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Mn NMR spectrum in a noncollinear antiferromagnet RbMnBr 5
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The NMR spectrum of®Mn in an easy-plane noncollinear antiferromagnet RbMnBas investigated in
the frequency range from 380 MHz to 470 MHz under applied magneticHield to 85 kOe aT =1.3 K. The
NMR spectrum in the noncollinear commensurate phase can be explained by a plane magnetic structure with
eight manganese spins per magnetic unit cell. In the collinear phase the NMR frequencies are strongly field
dependent. In the vicinity of the critical fields, we observed NMR signals when the radio-frequency field was
parallel to the applied magnetic field.

Early neutron diffraction experiments of Glinket al. we have already observed the distortions in the triangular
(Ref. 1) have established that the compound RbMnBra  spin lattice of the noncollinear antiferromagnet CsMunBr
noncollinear antiferromagnet at temperatures beldy (Ref. 11 induced by the magnetic field and a new type of
=8.5 K. More recent neutron scattering studiéshowed relativistic distortion in a spin structure of the noncollinear
that the magneticH-T) phase diagram consists of several antiferromagnet CsMgl*%**Here we are present our results
collinear and noncollinear phases. The analyses of the difabout the fine details of the magnetic structures in RoMnBr
fraction data were based on the assumption that that low temperaturesT<Ty).

RbMnBr; crystal has hexagonal symmetry. The results were RbMnBr; crystallizes in a lattice with hexagonal space
not unambiguous. For example, according to Ref. 3, at temsymmetry P6;/mmc In the crystal lattice ions Ml are
peraturesT<T, and in magnetic fields from 30 kOe to 40 surrounded by octahedra of haloger?f Brand these octahe-
kOe the antiferromagnet has a noncollinear commensuratéra, joined at a common face, form chains along the crystal
structure similar to the six-sublattice structure of the hexagoaxis Cg (directionz). The packing of the chains is hexagonal
nal antiferromagnet CsMnBf For the same region of the in the basal plane of the crystal. Voids between the chains
phase diagram in Ref. 2 RbMnBwas proposed to have a are filled by RI. As the temperature decreases, the crystal
spin structure with a very large unit cell. lattice undergoes structural transformations that are associ-

An incommensurate spin structure in RbMgBm the ab-  ated mostly with shifts of the chains with respect to each
sence of the field has been attributed to uniform orthorhomether along the direction. At temperatur&,; =470 K4 the
bic distortions in RbMnBy (Refs. 5 and § The row model crystal lattice undergoes a second-order phase transition to
used by Zhitomirskyet al. (Refs. 7 and B explained the the hexagonal structué6scm with the unit cell increased
transition from an incommensurate to a commensurate 1208y a factor of\/3x /3 in the basal plane. In this phase one-
structure. Nevertheless, it did not explain entirely the diffrac-third of the chains is shifted along tlzadirection by a small
tion pattern observed in the high-resolution neutron scatterfraction of the crystal period. The first-order phase transition
ing experimentgRefs. 2 and B at T.,=220 K (Ref. 15 destroys the hexagonal symmetry.

Recently, Petrenket al. (Ref. 9 had carried out an x-ray According to Ref. 9, the ion chains are sinusoidally modu-
investigation of a crystallographic structure of RoMgBt  lated perpendicular to the basal plane. The amplitude of the
low temperatures. The study showed that the crystal latticatomic modulation is small in comparison with interatomic
has orthorhombic symmetry in the magnetically ordereddistances in the crystal. Due to distortions of the hexagonal
state. The symmetry of the charge density distribution relattice one-fourth of the chains of Mh is shifting “up-
stricts the possible variety of magnetic structures that can b&ard” along the ¢ axis while another one-fourth shifts
realized in the crystalsee, for instance, Ref. 10bviously, “downward,” and the rest remains in the basal plane. The
spin structures with hexagonal space symmetry cannot apattice space symmetry is orthorhomléibe space group was
pear in RbMnBj. Recognizing this fundamental fact, we not established exacilyvith four manganese ions M# per
decided to learn more about the magnetic ordering ircrystal unit cell.

RbMnBr,; and carried out 2°Mn NMR investigation of the In zero magnetic field {<Ty) the magnetically ordered
antiferromagnet. state of the crystal is caused by the spins of’Mthat are

The NMR spectrum oP°Mn in an applied magnetic field coplanar to a spin plane. The field of the crystal anisotropy
in a magnetically ordered state of the crystal contains direcbrients the spin plane perpendicular to the crystaixis,
information about the number of sublattices in the magnetvhich coincides with or is very close to The spins form
and orientation of the sublattices relative to each other and tantifferomagnetic chains along The exchange interaction
the external field. Using the NMR method #Mn nuclei,  between MA ions in the plane is antiferromagnetic. The
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spins form a helicoidal structure whose periods in the spin 1.04 e
plane are incommensurate with the crystal lattiBef. 1). r
The anisotropy in the spin plane is sméRef. 16.

