






















































































































































































































































































































































































































































































































































































Denariez [18] a linear varistion of SRS is found in our case also 1in
the rangde of power levels used ( < 7 HW). However, almost from the
threshold level itself BSRS begins to grow in intensity in comparison
with FSRS. According to Shen and Bloembergen {17] the gains in the
forward and backward directions are expected to be the same at low
pump 1intensities, whereas actually with stronder pump beams a
considerable enhancement in BSRS has been observed before, in
different media [18,19]. Obviously, in addition to pump depletion,
several nonlinear processes like self focusing, stimulated Brillouin
scattering (SBS), phase conjugation etc. are contributing in various
degrees to the observed forward-backward asymmetry. Even though the
low Kerr coefficient of acetone indicates that self focusing may not
occur, Shen and Shaham {12] have shown from their temperature
dependence studies that SBS in the near-forward direction can lead to
self focusing phenomenon in liquids like acetone. The contribution of
SBS to self focusing is thus indeed non-negligible in 1liquids with
relatively small Kerr constants. It is worth noting that in acetone
phase conjugation by SBS has been already reported [20]. Apart from =a
qualitative description, an estimation of the relative importance of
these and other processes taking place in the medium is quite
complicated even though their collective effect 1is manifested as =a
significant enhancement in BSRS intensity in the whole range of power
levels used here. However, the fact still remains that since 1in
acetone the stimulated Raman cross section is quite high the primary

nechanism leading to an enhancement of BSRS is phase conjugation by
SRS itself.

SRS from dilute solutions of RBG in acetone shows interesting
characteristics. Following Kaiser and Maier [21], we <can write the

spatial dependence of pump (Il), FSRS (IZ) and BSRS (IZ) as

dl
| f b
dz - "gl [Il(Is + IS) + o] (5.47)
dIZ . |
gz - &8s I ) (5.48)
and
dIts’ .
dz° = gs Is I1 (5.49)
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wvhere g = gain factor, o = linesar optical absorption coefficient for

Lhe pump wavelongth Al and z° = -z. For acetone a is negligibly small
when excited with 532 nm (= 1074

. -1 . . . .
solution, where a = 10 em ~, resulting in nondirectional fluorescence

enission centred around 570 nm. (Absorption losses of Ig and I: are

neglected since the Raman emission lies far away from the absorption

cm—l) as compared to the dilute dye

band of RBG). Hence, in the presence of RBG the depletion 1in pump
energy along the beam axis in the medium should result in a reduced
SRS emission in comparison with that of pure acetone, thereby shifting
the threshold at which the BSRS/FSRS ratio equals unity towards =
corresponding higher value of the pump pulse energy. Our experimental
observation of an obvious increase in this threshold wvalue with dye
concentration (Fig.5.11) confirms this assumption. The threshold
enerdy shifts from 25 mJ/pulse at 2.9 x 10—8 moles/1lt to 87.6 mJ/pulse
at 3.9 x 10_6 moles/1lt. There is a net reduction in SRS intensity with
conoentration which is expected from dye fluorescence 1losses. The
comparative reduction in BSRS intensity occurs due to the fact that
phase conjugation of the pump beam becomes 1less prominent in an
absorbing medium, thereby reducing its energy coupling to the BSRS
beam. However the intensity of FSRS radiation increases with
concentration (Fig.5.12a and 5.12b). If we take the sum of forward and
backward intensities and compare it with that in acetone, we find that
at low pump energies the total intensity (FSRS + BSRS) decreases with
concentration while at higher laser energies it is almost the same as
that in pure acetone (Fig.5.13). We note that RB8G solution has a
nonlinear absorption coefficient which depends on the pump intensity
8S

o = o / (1+I’) (5.50)

where

' = I,/1 (5.51)

sat
and ISat is the absorption saturation intensity with ao as the linear
sbsorption coefficient. When I1 > ISat we have o < aO and the
transmission characteristics will become more similar to that of the

solvent (acetone). Hence Eqn.5.47 can be modified to give
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dl o
1 _ £ b 0
dz - gl [Il(IS + IS) + 1+I: ] (5.52)

At large Il, I 5> 1 and a << o resulting in a significantly
reduced net absorption. This implies that at higher laser energy, the
presence of the dye apparently does not affect the total scattered
intensity from acetone, thereby maintaining the scattering efficiency
to be almost the same as that of pure sacetone. However, the anisotropy
of scattered intensities in backward and forward directions is

nodified, which is obvious from the given figures.

