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We consider the possibility of atomic excitation that is selective in nuclear spin; this possibility is connected
with lifting the hindrance to radiative transitions as a result of hyperfine interaction.

Laser methods of isotope separation, as is well
known, are based on the possibility of selective excita -
tion and ionization of the isotopes of some element,
and also of the excitation and dissociation of the molec-
ules, and the selectivity is attained because of the
small isotopic frequency shift 6w of the employed
transitions. !

In those cases when the considered isotopes have
different nuclear spins, the selectivity of the photo-
excitation can be ensured also by lifting the hindrance
to radiative transitions, as a result of interaction of
the nuclear moments.

The simplest example are transitions between levels
for which the total angular momentum of the electron
shell is J=0. If the nuclear spin is /=0, then such a
transition is absolutely forbidden by the selection rule
J+dJ’=2 1. For isotopes with nuclear spin /# 0 this strong
forbiddenness is lifted. The very fact that the forbid-
denness is lifted as a result of a “hyperfine” interaction
was discussed in the literature many times. The
possibility of using this effect for isotope separation
has to our knowledge never been considered before.

Let us proceed to concrete examples. We consider
atoms with ground electron configuration »ns?, i.e.,
atoms of alkali-earth metals, and also Zn, Cd, and Hg.
For isotopes of these elements with /=0, the radiative
transition ns® 'S, - ns np 3P, is impossible. For isotopes
with spin /# 0 there is a nonzero transition probability,
since a perturbation V mixes a state 'P, into the state
8p,. " Transitions of this type were observed earlier,
e.g., for mercury Hg'®® and Hg?®, A 2655.8 A, in'?!
and for Cd, X 3320 &, in®® Iy the estimates of the
values of the admixture X of the state 'P, to the state
3P, it can be assumed that the main contribution to the
perturbation V is made by the interaction of the s elec-
tron with the nucleus. Then

IXV=1 <3P I\FiP 1> AE-|=a, Maxy , 1)
where AE is the difference between the energies of the
states *P, and 'P,, and a, is the hyperfine-structure
constant, which can be determined either from the
known Fermi-Segre formulas (see, e.g.,'*) or from
the experimental data on hyperfine splitting. The cross
section for absorption in the 'S,/ =3P, transition is
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where w and w’ are the frequencies of the transitions
'S, —%P, and 'S, - 'P,, respectively, fis the oscillator
strength of the 'S, — 'P, transition, and Aw,, is the
Doppler line width.
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For the excitation to be selective it is necessary that
the cross section (2) greatly exceed the cross section
for absorption at the same frequency in the wing of the
closest strong line 'S, - 3P,. Denoting the ratio of these
cross sections by B, we stipulate satisfaction of the
inequality
N f(}s, - 'P) Aw
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where Aw is the difference between the frequencies of
the transitions 'S, - *P, and 'S, - *P,, and y is the colli-
sion (or radiative) line width for the 'S, —*P, transition,
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For the mercury isotopes Hg™® and Hg™" we have
a,~1 cm™, AE=16423 cm™, Aw,=6X10°, F('S,-"'P))
=1.25 (see, e.g., ")), f(!S,=3P,) =2 x107%f(}5, - 'P,), !
E(*P,)) -~ E(*P,)=1767 cm™, so that at y <Aw, we have
x=10"* 0=~10"" ¢m?, and 8>10°. These estimates show
that the photoexcitation of the *P, level can be used for
a rather effective separation of the isotopes Hg'*® and
Hg®', with I+ 0, from the even-even isotopes for which
1=0.%

Analogous estimates for other atoms with ground
electron configuration ns® show that the described meth-
od of selective excitation of the triplet states P, can
be realized also for the atoms Sr, Ba, Zn, and Cd.

Transitions J — J’ with J=J’'=0 are not the only ones
for which a “hyperfine” interaction V greatly alters the
selection rules. For example, for atoms with ground
configuration np®, such as Sn and Pb, the transition from
the ground level *P, to one of the nearest excited levels
ns np® %S, is forbidden by the selection rules for the
electric dipole (r,J), and also (parity-forbidden) for the
magnetic dipole and electric quadrupole. The perturba-
tion V admixes to the 55, state a 35, state of the same
configuration, and the J-forbiddenness for the electric
dipole is lifted.

The method of selective excitation based on lifting the
forbiddenness by a “hyperfine” interaction can offer in
a number of cases definite advantages over methods
based on the isotopic frequency shift dw, since it makes
it possible to use pump sources that are less monochro-
matic and less powerful. In addition, in this case the
probability of excitation transfer from isotope to another
via resonant collisions is greatly suppressed, since the
long-range multiple interaction are weakened by a factor
x? and the corresponding cross sections cannot greatly
exceed ma? (we recall the the excitation—transfer cross
section for an allowed dipole-dipole transition is of the
order of ma2(e®/fiv), where v is the velocity of the atoms
and ¢*/fiv ~10%. Selectivity of the excitation can there-
fore be assured in a wide range of pressures.

Copyright © 1975 American Institute of Physics 168



The authors are grateful to V.S. Letokhov and A.N.
Oraevskil for a discussion of the work.

DThe mixing of the states s2!$; and s 535, plays a lesser role.
2We shall not dwell here on the possible succeeding (after

the selective excitation of triplet states) stages of the separa-
tion process, since they are widely discussed in the litera-
ture, for example the excitation of mercury in the triplet
state!1:6:7 and ionization from the triplet state.!®] We note
that a number of these methods were proposed even before
lasers came into the picture.
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