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Abstract—The evolution of optical absorption in a two-dimensional antiferromagnet is investigated in the
range of thetransition °A;; —» “A;,, “E,(*G) observed in manganeseionsin an external magnetic field induc-
ing noncollinearity of the magnetic structure. It is revealed that hot and cold satellites of the exciton—magnon
bands appear in the optical absorption spectrum and then increase in intensity. The shapes of the magnon sat-
ellite bands corresponding to a two-dimensional magnetic structure are calculated. It is demonstrated that
magnons at theinner points of the Brillouin zone appreciably contribute to the absorption. The zero-point mag-
netic oscillations play a decisive role in the absorption associated with the magnon decay at low temperatures.
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1. INTRODUCTION

As arule, optical spectra of antiferromagnets con-
taining ions with an open 3d shell are related to transi-
tionsforbidden with respect to the spin projectionin the
single-ion approximation. Consequently, in the optical
spectra of these crystals, the intensive electrodipole
absorption bands are caused by the excitation of groups
of interacting ions, specifically by pairs of exchange-
coupled ions belonging to different magnetic sublat-
tices. The existence of single-magnon satellites of the
exciton bandsis characteristic of the absorption spectra
of collinear antiferromagnets. In the case when the non-
collinearity of the magnetic sublatticesisinduced by an
external magnetic field, the optical transitions involv-
ing an even number of magnons become alowed [1].
The mechanism responsible for the formation of the
light absorption bands can be elucidated by analyzing
the dependences of the intensity and energy location of
the absorption peak of the multimagnon satellites on
the angle of canting of the magnetic sublattices. For
example, the optical spectra of RbMnCl; and CoCO4
compounds exhibit narrow isolated magnon satellite
bands that correspond to the maxima observed in the
density of exciton—magnon states at singular points of
the Brillouin zone due to the participation of several
magnonsin light absorption [2] with the specific behav-
ior in the magnetic field. In the present paper, we report
results on the measurement of the optical absorption
spectrum of an Rb,MnCl, antiferromagnet in the fre-
quency range of the transition A;; — *A;,, *E4(‘G).
The evolution of the absorption spectrum in the mag-

netic field was explained in terms of the two-dimen-
sional magnetic structure responsible for the specific
features in the density of states of quasi particle combi-
nations involved in optical excitations.

Crystals of Rb,MnCl, at room temperature have a

tetragonal structure with Diz symmetry. At tempera-
tures below the Néel point Ty = 57 K, the Rb,MnCl,
crystal is characterized by an antiferromagnetic order
with easy-axis anisotropy. The magnetic moments are
directed paralld to the C, symmetry axis of the crystal
[3]. The exchange field is determined to be Hg =
800 kOe. The spin-flop transition occurs in the field
Hg =56 kOe. The Mn?* ions are located in layers per-
pendicular to the C, symmetry axis at sites of a plane
square lattice of the crystal. The interlayer distance
considerably exceeds the distance between the nearest
neighbor Mn?* ions located in the same layer. As a
result, the intralayer exchange interaction between the
Mn?* ionsis two orders of magnitude stronger than the
interlayer exchange interaction, which causes the two-
dimensional (2D) behavior of the magnetic system of
the crystal.

2. EXPERIMENTAL TECHNIQUE

The optical absorption spectraof Rb,MnCl, crystals
were measured on a spectrometer with a resolution of
3 A/mm. Magnetic fields with astrength up to 230 kOe
were generated in a pulsed solenoid with a pulse dura-
tion of 20 ms. The spectra were recorded on photo-
graphic film.

1063-7834/03/4508-1500$24.00 © 2003 MAIK “Nauka/ Interperiodica’



MAGNON SATELLITE BANDS IN THE OPTICAL SPECTRUM

Absorption, arb. units

3
2
1

23400

1
V, cm

1
23800 -1

1
23600

Fig. 1. Polarized spectra of Rbo,MnCl, crystalsin the range
of the transition ®A;q —> *Aqg, *E4(*G) @ T=4.2K: (1) t
polarization, h = 2.2 mm; (2) a polarization, h = 0.14 mm;
(3) a polarization, h = 0.5 mm; and (4) o polarization, h =
1.51 mm.

