PHYSICAL REVIEW B 81, 214405 (2010)

3
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The crystal and magnetic structures of the S=% antiferromagnet B-CaCr,0O,4 have been investigated by
means of specific heat, magnetization, muon relaxation, and neutron powder diffraction between 300 and
1.5 K. In this compound, in which the unusual topology of the Cr** magnetic lattice can be described as a
network of triangular “zigzag” ladders with legs parallel to ¢, a complex antiferromagnetic ordering with an
incommensurate propagation vector k=(0,0,¢q) (¢~0.477 at 1.5 K) is evidenced below Ty=21 K. This
complex magnetic ordering can be described as a honeycomblike arrangement of cycloids, running along c,
and presenting a unique pattern of staggered chirality. To understand the experimental observation of this
staggered chirality, we propose to use antisymmetric Dzyaloshinskii-Moriya terms in the exchange

Hamiltonian.
DOI: 10.1103/PhysRevB.81.214405

I. INTRODUCTION

Geometrically frustrated antiferromagnetic materials have
attracted considerable interest in condensed matter physics
over the past few years, as frustration bears interesting con-
sequences on spin structures, leading for example in the case
of XXY or XYZ Heisenberg spins to exotic noncollinear
magnetic ground states, as a way to release frustration
through spontaneous symmetry breaking.!”> The most in-
tensely studied examples of magnetic systems with geomet-
ric frustration are triangle-based lattices such as the stacked
triangular lattice,>* the Kagome lattices,>® and the networks
of corner-sharing’ or edge-sharing tetrahedra.® Isotypes of
calcium-ferrite CaFe,0, (Refs. 9 and 10) offer an unusual
way to study the impact of competing interactions on a mag-

PACS number(s): 75.25.—j, 75.10.Pq

netic arrangement, as they exhibit an original geometrically
frustrated lattice, based on a honeycomblike mesh of trian-
gular (or zigzag) ladders of magnetic atoms, further de-
scribed below. Such structures have been the focus of rela-
tively few experimental studies,''~!3 one of the most recent
ones dealing with the quasi-one-dimensional magnetic char-
acter of the S=1 compound CaV,0,, in which gapless exci-
tations have been observed,'*!> and which has been sug-
gested as a potential candidate for the study of the chiral
gapless phase. !

In the present paper, we report on the magnetic properties
of the § :% compound B-CaCr,0,. In the room-temperature
(RT) orthorhombic structure of B-CaCr,0, (Fig. 1), isotype
with CaFe,0,, the Cr*? ions occupy two distinct crystallo-
graphic positions [labeled Cr(1) and Cr(2) in the following],

—_——
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FIG. 1. (Color online) (a) Crystal structure of B-CaCr,0, projected along [001], and (b) along [100] and [010]. The two distinct Cr**
crystallographic sites Cr(1) and Cr(2), octahedrally coordinated by oxygen atoms, are shown as green and dark blue polyhedra, respectively.
The different magnetic exchanges paths are shown by arrows (see text for details). The thick red bonds show the ladders rungs between

adjacent chains on nonequivalent sites [Cr(1)/Cr(2)].
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both on Wyckoff position 4c¢ (x,y,)-‘), and are octahedrally
coordinated by oxygen ions. Symmetry equivalent CrOg oc-
tahedra form chains by sharing edges along the ¢ axis [Fig.
1(b)]. The crystal symmetry is such that for any given chain
in the lattice, the Cr positions in any adjacent chain irrespec-
tive of its nature are translated along ¢ by (0, 0, 1/2) so that
coupling between nearest chains either along the a axis or
along the b axis has the so-called zigzag ladder topology
[Fig. 1(b)]. The different chains are interconnected to create
a honeycomblike network in the ab plane [Fig. 1(a)], the
cavities of which host Ca®* ions in prismatic coordination,
slightly shifted from the center of their coordination prisms.
According to this crystal-structure topology, antiferromag-
netic nearest-neighbor coupling [J,.; and J,, for the Cr(1)
and Cr(2) chains respectively, see Fig. 1] is expected along
the Cr chains, owing to the edge-sharing octahedral configu-
ration allowing “cation-cation” direct exchange through the
d,, orbitals, which are pointing along the Cr-Cr axis. Next-
nearest-neighbor interactions (J;_; and J;,) in ladders built
with equivalent Cr atoms should also involve antiferromag-

netic direct exchange. These ladders are interconnected
through Cr-O-Cr bridges mediating a next-nearest-neighbor
superexchange interaction (noted J, and J,, depending on the
direction of the Cr-O-Cr bridge).

