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Spectral and temporal measurements of the third-order nonlinear susceptibility
of LiNb03 using picosecond Raman-induced phase-conjugation spectroscopy
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Spectral and temporal measurements of the third-order nonlinear susceptibility were performed
over 700 cm in LiNb03 with use of Raman-induced phase-conjugation spectroscopy. Strong reso-
nant enhancement was observed at six known vibrational frequencies, exhibiting relaxation times of
less than 2 psec. These measurements show that LiNb03 has the potential to be used in ultrafast
real-time optical processing systems, which require a large and fast X' ' optical nonlinearity.

INTRODUCTION

Fundamental nonlinear-optical studies are needed to
find the ultimate material to implement in an optical
computational system. Nonlinear optical four-wave-
mixing techniques are becoming the preferred method
for obtaining fundamental kinetic information about the
third-order nonlinear susceptibility X' ' in condensed
matter. ' The Raman-induced phase-conjugation spec-
troscopy (RIPS) technique has been chosen in this study,
as opposed to the older four-wave-mixing spectroscopic
techniques, because the geometrical configuration of
RIPS relaxes the phase-matching requirements so that
broadband phase-matched Raman spectra can be ob-
tained in isotropic or anisotropic materials with a single
laser pulse, and the RIPS technique enables the measure-
ment of the temporal response of the third-order suscep-
tibility in real time with a single laser pulse with a tem-
poral resolution of 2 psec.

Time-resolved Raman-induced phase-conjugation spec-
troscopy ' is used to measure the components of the non-
linear third-order susceptibility X' ' as a function of fre-
quency from 100 to 700 cm in LiNb03. LiNb03 is
shown to exhibit several resonantly enhanced peaks in
the phase-conjugate spectrum having subpicosecond re-
laxation times. The temporal response of the resonant
mode at 636 cm ' was measured to be less than 2 psec
using RIPS in conjunction with a streak-camera system.

EXPERIMENTAL METHOD

The experimental configuration utilized nondegenerate
four wave mixing in the phase-conjugate geometry and is
displayed in Fig. 1. Two laser pulses at frequency ~ and
co —Q, interacting at a large angle, —170', create a non-
linear polarization at the difference frequency Q, where Q
is a molecular or optical-phonon vibration. A third Iaser
beam at frequency co enters the sample in a direction
counterpropagating to co —Q. A portion of this beam is
scattered into the phase-conjugate direction, which is
frequency-shifted to the Stokes frequency co —Q. Nor-
mally this type of interaction is weak; however, due to

the resonant enhancement of the third-order susceptibili-
ty at the vibrational frequency a large scattering
efficiency is obtained.

The laser pulses used in the experiment were produced
from a Quantel neodymium-doped yttrium aluminum
garnet (Nd:YAG) laser. The temporal duration of the
laser pulses are -30 psec at the second harmonic fre-
quency. The maximum pulse energy used in the experi-
ment is 10 mJ at 532 nm. 30%%uo of the laser was split to
create two 532-nm laser pulses. The remaining energy
was used to pump a 5-cm continuum cell containing
H20. The resulting white light generated from the con-
tinuum cell spanned the entire visible spectrum. The ad-
vantage of using this continuum light source is that it will
couple to all Raman-active phonon modes which lie
within the bandwidth of the continuum and also provides
a shorter pumping pulse duration. For vibrational fre-
quencies ranging from 0 to 3000 wave numbers, the cor-
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FIG. 1. Experimental setup used for measuring the Raman-
induced phase-conjugate spectrum and the temporal response of
individually selected modes. BS, beam splitter; M, mirror;
HWP, half-wave rotator; P, polarizer; L, lens; S, sample; OMA,
optical multichannel analyzer; BBR, broadband rotator; F,
filter.
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responding phonon k vectors range between 37500 and
34 500 cm

The two 532-nm pulses entered the LiNb03 at an angle
of 10'. The continuum was directed counterpropagating
to one of the 532-nm laser pulses. Half-wave plates were
inserted into the beam paths of the 532-nm pulses to con-
trol the polarizations. A broadband rotator and polarizer
was inserted in the beam path of the continuum when
different continuum polarizations were desired. A por-
tion of the phase-conjugate signal was directed through
an analyzer and into a I-m spectrometer (- 600-line/mm
grating spacing) coupled with an OMA II detector sys-
tem. By properly adjusting the input and output polar-
izations and the crystal orientation, the frequency depen-
dence of the individual components of the nonlinear sus-
ceptibility can be measured.

