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Single-photon and two-photon traveling-wave excitation of superradiant emission in Rhodamine 60 by 
single-picosecond I.06-/L laser pulses is reported. In addition. results are presented on the application of 
optical Kerr-effect photography to a time-resolved spectroscopic study of the dye laser emission. 

PACS numbers: 42.60.E 

There is considerable interest at the present time in 
the availability of high-power frequency-tunable ultra­
short laser pulses. Actively or passively mode-locked 
dye lasers, employing pulsed flashlamp pumping1

,2 or 
continuous laser pumping3 have been developed, and are 
presently capable of generating pulses of subpicosecond 
duration. 4 Ultrashort dye laser pulses have also been 
produced by pumping with the second harmoniC of mode­
locked Nd: glass lasers5

•
6 and with the output of mode­

locked ruby lasers. 7 In general, the latter technique has 
been employed where mode-locked dye lasers of the 
highest peak power were required. 

In this paper we wish to describe some results ob­
tained with a dye laser which is pumped with a single­
picosecond pulse derived from the output of a mode­
locked Nd: glass oscillator-amplifier system. In par­
ticular, we wish to report the generation of superradiant 
picosecond laser pulses from Rhodamine 6G using 
either one- or two-photon traveling-wave excitation. 
Superradiant dye laser emission employing single­
photon excitation by picosecond pulses from ruby 
lasers8 and nanosecond pulses from Nd: glass lasers9

•
10 

has been previously reported. In addition, Lin et al. 
have recently observed picosecond laser emission from 
Rhodamine 6G by employing single-photon transverse 
pumping with the second-harmonic output of a mode­
locked ruby laser. 11 

The present study involved an analysis of the tempo­
ral and spectral characteristics of the superradiant 
emission from a cell of Rhodamine 6G, longitudinally 
pumped with either the second-harmonic or the funda­
mental frequency of a single 10-psec 1. 06- /-L laser 
pulse having an energy of up to 700 mJ. Simultaneous 
temporal and spectral analysis of the pumping radiation, 
and of the superradiant laser emission has been ob­
tained using picosecond optical Kerr effect photo­
graphy, 12 employing a transverse -gating focal-plane 
shutter geometry. 13,14 This technique has already been 
used in the study of the development of mode-locked 
Nd: glass pulses, 14 and in the direct measurement of 
frequency chirping in such pulses. 15 In this manner, the 
temporal development of the spectral emission of the 
picosecond traveling-wave dye laser has been studied 
as a function of dye concentration. In the case of single­
photon pumping, frequency pulling effects within the pi­
cosecond pulse when the dye laser emission frequency is 
close to that of the pumping radiation have been noted. 
In addition, for weak dye laser concentrations stimulated 
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Raman scattering in the solvent has been observed 
simultaneously with the dye laser emission. 

The experimental arrangement used in these studies 
is shown schematically in Fig. 1. The mode-locked 
Nd:glass laser included a 15-cm-Iong 10-mm-diam 
Brewster-angled rod, situated in a 120-cm -long optical 
resonator formed by a 3 -m -radius -of -curvature fully 
reflecting mirror and a plane 50% transmitting output 
mirror. Mode locking was produced by the incorpora­
tion of a 4-mm-thick cell of Kodak 9740 solution in 
close proximity to the fully reflecting mirror. The out­
put of this laser, which has studied in detail using piCO­
second streak photographiC techniques16 typically con­
sisted of a train of -150 picosecond pulses, having a 
maximum individual pulse energy of a few millijoules. A 
single pulse was selected from the center of the pulse 
train with the aid of an electro-optic shutter, activated 
by a laser-triggered spark gap. The single pulse trans­
mitted by this shutter passed through a second dye cell 
containing Kodak 9740 solution and then was amplified to 
energies up to - 0.7 J by double passage through a 60-
cm-Iong 25-mm-diam amplifier. A phase-matched 
KDP crystal was used to convert a fraction (- 10<{) of 
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FIG. 1. Schematic of experimental setup for the time-resolved 
analysis of the character of picosecond dye laser pulses pro­
duced by traveling wave excitation. M, selective dielectric 
mirror: DC, dye laser cell; CL, cylindrical lens; 00, optical 
delay; C. optical Kerr-effect cell of CS2; Pt. P 2• orthogonally 
oriented polarizers; L t , L 2, lenses; S, spectrograph. 
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FIG. 2. Temporal and spectral character of single-photon­
excited traveling-wave dye laser as a function of Rhodamine 
6G concentration (K is absorption coefficient of dye solution 
at 5300.h 

