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In [l2], the rotation of a linear molecule in а linearly polarized
strong light field resonant with the electronic £ <+ X or 3«> П tran-

sition has been studied theoretically. As shown, in a strong field limit
the molecular axis will be oriented with respect to the polarization vector.
At the same time, the linearly polarized coherent light field induces the

dynamic dipole moment in the molecule [3].
One can expect that the circularly polarized light field resonant with

electronic transition will induce the electronic angular momentum in

the molecule. In its turn the hyperfine interaction between the induced

angular momentum and the nuclear spin can orient the latter.

An analogous mechanism of the optical orientation of the nuclear spin
in atoms has been studied in [*®]. In atoms the monochromatic light
field interacts with a certain electronic transition of the atom considered

as a two-level system, which results in the saturation of this transition.

In case of a strong field limit the saturation means the maximum orbital

angular momentum and the maximum nuclear polarization.
In a rotating molecule, the strong monochromatic light field is

simultaneously interacting with a number of electron-rotational tran-

sitions. As a result, the eigenstates of the light field—molecule system are

superpositions of a number of electron-rotational eigenstates of the free

molecule and phonon states. These superpositions depend on the strength
of the light field. In these eigenstates, the electronic angular momentum

of the molecule depends on the strength of the circularly polarized light
field, too. Such dependence will also determine that of nuclear polariz-
ation on the light field strength. The aim of the present note is to report
on this dependence.
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Consider a linear molecule in a monochromatic circularly polarized
light field of the frequency © near the frequency wo of the electronic

2 < Il transition. The rotation Hamiltonians of the molecule are

H(S)=B(J— L)%, H(l)=B'(J—L),

where / and L are the full and the electronic angular momentum oper-
а{ог; В° ап В! аге the rotational constants in the ground (3) and the
excited (II) electronic state.

The light field is modelled through the optical mode polarized
circularly in the xy-plane. Its electric field vector is

E (г’ t) =i Vh’(’)/4 [ (ex:tiey) äeikz — (exxiey) £l+e—ikz]
›

where ey, are the polarization unit vectors; a and a* are the annihilation
and the creation operator of photons; & is the plane wave vector; +
and — mean the left-hand and right-hand circular polarization.

Here the dipole interaction V=-—d-E serves as the interaction of
the molecule with the light field. By using the rotating-wave approxi-
mation the problem of eigenvalues and eigenstates of the light field —

mol[elcg]le system is solved by the dressed states method analogously
10 [. 2].

The eigenstates |C.) are the following superpositions:

|Cy= 3 Ce(SIMN) |Z) |IM) |N) +
IMN

+ 57 C(I/M'N) ID [M |N,
I’"M’N

where |X) and |II) are electronic eigenstates; |J/M) and ]M are

rotational eigenstates in the electronic ground and the excited state,
respectively; J and M are the quantum numbers of the angular momen-

tum and its projection; |N) is the eigenstate of the optical mode with N

photons. The coefficients C, of the superpositions depend on the strength
of the light field.

The problem of the eigenvalues reduces to the diagonalization of the
five-diagonal energy matrix. In case of a strong field limit the lower
part of the energy spectrum is available analytically:

m
— 4 2ui

4; (4ла)
5 —|—(2n)3/2a(B

5
) (n+4-1)--Bm?/2,

where B=B'=B!; T=dV/Nhn/2: d is the value of the 2 +— П transition
@ро!е тотеп{; а== [Г(I/4)1-2; T'(l/4) is the gamma function.

The formula determines the spectrum of the two-dimensional libration
of the molecular axis with respect to the orientation of the plane wave

vector, n=o, 1,2,
... being the quantum number of the librational

vibration, m=n, n—2,
...,

—n is the quantum number of the vibra-
tional momentum. -

In a strong field, due to the orientation of the molecular axis and the
mixing of the £ and the Il state, the electronic angular momentum 15
induced in the molecule. Further the hyperfine interaction between the

angular momentum and the nuclear spin is considered assuming the
inversion symmetry of the molecule to have the nucleus with the spin /
in the centre of the molecule (e.g. the molecule C*O!f having I=l/2
of CB). The nuclear eigenstates are |IM;y, where M; is the quantum
number of the nuclear spin projection,
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Now, the eigenstates of the light field—molecule—nuclear spin sys-
tem are the following superpositions:

ICy= 3 Cw(ZIMNIM;)|Z) |IM) [N} IM +

+ 3 Ce(ILM’'NIM;) |I1) |l’M"y |N) IM,
UM'NIM,

where the coefficients Cr depend on the strength of the light field. The

problem of eigenvalues and eigenstates of the system, consisting of the

dipole interaction as well as hyperfine interaction, reduces to the

diagonalization of the nine-diagonal energy matrix.

Knowing the eigenstates |Cr), one can calculate the nuclear polariz-
ation

P={(Cr|M;|C:)
°

as a function of the strength of the light field—molecule interaction

determined by the parameter Г.

The Figure presents this function in the ground state of the light
field—molecule system for the constant of the hyperfine interaction of

the value 10° Hz (/=l/2). Unlike in the case of the atom it appears
that the maximum nuclear polarization P=0.24 occurs at the light
field—molecule interaction parameter I'~6B. For example, at B=l cm™!
апа d=lD, I'~6B corresponds to the electric field strength ~ 10° V/cm.
In the region I'>>6B, the nuclear polarization will (after some oscilla-

tion) decrease with the growth of I'. This is conditioned by the increase

of the electronic angular momentum on the growing of I' and by the

simultaneous decrease of the difference between the probabilities of

occupancy of the states M;=l/2 and M;=—l/2.
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