CHAPTER 2

Experimental Techniquesand Details: Degener ate Four
Wave Mixing and Z-scan

This chapter presents the details of the experimental techniques employed for
different studies carried out. A brief introduction to Degenerate Four Wave Mixing
(DFWM) and Z-scan techniques, their applicability to dynamics and nonlinear
absorption studies is given. The complete details of the experimental set-up for both
the techniques, using different configurations, are highlighted. A brief introduction
to the photo-physics of a typical organic molecule is presented. Our initial DFWM
results on the samples Rhodamine B (RhB) and CS; using the incoherent light are
also presented.

2.1 Introduction

The magnitude and response of third-order nonlinear susceptibility are
important parameters in characterising and determining the applicability of any material
as a nonlinear optical device. There are several techniques [1-7] for measuring these

parameters that include

(a) Degenerate Four Wave Mixing: For measurement of both magnitude and
response time of the third-order nonlinearity

(b) Third Harmonic Generation: For measurement of magnitude of third-order
nonlinearity only.

(c) Z-scan: For measurement of sign, magnitude of third-order nonlinearity.

(d) Electro-Absorption technique: Dispersion studies of third-order nonlinearity

(e) Timeresolved Optical Kerr Effect and Transient Absorption techniques: For

the study of photo-physical processes determining the nonlinearity.

Among these DFWM is one of the most important and versatile technique, which
provides information about the magnitude and response of the third-order nonlinearity.
In this process, three coherent beams incident on a nonlinear medium generate a fourth
beam due to the third order nonlinearity. The strength of this fourth beam is dependent
on a coupling constant that is proportional to effective x® and hence measurements on

PC signal will yield information about the x® tensor components of the medium [8-
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16]. DFWM can be employed in backward (or generaly called the Phase Conjugate),
forward or boxcar configurations, with the choice on the experimental conditions and
the requirements. Using different polarizations of the three beams it is possible to
measure all the independent x® tensor components of an isotropic material. Some of

the several advantages of this technique being

 The Phase Conjugate signal is distinguishable from others by simple spatial
separation.

» The detected signal has a characteristic dependence on the input intensities, which
can be used for verification of the experiment.

 The sample could be in any form (isotropic) and al the independent tensor
components of x® can be measured in a single experiment.

» Beams other than true Gaussian modes can be employed.

* The time dependence of the probe beam gives information about the response

times of the nonlinearity.

2.1.1 Degenerate Four Wave Mixing (DFWM)

A Four Wave Mixing experiment can also be considered as an interaction of
three optical fields in a medium. The presence of a third-order optical nonlinear
susceptibility x® leads to the creation of various components of material polarisation,
giving rise to new optica fields. If the phase-matching condition is fulfilled (i.e. the
phase relation between the waves emitted by different parts of the nonlinear medium
leads to constructive build up of the resulting wave), new beams of light are created.
If the fields are of identical frequencies, the process is termed as Degenerate Four
Wave Mixing and the output beam will have the same frequency. The time resolution
of the FWM measurements depends on two parameters. Thefirst isrelated to the time
duration of the laser pulses and the second is related to the coherence time of the laser
pulses.

The whole process can be looked in another way and treating it as creation of

the transient gratings by interference of pairs of waves and Bragg diffraction of the
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other wave from the grating formed in the material by it's nonlinea response to
gpatialy modulated light intensity. At the aossng of two beams, the spatial
modulation of their eledric fields varies due to constructive and destructive
interference. The moleaules in the interadion region experience varying eledric field
intensities acarding to their position and this leals to the formation of a transient
grating of polarised moleaules in space The formation of the grating does not require
that the two crossng beams coincide in time a long as the wherenceis maintained in
the sample. Based on the relative timing of the threefields one can envision different
gratings formed as iown in fig. 2.1 [1]. The grating formed by k; and k, waves gets
diffraded by ks bean to yield the output at ks £ (ki — k). The one formed by k, and
ks gets diffraded by k; to yield the output at k; + (ko —ks). They areillustrated in the
fig. 2.1 for the spedal case of k; = - k,. The output waves are expeded in the
diredions — k; and ks £ ki. The generation of output in — ks diredion is phase-
matched, and is known as phase cnjugate signal, while in the ks £ k; diredionsis not.