Even though the crystal structure of S-CaCr,O, was first
reported 60 years ago,'” to our knowledge, apart from an
early study by Corliss et al.'® mentioning a “complex” mag-
netic structure, the magnetic properties of this compound had
not been investigated up to now and its magnetic structure is
still unknown. Our study shows that below Ty=21 K, the
long-range magnetic order observed in B-CaCr,O, corre-
sponds to a stacking of long-wavelength elliptical cycloidal
modulations along ¢, presenting a unique pattern of stag-
gered chiralities, based on zigzag ladders with either same or
opposite leg chiralities. This observation cannot be inter-
preted in the framework of purely isotropic magnetic ex-
change but may be understood if one takes into account stag-
gered Dzyaloshinkii-Moriya anisotropic exchange terms
perpendicular to the ladder’s legs.
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FIG. 3. (Color online) Rietveld refinement of
time-of-flight neutron-diffraction data recorded
on HRPD (ISIS) of B-CaCr,0, at 300 K and (in-
set) 8 K (experimental data: open circles, calcu-
lated profile: continuous line, allowed Bragg re-
flections: vertical marks. The difference between
the experimental and calculated profiles is dis-
played at the bottom of each graph).
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TABLE I. Structural parameters of 5-CaCr,0, at 300, 100, and
8 K (from refinements of HRPD data). The space group is Pbnm
and all the atoms are in site 4¢ (x,y,i).

300 K 100 K 8 K
a (A) 10.6203(3)  10.6180(6)  10.6218(7)
b (A) 9.0801(3) 9.0737(6) 9.0763(6)
c (A) 2.9681(1) 2.9612(2) 2.9573(2)
v (A3) 286.22(2) 285.29(3) 285.11(3)
Ca x 0.6590(2) 0.6593(1) 0.6593(1)
y 0.7598(2) 0.7601(2) 0.7604(2)
B (A?) 0.44(3) 0.38(3) 0.32(3)
Cr(1) x 0.6126(2) 0.6125(2) 0.6128(2)
y 0.4398(2) 0.4394(2) 0.4397(2)
B (A?) 0.29(3) 0.23(3) 0.17(3)
Cr(2) x 0.1009(2) 0.1012(2) 0.1008(2)
y 0.4165(2) 0.4159(2) 0.4161(2)
B (A% 0.27(2) 0.34(3) 0.31(5)
o(1) x 0.1599(1) 0.1601(1) 0.1603(1)
y 0.2026(1) 0.2026(1) 0.2027(1)
B (A% 0.34(2) 0.36(2) 0.35(2)
o) x 0.4758(1) 0.4753(1) 0.4755(1)
y 0.1165(1) 0.1170(1) 0.1173(1)
B (A?) 0.29(2) 0.23(2) 0.25(2)
0(3) x 0.7853(1) 0.7848(1) 0.7849(1)
y 0.5267(1) 0.5263(1) 0.5263(1)
B (A?) 0.33(2) 0.24(2) 0.24(2)
0(4) x 0.4270(1) 0.4273(1) 0.4272(1)
y 0.4180(1) 0.4172(2) 0.4172(2)
B (A?) 0.31(2) 0.36(2) 0.29(3)
Rpragg (%) 3.20 3.42 3.57
X 2.47 4.45 4.84

II. EXPERIMENTAL

2 g of CaCr,0,4 were prepared by high temperature solid-
state reaction. Powders of CaO and Cr,03 were weighted in
the (1:1) stoichiometric ratio and heated at 1000 °C in air for
a day. The powder was then pressed in the shape of pellets
and heated to 1400 °C for 12 h in air, with a subsequent
annealing at 1000 °C for 12 h in a reducing gas flow (5% H,
in Ar). The samples obtained following this procedure were
checked by room temperature x-ray diffraction and found to
be single phase and of good crystallinity with the expected
CaFe,0 -type structure.

