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Frustration on a triangular lattice
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Figure 3. The anticipated behaviour of longi-
tudinal magnetization in 20 Heisenberg AFMoOn a
triangular lattice. The plateau on the magnet-
ization curve results from the stabilization of the
collinear phase in the finite region of magnetic
fields due 10 2ero-point motion.

Heisenberg model
including fluctuations 2.

H/J

awamura &Miyashita JPSJ 54 1985

/ S0(3) | ™"

I
01

0.4

5. Temperature-magnetic field phase diagram of the AFT Heisenberg model. The effective symmetry and
the stable spin configurations are also shown for each phase. Note that the location of phase boundaries may

not be very precise.

H/J

M

H7J

0.4

0.3

0.2



MogenpHbIN TpeyronbHbIi anTudeppomaruetTnk RbFe(MoO,),

> a
a Fe3+ S=5/2
J/ JI — 100 “Easy plane” anisotropy D~J/2



1/3 plateau confirmed in
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Comparison of theory (2D TAFM of XY & Heisenberg type)
and experiment (RbFe(Mo0Q,), , S=5/2, easy-plane anisotropy with D~J/2)
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FIG. 1 (color). (a) Low-temperature chemical structure of
RFMO. belonging to the trigonal space group P3. Shown are
the Fe** in red and O~2 ions in yellow. The Fe ™ are expected to
interact through superexchange involving two O~ for intraplane
interactions and three O~? for interplane interactions. There is
one nearest-neighbor and two distinct next-nearest-neighbor in-
teractions between planes. (b) Zero-field magnetic structure at
T = 2 K with an ordered moment at each site M = 3.9(5)up:
(c)at woH = 6 Tand T = 2 K, two-thirds of the moments point
with M = 3.8(3) 5 along the field direction and one-third with
M = 2.8(3)up opposite to it; and (d) at woH = 10T and T =
0.1 K, with M = 3.7(5)p . one-third of the moments are per-
pendicular to the field and two-thirds are parallel to each other
and form an angle of 30° with the field direction. The structures
shown in (c).(d) have an inversion center indicated by the yellow
point.
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FIG. 2 (color). (a) Zero-field temperature dependence of the
magnetic Bragg intensity (solid circles) observed at Q =
(1/3,1/3, g.) compared to that of the ferroelectric polarization
(solid line) P, along the ¢ axis. Inset: P, measured under
positive and negative poling biases. (b) Field dependence of
the intensity at 7 = 2.8 K for the commensurate (black) and the
incommensurate (gray) reflections. The commensurate and the
high-field incommensurate orders coexist at this temperature for
a narrow field region between woH =8 and 9 T. (c),(d) Tem-
perature and field dependence of g, at zero field and at T =
2.8 K. respectively. Squares and circles in (b),(d) distinguish two
independent measurements, for which intensities were put on the
same scale by matching data measured at the same field.

In-plane magnetic fields applied along the [1, —1, 0]
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FIG. 3. (Color online) The poH dependence at T = 100 mK of
(a) the neutron integrated intensity recorded at the Q = (1/3,1/3,4;)
position, and (b) the ¢, component. Dashed lines mark the transition
fields between different phases, with the uncertainties indicated by the
shaded regions. At (¢c) T = 1.6 K and (d) T = 100 mK we show the
o H dependence of the square root of the magnetic neutron intensity
/I, measured at the (002) position. Red arrows indicate the field
range of the intensity plateaus.
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PRL 111, 247201 (2013) PHYSICAL REVIEW LETTERS 13 DECEMBER 2013

Triangular Antiferromagnet with Nonmagnetic Impurities

V.S. Maryasin and M. E. Zhitomirsky
Service de Physique Statistique, Magnétisme et Supraconductivité,
UMR-E9001 CEA-INAC/UJE, 17 rue des Martvrs, 38054 Grenoble, France
(Received 26 September 2013; revised manuscript received 19 November 2013; published 9 December 2013)

The effect of nonmagnetic impurities on the phase diagram of the classical Heisenberg antiferromagnet
on a triangular lattice is investigated. We present analytical arguments confirmed by numerical calcu-
lations that at zero temperature vacancies stabilize a conical state providing an example of “order by
quenched disorder” effect. Competition between thermal fluctuations and the site disorder leads to a
complicated H-T phase diagram, which is deduced from the classical Monte Carlo simulations for a
representative vacancy concentration. For the XY triangular-lattice antiferromagnet with an in-plane
external field, nonmagnetic impurities stabilize the fanlike spin structure. We also briefly discuss the effect

of quantum fluctuations.

