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The appearance of additional satellite bands at T < TN was recently predicted theoreti-
cally [1] and demonstrated experimentally [2] with the 6A1g(63) - 4Tig(4G) transition in MnFs
(TN = 68°K) as an example, The form of these bands and their spectral position agree with
the assumption that a magnetic excitation (spin wave with maximum quasimomentum'E = ﬂ/a) is
produced simultaneously with the electronic excitation (exciton), However, an experimental
confirmation of the realization of such exciton-magnon transitions can hardly be regarded as
convincing, since we are dealing here with one single band at v = 18477 em® (T = 2,2°K)
among a large number of other bands capable of distorting the form of the investigated band
and make it seem asymmetrical (the neighboring intense band v = 18485 cm! is especially
effective in this respect); in addition, an interval close to the maximum magnon frequency
(wM = 55 cml) can occur among the large number of bands,

It is necessary in this connection to search for additional more direct and more unambi-
guous experimental proof of the realization of the simultaneous excitation of an exciton and
a magnon, Most promising in this respect is a study of the response of the optical absorp-
tion spectrum to magnetic fields that are sufficiently strong to change the magnetic struc-
ture of an antiferromagnetic crystal, For MnFs this field is equal to 90 kOe (Hz “ Cq-axis),
Magneto-optical investigations in this range of magnetic fields have become possible through
the use of a pulse technique [3],

We have previously observed the influence of the strong magnetic field, sufficient to
flop the spin structure of MnF, (spin flopping), on the structure of the optical transition
6A1g(6S) - hIég(*D) [4], Magneto-optical effects in the region of these transitions are so
large that they cannot be set in correspondence directly with the changes of the magnetic
spectrum of the MnF, crystal during the flopping, Therefore, to observe more subtle effects
it is necessary to turn to other parts of the light-absorption spectrum of MnF, where, as
shown by earlier investigations [4,5], there are no abrupt changes in the frequencies and
intensities of the bands,

We have investigated the narrow absorption bands due to the optical transitions
6Alg - ‘*Tl (*¢) and SA:Lg - 4Tlg(4p), Their frequencies are listed in the table, The doublet
18473/18478 cnl must be associated with the two intense bands among the group of narrow ab-
sorption bands of the 6Alg - 4Tlg("‘G) transition of MnF- [2], One of these bands, marked by
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an asterisk in the table, was interpreted as being an exciton-magnon band [2],

The influence of the magnetic field on the exciton-magnon light-absorption bands can be
estimated qualitatively, It is necessary for this purpose to use the expression for the form
and spectral position of the exciton-magnon band in the optical spectrum of an antiferromag-
net [1,2] and the expression for the spin-wave spectrum in a magnetic field HZ < Hc = ~/§ﬁ;ﬁ;
and Hz > Hc [6,7]. The results of such a calculation are illustrated graphically in Fig, 1,

The figure shows also the results of an experimental investigation of the influence of
the strong magnetic field on the 18473/18478 cm! and 31943 cm bands, In the latter case
the ordinate scale is reduced 1/2,

The first striking fact is that for the 18473 cm! band, previously [2] identified with
the exciton-magnon transition, there is not even qualitative similarity between the experi-
mental behavior in the magnetic field and the calculation, This band is not split by an ex-
ternal field but, to the contrary, on reaching HZ =2 Hc it coalesces with its satellite at

18478 cnit, forming a single narrower and more intense band, These facts offer evidence that
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the interpretation of the 18473 cm! band as being an exciton-magnon transition is not the
only one possible,

There is qualitative agreement between calculation and experiment in the behavior of
the 31943 cm? band in a magnetic field, In weak magnetic fields, a clearly pronounced split-
ting into a doublet is observed (Figs, 1, 2), with the distance between components directly
proportional to the magnetic field intensity Hz' The doublet splitting decreases when

Z
monotonic dependence of the Zeeman splitting on the magnetic field intensity that we see

H = Hc is reached, and disappears completely in a field HZ = l,SHc, It is in this non-~

a qualitative similarity between the experimental and calculated data, However, there is a
noticeable disparity between the two: in the region H > HZ the decrease in the splitting
of the 31943 cm® band is smooth (from Hc to l,SHc), and not abrupt as follows from calcula-
tion; the predicted splitting in the region Hz o 2Hc is not observed, If we assume that
this weak splitting is so small that it cannot be resolved by the spectral apparatus employed
(DFS-13, linear dispersion 4 K/mm), then we expect at least a shift of the band towards the
shorter wavelengths, and not the longer ones as observed in the experiment, These facts de-
monstrate the need for a deeper theoretical analysis of the features of light absorption in
antiferromagnetic crystals,

Worthy of special attention is the 32009 cm?® band, which acquires a noticeable intensity
only when HZ > Hc is reached, It must be noted that the interval between the 32009 enit band
induced by the magnetic field and the 32065 cmi! band is very close to the maximum magnon fre-

quency = 54 .5 cml in MnFp [8]. This eircumstance, and also the results of magneto-optical

w
investiggtions, make it possible to relate the 31943 and 32065 cm! bands to exciton-magnon
transitions [1,2], This statement is not contradicted by a careful analysis of the shape of
these bands, which have noticeable asymmetry,

In conclusion it must be noted that the 32065 and 32214 cm? bands listed in the table
apparently split in a magnetic field in a fashion similar to the 31943 cm! band, but the ex-

perimental accuracy is much lower here, in view of the considerable spread,
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