Magnetic susceptibility defined as xy=M/H was calcu-
lated from magnetization data measured in a magnetic field
of 0.3 T, on warming from 1.5 to 400 K, after a zero-field
cooling, using a Quantum Design superconducting quantum
interference device magnetometer. ac susceptibility was re-
corded in a commercial device [Physical Properties Measure-
ments System (PPMS), Quantum Design] in an ac driving
field H,,=107 T (H,=0), using a frequency of 10* Hz.
Heat-capacity measurements were also carried out in a
PPMS device using a relaxation method with a 27 fitting
procedure.
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TABLE 1L Selected distances (A) and angles (°) in 8-CaCr,0,
at 300, 100, and 8 K.

300 K 100 K 8 K
Cr-Cr along
¢ (Jp1,d20) 2.9681(1) 2.9611(1) 2.9573(1)
Cr(1)-Cr(1) (Jy.y) 3.0192(11) 3.0189(19) 3.0209(19)
Cr(1)-0(4)-Cr(1) 98.28(4) 98.21(7) 98.26(7)
Cr(2)-Cr(2) (J;.) 3.0154(11) 3.0219(21) 3.0157(22)
Cr(2)-0(2)-Cr(2) 97.70(3) 97.69(7) 97.53(7)
Cr(1)-Cr(2) (J) 3.6287(11) 3.6272(20) 3.6263(21)
Cr(1)-0(3)-Cr(2)  131.53(4) 131.71(7) 131.78(8)
Cr(1)-Cr(2) (J,) 3.5615(12) 3.5501(23) 3.5543(23)
Cr(1)-0(1)-Cr(2)  121.99(4) 121.88(7) 121.92(7)

Neutron powder diffraction versus temperature was per-
formed on the G4.1 diffractometer (\=2.425 A) from 1.5 to
300 K, and a high-resolution neutron diffractogram at 10 K
was recorded on the diffractometer 3T2 (A=1.225 A). Both
diffractometers are located at the LLB (CEA-Saclay, France).
High-resolution neutron powder diffractograms were also re-
corded at 300, 100, and 8 K on the time-of-flight diffracto-
meter HRPD (ISIS, U.K.). Rietveld refinements and determi-
nation of the magnetic symmetry with representation
analysis were performed with programs of the FULLPROF
suite.! Muon spin relaxation (uSR) was performed at the
ISIS facility on the EMU beamline in order to further char-
acterize any magnetic ordering on a local length scale.

III. RESULTS AND DISCUSSION

Susceptibility y and inverse susceptibility curves obtained
from magnetization measurements of 3-CaCr,0, between 2
and 400 K are presented in Fig. 2. The available data range is
somewhat narrow to get reliable quantitative fitting values of
a Curie-Weiss dependence, but between 350 and 400 K, the
paramagnetic moment of Cr*? can be estimated to be
3.89(5)up (the spin-only expected value is 3.87 for S=%),
and the Weiss temperature fcy to be =239 £5 K, thus indi-
cating predominantly antiferromagnetic correlations. On
cooling below 280 K, the inverse susceptibility deviates in-
creasingly from the Curie-Weiss law, until a broad maximum
is evidenced around 90-100 K on the y(7) curve. This maxi-
mum is followed by a pronounced drop, indicating the onset
of three-dimensional (3D) antiferromagnetic interactions.
Néel order is detectable as a small kink on the ac suscepti-
bility data at 7=21 K (inset of Fig. 2). The magnetic order-
ing thus occurs at a much lower temperature than ¢y, which
suggests magnetic frustration [the frustration parameter f
=|6cw|/Tc~ 11 (Ref. 20)] or low dimensionality of the mag-
netic behavior.