It has been reported that optical pulse compression 1is possible
in stimulated scattering [11,22,23]. Narrower pulses are attractive
for two major reasons : (a) they have higher peak powers and (b) they
are preferred for probing fast molecular dynamics 1in general. The
results of our studies to observe pulse narrowing are shown in
Figs.5.14a to 5.14c. By adjusting the laser pulsewidth (FWHM) to be
approximately 30 ns, SRS and SBS have been generated in pure acetoneo.
The pulse profiles have been scanned 1in time and recorded, by
employing a scanning gate generator having a fast gate of 100 ps
width, run at 3.33 ns/second resolution (Models SR 200 and SR 255,
Stanford Research systems). Pulsewidths (FWHM) of 18 ns and 11 ns have
been obtained for the SBS and SRS pulses respectively.

Recently there has been some 1interest 1in the application of
optical feedback for the enhancement of stimulated radiation from
scattering media [24]. If the feedback path 1s short then multiple
passes are possible within the Raman cell during the 1laser pulse
duration, thus increasing the SRS output. We have used an experimental
set up given in Fig.5.15 for feedback enhancement studies in acetone.
The curves shown in Fig.5.16a and 5.16b, for BSRS and FSRS
respectively, show that there 1is a noticeable increase in the
scattered radiation intensity. By reducing the feedback cavity length
and using AR coated optical elements a much better performance can

normally be expected.

5.8 Conclusions

The theory of stimulated Raman and Brillouin scattering is
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briefly discussed. The addition of an absorbing impurity in small
quantities to the Raman active medium is found to affect the
forward-backward asymmetry of SRS. It is shown that because of
sbsorption saturation at high pump pulse energies the scattering
efficiency can be maintained the same, while modifying the asymmetry.
Optical pulse narrowing and feedback enhancement in stimulated
scattering have also been investigated.
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CHAPTER - 6

GENERATION OF BROADBAND LASER PULSES FROM DYES

6.1 Evolution of the dye laser

Even though dye lasers entered the scene at a time when several
hundreds of laser active materials were known, they were not just
another addition to the already existing long list of lasers. First of
all they provided wavelength tunability of monochromatic radiation
over wide ranges of wavelengths. Dye lasers are attractive in several
other respects: dyes can be used in solid, liquid or gas phases and
their concentration (and hence their absorption and gain) can be
readily controlled. Liquid solutions of dyes are especially
convenient: the active medium ocan be obtained in high optical quality
and cooling is simply achieved by a flow system, as in gas lasers.
Optically induced damages in a liquid are self-repairing, and output
powers of magnitudes comparable to solid state lasers are available
from dye lasers. Finally, the cost of the active medium, the organic

dye, is negligibly small as compared to that of solid state lasers.

There had been early speculations about the possible use of
organic compounds as laser materials [1,2]. It was proposed to make
use of the vibronic levels of electronically excited organic molecules
as the active medium [3].The first experimental study that might have
led to the realization of an organic laser was by Stockman et al (4]
and Stockman [5]. Using a high power flashlamp to excite a solution of
Perylene in benzene between two resonator mirrors, Stockman found an
indication of a small net optical gain in his system. Unfortunately
the aromatic molecule perylene has high losses due to triplet-triplet
asbsorption and excited singlet state absorption, resulting in very
small gains. In 1966 Sorokin and Lankard at IBM's Thomas J Watson
research centre obtained stimulated emission from an organic compound,
chloro-aluminum-phthalocyanine for the first time [6]. In fact they
had set out to observe the resonance Raman effect in this dye excited
by a giant pulse ruby laser. Instead of sharp Raman lines, they found
a weak diffuse band at 755.5 nm, the peak of one of the fluorescence

bands. They immediately suspected this might be a sign of incipient
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laser action and indeed, when the dye cell was incorporated into a
resonator, a powerful laser beam at 755.5 nm emerged. The tunability
of dye laser emission was first observed by Schafer et al {71 by a
change in dye concentration or resonator mirror reflectivity. They
fabricated a simple dye laser system employing the dye 3,3~
diethyltricarbocyanine, the output wavelength of which could be tuned
over more than 60 nm by varying one or both of the above parameters.
Subsequently various laboratories became active in dye laser research,

and laser action in various dyes, spanning a broad spectral range were
reported {8-14].