Temporal measurements were obtained by directing a
small amount of the phase-conjugate signal into a
Hamamatsu 2-psec streak camera. The key feature
which enables the vibrational dephasing time to be mea-
sured with a streak camera is the ultrashort temporal
duration of the continuum, -2 psec. The temporal
profile of the detected pulse contains contributions from
the electronic and vibrational components of the third-
order susceptibility. When the vibrational lifetime is
longer than the duration of the continuum pulse but
shorter than the probing pulse duration, the scattered
pulse envelope wi11 decay exponentially in real time at
exp ( 2tlr), where—r is the dephasing time of the
coherent vibrations.
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EXPERIMENTAL RESULTS

The RIPS signal was measured for various combina-
tions of input polarization and crystal orientations.
Several single-shot spectra were recorded and averaged to
eliminate spectral Auxuations in the continuum genera-
tion process.

A typical RIPS spectra is shown in Fig. 2(a) for the
condition where all three input laser pulse polarizations
are vertical and parallel to the crystal optic axis, or z axis.
The RIPS scattered spectra are also z polarized. The
nonlinear third-order susceptibility responsible for the
spectra is (X' ')„„, which shows three resonantly
enhanced peaks in the output spectrum. These peaks
correspond to the three strongest Raman-active A, (z)
modes. The spectral asymmetry observed in the line
shapes is attributed to an interaction between the reso-
nant and the nonresonant electronic and nuclear back-
ground components of X' '.

In Fig. 2(b) the input polarization of the two-532-nm
laser pulses are oriented perpendicular to the z axis. The
continuum pulse and phase-conjugate signal are vertically
polarized along z. The third-order susceptibility for this
configuration corresponds to (X' '), , Three Raman
peaks are observable which will be shown to correspond
to the strongest E-type Raman-active modes. The asym-
metry of the line shapes in this spectra is more pro-
nounced. It will be shown that this is due to a decrease of
the relative strengths of the Raman-active modes with
respect to the nonresonant electronic and nuclear back-
ground of X' '.
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FIG. 2. {a) RIPS third-order susceptibility spectra for the
zzzz component. The linewidths, vibrational frequencies, and
oscillator strengths used in the calculation are listed in Table I.
The parameters used to model the continuum background are
given in the text. (b) RIPS third-order susceptibility spectra for
the zyzy component. The linewidths, vibrational frequencies,
and oscillator strengths used in the computer calculation are
tabulated in Table I. The parameters used to model the contin-
uum background are given in the text. {c)RIPS third-order sus-
ceptibility spectra for the xxxx =yyyy component. No observ-
able resonant enhancement due to Rarnan vibrations is obtained
with this polarization configuration. The resulting scattered
spectrum is just composed of nonresonant nuclear and electron-
ic interactions. The intensity of the spectrum vs frequency gives
a measure of the intensity variation of the continuum pulse used
in the experiment.
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In Fig. 2(c) all three input pulses are vertically polar-
ized; however, the crystal was rotated so that the polar-
ization vectors are parallel to the x or y axis. The output
spectrun1 is also vertically polarized. This configuration
corresponds to a scattered spectrum which is„due to
(X' '), =(X' ')~~~~. In this spectra, no noticeable Ra-
man lines are observed. The scattered spectrum is pri-
marily due to the nonresonant electronic and nuclear
terms. The measured intensity variation of the scattered
signal versus wavelength is due to the intensity variation
of the continuum versus wavelength.

Other combinations of input polarization were also em-
ployed; however, no additional Ran1an lines were ob-
served. The salient features of these spectra showed ei-
ther a Aat background or a continuum background simi-
lar to the spectra shown in Fig. 2(b).

In Fig. 3 the temporal evolution of the resonant mode
at 636 cm is displayed. The ten1poral evolution is ob-
tained by directing the RIPS spectra through a 10-nm
bandpass filter centered at 550 nm, and then detected
with a 2-psec Hamamatsu streak camera. The temporal
evo1ution of the RIPS scattered pulse shows a response
which is unresolved and limited to the response of the
streak camera, ~ 2 psec.

THEORY
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In this section the theory to describe the above data is
given. The third-order nonlinear polarization is given by

P(3)—X(3)E Ei ijkl j k 1

where X,.'.k& is the third-order susceptibility. For anisoto-
pic materials there are 81 elements implied by Eq. (1)
which can be reduced by considering the specific crystal
class. Lithiun1 niobate belongs to the C3, trigonal crystal
class. The number of nonzero elements in (X' ');~ki
reduces to 37, with 14 independent components. Follow-
ing the notation of Hellwarth, ' the reduced form of the
susceptibility, h, -k&, can be employed. The symmetry
properties of the reduced susceptibility obey the relation,

~ij k(
=

AJAi
= hi j'lk ~ji/k

=
Aklj&

h; ki(t) exP( i b.t)d—t
2% 0

where A=coL —~~ .