Thus usually only the output at k4 = - k3 neadsto be considered.

In the phase @njugate wnfiguration, the backward pump is delayed with
resped to other to observe the decay of the grating. For small values of 6 the grating
‘written’ by the forward pump and probe pulses will have alarge spatial period
N\ =A(2n,Sin(@/2)). When the pulses coincide in time two cther gratings are dso

formed, a small period grating generated by the interadion of the badward pump and
the probe pulses and a two-photon temporal coherence grating. However the spadng
of the small-period grating (given now by A = A/(2n Sin((rT - 8)/2)) is considerably
smaller than the large-period one. In our case the spadng of the large-period grating is
found to be ~ 2 - 3 4 (depending on the angle 6 and the refracdive index of the solvent)
and for the small-period grating it is cdculated to be 0.2 — 0.3 p. If diffusive processes
are present the small-period grating washes out rapidly. The ntribution of the two-
photon grating is usualy negligible, and can ke observed under speda conditions of

strong enhancement due to two-photon resonance
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The applications of Four-Wave Mixing (FWM) can be divided into three categories.
First, the creation of a dynamic grating via a material excitation and the subsequent
probing of the grating using another beam alow us to study the material excitation
processes. Such a spectroscopic technique is versatile and extremely powerful, and
has found many applications in various disciplines [17,18]. Second, under specific
conditions with the creation of a static grating, the output of FWM is a phase-
conjugate (PC) signal. This is the real time holography and can be used in real-time
image congtruction in different applications like optical image and data processing.
Third, the possible generation of new frequency components in FVM permits the
extension of coherent light sources to new frequency regions inthe IR, UV, and XUV

where there are not many available.

2.2 Degenerate Four Wave Mixing with Incoherent Light (DFWM-IL)

2.2.1 Characterisation of the Broadband Dye L aser

The source for incoherent light for al the experiments is a home-built broad
band dye laser [19]. The versatility and utility of organic dye lasers in science and
technology continue to increase even long after the inception of the dye laser. High
average power and narrow pulse width dye lasers are developed for spectroscopic
studies, communications, atmospheric propagation studies, isotope separation and
many other applications. New laser dyes are also being developed which provide high
efficiency, designed at low cost and chemical stability for dye lasers at wavelengths
ranging from the near infrared to the ultraviolet. Construction and operation of
organic dye lasers depend on the photo-physical and chemical properties of the dye
solutions, which are used as the gain medium. The structural and spectroscopic
properties of efficient laser dyes and detailed information on their lasing properties are
listed in the data sheets of dye manufacturers [20]. The most important criteria in
selecting components for the dye laser system are the chemical inertness and the
construction materials. The safest materials that can be used are glass or quartz,
stainless steel and Teflon. One of the most attractive properties of the dye laser isits

tunability. The emission spectra of fluorescent dyes are broad permitting the lasing
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wavelength to be tuned to any chosen value within a broad range. Moreover the
number of fluorescent dyes is very large and different compounds can be chosen for
emission over the entire spectral range. Rhodamine 6G and Rhodamine B are still the
best dyes available for laser applications. Some of the important parameters related to
these dyes are detailed in reference [20].