the beam to second-harmonic radiation (0.53 J.1.) and a 
frequency-selective mirror, M, transmitted the latter 
and reflected the fundamental infrared radiation. 

In the case of single-photon dye laser excitation, the 
second-harmonic radiation was used to longitudinally 
pump a 2-cm -long cell of Rhodamine 6G in ethyl 
alcohol. The temporal and spectral characteristics of 
the dye laser emission were investigated by using a 
variation of the technique of transverse -gating focal­
plane optical Kerr-effect photography previously used 
to analyze the output of the neodymium glass laser 
itself. 14,15 The dye laser radiation was focused with a 
cylindrical lens into a small cell of CSa, situated be­
tween two crossed polarizers, oriented at 45° to the 
polarization axis of the gating pulse. Thus the dye 
laser radiation passed through the CSa cell as a thin 
sheet - 1 cm wide. At the same time, this pulse of ra­
diation was probed transversely by a slightly focused 
pulse of 1. 06-J.1. radiation, of duration - 10 psec, and 
of sufficient intensity to induce birefringence in the 
CSa• Consequently, that dye laser radiation which was 
coincident with the 1. 06-J.1. pulse passed through bire­
fringent CSa, and therefore was partially transmitted 
by the second polarizer. The transmitted sheet of 
radiation now had a temporal shift across its width, 
due to the transit time of the 1. 06-J.1. pulse across the 
dye laser radiation in the CSa cell. This radiation was 
then focused by means of a spherical lens, La, onto the 
slit of a ~ -m Czerny-Turner spectrograph, such that 
the width of the dye laser radiation was aligned along 
the slit. This resulted in spectrograms with a wave­
length scale in one direction and a picosecond time scale 
in the other. 
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Figure 2 shows a series of spectrograms of the super­
radiant emission from different concentrations of 
Rhodamine 6G in ethyl alcohol, pumped by the single­
photon absorption of the O. 53-J.1. second-harmonic radia­
tion. Several features are immediately apparent. First, 
as can be seen from all the spectra, the duration of the 
dye laser emission is comparable to that of the exciting 
radiation (- 20 psec). Separate measurements made with 
calibrated photodiodes indicated a maximum conversion 
efficiency of -10%, thus giving a peak power of the dye 
laser output of - 350 MW. The spectrum of the dye 
laser emission is typically -120 A wide, and shifts to­
ward shorter wavelength as the concentration of Rhoda­
mine 6G is reduced, as commonly occurs in this dye, 
due to the decreasing effect of self-absorption of the 
dye laser radiation. However, several other interesting 
features are apparent from Fig. 2. At high dye concen­
trations' Fig. 2(a), when the pumping radiation is ab­
sorbed in the first millimeter or so of the dye cell, 
and the resulting dye laser radiation then propagates 
through the remaining unpumped dye solution, the 
spectrum of the emission is symmetrical. However, in 
somewhat weaker solution (K -7. 1 cm- I