Here, H(0) is the frequency-independent nuclear com-
ponent, while H(coL —co+) is the resonant nuclear com-
ponent.

Using the above relation for X' ' in Eq. (2), the 14 in-
dependent third-order susceptibility components versus
frequency can be given as

X„„=a+ A (0)+ A (b, ),
X =o+B(0)+C(h),
X =o.+C (0)+B(6),
X„„=o+C(0)+C(b,),
X „=—Z„yy=o +D( 0) +E(b, ),
X, , =X„=o+E (0)+E (b, ),
X~, , =X, , =o+E(0)+D(b, ),

(4a)

(4b)

(4c)

(4d)

(4e)

(4g)

X,=X, =X, =X, =o+F(0)+F(A) . (4h)

In these equations o. is the electronic contribution and
the quantities A, B, . . . , F are the Fourier transforms of
the nuclear response functions for the six independent
components of the reduced susceptibility h;~k&, with 0
and 6 the frequency-independent and -dependent com-
ponents, respectively. By measuring the RIPS spectra
versus frequency with properly aligned input and output
polarizations, specific components of the third-order sus-
ceptibility can be measured. Vibrational frequencies,
lineidths, and relative strengths of the resonant and
nonresonant components can also be determined.

DISCUSSIONS

Using these relations, the 14 independent components of
X k& can be reduce to six independent components of

jk( Each of these six independent components of A jk(
has an associated impulse response, h;~ki(t), which is
essentially the impulse response of the nucleus to an ap-
plied external electric field. These nuclear ' impulse
response functions for the six h, ki(t) are denoted as
a(t), b(r), . . . ,f (t).

The third-order susceptibility X;jk& can now be given as
a function of frequency in terms of the electronic, and
nonresonant and resonant nuclear components, such that

Xijkl(~L ~S)~ iTjkl+'Hijkl(0)+Hikjl(~l ~S)

Here, o is the electronic contribution, and H'(0) and
H(coL —cps) are related to the Fourier transforms of the
reduced susceptibility response functions, h; ki(t),
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FIG. 3. Temporal response of the 630-cm ' mode, showing a
dephasing time limited by the resolution of the streak camera,
~ 2 psec.

The expressions in the above equations can be related
to the standard Raman tensor R, to verify the selection
rules and detern1ine the symmetry type of the optical-
phonon n1odes which are being coherently driven in the
RIPS 'tcchniquc For L1Nb03 thc Raman tensor R

p
are
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a 0 0
0 a 0 forA, (z),
0 0 b

—c 0
0 0

0 —c —d
for E( —x),

c 0 0
0 —c d for E(y) .

0 d 0

The 3 and E matrices denote the symmetry type of the
excited phonon mode. The x, y, and z correspond to the
polarization of the phonon, and the coefficients a, b, c,
and d are the coupling coefficients between the incident
electric field with polarization o. and the scattered Stokes
wave with polarization p. The scattering efficiency can
be written as

S= g(Ae'R e')
o.,p

(6)

where o and A (0) are the nonresonant components of
the susceptibility X' ', A (b, ) is the resonant component,
XREs. In Fig. 2(a) the resonances due to A (6) are clearly
observable. In addition, an interference between o.,
A (0), and A (b, ) is observed, which gives rise to the
asymmetric line shapes in the scattered spectra. The
variation of the nonresonant background is due to the
variation of the continuum pulse E2 versus wavelength.
The fitting to the spectra will be described in the next sec-
tion to determine the values of cr, A (0), and A (b, ).

The spectra in Fig. 2(b) utilize input polarizations of
E, =y, E2=z, and E3=y, with an output polarization
E4=z. The only possible modes which can scatter a y-
polarized laser wave to a z-polarized Stokes wave are the

In Fig. 2(a) the input polarizations for all three input
pulses are polarized parallel to the crystal optic axis, i.e.,
z polarized. The output polarization is also z polarized.
By examining the above scattering matrices, the only
term which can contribute an incident z-polarized wave
to scatter into a z-polarized Stokes wave is an A, (z)
mode with coupling coefficient b.