Fig. 2.2 shows the schematic of the dye laser set-up used for different studies.
It has an oscillator and a single stage amplifier. Rhodamine B (RhB) in methanol (107
mg/lit) is used as the gain medium and a pump is used to circulate the liquid (at the rate
of 1 litre/minute) to minimise the laser scattering and reduce the possibility of
decomposition during the experiment. 8% of the frequency doubled Nd: YAG
(Continuum 660 B-10, 532 nm, 10 Hz, 6 ns FWHM, 100 mJ/pulse) laser power split
by a plane glass plate, is first expanded by a plano-concave lens of f ~ 50 mm and then
focused by a cylindrical lens of f ~ 50 mm into the dye cell of approximately 3 mm
(diameter) X 15 mm (length) dimensions. The oscillator cavity consists of a 100% R
mirror and ~ 8% R glass plate which produces output of maximum bandwidth. The
total length of the oscillator cavity is ~ 17 cm. With both the high reflectivity mirror
and the output coupler window being parallel, the resonator cavity is barely stable and
hence the alignment has to be made very carefully to avoid any spurious feedback and
intensity fluctuations. Necessary care is taken to avoid mechanisms leading to the
formation of cavity modes, which leads to undesirable structure in the laser spectrum.
The output pulses from the oscillator are amplified using the remaining 92% of the
power. Concentration of solution used for amplification is 37.4 mg/lit. The maximum
average power that could be achieved after amplification is ~ 20 mW. The output has
a FWHM of ~ 7 - 8 nm [fig. 2.3 (a)] and the corresponding 1. calculated, from the
relation Av*1. ~ 1, is ~ 170 fs. The auto-correlation function obtained by recording
the PC signal, as a function of beam 3 delay, in the sample Rhodamine B (in methanol)
isshownin fig. 2.3 (b).

If the mirror in the cavity is replaced by a highly dispersive element like a high-
resolution grating the spectral width is decreased thereby increasing the
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correlation time of the pulses. The grating used in our configuration for tuning the dye
laser is arefledion type holographic grating (Bausch and Lomb) with 600 gooves/mm
and blazed a 54°. It has five orders of diffradion and is oriented in the Littrow
position [21], for which the incident light and the diffraded light of a given wavelength
lie dong the same diredion. The spedral line narrowing, in the ns pulse, is avoided by
using a glassplate of 8% R as output coupler, which also limits the number of passes
in the cavity during the short excitation time (6 ns). The spedra recording of the
output laser with the grating in cavity is siown in fig. 2.4 (a). The PC signal obtained
in the sample RhB with grating in the cavity is siown in fig. 2.4 (b).

2.2.2 Phase-Conjugate Configuration

Figure 2.5 shows the complete details of the degenerate four-wave mixing
(DFWM) experimental set-up wsing incoherent light. The bean is initially collimated
using two convex lenses and an aperture is used to cut the scatered badkground
before splitting it into three beans. Two bean splitters (30-70, 50-50) are used to
obtain threebeams of amost equal intensity. All the threebeams have adiameter of ~
2.5 - 3 mm and could be varied further with an aperture. In the phase wnjugate
configuration, beam 1 is fixed whereas beams 2 and 3 passthrough variable delays.
Bean 1 (k,) is designated as forward pump, bean 2 (k») is backward pump and bean
3 (ks) isthe probe. Bean 2 passes through a variable delay (either a micrometer screw
or an opticd bench, both of which are controlled manually). Beam 3 passes through
another delay line mounted on a micrometer screw and conneded to a stepper motor,
which is controlled with a PC. The maximum resolution we could adiieve in both the
cases is ~ 5 [ corresponding to 33 fsin time (with a retro-reflecor it will be twicethe
adual path length). The angle between the forward pump and the probe is~ 10— 15°.
All the beamns are focused into the sample cntained in 1-mm thick quartz/glass cell

using lenses of focd length of ~ 20 cm.

Bean waist at the focus is estimated to be ~ 80 -100 p (using the formula
4fA/TD, where f is the focd length of the lens, A is the wavelength, and D is the input
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Fig. 2.4 (a) Emission spectrumof the dye laser with grating in the cauity.
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beam diameter. The beam waist measured using a knife-edge technique, at low power
densities of the laser beam, is~ 70 1. The polarisation state of each individual beam is
controlled using a Half Wave Plate (HWP). Proper care is taken to ensure that the
counter-propagating and the probe beams are overlapped in the sample, both spatialy
and temporally. Using a pinhole at the sample position and maximising the
transmission through pinhole facilitates spatia alignment. Tempora overlap is
accomplished by varying the path length of each of the beams to maximise the PC
signal in a standard sample like CS; or RhB.

