Orientation of atoms during photodissociation of
molecules
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The orientation of atoms during photodissociation of molecules by circularly
polarized light was established. Observation of oriented cesium atoms, produced
due to photodissociation of CsI molecules by circularly polarized ultraviolet
radiation, is reported.

PACS numbers: 33.80.Gj

The optical orientation of atoms,"? involving a transfer of angular momentum
from the light to an ensemble of atoms as a result of interaction of an atomic system
with a circularly polarized (CP) resonance radiation, is well known. It has also been
established that in an ionization reaction resulting from collisions of hydrogen mole-
cules with optically oriented 2 3S, helium atoms the electron angular momentum is
transferred from the helium atoms to hydrogen atoms produced in the reaction.’

In this paper we show for the first time that there is a completely different mecha-
nism for transfer of angular momentum from the light to the atoms. An oriented
ensemble of atoms can be obtained during photodissociation of molecules by a CP
light. The angular momentum imparted to the molecular system by a circularly polar-
ized radiation via the unstable, excited states of the molecules must be transferred to
the atoms produced as a result of photodissociation. A key factor in this case is that
the lifetime of the molecules in an unstable state usually is much smaller than the time
characterizing the coupling of the electron momentum of the molecules with their
rotation.* Therefore, the electron orientation in the excited state of the molecules must
be transferred almost without losses to the photodissociation products.

We observed cesium atoms oriented in the ground state, which were produced
due to photodissociation of cesium iodide molecules by CP ultraviolet radiation in the
reaction:

hv + Csl > Cs + I. 1)

The experiment was as follows (see Fig. 1). An absorption cell (AC), which contained
Csl pairs at a pressure of p~10~? Torr and p=10 Torr of neon, was placed in a
constant magnetic field H,~0.3 Oe.

The pump radiation, produced by a superhigh-pressure DRSh-1000 mercury tube
(T)) and propagated in the direction of the magnetic field, was passed through the
circular polarizer (CP) and then focused in the cell. A photodissociation of CsI ac-
cording to the reaction (1) was accomplished in the cell. To determine the orientation
of atoms obtained in this manner, we produced a magnetic resonance of the system of
ground-state sublevels of the cesium atoms. This changed the circular dichroism of the
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! ¥ T FIG. 1. Experimental setup: 7", DRSh-1000

/ ! tube; 7; cesium tube; 1, pump beam; 2, record-

* ing beam; CP, circular polarizer; CA, circular

analyzer; PR, photoreceiver; AC, absorption
cell.

257 3/7 .757
H” , mOe

FIG. 2. Magnetic resonance signal in the 6 S,
states of the cesium atoms oriented during pho-
todissociation of CsI molecules by a circularly
polarized radiation: (a) in-phase component of
the signal; (b) quadrature component of the
signal.

cesium vapor, recorded by using an unpolarized resonance light beam from the cesium
tube (7,), which was transmitted through the cell in the perpendicular direction to the
magnetic field H, and then focused on the photoreceiver (PR) in front of which a
circular analyzer (CA) was placed.’ The signal from the PR was amplified and then
detected by a synchronous detector. The in-phase (a) and the quadrature (b) compo-
nents of the signal obtained by slowly varying the magnetic field H,, are shown in Fig.
2. The widths of the resonance curves in Fig. 2 are attributable primarily to depolar-
ization of the cesium atoms during collisions with the CsI molecules.

The experiment showed that the oriented atoms are produced in the cell only
when the pump radiation is circularly polarized. It was also established that the ob-
served effect is caused only by the short-wave part of the pump radiation, which gives
rise to dissociation of the CsI molecules [A <360 nm (see Ref. 6)]. These facts indicate
that the cesium atoms are oriented directly during the reaction (1). To estimate the
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efficiency of the examined mechanism for the orientation of atoms, we performed an
experiment which differed from the one described above in that it used an unpolarized
radiation of the DRSh-1000 tube to obtain the cesium atoms in the reaction (1), and
the orientation of these atoms was achieved by using an additional CP light beam from
the cesium tube. It turned out that the signals obtained in this manner are close to
those depicted in Fig. 2. Therefore, the degree of orientation of the atoms attained the
dissociation of molecules is close to that attained in the direct interaction of atoms
with the CP resonance radiation under the same relaxation conditions.

It should be noted that the production of oriented atoms due to photodissociation
of molecules by CP radiation, which was observed in our experiment, apparently has a
sufficiently general nature and should be observed in the interaction of CP radiation
with different molecules that have absorption bands producing a dissociation.

Thus, the orientation of atoms during photodissociation of molecules by CP radi-
ation was established in this experiment.
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