The RT structure of B-CaCr,0,, refined from the HRPD
data (Fig. 3) in the Pbnm space group with a
=10.6203(3) A, b=9.0801(3) A, ¢=2.9681(1) A is found
to be in excellent agreement with previous reports using
single crystal x-ray diffraction?' (Tables I and II). Both Cr**
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FIG. 4. Evolution with temperature of the 8-CaCr,0O, cell parameters a, b, and ¢, and of cell volume V.

octahedra are weakly distorted with Cr-O distances ranging
at 300 K between 1.9805(10) and 2.0410(11) A, the
Cr(1)O4 octahedron being slightly more regular than the
Cr(2)Og4 one. The average Cr-O distances in each Cr*? octa-
hedron are only marginally different, 2.0104(8) A for
Cr(1)Og4 and 2.0040(8) A for Cr(2)O. Three out of the six
bonds in each CrOg4 octahedron are involved in close to 98°
angles between equivalent chromium sites while the three
other bonds connect nonequivalent Cr sites together through
Cr-O-Cr bridges close to 132° and 122° along a or b, respec-
tively.

The HRPD neutron data recorded at 100 and 8 K (inset of
Fig. 3) clearly show the absence of any modification of the
crystal structure, which remains orthorhombic Pbnm down
to 1.5 K (Table I). The evolution of the structural parameters
as a function of temperature, extracted from Rietveld refine-
ment of the G4.1 neutron data, indicates a clear anisotropic
thermal cell contraction (Fig. 4). While the unit-cell volume
follows a usual Debye function, a decreases with tempera-
ture until 7=100 K and subsequently increases before be-
coming constant for 7<<30 K. A similar trend is observed
for the b parameter but with lesser variations below 100 K.
In contrast, ¢ decreases steadily down to 30 K and levels out
below. This anisotropic contraction of the cell corresponds to
a substantial shortening of the Cr-Cr distance within the Cr
chains running along c, simultaneously with a reduction in
the Cr(1)-Cr(2) distance corresponding to the superexchange
J,, (Table II). Rung distances between equivalent Cr sites do
not vary significantly with temperature.

In agreement with the susceptibility data, above T
=21 K (Ty;), a broad asymmetric feature, centered around

the (1 ,0,%) Bragg position, is observed on the neutron dif-
fraction data [Fig. 5(a) left and right]. This scattering be-
comes more diffuse and comparable to the background level
on warming above 180 K. However, the susceptibility sug-
gests that this effect should persist up to 280 K, temperature
at which the deviation from the Curie-Weiss law becomes
clearly noticeable. Between Ty, and Ty, [Figs. 5(a) and
5(b)], the diffuse scattering signal decreases and the first
magnetic Bragg peaks appear, which can be indexed with a
propagation vector k=(0,0,q) [¢~0.479(1)] roughly con-
stant within this temperature range. For T<<Ty,, a strong
decrease in ¢ is observed, and a large fraction of the mag-
netic diffuse intensity is transferred into magnetic Bragg re-
flections, all indexed with the propagation vector k
=(0,0,9) [q~0.477(1) at 1.5 K]; at 1.5 K, the magnetic
signal is mainly found in Bragg scattering [Fig. 5(a)] even
though a persistent contribution from the weak diffuse signal
is still observable.

A muon relaxation experiment [Fig. 5(d)] corroborates the
long-range magnetic order at Ty: fitting the relaxation spec-
tra with an exponential of the form A(r)=A, exp(—\t), with
A, the normalized amplitude of the asymmetry and A\ the
fluctuation rate, a clear drop in the asymmetry by 2/3, along
with a slowing down of the dynamics—both indications of a
long range magnetic transition in uSR—are evidenced at
Txi~21 K (a critical-type fit to the value of A, gives a
magnetic ordering temperature of 21.6 K).