3. RESULTS AND DISCUSSION

The polarized absorption spectra of crystal samples
with different thicknesses h at the temperature T =
4.2 K are shown in Fig. 1. According to the selection
rules, the magnetodipole exciton bands in the optical
spectra of the Rb,MnCl, crystal should be observed for
the polarizations a (the wave vector k is aligned paral-
lel to the C, axis of the crystal, and the electric-field
vector E is perpendicular to the C, axis) and Tt (k 0 C,,
E || C,), whereasthe el ectrodipol e single-magnon satel -
lites of the exciton bands should manifest themselves
for the polarizationsa and o (k O C,, E O C,). Wefailed
to observe exciton bands in the spectra of crystal sam-
ples of the specified thickness. Vervoitte et al. [4] mea-
sured the spectrum of magnetic circular dichroism and
reveal ed two dichroic magnetodipole bands (23489 and
23547 cm™). Thelocations of these bands are indicated
in Fig. 1, and the bands themselves are designated as
Cg, and Cp,, respectively, and areinterpreted as exciton
bands. In [4], the bands C; and C,,; were identified as
photon and magnon satellites of the exciton band Cg,,
respectively. The band C,,; is located at a distance of
~80 cmr L, which corresponds to the magnon frequency
at the boundary of the Brillouin zone.

We measured the absorption spectra of Rb,MnCl,
crystalsin different magnetic fields and at temperatures
ranging from 1.8 to 100 K. It turned out that the temper-
ature dependences of the spectral characteristics do not
provide useful information. As the temperature
increases to the Néel point Ty, the half-width of the
bands increases; consequently, it becomes impossible
to determine the location of most of them to sufficient
accuracy. The only isolated band, namely, Cy,, which
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Fig. 2. Absorption spectra of Rb,MnCl, crystals for the a
polarization in magnetic fieldsH: (1, 7) 0, (2, 8) 46, (3) 70,
(4, 9) 135, (5, 10) 160, and (6, 11) 230 kOe. Sample thick-
ness h: (1-6) 1.65 and (7-11) 0.08 mm. T = 4.3K, H || C,.

can be clearly observed up to the temperature Ty, and
higher, does not undergo a noticeable shift at tempera-
tures T < Ty. Thisisatypical manifestation of the two-
dimensional magnetic structure of the crystal [5].

Figure 2 illustrates the evolution of the red edge of
the a-polarized absorption spectra of thick and thin
crystal ssmplesindifferent magneticfieldsat T=4.3K.
In the case when the magnetic field exceedsthe field of
the spin-flop transition and the magnetic moments of
the sublattices exhibit angularity, the spectrum under-
goes a considerable transformation. It can be seen that
an intense broad band, namely, Cy, . v, 8ppearsin the
spectrum, increases in intensity, and overlaps with the
Cu2 band whose intensity decreases. As the magnetic
field increases above 100 kOe, there appear two new
bands, namely, Cy; _y and Cy,_y, @ frequencies cor-
responding to pure exciton transitions and their intensi-
tiesincrease. Judging from the field dependences of the
aforementioned bands, the Cyy, .y band can be identi-
fied as an exciton—two-magnon band (a magnon satel-
lite of the exciton—magnon band C,,,), whereas the
Cu1_m and Cy, _ bands can be treated as hot satellites
of the exciton—magnon bands. The integrated intensity
of these bands should be proportional to sin?20sin®0,
where cosB = H/2H and 6 is half the angle between the
sublattices. However, in the former case, the band is
unusually broad. In the latter case, the intensities of the
bands should be proportional to the magnon population
[6]: n=[exp(e,/KT) — 1], whichissmall at the temper-
ature of the experiment; hence, these bands should not
be observed. In order to explain the above facts, the
specific features of the magnetic structure of the crystal
must be taken into account.



1502
E
=]

E 3
o

2

K/cos?8, arb. units
/;
-
}

‘_--""'-rr
0 80

Fig. 3. Calculated band shapes: (1) the exciton—magnon
band at K; =0, K, = 0; (2) the exciton—magnon band at K, =

0, K, = 2.5; (3) the exciton—magnon band at K; = 0.1, K, =

2.5; (4) the cold magnon satellite of the exciton—magnon
band at K, = 0, K, = 2.5; and (5) the hot magnon satellite of

the exciton—magnon band at K; = 0, K, = 2.5.