The phase conjugate signal (in -ks direction) is isolated using a beam splitter
and is passed through an aperture (to reduce the scattered background) and focused on
to a fast photodiode (FND 100, rise time ~ 1 ns). Various neutral density filters
(NDF) are used for attenuating the probe and the signal beams. The signal collected
using a fast photodiode (PD, FND 100, rise time ~ 2 ns) is observed on a large
bandwidth oscilloscope (Tektronix 2465 B, 400 MHz or Tektronix TDS 210, 60
MHZz) to ensure the PD does not get saturated. (In the initial stages of the present
work the signd is recorded using a Digitisng Camera System [TEK], which records
the pulse trace onto the PC and the averaging is done using the PC software). This
effect is clearly seen in the signals obtained in the samples Zinc meso-tetraphenyl
porphyrin  (ZnmTPP), Zinc meso-tetrae (p-methoxyphenyl) tetrabenzporphyrin
(ZnmpTBP) in the initial stages and other porphyrins in the later stages. In the later
stages the signal is fed to a lock-in amplifier (SRS 830) and to the ADC card where it
is averaged several times (typical averages are ~ 300). The output of the ADC card
finally gets recorded in a PC. A GWBASIC program performs the stepper motor

movement and the data averaging simultaneously.

2.2.3 Boxcar Configuration

For the Boxcar configuration, the same set-up is retained with dight
modifications. The second beam is diverted using another retro-reflector and it comes
parallel to the first beam but at lesser height than the first beam. Since the probe and

forward pump are in same plane, the second beam forms the third corner of the square
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and the signal is seen at the fourth corner of the square. Schematic of the set-up is
shown in fig. 2.6. The delays of beams 2 and 3 could be varied using the stepper
motor. Observing and optimising the diffracted signals, in both horizontal and vertical
directions, ensured the zero delay of different beams. The signal(s) obtained are
gpatialy filtered before being fed to the fast PD to lock-in and to ADC which finaly

gets recorded in the computer.

2.2.4 Self-Diffraction Configuration

In the self-diffraction/forward four-wave mixing configuration the backward
pump beam is blocked and the signals are obtained aligning the beams 1 and 3. The
angle between the forward pump (k) and probe beams (k) is ~ 5 - 10° and the first
order diffracted signals are obtained in 2k, - k, and 2k, - k; directions, as shown in fig.
2.7, due to the third order nonlinearity. Beams 3, which is the probe passes through
variable delay, as described above, and the signal(s) is (are) collected using similar
Photodiodes. The signals and recorded as a function of the delay of beam 3.

2.3 Degener ate Four-Wave Mixing with 35 ps pulses (DFWM -PS)

The experimental set-up for the X*® measurements and time-delayed four wave
mixing using the ps pulses is shown in fig. 2.8. The input beam is from a hybrid mode-
locked Nd: YAG laser emitting 532 nm and the pulses are of 35 ps duration at 10 Hz.
The maximum pulse energy is ~ 30 mJ. The input beam is passed through an aperture
to get a spatially filtered beam of ~ 7 mm diameter. Using a beam splitter a part of it is
split and used for the backward pump (beam 3, which goes through a microprocessor
controlled, high precision delay line) and is focused using a 1m lens. The rest of the
beam is again split using another beam splitter. The second beam, which is the probe,
(beam 2) goes through a delay line (micrometer screw) and comes at an angle to the
forward pump. Beam 1 (forward pump) reaches the sample at a fixed delay and is
focused onto the sample using a 2m focal length lens. All the beams have Neutral
Density Filters in their paths to change the intensities accordingly. The angle between
the  forward pump  (beam 1) and the probe (beam 2)
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is measured to be ~ 5.1°. A half wave plate (HWP) is introduced in the probe beam to
change its state of polarisation. A part of the forward pump is picked up by a
photodiode (NRC 818309B) to monitor the pulse to pulse fluctuations. All the

samples, in the form of solution, are placed in a 1-mm quartz/glass cuvette.

2.4 Z-Scan

2.4.1 Closed aperture scan for sign and refractive nonlinearity

The Z-scan technique is a simple, sensitive, single beam method that uses the
principle of spatial beam distortion to measure both the sign and the magnitude of
refractive nonlinearities of optical materials. The experiment uses a Gaussian beam
from a laser in tight focus geometry to measure the transmittance of a nonlinear
medium through a finite aperture in the far field as a function of the sample position z,
from the focal plane. In addition to this, the sample transmittance without an aperture
is aso measured to extract complementary information about the absorptive
nonlinearities of the sample. The transmittance characteristics of the sample with a

finite aperture depend on the nonlinear refractive index, as elucidated below.