The next important step was the substitution of one of the
resonator mirrors by a diffraction grating for introducing wavelength
dependent feedback [15]. These authors obtained effective spectral
narrowing from 6 to 0.06 nm and a continuous tuning range of 45 nm.
Since then many different schemes have been developed for tuning the
dye laser wavelength [16-20]. Flashlamp pumped dye lasers also

appeared around this time [11].

Initially it was believed that cw operation of the dye laser was
not feasible due to the losses associated with the accumulation of dye
molecules in the metastable triplet state. However, Snavely and
Schafer {21] showed that triplet quenching by oxyden decreased the
steady state population of the triplet state, far enough to permit cw
operation for Rhodamine 8G in methanol. Later, unsaturated
hydrocarbons also were used as triplet quenchers [22-24]. Peterson et
al [25] at Eastman Kodak research laboratory used a cw argon ion laser
to pump a solution of Rhodamine 6G in water with some detergent added.
Water as solvent has +the advantage of high heat capacity, thus
reducing temperature gradients which are further reduced by the high
velocity of the flow of dye solution through the focal region. The
detergent acts both as a triplet quencher and prevents the formation
of non-fluorescing dimers of dye molecules, which produce a high

absorption loss in pure water solutions.

Efforts to produce ultrashort laser pulses from dyes also were
initiated around 1968. It is the very 1large gain bandwidth of dye

lasers that makes them attractive candidates for wultrashort pulse
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generation. First attempts to produce ultrashort pulses with dye
lasers involved pumping a dye solution with a mode-locked pulse train
from a solid state laser, with the dye cuvette placed in a resonator
with a round trip time exactly equal to, or a simple submultiple of,
the spacing of the pump pulses [28-28]. The superradiant travelling
wave emission from a wedded dye cuvette also was employed eliminating
the resonator [29]. The pulsewidths obtained were generally in the
range of 10-30 ps. By self mode-locking of a flashlamp pumped dye
laser, a pulsewidth of 2 ps was obtained [30]. Ruddock and Bradley
[31] introduced the colliding pulse mode-locked laser with a pulse
width of 300 fs, which was subsequently upgraded to 65 fs through a
modified design [32]. Pulse durations 1less than 30 fs have been
achieved now [33] and the lowest pulsewidth reported to date is 6 fs
{34]. Table 6.1 gives an account of the historical evolution of
pulsewidth reduction [35].

Hany more developments have been sparked off by the demands of
various applications of lasers. An example is the distributed feedback
dye laser, first described by Koegelnik and Shank [36] which have
great scope as active elements for integrated optics. In their design
the distributed-feedback structure was produced by inducing a periodic
spatial variation of the refrasctive index of the medium. Shank et al
[{37] have shown that a distributed-feedback amplifier can also be
operated with the feedback produced by a periodic spatial variation of
the gain of the dye solution. More recently, laser emission arising
from morphology-dependent resonances (MDR s) in spherical or
cylindrical cavities has been discovered in micrometer sized droplets
of dye solutions [38-40]. Such resonances occur when an integral
number of wavelengths equals the circumference of the droplet, and
these "micro’” lasers are now called whispering-gallery-mode lasers in
analogy to the whispering-gallery acoustic waves which have been known
for a long time. These lasers elucidate the very high gain of the dye

medium, permitting the use of extremely small active lengths.

6.2 Practical dye laser configurations

Dye lasers can be broadly divided into the 1laser-pumped and

flashlamp pumped types. So far only the fluorescence band is used for
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Table 6.1

Year Technique pulsewidth
1960 Laser (Mainman) X 1 ms
18961 Q-switching (Hellwarth) = 10 ns
1865 Mode-locking (Mocker, Collins) = 10 ps
1966 Dye lasers (Sorokin) = 10 ns
1968 Mode-locked dye lasers (Schﬁfer) x 10 ps
1981 colliding-pulse mode-locked (CPM)

dye lasers (Fork) x 100 fs
1985 Dispersion balanced CPM

dye lasers (Valdmanis) & 20-60 fs
1987 compression of fs pulses (Fork) x~ 6 fs
1982 Kerr-lens mode-locked Ti:sapphire

