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The spectral composition of scattered light is pres-
ently being investigated by two methods, In the first
method the spectral instrument is a Fabry-Perot etalon,
and in the second the spectrum is registered by optical
mixing methods. We consider in this paper still an-
other possible method of investigating the spectral com-
position of scattered light.

The gist of the method is to use as the spectral in-
strument a cell containing absorbing gas saturated by a
coherent laser field. In this case a narrow transmis-
sion peak, with a width on the order of the homogeneous
linewidth y, is produced against the background of the
broad Doppler absorption contour Awp. "? Resonances of
this type have been recently used in nonlinear spec-
troscopy to resolve a fine structure that is masked by a
broad Doppler line contour (see, e.g., 23), The ab-
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sorbing cell can be used for spectroscopy of scattered
light in the following manner. Simultaneously with scat-
tering the cell with the laser field of frequency w,, a
scattered-light signal J,(w) is applied to the cell, The
scattered light is excited by another laser of the same
type, with frequency w,. The frequency w, of the laser
radiation passing through the cell is tuned away from
the frequency of the laser that causes the scattering, so
that |wy— wy| < Awp, The scattered-light frequency
region lw~ w,| <y passes easier through the cell than
the remaining part of the spectrum, Therefore by tun-
ing the frequency w,; away from the frequency of the
laser that excites the scattering, within the limits of
width Aw, of the scatter-light spectrum, it is pogsible
to plot the entire scattering spectrum.

The total intensity of the scattered light passing
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through the cell with the absorbing gas is

) = Thw)e ™ @)L dg, (1)

-

where L is the thickness of the cell and «(w) is deter-
mined by the usual expression for the nonlinear
absorption coefficient!
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Here a(w) is the Doppler contour of the nonlinear ab-
sorption, 8 =(dE/F)*(1/yT) is the saturation parameter,
d is the dipole moment of the transition of the absorbing
gas, E is the intensity of the laser-wave field, and I is
the longitudinal relaxation. Putting k(w)L <1 and y

<« Aw,, we obtain from (1) and (2)

](w1)=]b+/p(w1)=flp(m)[l -a(m)L]dm+1P(wl)a(wl)ﬁz4nyL.

®3)

Thus, the signal of the photodetector that registers the
scattered light passing through the cell contains two
components, the first of which J, determines the con-
stant background, and the second J,(w;) determines the
useful signal. As seen from (3), the ratio of the useful
signal to the background is « =2(y/Aa,)a(w1)L - 21,
For example, at a(w,)L~0.3 and $*=0. 6 we have
a=~2(y/Aw,)=0.1. The value 2(y/4w,)=0.1 assumed
here corresponds to the possibility of recording ten
points on the /,(w) curve.

The limiting structure width that can be resolved in
the I(w) spectrum by this method is equal to 2y. Values
2y=2x10° Hz were obtained™! in an absorbing cell con-
taining, e.g., I,, whose component P(13) of the (43—0)
band coincides with the A=0. 5145 nm line of an argon
laser. This value is approximately one tenth the limit-
ing band width yyp of a Fabry-Perot etalon with base
150 cm,

We note that the considered method contains a harm-
ful signal J,, due to spontaneous emission of the ab-
sorbing-gas molecules that have become excited in the
course of saturation of the gas by the laser field. It is
easy to show that the ratio of the useful signal J, to the
noise is

Ip/ 1y = By (A2/Bwy) = . @

Here B, (quanta/cm? sec sr) is the brightness of the
scattered light, X is the radiation wavelength, and n is
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the average number of photons per field oscillator in
the scattered light., An approximately equal noise is
produced in optical-mixing spectroscopy. ®! Typical
values of » in the case of scattering in a liquid are n
~107%, Such values of # correspond to excitation of a
scattered spectrum of width Aw, ~10% Hz in a liquid with
an extinction coefficient dR/dQ =10"" em™sr™! by a
laser of 0.3 W power, with focusing on an area 1042,
The ratio {4) is therefore small, and this gives rise to
significant difficulties in the registration process. How-
ever, this noise can be eliminated in the method under
consideration. To this end it suffices, e.g., to tune the
frequency w, to another line, which is connected with the
work in transition by a common lower level. It is as-
sumed here that the gas pressure is low enough for the
collision-induced level-mixing frequency to be much
lower than the rate of the radiative decay. In the case of
I,, the component P(13) is located ~3 x10% Hz away
from the nearest component @(13) or R(13), which
shares a common lower level with P(13), so that this
calls for a considerable change in the laser frequency.
This change can be produced, e. g., bsy the electroopti-
cal frequency-mixing method used in'®1, The spontane-
ous noise produced at the frequency of the component
P(13) can be filtered out in this case by an ordinary
Fabry-Perot interferometer with yp=10° Hz. The
working range of the indicated method is bounded by the
values y > 10° Hz and Aw,=10° Hz, i.e., 10° < Aw, <108
Hz. It is important that it is precisely this range of
Aw, which is the most difficult to investigate by the two
other methods. The optical-mixing method and the
Fabry-Perot interferometer method,

We note in conclusion that the usual methods of laser
nonlinear spectroscopy call for the laser line to coin~
cide with the line of the investigated transition, thus im-
posing serious limitations on the generality of this meth-
od. The method proposed by us is universal, since one
absorbing cell suffices for the investigation of the spec-
tra of the scattering of light from all substances.

We are grateful to B. Ya. Zel’dovich and L. L.
Sobel’man for a discussion.

DThe resultant additional structure in x(w), which was oh-
served inf®!, is immaterial in this case.
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