If the external magnetic fieldH L c) is smaller than the
exchange field and iT<Ty, then there are two reorienta-
tional phenomena in thél-T diagram of RbMnBj. In a
critical magnetic fieldH .;~30 kOe?31®the incommensu-
rate spin phase transforms into a commensurate noncollinear
phase. This phase transition is accompanied by a hysteresis
in the intensity and the shape of the antiferromagnetic [ ]
resonanc¥ and simultaneously with small hysteresis in the (1 1-) P P P DU P P
magnetization cur/@ and birefringencé® The commensu- 0 10 20 30 40 50 60
rate noncollinear phase collapses into the collinear phase in Magnetic field (kOe)
the second critical fieldH,, for which H,~40 kOe'® . o .

Stationary signals of NMR have been excited by a radio- FIG. 1. Examples of recordings of absorption in the antiferro-
frequency fieldh either parallel or perpendicular to the ex- Magnet RbMnBy at T=1.3 K: (@ at frequency 390.3 MHZ[H;
ternal magnetic fieldd. We will show that the NMR spec- (©) at frequency 439.0 MHALH.
trum (hLH) in the commensurate magnetic phase does not
correspond to the six-sublattice spin lattice. Intensities of NMR signals in magnetically ordered mate-

Monocrystal samples of RbMnBrwere grown using rials are determined by the coefficients of the rf-field gain
Bridgeman method. This procedure was described in detaisee, for instance, Ref. 21Thus, the quantum resonance
in Ref. 16. The RbMnBy crystals grown by this method are transitions of nuclear spins are mostly induced by dynamic
transparent and can be easily cleaved along binary planesomponents of hyperfine fields.

We have studied five monocrystals prepared at different In the vicinity of the critical fieldH, of the collapse of
times. sublattices, even a weak longitudinal rf component in the

Experiments were conducted with a wide-range cw NMRapplied magnetic field is capable of swinging electron spins.
spectrometer with a higy reentrant resonator and fre- As a result, strong perpendicular components of the hyper-
quency modulation. The design and experimental techniqugine fields appear at the same frequency as that of the pump-
are described in detail in Ref. 11. Most of all the experimentdng rf field. Therefore we were able to observe NMR signals
were carried out aT=1.3 K in a field range up to 85 kOe. in RbMnBr; at rather exotic conditions whenwas parallel
The magnetic field was applied in the spin plane of the anto the applied magnetic field. A recording of the magnetic
tiferromagnet RbMnBy. The frequency range from 380 field scan bj|H) at pumping frequency 390.3 MHz is pre-
MHz to 470 MHz was covered by one split-ring resonator insented in Fig. (). Absorption was detected in the vicinity of
which polarization of the radio-frequency fieldf field) h  both critical fieldsH.; and H.,. At these conditions the
was perpendicular with respect i and by one resonator NMR spectrum in the range of frequencies from 380 MHz to
with the polarizationh||H. The spectra were obtained by 460 MHz consists of two almost field-independent reso-
passing through a resonance with respect to the magnetitances neak., andH.,. In the small range of fields that
field. corresponds to the collapse of the noncollinear commensu-

In magnetically ordered state of the crystal, the mean fieldate phase, the nuclear resonance was especially strong. In
approximation predicts the following dependence of theCsMnBr, at the same experimental conditions, we
NMR frequencye, of nuclei **Mn belonging to the same observe@® NMR in the interval of fields from 018 to H,
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sublattice upon the effective field: (H,~64 kOe is the field of collapse of the “triangular”
phasé).
wp, 2 H 12 Whenhl H, the rf-field gain coefficient appears because
— =[Hhi+H|[=Hpe| 1+ 2 ~2g_cosd) of the joint rotation of the electron spin system in the spin
n Hi nt plane. The spectrum of antiferromagnetic resonance in

() RbMnBr; was studied in Refs. 17 and 7. Corresponding to
A these spin motions, the frequency of the branch of the anti-
h7n<s>' ferromagnetic resonance is too highore then 45 GHeto
distort significantly the NMR frequencié$,and the spec-
where A<O is the hyperfine interaction constaf§) is the  trum is described by the approximati¢h). The experimen-
average ion spim is Planck’s constanty,/2m=1.06 MHz/  tal spectrum at these conditions is represented in Fig. 2,
kOe is the gyromagnetic ratio for nucle&i®vin, and@ is the  which contains direct information about the magnetic struc-
angle between the external magnetic field vector and the sultdre.
lattice magnetization. Using a method of passing through the resonance with
At liquid helium temperatures the correlations betweenrespect to the magnetic field we did not detect absorption at
nuclear and electron motions may become significant due tbl<H.;. Two regions of the rearrangement of the NMR
low-frequency electron spin resonance modes. In this casgpectrum (L H) correspond to the critical fieldsl ;=27
the NMR spectrum deviates from Efl) and has a strong kOe andH.,=42 kOe. The absorption nebt,; has hyster-
dependence upon the temperature. This effect is referred tsis both in intensity and position of the resonance. This
as pulling(Refs. 19 and 20or as a dynamic frequency shift. phenomena is demonstrated in Figb)1