laser (Schmidt et al) x 15 fs
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lasing, and a preliminary report of a dye laser utilizing the
phosphorescence band [41] has been suggested to be in error [42]. The
allowed Sl————b.S0 transition in fluorescent dyes is capable of giving
a high amplification factor even at 1low dye concentrations, but a
complication in such systems is the low-lying triplet states. Sl———+
Tl intersystem crossing has a two-fold consequence : firstly it
reduces the population of the excited singlet state and hence the
amplification factor; and secondly, it enhances triplet-triplet
absorption losses. It can be shown that a slowly rising pump 1light
pulse (usually > 100 ns in duration) would transfer most of the
molecules to the triplet state and deplete the ground state
correspondingly, and experimental evidence for the premature stopping
of laser action due to triplet losses can be found in almost any
flashlamp pumped dye laser. Fig.6.1 gives the dye laser efficiency as
a function of the excitation pulse width [43]. It is obvious that in
the case of long pump pulses and for c¢w operation, a steady state

should be maintained - for example, using triplet quenchers - where

the triplet production rate equals the deactivation rate.

6.2.a Dye laser oscillator

Once the amplification factor of the dye medium is suffioient
enough to maintain a net gain in the system, the next problem is that
of a wavelength selective resonator. Even though a coarse tunability
is possible by judicious choice of the dye, the solvent and the
resonator @ ; fine tuning and simultaneocus attainment of small
linewidths can be achieved only by using a wavelength selective
resonator. The first of its kind was constructed by Soffer and
McFarland [15] by replacing one of the broadband dielectric mirrors of
the dye laser cavity by a plane optical grating in Littrow mounting.
One disadvantage of grating tuning is the substantial insertion loss,
due to the fact that most gratings have only about 865 % reflection
efficiency. However, high guality gratings can have 85 % efficiency at
blaze wavelengths. Further, beam expanding optics like an intracavity
telescope is often necessary for preventing grating damage as well as
ensuring the spectral resolution. Burning of the grating can also be
avoided by placing an additional semitransparent mirror in front of

the grating [44]. In gas lasers where the laser lines are sharp and
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mutually isolated, tuning and spectral narrowing with prisms instead
of gdratings have 1long been employed [45]. However due to the
relatively small angular dispersion of prisms, for flashlamp pumped
dye lasers multiple prism arrangements are required to obtain
sufficient spectral resolution. A five prisms arrangement reported by
Strome and Webb [48], and a six prisms arrangement suggested by
Schafer and Miller [47] are generally used in ring lasers. It is
interesting to note that the cumulative insertion 1loss of even six
prisms near the Brewster angle is much smaller than that of one
grating {42]). Grazing incidence resonators and multiple prism-grating

configurations also have been described by various authors [48-51].

Fabry-perot etalons or interference filters are generally used
for reducing the spectral bandwidth further. For exampls, the
insertion of a Fabry-perot etalon into a dye laser cavity having
telescopic beam expansion reduced the bandwidth from 3 pm to 0.4 pm
[52]. As Fabry-perot etalons one usually uses either plane-parallel
quartz plates coated with dielectric multilayer broadband reflective
coatings, or optically contacted air Fabry-perots. Some other designs
make use of the rotation of polarization for wavelength selection.
Birefringence [53], rotatory dispersion of z-cut quartz crystals [54],
Faraday rotation [55] ete. have been wutilized in these designs.
Details of the performance of various narrow-linewidth dye laser

oscillators are given in Table 8.2.

6.2.b Dye Amplifiers

The dye laser oscillators described above can be considered as
broadband amplifiers with selective or nonselective regenerative
feedback. Because of its high inherent gain, a dye laser needs very
little feedback to reach the threshold of oscillation. Thus it is
usually somewhat difficult to build a dye laser amplifier, carefully
avoiding all possibilities of regenerative feedback. The first report
of a dye acting as an amplifier medium came in 19687 [56]. Here a ruby
laser, a Raman cell containing toluene and a dye cuvette containing
DTTC dissolved in dimethyl sulphoxide are aligned in a straight 1line,
so that the ruby beam and the first stimulated Raman 1line pumps the

dve solution longitudinally. Broadband laser emission is obtained with
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Table 8.2: Performance of Narrow-Linewidth Dye Laser oscillators