), Fig. 2(b), a 
frequency sweep of - 50 A is apparent during the 20-
psec pulse. Occasionally, when imperfect mode locking 
of the Nd: glass laser occurred, the pumping radiation 
consisted of more than one pulse. In this case, more 
than one pulse was evident in the dye laser emission, 
Fig. 2(c). This shows the case where two pulses, 
separated by - 40 psec were inCident on the dye cell. As 
can be seen, the second pulse is shifted towards shorter 
wavelength, and is itself frequency chirped. Both these 
phenomena result from the progressive self-absorption 
after dye laser emission as the pulse propagates through 
the unpumped dye solution. When the dye concentration 
was such that the absorption length was comparable to 
the dye cell length, the spectrum of the resulting super­
radiant emission was as shown in Figs. 2(d) and 2(e). 
As can be seen, a fraction of the second -harmonic ra­
diation is transmitted, Fig. 2(e). In addition, there is 
a frequency pulling effect over apprOximately 200 A 
between the second-harmOniC radiation and the dye laser 
radiation, which is emitted ap'proximately 15 psec after 
absorption of the O. 53-J.1. lig!tU This latter result 
illustrates the effectiveness of this type of picosecond 
time-resolved spectroscopy in the direct Single-shot 
measurement of molecular relaxation times. Finally, 
at very weak dye concentrations, Fig. 2(e), and in pure 
ethyl alcohol, Fig. 2(f), stimulated Raman scatteringl7 

in the solvent at 6275 A is observed, simultaneously 
with the second -harmonic emission. 

Similar time-resolved spectroscopiC studies of the 
superradiant emission from Rhodamine 6G were made 
using traveling-wave two-photon absorption of the 
fundamental radiation of the single picosecond Nd: glass 
laser pulse. In this case, the KDP crystal was re­
moved, and the frequency-selective mirror M replaced 
by a 50% beam splitter. Superradiant emission from 
the Rhodamine 6G dye solution was observed, with a 
maximum conversion efficiency of - 1 % at high concen­
tration levels, with typical Single-photon absorption 
coeffiCients at 5300 A of K -1300 cm- I • A typical time­
resolved spectrum of the superradiant emission in the 
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FIG. 3. Temporal and spectral character of emission of 
dye laser under two-photon traveling-wave excitation. 

case of two-photon excitation is shown in Fig. 3. As can 
be seen, the dye laser emission has a duration of - 25 
psec, implying a peak output power - 280 NNV. Although 
no frequency sweeping occurs in the emission, a satel­
lite pulse, synchronous with the main dye laser pulse, 
is observed at shorter wavelengths. 

The foregOing results have demonstrated several 
interesting features: First, Single-photon and two­
photon traveling-wave excitation of superradiant emis­
sion in Rhodamine 6G in solution in ethyl alcohol by 
single picosecond pulses derived from a mode-locked 
Nd: glass laser are reported for the first time. Second, 
the application of transverse -gating focal-plane optical 
Kerr-effect photographylB to the time-resolved spec­
troscopiC study of dye laser emission is demonstrated 
on a picosecond time scale. This technique should be 
applicable to the study of picosecond laser emission 
and the investigation of laser-induced luminescence and 
other phenomena occurring on a picosecond or sub­
picosecond time scale. 
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Electro-optic effects in the optically active compounds 
Bi12 Ti020 and Bi4oGa20s3 
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The electro-optic effects in the optically active 23 class compounds Bi12Ti02o (BTIO) and Bi4oGa2063 
(BGAO) have been investigated. Measurements were made of the electro-optic and electrogyration 
coefficients using longitudinal and transverse modes. Novel techniques employing a servo-driven Soleil 
compensator were used to obtain these coefficients. A value of'7J = 17X 10- 12 radm/V was obtained for the 
electrogyratory coefficient in the BTIO compound. 

PACS numbers: 78.20.1 

Crystals belonging to the y - Bi20 3 family are of in­
terest for their large electro-optiC coeffiCients and 
their potential application in PROM -type1 storage/dis­
play devices. The electro-optic effects in the Si and Ge 
compounds Bi12Si020 and Bi12GeOZO have been described 

by several authors. 2,3 This letter reports work on the 
electro-optic effects in two other y-Biz0 3 compounds, 
i. e., Bi12TiOzo (BTIO) and Bi4oGaz063 (BGAO). In par­
ticular, measurements of the linear electro-optic and 
electrogyratory coefficients are described. 
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