Consider, for instance, a material with a negative nonlinear refraction and of
thickness smaller than the diffraction length (nwj/ A) of the focused beam being

positioned at various postions along the Z-axis (fig. 2.9). This situation can be
regarded as treating the sample as a thin lens of variable focal length due to the change
in the refractive index at each position (n = ng + nyl). When the sample is far from the
focus and closer to the lens, the irradiance is low and the transmittance characteristics
are linear. Hence the transmittance through the aperture is fairly constant in this
region. Asthe sample is moved closer to the focus, the irradiance increases inducing a
negative lensing effect. A negative lens before the focus tends to collimate the beam.
This causes the beam narrowing leading to an increase in the measured transmittance at
the aperture. A negative lens after the focus tends to diverge the beam resulting in the
decrease of transmittance. As the sample is moved far away from the focus, the

transmittance becomes linear in Z as the irradiance becomes low again. Thus the curve
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for Z versus transmittance has a ped followed by a valley for a negative refradive
nonlineaity. The aurve for a positive refradive nonlineaity will give rise to the
opposite dfed, i.e. a valey followed by a pe&k. This technique has svera

advantages, some of which are

e Simplicity: No complicaed alignment except for keeping the bean centered on
aperture.

» Simultaneous measurement of both sign and magnitude of nonlineaity.

» Data analysisis quick and smple except for some particular conditions.

» Posshle to isolate the refradive and absorptive parts of nonlineaity unlike in
DFWM.

» High sengitivity, cgpable of resolving a phase distortion of A/300 povided the
sample is of high opticd quality.

* Close similarity between the Z-scan the Opticd Power Limiting geometry.

Some of the disadvantages include

e Stringent requirement of high quality Gaussan TEMg, bean for absolute
measurements.

e For non-Gaussan beams the aalysis is completely different.  Relative
measurements against a standard samples allows relaxation on requirements of
beam shape

» Bean walk-off due to sample imperfedions, tilt or distortions.

* Not suitable for measurement of off-diagonal elements of the susceptibility tensor

except when a second non-degenerate frequency beam is employed.

The Z-scan technique has been used extensively to study different materials like
semiconductors, nano-crystals, semiconductor-doped dasses, liquid crystals, organic
materials, biomaterials etc. To enhanceit’s sngitivity and applicability new extensions
have been added. A two color Z-scan is used to perform the studies of non-degenerate
opticd nonlineaities. A much more sensitive technique, EZ-scan (edipsed Z-scan),
has been developed which utili zes the fad that the wings of a drcular Gaussan beam

are much more sensitive to the far-field beam distortion. A refledion Z-scan technique
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was introduced to study the optical nonlinearities of surfaces. Z-scan with top-hat
beams, dlliptical Gaussian beams have been performed resulting in better sensitivity.
The dual wavelength (two-color) extension of the standard Z-scan technique has been
used to measure the non-degenerate nonlinearities. This has been further used to time-
resolve the dynamics of the nonlinear process by introducing a delay between the pump
and probe beams. A comprehensive review of different techniques of Z-scan could be

found in any of the references listed in [22].