Cavity type Linewidth % Efficiency Pump source
Telescopic 2.5 GH=z 20 N2 laser
300 MHz® 2-4 N, laser
Grazing-incidence 2.5 GH=z T4 Nd:YAG laser’
420 MHz® ~ 6 N, laser
300 MHz’ 2 Nd:YAG laser®
150 MHz 3 Nd:YAG laser”
MPL 1.61 GH=z 14 N2 laser
HMPGI 1.15 GHz 7-10 N, laser
MPL 60 MHz' 5 Cu laser
HMPGI 400-650 MHz 4-5 Cu laser
HMPGI and MPL 250-375 MHz* Flashlamp

1 : Incorporates intracavity etalon

2z : Open-cavity configuration

3 : Single~-pulse linewidth, tuning mirror replaced by a second grating
4 : Single-pulse linewidth

5 : Frequency doubled

MPL : Multiple-prism Littrow configuration
HMPGI : Hybrid multiple-prism grazing-incidence
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Lthe four percent Fresnel refloction from the 'windows. Howover, when
the concentration of the dye is set to a value such that the dye would
lase near or at the wavelength of the second Stokes line at 806.75 nm,
the broadband oscillation of the dye 1ls quenched and the sharp stokes
line strongly amplifies instead. The Raman signal, being present from
the beginning of the pump process, uses up all available inversion 1in
the dye so that no free laser oscillation can start. Similar results
have been obtained in cryptocyanine also, with 052 as the Raman
liquid. Most of the dye lasers nowadays utilize one or more
amplification stages for amplifying a weak laser beam generated in an
oscillator cell. Different authors have given various designs for high

gain dye amplifiers [57-58].

6.3 Theory of a simple dye laser

Consider a dye solution of concentration n cm_3 taken in a
cuvette of length L cm, having parallel end windows coated for a
broadband reflectivity R. In this simplest form the cuvette walls are
the cavity mirrors and the cuvette itself is the resonator of the dye
laser. Assuming the pump pulse to be short (< 100 ns) all triplet
effects can be neglected to a first approximation. If n1 molecules/om3
are excited to the first singlet state the dye laser will start
oscillating at a wavenumber v if the overall gain is equal to or

greater than one as given by the equation [42]
exp [ - oa(v) nOL ] R exp [ + of(v) nlL ] Z 1 . (6.1)

Here aa(ﬁ) and of(ﬁ) are the cross sections for absorption and
stimulated fluorescence at » respectively, and ng is the population of
the ground state. The first exponential term gives the attenuation due
to reabsorption of fluorescence by the long wavelength tail of the
absorption band. The attenuation becomes more important when the
overlap between the absorption and fluorescence bands is significant.
The cross section for stimulated fluorescence 1is related to the

Einstein coefficient B through the relation

of(:‘») = g(v) B hv /e, (6.2)
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where g(») is the lineshape function such that

fg(D) dv = 1 (6.3)

where the integration is over the fluorescence band. Substituting the

Einstein coefficient A for spontaneous emission according to

B= — LA (6.4)
hy 8nv

and recalling that g(»)A ¢f = Q (v) is the number of fluorescence

quanta per wavenumber interval, one obtains

1 Q)
2 ¢p . (6.5)

of(;) = —
8nc v

o
Since the fluorescence band is wusually a mirror image of the
absorption band the maximum values of the cross sections in absorption

and emission are found to be equal, ie,

-
a,max

af,max (6.6)
Taking the log of equation 6.1 and rearranging, we get the oscillation
condition in a form which makes it easier to discuss the influence of

the various parameters:

S/n + oa(ﬂ) _ ‘
< ¥y (v) (6.7)

of(;) + aa(;)

Here S = (1/L) 1ln(1/R) and »(v) = nl/n. The constant S contains only
the parameters of the resonator, L and R. Scattering and diffraction
losses may be accounted for by an effective reflectivity term Reff'
The value »(») is the minimum fraction of molecules that must be
raised to the first singlet state to reach the threshold of
oscillation. One may then calculate the function #»(») from the
absorption and fluorescence spectra for any concentration n of the dye
and value S of the cavity. In this way one finds the frequency for the

minimum of this function, which will be the start oscillation
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frequency. This frequency can also be obtained by differentiating
equation 6.7 and setting d»(v)/dv = 0. This yields
o_"(v)

a [af (D) + o (v) ] = S/n (6.8)

of' (v) + oa' (v)

(prime means differentiation with respect to ») from which the start
oscillation frequency can be obtained. Figures 6.2a and 6.2b show the
relationship between the length of the cuvette L, reflectivity R,
concentration n and the laser wavelength X (ie, the wavelendgth at

which the minimum of »(¥) occurs).

