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Stimulated electronic Raman scattering in potassium vapour has been used to produce tunable infrared radiation around
2.7 um. A tuning range of ~1000 cm™? has been observed with powers up to 1 kW. The Raman output has been used to ob-
tain an absorption spectrum of CQO, gas with a resolution of better than 0.4 em™..

The use of stimulated Raman scattered radiation as
a tunable source has recently been reported by Schmidt
and Appt [1] and Frey and Pradere [2]. By using a tun-
able pump source such as a dye laser the tunability can
be transferred to the Raman wave, producing tunable
near infrared radiation. To generate the longest possi-
ble wavelengths it is clearly desirable to work with a
Raman medium having a large Stokes shift and for
this reason hydrogen and methane have been used [1,
2]. However, since dyes are presently limited to wave-
lengths shorter than 1 um (the more efficient and reli-
able ones to less than 800 nm) it is necessary to pro-
duce second or even third Stokes shifted radiation to
reach frequencies lower than 4000 cm~1. This means
that high pump powers are needed. By contrast, stimu-
lated electronic Raman scattering [3,4] can give a
very large Stokes shift (e.g. 20,000 cm~—1) and the
threshold can be very low (less than 1 kW) for reso-
nance Raman scattering. Stimulated Raman scattering
in potassium vapour had been used as an essential part
of a tunable infrared source based on four-photon
parametric scattering [5]. However, there seems to
have been little interest in the Raman scattered radia-
tion itself as a tunable source. In this letter we present
some results on stimulated Raman scattering in potas-
sium vapour which indicate that this can be a simple
and useful tunable infrared source of kilowatt power
with several hundred wavenumbers tuning around 2.7
Mm.

The relevant energy levels of potassium are shown
in fig. 1. A pump laser at frequency v} produces stim-
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ulated Raman scattering at frequency vg , the potassi-
um atom being left as a result in the SS state. The
power gain of the stimulated Raman scattered radia-
tion for a length / of vapour cell is exp(gll) where the
gain coefficient g is given by
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where all quantities are in MKSA units, NV is the densi-
ty of potassium atoms, / is the intensity (W/m?2) of
the pump laser and all frequencies including the spon-
taneous Raman linewidth I' (fwhm) are expressed in
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Fig. 1. Energy levels of potassium.
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Hertz. The spin--orbit splitting has been neglected and
fassp - fsssp represent the total oscillator strengths for
the 4S—SP doublet and 55—5P doublet respectively.
Since the SP3/; - 5Py splitting in potassium is 18.7
cm~!, the expression given above is an adequate ap-
proximation when ¥ is tuned more than about 50
cm~! off the 4S--5P resonance.

The potassium vapour was contained in a double-
ended, stainless steel heat pipe oven [6] of 45 cm
length with argon buffer gas keeping the alkali vapour
from the end windows. The length of the vapour col-
umn was estimated to be 30 cm and the vapour pres-
sure was in the region of 10--20 torr. The pump beam
was provided by a dye laser pumped by ~200 kW of
337 nm radiation from a Molectron UV-300 nitrogen
laser. A solution of diphenylstilbene in p-dioxane has
proved to be the most efficient dye for tuning around
the 4S. -5P resonance (404 nm). This produced 20- 30
kW of diffraction-limited output in ~0.2 cm~! using
a holographic diffraction grating combined with a
prism beam-expander [8]. The dye laser beam was fo-
cused so as to be approximately confocal over the
length of the vapour column.