Physically, this case corresponds to the creation of a
coherent phonon population by the production of an in-
tensity grating due to the interference of coL and co&. The
phonon k vector is identical to the grating k vector, i.e.,

grating ~phonon klaser kstokes

This intensity grating is not static as in the conventional
degenerate phase-conjugation scheme, but it drifts with a
velocity v which is a function of the frequency difFerence
coL —~z=Q, and the crossing angle of the two beams.
The grating k vector and the velocity adjust itself so
that the product equals the phonon frequency, i.e.,
A =v.k . For a crossing angle of 170 in the sample, and
pumping wavelengths of A,L =530 nm and X, =550 nm
(0=686 cm '), typical grating wavelengths A=2m. ~k~

and velocities are 271 nm and 5.5 X 10 cm/sec, respec-
tively. The phonon polarization for this situation is also z
polarized due to the polarization of the interfering laser
pulses and the moving intensity grating.

In the four-wave-mixing terminology, this scattering
takes place through

E-type phonon modes, with a coupling coefficient R, =d.
The E modes have polarizations which lie in the x,y
plane. This can be understood by examining the instan-
taneous electric field which is produced by the interfer-
ence of the pumping Stokes and laser waves. Since these
two pulses are orthogonally polarized, no real intensity
modulation is created. The intensity distribution is uni-
form, however, and the instantaneous electric field polar-
ization created by EI and E& rotates in a plane perpen-
dicular to kl —kz. This rotating motion occurs at a fre-
quency ~I +~~. However, there is a low-frequency
modulation impressed on this motion at col —~z=Q.
This low-frequency modulation is responsible for the dis-
placernent of the atoms in the plane perpendicular to the
z axis. This motion creates phonons polarized in the x,y
plane. The spectra in Fig. 2(b) are due to E-type phonon
modes. This orthogonal polarization scheme becomes a
way to selectively drive E-type phonon modes. The
motion of the displaced atoms induces a change in the
nonlinear refractive index. Once a periodic modulation
of the refractive index is established, the concept of the
dynamical moving grating can then be used as a physical
description for the light-scattering process.

Relating the spectra of Fig. 2(b) to the nonhnear third-
order susceptibility shows that terms similar to yzyz
=zyzy are responsible for the scattered spectrum. This
component is related to o+E(0)+D(b, ). The resonant
terms are clearly observable, and are superimposed on a
nonresonant background. The intereference between the
resonant and nonresonant components are also observ-
able and the interference efFect is more pronounced.

In Fig 2(c) the c. rystal was rotated by 90', with the in-

put polarizations oriented in the same fashion as in the
spectra of Fig. 2(a), i.e., vertically polarized. The scat-
tered spectra are also vertically polarized. This polariza-
tion configuration couples the scattered wave to the input
laser pulses through xxxx =yyyy. With these input and
output polarizations, no noticeable resonantly enhanced
vibrational lines are observed. In the four-wave-mixing
notation, this spectrum is produced through the coupling
coefficient of(X' ')„„=(X' ')~ . Since

xxxx +yyyy +xxyy ++xyyx + xyxy

we see that the spectra in Fig. 2(c) correspond to
3cr+B (0)+B(b, )+2C(0)+2C(A). Since there is no
resonantly enhanced vibrational lines in the observed
spectrum, we can conclude that the frequency-dependent
components, B(b.) and C(b, ), which give rise to the reso-
nantly enhanced vibrational lines, are small. The scat-
tered spectrum is just due to 3cr+B (0)+2C(0), the non-
resonant background terms. These spectra, since they
only involve nonresonant terms, give a measure of the
spectral distribution of the continuum. These spectra can
then be used as a measure of the nonresonant background
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spectra, which are present in spectra of both Figs. 2(a)
and 2(b). In this case, since (X' ') „„„=(X''), the re-
sulting scattered spectra are identical for a 90 rotation in
a plane perpendicular to the z axis. However, when com-
paring the xxxx and yyyy spectra to the standard Raman
tensor, some difficulty arises in determining the standard
Raman coupling coefficient. This is easily seen by the
fact that the xxxx spectrum gives information about pho-
nons which are x polarized, i.e., E( —x) modes, where
the incident and scattered light is also x polarized. This
type of interaction is not allowed by the selections rules.
However, the yyyy spectrum gives information about
phonons which are y polarized, i.e., E(y) modes, where
the incident and scattered light is y polarized. This type
of interaction is allowed by the selection rules, where the
coupling coefficient R is c. In order to obtain a better
understanding and interpret the experimentally measured
spectrum, the previously measured spontaneous Raman
spectrum can be consulted. The spectra in Ref. 8 show
two weak modes at 610 and 878 cm ' for a polarization
configuration which allows Raman scattering through
E (y)-type phonon models with coupling coefficient
R =c. Both of these modes have been identified as
mixed phonon modes. These modes are most likely not
observed in our spectrum due to the small signal intensity
produced by these modes and the weak continuum pulse
which is used to drive these modes. In addition, the
mixed modes are probably less effective than the pure TO
modes which are excited in this experiment. These argu-
ments offer possible explanation of why the vibrational
lines at 610 and 878 cm ' are not observed in our spec-
trum as compared to the results of Ref. 8. However, a
definitive explanation requires more depth in theory.