8.4 Design of the broadband resonator

We have observed that a good quality, square, all-side-polished
uncoated spectrophotometer cuvette containing the absorbing dye
solution can be used as a broadband laser oscillator, when pumped with
the 532 nm radiation from the frequency-doubled Nd:YAG laser
(Fig.6.3a). The pump beam is focused as a line on the front face of
the cuvette, along which the amplification takes place. The Fresnel
reflection from the glass-air interface at the cuvette walls
(approximately 47%) provides optical feedback 1into the cavity, and
laser oscillations are sustained due to the high dain of the dye
medium. In this case the dye laser beam 1is propagated in two
directions, perpendicular to the propagation direction of the pump
beam. However in most of the following experiments an external cavity
has been employed, using a 100% broadband reflector at one end and a
47 reflector (glass plate) as the output coupler. Two convex lenses
and two apertures also are included in the cavity for beam shaping
(Fig.6.3b). In this geometry the cuvette is tilted at an angle for
preventing internal oscillations within it. This configuration is more
efficient than the previous one, since the cavity Q is enhanced by the
use of the 100% reflector. The positioning of the cuvette with respect
to the focusing lens is found to be critical in determining the energy
and divergence of the dye 1laser beam. Since frequency selective
components like gratings and prisms are not used 1in the cavity,
broadband dye laser pulses are obtained along the resonator axis wupon

proper excitation by the pump laser.
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Fig.6.2 : Relationship of the lasing wavelength (A) to the
length L, dye concentration n, and reflectivity R.
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In the following sections we discuss the results obtained from

parametric studies of this broadband dye laser.

6.5 Pump power dependence of the emission

One of our interesting observations has been the occurrence of
stimulated emission in test tube samples. Here also the feedback from
the curved test tube walls is responsible for this phenomenon, even
though the emission is weak and non-directional as compared to the
cuvette geometry. This is partly due to geometrical reasons and partly
due to the predominance of amplified spontaneous emission (ASE).
Fig.6.4a shows the gradual evolution of the 1lasing band with pump
power in a solution of Rhodamine 6G. It may be noted that the 1lasing
peak develops not at the fluorescence peak, but at longer wavelengths,
due to the reabsorption effect [42]. However in a solution of DCM in
Dimethyl formamide (DMF), lasing action occurs at the fluorescence

peak itself, since reabsorption effects are minimal here (Fig.6.4b).
Fig.6.5 shows the increase in dye laser power with pump power.
For R6G taken in water at a concentration of 10_3 moles/1lt, the energy

conversion efficiency is found to be around 6%.

6.6 Concentration tuning of the dye laser wavelength

Equation 6.7 shows that the emission wavelength is a function of
the length and Q@ of the cavity, as well as the concentration of the
dye. This indicates the possibility of tuning the dye laser wavelength

by changing the sample concentration. Fig.6.6 gives the spectrum of

lagser emission for two concentrations of Rhodamine 6G in water. The
peaks are found to be separated by about 40 nm. In Fig.6.7, variation
of the lasing peak with concentration in the range of 10_3 to 10_5

moles/1lt is shown. There is good agreement with theory, which is
obvious from a comparison with Fig.6.2a. The useful tunable range is
found to be from 566 nm to 609 nm, and the maximum bandwidth is

observed at 8.5 x 10—4 moles/1lt concentration.

Figs.B6.8a and 6.8b show the absorption spectrum and laser action

in cresyl violet perchlorate solutions prepared in methanol.: The
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observed tunable range is approximately 22 nm (624 nm - 646 nm) and
the highest bandwidth is obtained for the lowest concentration of 4.5
X 10_5 moles/1lt (Fig.6.9). Still lower concentrations could not be

tried because of the low absorption coefficient of the samples at 532
nm.

Figs.6.10a and 6.10b show the absorption spectrum and the results
obtained from the analysis of DCM samples prepared in an ethylene
glycol + benzyl alcohol mixture. Tunability is obtained in a range of
17 nm (628 nm - 645 nm), and the highest bandwidth is obtained for a
concentration of 4.7 x 10_3 moles/1t (Fig.6.11). In DCM also, because
of the low absorption at the pump wavelength, the range of sanalyzable

concentrations is restricted.