Both forward and backward stimulated Raman
scattering have been observed although most measure-
ments have been performed on the forward scattered
wave. In all of these measurements it is important to
remove the various fixed frequency superfluorescent
emissions. A strong emission around 1.25 um, corre-
sponding to the 5S—4P transition was removed by a
Ge filter. This transition occurs since the Raman pro-
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cess leaves potassium atoms in the 58S state thus pro-
ducing a population inversion between 58S and 4P lev-
els. In addition, emissions at 3.14 and 3.16 um were
observed, corresponding to SP—3D transitions. Sorokin
and Lankard observed these emissions when a ruby la-
ser pump was used [7] and suggested that they were
the result of two photon absorption by K, molecules
followed by dissociation leaving K atoms in the 5P
state. Like Sorokin and Lankard we have observed that
the emission from the 5P level is on the SP—3D transi-
tions rather than the expected 5P—S5S transition. The
Raman output energy was measured using a pyroelec-
tric energy meter. Typically a Raman energy of 4 uJ
was measured for a dye laser energy of 120 uJ into the
cell. The Raman energy actually generated was.there-
fore ~10 uJ since the beam was attenuated by the Ge
filter (~40% transmission). The Raman pulse duration
was not measured but it is expected to be of the same
order as the dye laser pulse, duration (8 ns), thus im-
plying a peak Raman power somewhat in excess of 1
kW. This power could be maintained over ~250 em—1,
apart from two gaps when the pump, wavelength was
within a few wavenumbers of the 4S—5P doublet.
Raman output was detectable (i.e. at a power level of
~0.1 W or more) for dye laser wavelengths between
401 and 419 nm. The corresponding Raman wave-
lenths are 2.56 um and 3.5 um, i.e., a tuning range of
~1000 cm~!. Confirmation of the Raman power meas-
urements was provided by the observation that strong
Raman generation was accompanied by almost com-
plete depletion of the dye laser beam. The divergence
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Fig. 2. Arrangement for measurement of CO, absorption spectrum.
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Fig. 3. Absorption spectrum of CO, gas (50 torr, 10 cm cell) around 2.7 uym.

of the Raman output was measured to be 25 mrad
(full angle between half intensity points) by scanning
a pyroelectric detector across the beam. This is within
a factor of ~2 of the calculated diffraction-limited di-
vergence assuming the Raman beam to have the same
spot size in the cell as the dye laser. This calculation
neglects any gain focussing which would tend to in-
crease the beam divergence.

Using the expression for gain given in eq. (1) and
tabulated values for the oscillator strengths of potas-
sium (see e.g. [9]) it is possible to predict the expect-
ed tuning range for a given pump power, or alternative-
ly the threshold power for a given pump frequency.
Good agreement between observed and predicted val-
ues of tuning range and threshold has been obtained
at a pressure of 10 torr and with dye laser powers up
to the maximum available (~10--15 kWatt into the
heat pipe). For these calculations the effective laser in-
tensity 7 in eq. (1) was taken to be the intensity falling

within the calculated Doppler linewidth (~0.06 cm—1).

The short wavelength limit of 2.56 um was set by the
limit of available dye laser tuning range. Further ex-
periments are needed to investigate whether the effects
of increasing vapour pressure, increasing laser power
and narrowing the laser linewidth are in agreement
with eq. (1).

To illustrate the simplicity of this technique for
tunable infrared generation we have used it to produce
an absorption spectrum of CO, gas at 50 torrina 10
cm length cell (fig. 2). The dye laser frequency was
scanned automatically be means of a stepper-motor
coupled to the micrometer drive of the grating mount.
The Raman signals before and after the CO, cell were
monitored by pyroelectric detectors then ratioed and
displayed on a chart recorder. Since the dye was not

circulated the pulse repetition frequency was kept to
2 Hz. The spectrum shown in fig. 3 was obtained in
~50 minutes, averaging over four pulses and stepping
the dye laser by 0.05 cm™! after every fourth pulse.
Potentially the scan time can be reduced to a few
minutes by incorporating dye flow and operating the
nitrogen laser at its maximum repetition rate of 50 Hz.
From the spectrum it can be seen that the Raman line-
width and stability are better than 0.4 cm~1.

In conclusion, we have shown that stimulated elec-
tronic Raman scattering in potassium vapour provides
a simple tunable source with several hundred wave-
numbers tuning around 2.7 um, with a linewidth of
better than 0.4 cm~! and powers in the kilowatt re-
gion. The short pulse duration will allow spectroscop-
ic measurements with a time resolution of a few nano-
seconds. Using more powerful dye lasers the infrared
power e¢an be readily increased and a preliminary re-
sult we have obtained using the same dye pumped by
the second harmonic of a ruby laser indicates a power
in excess of 10 kW. Similar techniques applied to other
vapours in particular Rb and Cs should allow extension
to significantly longer infrared wavelengths [10]. In
fact the number of available Raman transitions can be
greatly increased by using a fixed frequency dye laser
to pump atoms into an excited state and a second tun-
able dyeJaser to produce Raman scattering from that
state [4].
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