band at J=106 and 103, in the R and P-
branches respectively. Only three of these resonances. the P{53), R(56) and P(103) have a de-
tuning smaller than 0.15 el

The CARS resenances are predicted by the secend factor in the denominator 1o be exactly
located at the position of a Raman resonance Aw=,5=0-0;. The observed swong features
indeed coincide on the scale for the Stokes shift Aw with the positions calculated for the Ra-
rman resonances: O(33), Q(53), Q(56) and Q(103). Outside the interval shown in Fig. 1 also
the corresponding S-lines are found. In the B-X(33.0) band enly detunings 8y > 0.3 ! ac-
cur, which explains why the features near (Q(&3) are weak. Weak coniributions of four one-
photon resonances at J=82, 83. 85 and §6 arc observed. The third factor in the dencminator al-
ways produces continuum enhancement, as for al} J-states the anti-Stokes wave is in reso-
nance with a transitien to the continuum. From these considerations we can understand the
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low intensity CARS spectrum: the fixed ) selects certain rotational transitions, whereas 0
determines the frequency position at which the resonance is found.
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For an interpretation of the higher jaser mntensity CARS spectrum we first note that the in-
tensity increase on the strong resonances is only a factor of 25. Based on an intensity depen-
dence relation for CARS of 13~ 11212 one would expect an increase of about 2500, Thus the
CARS resonances with the smatlest detunings o)) are heavily saturated. In a qualitative sense
one may argue that CARS lines with increased detuning 8@, will be less influenced by satura-
tion, so that at higher intensities sateliite lines neighbouring the principal resonances will rela-
tively gain in strength, The frequency positions of the narrow satellite lines were determined
on 3 Aox-scale and compared with calculations’ of Stukes shifts, Agreement within (.03 e’
was found. A striking effect is the observation of off-resonance lines down to the lowest I-val-
ues in the Q-branch, where intensity is found 1o pile up. With the appearance of almost all J-
values and the formation of , Q and $-branches at high laser intensities the CARS spectrum
of 15 loses its particular signarure of a resonance CARS spectrum with its characteristic oc-
curence of accidental lines. In contrust it almost resembles a conventional off-resonance
CARS-spectrum with regular band structures.
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