Additional heat capacity measurements also show that in
this temperature range, two peaks are actually observed [Fig.
5(c)]: the first one, at Ty;=21 K, is associated with the onset
of the 3D long-range antiferromagnetic ordering in agree-

214405-4



ZIGZAG LADDERS WITH STAGGERED MAGNETIC...

PHYSICAL REVIEW B 81, 214405 (2010)

Temperature (K)

0 5 10 15 20 25 30
0 E
o
(@) 3 0y
o] o
= ] 2
m : 5
2 ] 3
— E [=
N 3 o~
1500 2000
0479 L (b) E l l: Intensity (arb. units)
- ! :lﬂ'hh !
o 0478 + l*l ;
o I .
=) I %l, l
0477 . : .
Y g . | :
0476 L L L L L -
: T T T : T : IDD
o | ) -
6 (C) ; DD'DDDDDDD
st A ]
X4t e l 3
E 3t DDD l : ]
[ (=] ' :
= 2- DDDD ; ]
OQ 't Mdﬂ E E ]
12F (d) 5 <&
—_ [ -
A [ - b
2 OBp " T
S : £
S L . S
3 S =z
0.4+ | !
[ - ; 5 o880 o -
00 L i ; i : i : oy L 02
0 5 10 15 20 25 30

Temperature (K)

FIG. 5. (Color online) (a) Left: evolution with temperature of the neutron diffractograms (G4.1) of B-CaCr,0,. Ty and Ty, refer to the
transition temperatures observed on the specific-heat data. Arrows indicate magnetic Bragg peaks. Right: profile of the diffuse magnetic
scattering at 30 K. (b) Temperature dependence of the ¢ component of the magnetic propagation vector k=(0,0,¢). (c) Specific heat C,,
versus temperature of B-CaCr,Oy. (d) Temperature dependence of the normalized initial asymmetry (red circles) and fluctuation rate (N,
black solid squares) obtained from wSR. The solid line is a fit using a critical exponent to obtain an approximate ordering temperature.

ment with neutron diffraction, while the second one, Ty,
=16 K, is attributed to another magnetic transition, as will
be discussed below.

The low-temperature magnetic structure has been deter-
mined by Rietveld refinement using symmetry adapted
modes derived from representation analysis.'” There are four
one-dimensional irreducible representations of the little
group Gy. The magnetic representation I',, calculated for the

Wyckoff position 4¢ in the Pbnm space group (for both Cr
sites) contains three times each representation so that there
are three basis functions for each representation. Only the
symmetry modes spanned by the irreducible representation
I'; (following Kovalev notation??) provide good agreement
with the experimental data. Table III lists the basis vectors of
irreducible representation I';, obtained by the projection op-
erators method. An unconstrained refinement, using only the
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TABLE III. Basis functions for axial vectors associated with irreducible representation I'3 for Wyckoff

site 4¢. a=e*i™,

I3 (69,2 Cr(1)-1  (=x+1,-y+1,z4+3) Cr(1)-2  (=x+3,y+3,2) Cr(1)-3  (x—3,—y+3,2+3) Cr(1)-4
" (100) (a* 0 0) (-1 0 0) (—a* 0 0)
A (010) (0 a* 0) (010) (0 a* 0)
A 001) 00 —a* 001) (00 —a*

symmetry restrictions of I';, shows that the components of
the magnetic moments along the crystallographic axes are
nearly equivalent for both Cr sites. As a result, in the final
refinement stage, these components were constrained to be
equal. There are two indistinguishable moment configura-
tions, with identical magnetic structure factors, that give a
very good agreement factor Ry,,,=4.7% [Fig. 6(a)] with the
experimental data. They are illustrated on Fig. 6(b). The first
model (i) consists of a sinusoidal modulation of the moment
amplitude, and is obtained by mixing the basis functions
and ; with real components. The second model (ii) de-
scribes a cycloidal elliptical modulation, obtained by mixing
Y and 5 with real and imaginary characters, = +its;.
For both models, the magnetic moments lay in the ac plane.
At 1.5 K, the components of the moment are M,
=2.88(7)ug and M.=1.27(13)ug along the a and ¢ direc-
tions, respectively. For model (i), this means that the wave
maximum amplitude is about 3.14(8)uy, while for model
(i), the ordered component maximum is simply the major
axis of the ellipse (M,). While it is impossible to distinguish
between both models by diffraction on a polycrystalline