2.4.2 Open aperture scan for absor ptive nonlinearity

In the above discussion a purely refractive nonlinearity was considered
assuming that absorptive nonlinearities are absent. The presence of multi-photon (two
or more) absorption suppresses the peak and enhances the valley, while saturation of
absorption produces the opposite effect. The sensitivity of the experiment to refractive
nonlinearities is entirely due to the aperture. The removal of the aperture will make the
Z-scan senditive to absorptive nonlinearities alone. Thus by doing the Z-scan with and
without aperture both the refractive and absorptive nonlinearities of the sample can be
studied. Z-scan studies of the all the samples are performed using broadband source /
ns pulses / ps pulses. The details of the experimental set-up are shown in fig. 2.9.
Spatially filtered input beam is focused using a lens of focal length ~ 80 mm. For Z-
scan with ps pulses a longer focal length lensis used since the peak intensities are large
compared to ns pulses. The sample placed in a 1-mm cuvette is scanned across the
focus using a stepper motor controlled by PC. A part of the input beam split using a
glass plate is monitored using a PD. The transmitted light is then collected using
another lens (large area) of f ~ 100 mm and another fast photodiode. The output beam
is again split using a beam splitter. For the closed aperture Z-scans an aperture of
known size is placed after the cell and the light passing through the aperture is
collected using a similar photo-diode. Different neutral density filters are used for
attenuation of the transmitted beam to ensure that the photodiode does not get
saturated. The photodiode output is fed to a lock-in amplifier (SRS 830 or Princeton
Applied Research) and finally gets recorded
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in a PC. The output data is averaged several times (typical number of averages is
300). The step sizeused is0.25/ 0.5 mm.

2.5 Photo-physics of a typical organic molecule

In molecules, the absorption of electromagnetic radiation results in the
excitation of an electron from a lower to a higher molecular quantum state. The
electronically excited molecule is energetically unstable with respect to ground state.
If the molecule does not rearrange or fragment it will find some way of losing its
excitation energy to the ground state. In fact, there are number of different possible
de-excitation pathways and the ones that are most favourable depend on the type of
molecule and the nature of electronic statesinvolved [23]. The de-excitation pathways
are often characterised by very rapid rates. One of the most interesting properties of
electronically excited molecules is their tendency to re-emit radiation on returning to
the ground state. The absorption of ultraviolet or visible light by an organic molecule
causes the excitation of an electron from an initially occupied, low energy orbital to a
high energy, unoccupied orbital. The energy of the absorbed photon is used to
energise an electron and cause it to jump to a higher energy orbital. Two excited
electronic states derive from the electronic orbital configuration produced by light
absorption. In one state, the electron spins are paired (anti-parallel) and in the other
state the electron spins are unpaired (parallel). The state with paired spins has no
resultant spin magnetic moment. A state with paired spins remains a single state in the
presence of a (laboratory) magnetic field, and is termed as singlet state. A state with
unpaired spins interacts with a (laboratory) magnetic field and splits into three
guantized states, and is termed as triplet state. An energy diagram is a display of the
relative energies of the ground state, the excited singlet states, and triplet states of a

molecule for a given, fixed nuclear geometry.

An energy level diagram characteristic of a typical organic dye molecule is
shown in fig. 2.10. The €electronic ground state of the molecule is a singlet state,
designated as S;, which spans a range of energies determined by the quantized

vibrational and rotational excitation of the molecule. The typical energy between the
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vibrational levels is of the order of 100 cm™. The rotational levels provide anea
continuum of states between the vibrational levels. The higher singlet states are
denoted as S; and S,. Ead eledronic state has smilar broad continuum of levels and
the opticd trangitions between these continua leals to broad absorption and emisson
spedra. Trangtion between singlet states are spin-alowed, giving rise to strong
absorption bands. When a laser pulse is incident, the moleaules are excited from the
lowest levels of the ground state S, to the highest vibrational states of S; (Sy,). The
decay from S, to Syo is non-radiative and occurs within few ps. From Sy, the
moleaules can relax badk to the ground state radiatively or non-radiatively to the
ground state or crosover to the triplet state (Intersystem Crossng). The radiative
decay, which is gontaneous, from S;oto S, is known as Fluorescence and is governed
by the lifetime of the S; state. For organic moleaules the lifetime is typicdly of the
order of few ns. The energy difference between absorption and emisson processs is
taken by the non-radiative decg in the S; and S, states and the relaxation of the
moleaules from S, to the lowest triplet state T, is governed by the intersystem
crossng rate. The intersystem crossng rate constant is typicdly 10 to 10’ s* due to
spin restriction fador. Another important processof de-adivation of the S; state is the
Internal Conversion, which is the non-radiative decay of S;pto S, The decay from
T1to S can be radiative or non-radiative and is termed as Phosphorescence if it isthe
former type. Typicd phosphorescence life times are in the range of msto ps. The
lifetime of the triplet state T, is generaly large since the triplet-singlet transition is
dipole forbidden.