SPECTRAL ANALYSIS

In order to extract physical parameters from the ob-
served experimental spectra, a model is proposed for the
nonlinear third-order susceptibility. Since the experi-
ment measures the resonant enhancement due to nuclear
motions, a sum of Raman Lorentzian line shapes is as-
sumed:

a,.
XRIps(~L ~s) Xnr + X n, +iI—,
where

and

(Xzz )&Jk&
—o [Jkl(0)+HJikl(0)

N a;

In these equations, a;, 0;, and I; are the oscillator
strength, vibrational frequency, and linewidth [half-width
at half maximum (HWHM)] of the ith mode, and X„",' is
the nonresonant background contribution, which is com-
posed of both nonresonant electronic and nuclear contri-
butions. The scattered signal is proportional to ~X' '~ .

It is interesting to note the different contributions
which give rise to the scattered spectra. The first type of

contribution occurs from the purely nonresonant back-
ground terms, i.e., X„'„'. The second type of process con-
tributes an interference term which is due to the interac-
tion between the nonresonant electronic background and
individual vibrational resonant terms, i.e., X„',' and a;.
The third type of contribution comes from individual res-
onances, a;, and the fourth type of term from an interfer
ence between two diferent resonant modes, a; and a .

Using the spectra of Fig. 2(c) as a measure of the fre-
quency variation of the nonresonant background and
continuum variation for X'„,' in Eq. (6), the spectra of
Figs. 2(a) and 2(b) can be modeled by varying the rel-
ative oscillator strengths, vibrational frequencies, and
linewidths.

The resulting theoretical spectra using the above model
are shown as the dotted curves in Figs. 2(a) and 2(b). The
nonresonant background due to the continuum variation
versus wavelength was modeled as exponential "wings, "
after the spectra in Fig. 2(c). An additional constant
background component was also added to the non-
resonant background.

In Fig. 2(a) the vibrational frequencies which were used
in the calculation were 0=251, 272, and 636 cm
These frequencies are in excellent agreement with previ-
ously measured values. ' The relative strengths of these
three vibrational frequencies are ~a, ~

=64, ~az~ =30, and

~a3 ~

=32. The value of the exponentially varying spectra
was -4.75 at 0=100 cm ' and the dc term was 1.0.
The value of the continuum linewidth is 165 cm '. The
continuum linewidth gives a measure of the intensity
variation of the continuum versus frequency. The vibra-
tional linewidths used are I &=6 cm ', I 2=7.5 cm
and I 3=6 cm '. The extracted values for the linewidth
and vibrational frequencies are in good agreement with
previously measured values. ' The extracted values from
the computer fit are tabulated along with the previously
measured values in Table I, for comparison.

From these linewidths, the dephasing times for these
vibrations can be obtained, assuming a homogeneously
broadened Lorentzian linewidth, i.e.,

ocr=(6v)

where 5v is the linewidth [full width at half maximum
(FWHM, i.e. 2I )] in units of wave numbers, c is the speed
of light, and ~ is the dephasing time. For the 636-cm
mode, a 5v of 6 cm ' gives a dephasing time of -440
fsec. This value is consistent with the unresolved dephas-
ing measurement displayed in Fig. 3, which shows a tem-
poral response faster than 2 psec.