8.7 Energy transfer and double band lasing in dye mixtures

It has been known before that since there are spectral regions of
weak absorption present in many dyes, considerable losses in
shsorption will occur on flashlamp pumping, reducing the overall
efficiency. Reduced efficiency is to be expected in laser pumping too
if the dye absorption is not significant at the pump wavelength. To
improve the efficiency of dye 1lasers, Peterson and Snavely [60]
proposed the application of energy transfer in donor-acceptor pairs of
organic dyes. Energy transfer is also one of the methods that can be
employed for efficient shifting of the dye ‘laser wavelength
appreciably relative to the pump wavelength. The basic requirements
here are that (a) the fluorescence spectrum of the ‘donor”® dye
overlaps the lowest S-S absorption band of the “acceptor’” dye, and (b)
the triplet absorption of the donor dye does not overlap the emission
band of the acceptor dye. The donor dye will then strongly absorb =
shorter wavelength portion of the flashlamp spectrum converting it
into longer wavelength fluorescence light. Now the acceptor dye is
excited by the longer wavelength portion of the flashlamp spectrum
together with the fluorescence emission from the donor dye, and the
pumping efficiency is increased. Peterson and Snavely reported a four
fold increase 1in energy output from a flashlamp pumped Rhodamine 6G
(donor)/rhodamine B (acceptor) dye mixture as compared to a solution

of pure Rhodamine B. By a proper choice of the dye concentrations it
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Fig.6.4a : Evolution of the 1lasing band with pump ..power in an
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for 2. Inset shows strong lasing for a pump power of 7.3 MW.
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Fig.8.4b : Fluorescence emission (a) evolves to the lasing band (b) at

a higher pump power in a solution of DCM prepared in dimethyl
formamide. The sample is taken in cuvette.
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is also possible to have lasing from both dyes simultaneocusly. For
example, two band lasing of dyes embedded in polymer hosts ([61] and
simultaneous laser action at the primary colours of blue, green and
red from mixtures of three dyes [62] (which the authors used as the
source for a multiwavelength LIDAR system) etc. have been reported. It
may be noted here that lasing in a second band due to the formation of
a protonated excited state form of a single dye species also 1is
possible sometimes [63]. The dye mixture laser is attractive from an
instrumentation point of view too, since here only one laser systenm
and one dye cell are required to get multipls wavelengths.
Narrowband, widely tunable laser radiation also can be obtained from
dye mixture lasers, and a good example is the dye laser reported by
Stokes et al [64], that can be tuned in the entire spectral randge of
350 to 730 nm, with linewidths = 0.01 nm.

The main mechanisms that have been proposed for energy transfer
are (1) radiative transfer, ie., absorption of donor emission by an
acceptor (2) diffusion-controlled collisional transfer and (3)
resonance transfer due to long range dipole-dipole interactions [85].
However, radiative transfer 1is the dominant mechanism in energy

transfer dye lasers [66].

To investigate the effects of dye mixing we have studied a
Rhodamine 6G (donor)/cresyl violet perchlorate (acceptor) system taken
at various concentrations of the acceptor. The R6G concentration has
been fixed at 2 x 10_3 moles/1lt while the CVP concentration is changed
from 2.27 x 107° moles/1t to 3.63 x 10™% moles/1t. The overlap of the
relevant absorption and emission bands 1is shown in Fig.8.12. The
evolution and growth of the CVP lasing band around 630 nm 1is obvious
from figures 6.13a and 6.13b. It is seen that by a proper choice of
the CVP concentration one can have either double band lasing, or
single band lasing of the acceptor molecule. The reduced bandwidth of
R8G lasing in the mixture as compared to pure RB6G solutions results
from the higher concentration used here. The lasing bands are found to

vary with CVP concentration as shown in Fig.6.14.
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6.8 Conclusions

The design of a simple broadband dye laser resonator is discussed
in this chapter. Observation of stimulated emission and lasing in an
unconventional test tube geometry is reported. Details of
concentration tuning of the emission wavelength in Rhodamine 6G, DCM
and Cresyl violet solution lasers are given. Double band 1lasing 1in
R6G/CVP mixtures is investigated, and the energy transfer mechanism is
studied at various concentrations of the acceptor molecule. Tunability
of broadband laser radiation is achieved over a range of about 73 nm
collectively from R6G, DCM and Cresyl violet samples. The good spatial
coherence, controllable spectral width, moderate power levels and wide
tunability of these broadband lasers make them useful 1in several
applications like ultrafast technology [67], incoherent spectroscopy
{68], white light fourier optical processing [68], all-optical 1image
transfer [70] etc.
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CHAPTER - 7
GENERAL CONCLUSIONS