The shapes of the absorption bands were cal culated
taking into account the results obtained in [6]. The
absorption coefficients at the frequency w were calcu-
lated for the exciton—magnon band from the relation-
ship

K M(w) O Z |F>(k)|2q>§+ "(k)&(w—E,(K) —&,(-k)),

K

for the cold magnon satellite of the exciton—magnon
band from the expression

KE™ () Oy PRI @™ (k)3
U,k

xEm E)- Y @(kl)+Zsp(q)DD

ki — q——k

and for the hot magnon satellite of the exciton—magnon
band from the formula

K™ () O le(k)lz¢§+m_m(k)5

H
*-E()- Y Et(kl) zsu(qm
ki— q——k
Here, P(k) is the dipole moment of the transition in the

k space and def” (k) are the functions dependent on

the direction of the magnetic moments of the sublat-
tices, the popul ation of magnon states, and the structure
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of the crystal. The summation is carried out over al
vectors k of the Brillouin zone and over the zones p.
The exciton energy E (k) and magnon energy &,(k)
were calculated in the nearest neighbor approximation
according to the expressions

E.(k) = Ag + AcosGEI\N/I\?(k) —(=1)"zIM|y(k)cos’e,
€u(k)
= SI1(0)/1-y*(K) +2cos"By(K)[y(K) - (-1)"],
y(k) = cosgiz%cosmak‘D

o[

v(k) = %(cosakx+ cosak,),

where a is the lattice parameter. In contrast with the
case considered in [6], we ignored the renormalization
of the exciton energy due to the exciton—magnon inter-
action A and assumed that |A(k, 1)[> = Asin?260. Therole
of the exciton—magnon interaction, in our case, consists
in resolving the magnon satellites of the exciton—-mag-
non band. All the other designations correspond to
those presented in[2]. In our calculations, we varied the

parametersK; = |[M|cos?6 and K, = M determini ng the
transfer of excitation inside and between the sublat-
tices.

The calculated shapes of the exciton—magnon band
and its cold single-magnon satellite having characteris-
tic weakly pronounced peaks associated with the spe-
cific features of the density of states corresponds to the
observed shape under the condition K, = 2.5|J| (Fig. 3).
Here, |J| is the quantity characterizing the intralayer
exchange between the nearest neighbors. The magni-
tude [M| can be determined from the Davydov splitting
of the exciton band. We failed to do this because no
weak exciton band was observed for crystals of the
specified thickness. For thisreason, in our calculations,
we chose small values of K; in units of |J|, which is
specified by the range of the magnetic fields used. In
this case, the shapes of the bands change insignifi-
cantly, whereas the maxima of the intensity should vary
as sin*0 and sin?20sin*0 for the single-magnon and
two-magnon satellites, respectively. Figure 3 displays
the calculated shape of the two-magnon satellite for
small values of K;, which is described by a function
~Ke*m+m()/cos’0, because when H = 0 and 6 = 172
(and, correspondingly, K; = 0), we obtain K&*™M*M(¢) =
0. An increase in the fraction of magnons with wave
vectors at points of the general type, as compared to
that at singular points in a 2D antiferromagnet, gives
rise to a broad two-magnon band.

Unlike the cold magnon satellite of the exciton—
magnon band, the hot magnon satellite of this band
exhibits a sharp peak on the background of the wide
dome at afrequency close to the frequency of the exci-
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ton (Fig. 3) for K, = 2.5 and K; = 0. Consequently, the
bands C,,_\; and Cy,_u, are relatively narrow. They
are characterized by a high intensity and a weak tem-
perature dependence due to the two-dimensional mag-
netic structure. According to [6], we can write the rela
tionship ®; ™" (k) ~ n,(k). The decrease in the mag-
netization due to zero-point oscillations was calculated
for a two-dimensional Heisenberg antiferromagnet in
[7]. It was shown that this decrease at T = 0 reaches
~20% [7]. Therefore, at alow temperature, ntakeson a
value of no less than 0.2, which ensures a sufficient
number of magnons for the participation in the hot
absorption of light. The shape of the band was calcu-
lated under the assumption that magnons are uniformly
distributed in the Brillouin zone.

Upon summing the band intensities with weights
dependent on the sublattice angularity in the magnetic
field, we obtain a spectrum similar to that observed in
the experiment.
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