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Bersuker and Kovarskii [1] advanced the idea that a Mossbauer line can be shifted with
the aid of optical radiation. We have examined the effect of optical radiation on the elec-
tric quadrupole interaction between a paramagnetic-ion nucleus and its surroundings.

The electric field gradient (EFG) on the nucleus of a paramagnetic ion with non-zero
orbital angular momentum is determined essentially by the contribution of the electron shell
of the ion. The temperature averaging over the Stark levels of the ion in the crystal ex-
plains well the observed temperature dependence of the quadrupole splitting of the Mossbauer
line. This averaging is in accord with the fact that the lifetimes of the ions at the Stark
sublevels are short compared with the time of guadrupole precession [2].

The optical radiation can produce an appreciable population of some band of upper lev-
els of the ion in the crystal, and this in turn can change the average value of the EFG on
the nucleus and consequently its quadrupole-interaction energy.

It must be noted that the ion lifetime in the upper band may turn out to be appreciably
longer than the nuclear moment quadrupole precession time, and then the static averaging of
the EFG will be effected separately for the ions in the upper and lower states respectively.
We can then expect the Mossbauer spectrum to have, besides the main minima, additional minima
corresponding to the ions in the upper energy states.

The contribution of the m-th band of levels to the EFG tensor is

(m) Z(myn]d, Imn) exp(-B_/%T)
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where the summation is over the Stark sublevels of the band and aij is the EFG operator on
the nucleus. If the times of transitions between bands are shorter than the nuclear moment

quadrupole precession time, then the average EFG acting on the nucleus is

o mm Yij T (2)

where Nm is the population of the m-th band.

By way of examples we have studied the ions Tm3+, Tm2+, and Yb* placed in a crystalline
field of cubic symmetry with superposition of a relatively weak component of stronger sym-
metry [2-4]. Calculations carried out for the Tm®* ion (using the parameters of the field in
thulium ethyl sulfate [2]) lead in practice to a negative result, and the expected change in

EFG under the influence of the radiation does not exceed several per cent at best. On the
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other hand, as shown by calculations, an appreciable effect can be expected in the case of
Tt and YB3,

For the Yb®* and Tt ions, the ground state is 4f12 2F, Under the influence of a
cubic-symmetry field, the lower level 2?5/2 splits into a quadruplet I'g and two doublets,
while the level 2F5/2 splits into a quadruplet I'g and a doublet (Fig. la). In a field of
lower symmetry, we have 4 and 3 Kramers doublets, respectively (Fig. 1b). The intensity of

the lower-symmetry field, which can be characterized by the ratio 8;/A;, was varied over a

wide range.

kT h,12 2.06 1.37 1.03 0.82 0.69
m
T/2 0.003 | 0.020 [ 0.028 | 0.026 | 0.02k | ©.022
8y/0y = 6.5
5/2 0.068 1 0.227 | 0.24s5 | 0.227 | 0.209 | 0.187
-

2 7/2 0.006 { 0.040 | 0.055 | 0.053 | 0.051 | ©.050
by 5/2 0.160 | 0.450 | 0.502 | 0.k62 | 0.409 | 0.3Th
l i
a : b
Fig. 1

Cases of tetragonal, trigonal, and rhombic symmetry were considered. The calculations
were made by the method of equivalent operators. The table lists the values of the EFG
(<q£$)>T as calculated by formula (1), in units of 10%® Vv/em®) for the levels 255/2 and 2F5/2
in a field of tetragonal symmetry for two values of 8;/A; as a function of the temperature.
We see that the values of (qZég) and (q:éa) differ so ruch, that appearance of the effect can
be expected even at relatively low population of the upper levels (not higher than 10%). As
T - 0, and also if the temperature changes appreciably, (ng)) tends to zero, since the dou-
blets of the cubic representation I'» make no contribution to the EFG. In many b3t compounds
the field components of lower symmetry are so intense that the EFG on the nucleus 1s deter-
mined prinecipally by the contribution of the lower Kramers doublet [5,6]. 1In the latter case
the effect will be observed at low temperatures (T =~ 4.2°K).

The authors sincerely thank S. A. Al'tshuler for discussion of the question.
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