Dye lasers are perhaps the most versatile and one of the most
successful laser sources known today. Indeed, at the time of the
discovery of this class of lasers by Sorokin and Lankard, few could
have anticipated the spectacular diversification and their significant
contribution to basic physics, chemistry, biology, and additional
fields. For dye lasers, high pulse energies at conversion efficiencies
exceeding 50% have been obtained, cwW and pulsed
single-longitudinal-mode operation at linewidths less than 1 kHz is
possible, and ultrashort pulses (= fs) and high pulse repetition
frequencies are achievable. The wavelength region covered by dyes so
far is very broad, extending from 320 nm to 1200 nm. This wunique
flexibility furnishes many economic and engineering design advantages,
providing numerous alternatives in the dye laser system integration.
The several applications of dye lasers include industrial, medical,
and military purposes, as well as in largde-scale 1laser isotope
separation, the study of fundamental physics, various types of
spectroscopy techniques, laser radar and LIDAR etec. It 1is in this
perspective that investigations of the optical properties of laser

dyes become significant.

Several workers have shown that multiphoton and Excited state
absorptions become strong in laser dyes at typical pump beam
intensities leading to the population of higher energy 1levels. The
study of these processes has been mostly based on the observation of
antistokes fluorescence (ASF) emitted by these states, usually at a
shorter wavelength than the pump wavelength. Different variations of
the ASF technique have been applied before to characterize two-photon
absorptions in dye solutions. However, a serious drawback of the ASF
technique is its low sensitivity, arising from the fact that higher
energy levels are nonradiatively coupled to the first excited singlet
state in organic dyes, thereby reducing the ASF quantum yield
significantly. Hence the detection of ASF and its discrimination from

the strong stokes fluorescence is often problematic. Due to the low
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sensitivity, in gdeneral a radiometric estimate of multiphoton
processes can lead to highly erroneous results, particularly in
weakly absorbing media. Further, ASF resulting from different orders
of multiphoton excitation (two photon, three photon etc.) can cover a
broad wavelength region necessitating the need of broadband detectors,
thus making the instrumentation quite expensive. We have proposed and
successfully demonstrated the application of Pulsed photoacoustic (PA)
technique to the investigation of higher order absorptions in
fluorescing compounds, taking the dyes DCM and cresyl violet
perchlorate as typical samples. An additional advantage of this
technique is that the PA signal becomes stronger when ASF 1is weaker,
due to the complementary nature of the underlying effects. The same
acoustic transducer can be used with the same sensitivity for probing
de-excitations from various higher energy levels, and a chande of

detector and/or spectral response normalization is not required.

However, the PA technique is not without its limitations: We have
ensured from experiments that the PA technique fails to observe a
nonlinear absorption that leads to a transition which is strongly
radiative in nature, for example, the Sl-——e So fluorescence channel

in dyes. Here ASF is quite strong, and is of course the better choice.

Our investigations of the asymmetry in the intensities between
the forward and backward Stimulated Raman scattered radiations in an
organic compound (acetone) have shown that the intensity ratio can be
controlled by the addition of trace quantities of an absorbing
species, for example, a dye. Optical pulse narrowing in stimulated
Raman and Brillouin scattering, and feedback enhancement of SRS also

have been investigated.

The narrow spectrum is usually considered as an intrinsic laser
feature and is exploited in numerous applications. However there are
situations where a broad spectral source with good spatial coherence
and controllable spectral width is needed, examples of which are
coherent transient spectroscopy with incoherent 1light, white 1light

Fourier optical processing, all optical image transfer etc.. Sonme
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broadband sources that have been proposed and examined in recent years
utilize amplified spontaneous emission, picosecond continuunm,
incompletely mode-locked dye laser and transversal shifting of the
frequency components in the dye. We have investigated the broadband
laser action from various dye solutions, and double band 1lasing by
energy transfer in a Rhodamine B6G + Cresyl violet perchlorate
solution. Good spatial coherence, controllable spectral width and
concentration tuning of the emission wavelength have been achieved in

the reported configuration.
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