In the first excited singlet and triplet states, under speda experimental
conditions (higher intensities), the moleaule may be promoted to the higher states S,
and T, respedively. These higher states relax bad to the S; and T, on avery fast time
scde (few hundred fs) and in the process generate a vibrationaly excited state
(Kasha's rule). Higher triplets can also be populated by intersystem crossng from
higher singlet states if the rate constants are competitive for internal conversion and
intersystem crossng in the upper states. Thus, although dired absorption from ground
singlet to triplet state is forbidden by seledion rules, it can be populated indiredly. We
will be using vibrational relaxation time dso to represent the dephasing time for the S,
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and S; states. Thisis so because of band of vibrational levels, closely spaced, inthe S,
states leading to very fast dephasing time T,. Since the vibrational levelsin S, state are
far more separated the dephasing (Tvib) is expected to sow compared to the S, states.

2.6 Results on the samples Rhodamine B and CS;

Standard samples of CS, and RhB are studied in order to test the validity of the
present Incoherent Laser Spectroscopy technique to measure the ns and ps relaxation
times through DFWM. In the first stage we studied the dynamics of RhB dissolved in
methanol. The phase conjugate signal recorded as a function of delay of beam 3, with
beam 2 delay at zero, is shown in fig. 2.3 (b). The curve obtained is a symmetric one
with no decay observed for both positive and negative delays (convention used
throughout the thesis is, if pulse arrives in the sample early it is denoted as negative
delay and if it arrives late it is denoted as positive delay). Since the phase relaxation in
such dyes is very fagt, typicaly less then 100 fs [24], we do not observe any decay in
the profile. In other words the curve we observed was just the auto-correlation curve.
Beyond 170 fs delay time (FWHM of the curve) no two pulses are correlated and
hence there is no signal. Background signal consists of the scattered light collected by
the photo-diode. T. obtained from the theoretical calculations agrees very well with

experimental value.

In the second stage we studied the relaxation times in liquid CS,. CS; isone of
the most familiar and simplest optical Kerr media. Fig. 2.11 (a) depicts the signal in
CS; (open circles) and it is found to be asymmetric with three components having
different life times. The intense component is due to the coherence spike as it
coincides with the auto-correlation function (solid line). There are two more
components with short and the long decay times. Figure 2.11 (b) shows the values
obtained through least squared fitting of the data (0.22 ps for the short component and
2.2 ps for the long component). Ps and sub-ps relaxation times measurement of the
optical Kerr effect was done with more accuracy with the advent of ps/fs laser systems.

The ps relaxation in CS, is consdered to be associated with orientational
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randomisation by rotational diffusion of molecules subsequent to their alignment by an
external electric field. Several mechanisms have been proposed [25] to explain the
sub-ps response like the a) damped librational motion, b) the time dependant behaviour
resulting from collisions which induce an anisotropic polarizability in colliding pairs of
atoms or molecules, ¢) short time behaviour associated with the rotationa diffusion
motion of molecules possessing a large anisotropic polarizability etc. Our values
match perfectly with most of the reported values proving the validity of the present

set-up for the measurement of different relaxation times.
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2.7 Conclusions

1. The home-built dye laser with different elements (mirror and grating) in the cavity
has been tried and the resulting broadband laser pulses are used for different

DFWM and Z-scan experiments.

2. With RhB as the gain medium and a mirror in the cavity we obtained the
correlation time as ~ 170 fs through time-resolved studies as well as from the

inverse of bandwidth, obtained through the spectral recording, of the laser pulses.

3. When the mirror is replaced by a high-resolution grating we could get a correlation
time of ~ 2.8 ps obtained from the DFWM signal in RhB and CS;.

4. The initia results of phase relaxation measurements and oreintational relaxation
measurements in RhB and CS,; respectively match very well with those reported in
literature thereby calibrating our experimental set-up for the measurement of ps

and sub-ps relaxations using an incoherent laser source.
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