(e) XY-model

FIG. I (color online). Ordered magnetic states of a TAFM in
an external field. Spin configurations appearing for the TAFM
without impurities: (a) coplanar Y state, (b) collinear uud state,
and (c¢) coplanar 2:1 (V) state. Spin configurations in the pres-
ence of nonmagnetic impurities: (d) conical (umbrella) state of
the Heisenberg TAFM, (e) anti-¥ state and equivalent (f) fan
state of the XY TAFM.

FIG. 3 (color online). Classical Monte Carlo phase diagram of
the Heisenberg TAFM with 5% of nonmagnetic impurities. Solid
lines via data points are guides for the eye. The inset shows the
concentration evolution of ordered phases for H/J = 1.3, which
is indicated by the dashed line on the main panel.
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Correlation of short-period oscillatory exchange coupling to nanometer-scale lateral interface
structure in Fe/Cr/Fe(001)

C. M. Schmidt. D. E. Burgler,* D. M. Schaller. F. Meisinger, and H.-J. Giintherodt
Institut fur Physik, Universitat Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland
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FIG. 12. Schematic response of the top Fe layer to the H,
profile shown between the Fe layers under the assumption of a
homogeneously magnetized bottom Fe layer. (a) For &, of the order
of micrometers, FM and AF domains develop at the positions of
pillars, and 90° domains in between. (b) For &, of the order of
nanometers, the spin orientation of the top Fe layer 1s locally per-
turbed, resulting in positive or negative angular deviations from the
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overall 90° coupling. All magnetizations are m-plane.

Static disorder affects magnetic order.



CTtaTtuyeckuin becrnopsiaok npenaTcTeyeT dnyKTyaLUUOHHOMY MeXaHn3My “nopsiook Yyepes
becnopsaok” 0TOopa OCHOBHOIO COCTOSIHUS U3 MHOXECTBA BbIPOXKAEHHbLIX COCTOSIHUMN.
dopmarnbHo 6ukBaapaTuyHbIN 06meH T(S;S))? oTpruaTeneH Ons YACTbIX U NONOXUTENeH
AN 4ONUMPOBaHHbLIX 06pasLoB.

UncTbin obpasel: B cnabom none BbirogHa Hanbonee konnuHeapHas cTpykTypa (Y-Tvna)
O6paseL ¢ npumecsamMuK: npearnoyTUTenbHa Hanbonee HeKoNNMHeapHasi CTPYKTypa (aHTu-Y).

Y A

B Hamiem 3KcnepuMeHTe MbI IIPOBEPSEM 3TH NMPEACKAZAHMSL.
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FIG. 3 (color online). Classical Monte Carlo phase diagram of

the Heisenberg TAFM with 5% of nonmagnetic impurities. Solid

lines via data points are guides for the eye. The inset shows the
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Rb, K, Fe(Mo0O,), (x=0,0.025, 0.05, 0.075, 0.15)
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ESR spectrum of pure RbFe(MoO,),, in-plane magnetic field
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Rotation of magnetic field from “out of plane” to “in-plane”:

Falling mode is conserved in pure sample and smeared in the doped sample .
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Triangular Antiferromagnet with Nonmagnetic Impurities
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Triangular antiferromagnets with “easy plane” anisotropy have
similar phase diagram for in-plane magnetic field.

H/J

0 L | L | - . J 7I——J——l——- B L | L | L

0 . 0 0.1 0.2 0.3 0.4
0.2 0.4 0.6 T/J
T

FIG. 15. Phase diagram for AFP model on a triangular lat-
tice. Four phases can be identified and are labeled by the Figure 3. Magnetic field phase diagram of the Heisenberg
behavior of the order parameters ¢” and ¢,. The manner in triangular-lattice antiferromagnet. Transition points determined by

which the three phase boundaries merge at A is not determined thg Mmj;te Carlo snnu]anons_ are shgwn by c1rcle.s.' Solu:l llne'%;‘a]‘e
. . . cuides for the eye. Dashed line indicates the position of additional
precisely in this work.

low-field transitions.

Heisenberg model, MC simulations
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and M E Zhitomirsky JPCM2011



ESR modes in a triangular antiferromagnet with easy-plane anisotropy,
In-plane magnetic field
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ESR spectrum of pure and doped RbFe(MogQ,),
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out-of-plane magnetic field :

Both rising and falling modes are present.
For this orientation there is no degeneracy
and no “order-by-disorder” because of

easy-plane anisotropy.
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Rotation of magnetic field from “out of plane” to “in-plane”:

Falling mode is conserved in pure sample and smeared in the doped sample .
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Outline of ESR spectra for pure and doped samples
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Theory for Y-structure

—— Theory for anti-Y-structure
~ 7 With two values of
biquadratic exchange

Theory for umbrella-structure

Change of the ESR spectru
corresponds to “Y”- “anti Y”
ransition due to doping
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