The spectra in Fig. 2(b) were also modeled in the same
fashion. The vibrational frequencies used in this model
are A&=152 cm ', 0&=237 cm ', and 03=321 cm
These values of 0 are in excellent agreement with previ-
ously measured values. ' The relative strengths of these
modes are ~a, ~

=14, ~az~ =12, and ~a3~ =5. The non-
resonant background was modeled with a constant term
of 1.97, a continuum linewidth of 170 cm ', and a
strength of 6.15 at 0=25. The linewidths used in this
calculation were I &=5 cm ', I z=5 cm ', and I 3=4
cm '. These linewidths imply dephasing times of 500
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TABLE I. Table of the linewidths, vibrational frequencies, and oscillator strengths used to fit the experimentally observed
Raman-induced phase-conjugate spectrum. Previously measured values are also listed and are in good agreement with the extracted
parameters from the computer analysis. o is the Raman-scattering cross section and ~a; ~

and o have been normalized to the E mode
at 321 cm . Q denotes vibrational frequency, I denotes the linewidth, a; denotes vibrational oscillator strength, a; denotes normal-
ized vibrational oscillator strength, X„",' denotes nonresonant third-order susceptibility, o. denotes the Raman cross section, and o.

denotes the normalized Raman cross section.

0 (cm ') I (cm ') /a/X&", /

Vibrational frequencies, linewidths, and relative strengths
This work After Refs. 8 and 9

0 (cm ') I (cm ')

152 (E)
237 (E)
251 (3 g)

272 (3', }
321 (E)
636 (3 z)

5

5
6
7.5
4
6

14
12
64
30

5

32

2.8
2.4

12.8
6
1

6.4

2.8
3.2

22
11
1.6

27

151
237
253
278
321
637

4
4
7.5
4
3
7.5

3.8
2.9

16
4.0

.96
10

3.95
3.02

16.66
4.1

1

10.4

fsec for the 152- and 237-cm ' modes, and 650 fsec for
the 321-cm ' mode. These times are also faster than our
2-psec time-resolution technique.

The values of a; used in the calculation represent the
oscillator strengths and are related to the spontaneous
Raman-scattering cross section. If the extracted values
of a; from the computer fit are normalized to a standard
reference value, then a comparison can be made to the
previously measured values of the spontaneous Raman-
scattering cross section. The extracted a s and the previ-
ously measured spontaneous Raman-scattering cross sec-
tion o. were normalized to the weakest E mode at 321
cm '. Comparing the extracted and normalized a s
from the computer fit with the normalized values of the
spontaneous Raman scattering cross section o. from Ref.
9 shows good agreement between the two measurements.
These results are listed in Table I, for comparison.

To obtain values of the nonresonant third-order sus-
ceptibility, the ratio ~a; /X„', '

~
is calculated from the com-

puter fit. Absolute measurements of the intensities used
in the experiment are diflicult to obtain. However, the
relative values of the resonant and nonresonant corn-
ponents are easily extracted from the computer fit. Typi-
cal relative values between ~a; ~

and X'„,' varied between
1.6 and 27. Once the ratio of ~a,. /X„', '~ is known, the
nonresonant third-order susceptibility is calculated by us-
ing the values of the spontaneous Raman cross section o.
for a;.

The slight differences between the linewidths measured
with this technique compared with other works can be at-
tributed to the linewidths' dependence on phonon k vec-
tor, which is due to phonon dispersion. In the previous
investigations, ' the typical phonon wave vector is
roughly equal to the incident and scattered photon wave
vector, for 90 Rarnan scattering. In our investigation,
the typical phonon wave vector is close to twice the pho-
ton wave vector, because the pumping pulses interact in
an almost counterrunning geometry. This large
difference in phonon k vector puts the interaction at

different points on the dispersion curve, thus giving
slightly difFerent values of the linewidths and vibrational
frequencies.

Our work shows that LiNb03 exhibits several vibra-
tional frequencies which couple efnciently to the third-
order nonlinear susceptibility. These modes can be selec-
tively driven with proper i.nput pulse polarizations. The
resulting linewidths are relatively narrow and exhibit sub-
picosecond dephasing times. The nonlinear third-order
susceptibility of LiNb03 as a function of frequency from
-75 to -700 cm ' using RIPS was measured. Six
strong resonantly enhanced peaks were observed in the
phase-conjugate output spectrum. Typical enhancement
factors ranged from 5 to 30 times. The peak positions
were consistent with previously measured spontaneous
Raman vibrational spectra. RIPS selection rules were
verified and specific components of the third-order sus-
ceptibility were identified with the corresponding Rarnan
spectrum. The output spectrum was modeled using a
sum of Rarnan oscillators along with a nonresonant back-
ground term. Relative strengths of the individual com-
ponents were obtained, along with the vibrational fre-
quencies and the linewidths by fitting the experimental
spectra. Values of the nonresonant component of the
third-order susceptibility are extracted from the analysis.
The extracted linewidths imply subpicosecond dephasing
times, which were consistent with the real-time phonon
dephasing measurement for the 636-cm ' mode.
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