
reduce the output power and gain.10·14 The influence of
the individual components on the reduction in the radia-
tion energy per pulse was estimated by measuring the
maximum gain Gm^ior gas mixtures of different
chemical composition. The results (Fig. 3) indicated
that a reduction in the CO2 concentration and an in-
crease in the concentrations of CO and Cfe all reduced
the gain. The main contribution (-60%) to this reduction
was due to a change in the concentration of carbon di-
oxide, but in tackling the problem of stabilization of
the output power one could not ignore the appearance of
carbon monoxide and oxygen.

6. The following conclusions can be drawn from our
investigation.

The use of a palladium catalyst makes it possible to
stabilize the chemical composition of the working mix-
ture and the output energy (per pulse) of a closed-cycle

laser.

The reduction in Gm,x on increase in the concentra-
tions of CO and Qj requires caution in the use of ad-
mixtures that stabilize the chemical composition (CO,
Otj, etc.), because they can reduce the output power.

The equilibrium degree of dissociation of COj, pro-
portional to the specific energy deposited in the dis-
charge, increases on increase in E/p and is inversely
proportional to the fraction of the gas flow restored in
the regenerator.
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Picosecond active Raman spectra were obtained for gaseous ammonia using frequency-tunable pulses. The

totally symmetric vibration of the ammonia molecule at 3334 cm~' was excited. It was found experimentally

that a delay of a test pulse made it possible to suppress a signal due to a nonresonant susceptibility, whose

presence restricted potential applications of active Raman spectroscopy.

PACS numbers: O7.65.Gj, 42.60.Kg

1. We shall report the results of coherent active
Raman spectroscopy (CARS) of gaseous ammonia in
which the sensitivity of the CARS method was improved
by using picosecond pump pulses and test pulses de-
layed relative to the excitation.

2. An important application of the CARS method is
fast and local determination of the concentrations of
various molecules. One of the main obstacles to in-
creasing the sensitivity of the method in the case of

small amounts of molecules is the presence of a back-
ground signal associated with the four-photon inter-
actions due to the nonresonant electronic nonlinearity.1'2

Various methods for removing the nonresonant back-
ground, for example, the polarization technique, have
been suggested for cw CARS.3 In the case of pulsed
CARS one can use the difference between the dephasing
times of the molecular vibrations T2 and of the electron
nonlinearity Tel ( τ ε 1 « Γ 2 ) . If the duration of the pump
pulses obeys Tei«Tp<T2, a delay of a test pulse rela-
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FIG. 1. Picosecond CARS spectra of ammonia at 45 Torr in
the absence (1) and presence (2) of delay of a test pulse by 200
psec relative to the exciting pulses.

tive to an excitation pulse by a time exceeding τρ can
remove the nonresonant background before the reso-
nant signal disappears.

The effects associated with such a delay of a test
pulse can be observed using a nondegenerate CARS con-
figuration in which a test pulse differs in frequency from
the excitation pulses. In the only (known to the authors)
investigation of picosecond CARS in gases,4 concerned
with gaseous nitrogen, the configuration used has been
degenerate, so that the effects under discussion could
not have been observed.

3. Apparatus used to apply picosecond CARS to gas-
eous ammonia consisted of a YAG: Nd3+ laser with
passive mode locking, a system for separating a single
picosecond pulse, three amplifiers, a parametric
oscillator containing two lithium niobate crystals ar-
ranged in series, and a system of prisms and mirrors
ensuring both collinear injection of radiation of three
frequencies into an ammonia cell and delay of a test
pulse. The radiation entering the cell was focused at
its center by a lens with a focal length of 155 mm. One
of the excitation pulses represented radiation of the
garnet laser (λ= 1.06 μ) of 5 mJ energy; the second
excitation pulse was in the form of radiation from the
parametric oscillator tunable in the range 1.4-4 μ and
having an energy of ~0.3 mJ; the test pulse was the
second harmonic (λ = 0.53 μ) of energy 4 mJ. The
duration of the garnet laser pulses was 35 psec.

Tuning of the parametric oscillator to the wavelength
1.6 μ excited the totally symmetric vibration of the
ammonia molecule at 3334 cm"1. The radiation of the
anti-Stokes frequency emerging from the cell was
focused on a slit of a diffraction spectrograph. The
spectrum of the signal was recorded by an FEU-39
photo multiplier with a slit in front of its cathode. The
resolution of the spectrum was 1 cm"1.

The photomultiplier signal together with a signal from
a pyroelectric detector measuring the energy of the
parametric oscillator reached the inputs of analog-
digital converters. Digital data from the converter
outputs were applied to a 15 VSM-5 minicomputer,
which averaged the CARS signals when the energy of

the parametric oscillator pulses was within the re-
quired range.

4. Curve 1 in Fig. 1 is the spectrum of the signal ob-
tained at an ammonia pressure of 45 Torr when the
test pulse delay was zero. Clearly, for zero delay, the
resonant signal was observed against a background due
to the nonresonant susceptibility. The spectral width
of this background was 30 cm"1 and it was equal to the
line width of the parametric oscillator in the investi-
gated wavelength range. The main contribution to the
nonresonant susceptibility was made by the glass
walls of the cell. The intensities of the resonant and
nonresonant signals were equalized by shifting the
central frequency of the parametric oscillator away
from resonance.

Additional measurements of the resonant signal in
the case when the central frequency of the parametric
resonator was tuned to resonance and of the nonreso-
nant signal in the absence of ammonia indicated that
the ratio of the energies of the resonant and nonreso-
nant signals, amounting to 102 for zero delay of the
test pulse, increased to 106 when the delay was 100
psec. Further increase of this ratio on increase in the
delay of the test pulse could not be recorded because
the nonresonant signal became less than the noise in
the recording system.

Measurements of the spectral profile of the resonant
signal obtained for various delays of the test pulse con-
firmed that it was coherent.

5. Our experiments established that the sensitivity of
the CARS method in detection of small amounts of mole-
cules could be increased considerably by employing
picosecond pump pulses and delaying a test pulse rela-
tive to the excitation. The ratio of the energies of the
resonant and nonresonant signals was increased by a
factor of 104. A picosecond parametric oscillator with
a tunable excitation frequency was used for the first
time in CARS.
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