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A first fine structure study of rotational three-photon scattering by symmetric top molecules is performed using
angular momentum and irreducible spherical tensor methods. Rotational line intensities are calculated for NH; —
a case accessible to observation by available spectroscopic laser technique.

Three-photon scattering (TPS) of laser light is a new effect now under study theoretically and experimentally
[1-3]. Maker [4] pointed to the feasibility of fine observations of TPS lines due to rotational motions in the
scattering gases, and performed calculations and experimental observations for spherical top molecules of methane
under pressure. Here, the problem is dealt with for symmetric top molecules, and line intensities are calculated
for NH;.

For light linearly polarized along Z and propagating along Y, the intensity components of the spectral line
scattered at frequency 2w +wp into a unit body angle in the X-direction is:
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where n=Y, or n =Z. Above, JKM and J'’K'M’ define the initial and final rotational state, wg =# "} |1E(J'K")
—E(J,K)\, I is the incident laser light intensity, g; the nuclear statistical weight, and Nz the number of mole-
cules in the initial state.

The matrix elements of the non-linear moleculear polarizability operator b, 7, in (1) are readily calculated by
transformation into spherical tensors B rfl , as:
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Since the transformation coefficients of spherical tensors and the rotational wave functions depend on Wigner
functions, use can be made of the formula [5]:
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where the tilde denotes a tensor in molecular coordinates. On summation over M and M’, the following general ex-
pression results for the Z-component of TPS line intensity:
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That for the Y-component is similar, with the first term multiplied by% and the second by % The line intensity
depends on the parameters |B 112 and | Bj”,l2, which account for the non-linear properties and symmetry of the
molecule. For the symmetry 63V, the general formula (4) becomes:
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Fig. 1. The TPS rotational structure F(avg) for NH3 molecules.

where we have introduced the TPS rotational structure factor:
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with parameters:
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Summation in (5) over all J and K and over ";he permitted transitions yields the following total intensity of elastic
TPS:
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This expression is a particular case of a formula previously derived by Kielich [1].

The TPS lines are due to quantum transitions obeying the'selection rules: AJ=0,+1,+2,+3; AK =0, £3. The
values of the molecular constants 4 and B of eq. (6) assumed for NH; in our calculations are [6]: 4 = 189 X 109,
B =298 X 109 in Hz; the hyper-polarizability tensor elements in (7) are [7): b333= —13.176 X 10-32, b3
=-2.646 X 10732, by =1.323X 1032 in cmS/e.s.u.. Fig. 1 is a calculated graph of the function F(Avg) —

the sum of the factors F(J,K), contributing to the intensity of lines shifted by the same amount vy with regard to
2.
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