Hpi=—
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FIG. 2. The NMR spectrum of the antiferromagnet RoMpgr  lifts the double degeneration of the NMR spectrum branches,
T=1.3 K (dotg. Solid lines illustrate the collapse of the triangular which is present in the approximatidf), for the proposed
spin structure in the mean field approximati@ee text structure. The dependence of rf-field coefficients values on

the relative orientatiotn andH imposes constraints on the

The NMR spectrum in the noncollinear commensurateobservation of the NMR modes. Four of them we have ob-
phase consists of two pairs of branch&s?) and (3,4 that  served wherl H; the others should be seentgt. Unfor-
merge pairwise in the critical field ... In the collinear phase tunately, since the gain coefficient drops down too fast with
(H>H¢2), the NMR spectrum consists of two branch®s  decreasingH/H,,, we failed to separate all branches at the
andB that both have a strong dependence of the frequency |atter case.
on the magnitude of the applied magnetic field. The value The value of 8 can be estimated from the difference in
dv/dH~0.5 MHz/kOe is much greater than follows from NvR frequencies for nuclei of the branches 1 and 2, that is,
Eq. (1) at flxe_d hyperfme fieldHy;. The integral intensity of Aw,/2m~15 MHz atH=35 kOe. From the expressidf)
the A branch is approximately the same as the intensity of th%mAwn/H y,~20°. The same analysis for branches 3 and 4

B branch. shows thata at 35 kOe is approximately 120°. Ange is

me-lr-:eth?]gnt';uedeja?:lecsl aknndovvilz a;:sn\]/e%ev;eslllj:grsggfg Ofsmall and the spin configuration is close to the 120° triangu-
lar spin structure.

magnetizatiort® neutron diffractior?:® and the recent study . : 18
- In addition, using Eq(1) (A=—1.51X10 *° erg from
of the specific hea® All samples of RbMnBj had the same Ref. 27, we have found the average spin of Mnfor sub-

NMR spectrum. . ' "
The destruction of triangular spin structure on a hexagolattlces 1-4 to bgS)' ~1.9 and for 5-8 to b¢S)"~1.8. Al

nal lattice by magnetic field in the mean field approximationiﬂﬁqsil}ﬁg:rssirze 58 Efrnglﬁégd&ﬁidi; comparison with quan-
was considered by ChubukdiRef. 26. This rough model Spin structure' in the collinear haée can be described b
qualitatively describes NMR in the hexagonal antiferromag-t Ft) p ticall pn lent chai £ y
net CsMnBg. To demonstrate the dramatic difference be- WO y'?l_is 0 magdne |cady nonequ;]lvaNehr;chf ans ot “vin
tween the magnetic structure of the commensurate nonco hpénsé |?e3trc;il§|‘ d egaer? %r:ace:sstogate q V;ﬁﬁuenuc;zi;?;n
linear phase of RbMnBrand the triangular spin structure we dimensignal nature of the exchange interaction iananBr
draw in Fig. 2 by solid lines the spectrum for the latter struc- Ref F h int of Vi g f1h ; ical
ture. We used formulas from Ref. 11 with the value of ex—( et. 2]%329 rom the point of view of the microscopica
change fieldH = 1200 kO€!® critical field H =42 kOe, and model;™“" the increase of the NMR frequencies can be in-
NMR frequency in zero fieldv,o/27=418 MHz. The ex- tnegﬁéef‘ig?d‘;"os a suppression of quantum fluctuations by a mag-

perimental spectrum of the noncollinear commensurate . L .
) L . The appearance of the spin structure with eight sublattices
phase of RbMnBy is qualitatively different from these de- . .
in the noncollinear commensurate phase corresponds com-

pendencies since it contains four branches instead of three, letely to the crystal structure of RbMngat low tempera-
This discrepancy can be explained by the more compli—p y Y P

. : ) . tures. In the commensurate noncollinear phase the magnetic
cated spin structure in this phase of RbMgBIt is repre- . ; .
Lo i . unit cell is two times larger than that of a crystal. In the
sented by a plane structure in Fig. 3 and consists of e|ghlf . . . .
. L e : collinear phase the size of the magnetic unit cell reduces to
sublattices. In this picture, the magnetic field is applied along{he crvstalloaraphic one
the axiso. When the value ofH increases, angles and g8 y grap '
decrease to zero, and the collinear phase is realizét.at In closing, we sincerely thank Professor L. A. Prozorova
The critical fieldH.; is very close toH.,, and the angles and Professor V. |. Marchenko for numerous fruitful discus-
a,3 depend strongly upon the external magnetic field. sions. The authors also thank Alexander Roitman.
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