(i) (ii)
§
|
|
c g

|_a

Cr(1)
ladder ladder

cr(2)

(b)

Intensity (arb. units)

sample,”? the moment value found for model (i), slightly
exceeding the expected spin value of 3.0ug, is nonphysical.
In addition, the existence of two transitions in the tempera-
ture dependence of the specific heat suggests that the cycloi-
dal model is much more likely, and is actually reminiscent of
the successive transitions seen in numerous magnetic sys-
tems  presenting  noncollinear  complex  magnetic
orderings,?*?> such as those with competing interactions in
the presence of single ion anisotropy.* It is also a known
feature of S:% quantum spin chains compounds such as
LiCu,0, (Ref. 26) or NaCu,0,.%” In these systems, although
only a broad maximum, characteristic of short-range corre-
lations within the chains, is evidenced on susceptibility
curves, two peaks are observed on the specific-heat data and
successive magnetic phase transitions have been confirmed
by NMR measurements.”®?° In this respect, the first transi-
tion can therefore be understood as a collinear spin-density
wave with the moments oriented along the anisotropy direc-
tion (the a axis, which is the major axis of the elliptical
modulation), while Ty, is indicative of the onset of a second-
ary order parameter along ¢, which increases the single-ion

68000

- (a)]

4600 -

3900

FIG. 6. (Color online) (a) Low angle enlargement of the Rietveld refinement of the neutron-diffraction data (G4.1) of B-CaCr,0, at 1.5
K (experimental data: open circles, calculated profile: continuous line, allowed Bragg reflections: vertical marks. The difference between the
experimental and calculated profiles is displayed at the bottom of each graph). (b) Sinusoidal (i) and cycloidal (ii) magnetic spin configu-
rations along equivalent chromium ladders. (c) Distribution of the sign of the chirality along ¢ within Cr chains in the honeycomb lattice.

Same leg chirality ladders are outlined in gray.
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anisotropy energy but lowers the magnetic entropy dominant
at low temperature. The larger amplitude of the first peak in
the heat capacity measurement, as well as the variation in the
moment components with temperature (M,/M_,=2.26 at 1.5
K and M,/M_.=2.52 at 20 K) actually corroborate this as-
sumption.

The magnetic point symmetry can be easily deduced from
the analysis of the corepresentation analysis.’® Since the ex-
perimental mode is a combination A;+iA;, all operations of
the co-little group combined with complex conjugation are
lost, and the point symmetry is mm2. This symmetry can
support ferroelectricity along the ¢ axis. In addition, in the
T<Ty, cycloidal magnetic arrangement of [-CaCr,O,, the
basis functions for representation I'; actually point out a non-
uniform chirality of the cycloidal modulations along Cr
chains parallel to ¢ and involving Cr atoms on equivalent
sites. Indeed, the sign of the imaginary z component of the
basis function ¢ is opposite for Cr(1)-1 and Cr(1)-2, on one
hand, and for Cr(1)-3 and Cr(1)-4, on the other hand, while
the sign of the x component of ¢, is kept the same (Table
III): as a result, ladders made of Cr(1)-1 and Cr(1)-2 legs
have opposite leg chiralities, and so do ladders with Cr(1)-3
and Cr(1)-4 legs. In contrast, Cr(1)-1 and Cr(1)-4 chains [or
Cr(1)-2 and Cr(1)-3 chains] have the same chirality. The
same applies to Cr(2) atoms. The chirality pattern is there-
fore dictated by the symmetry relations, themselves imposed
by the different magnetic coupling terms in competition. The
only freedom is in the choice of coupling between Cr(1) and
Cr(2), which is antiferromagnetic along a and ferromagnetic
along ¢ according to the refinement. Figure 6(c) shows the
resulting chirality arrangement in the ab plane with symbols
+ and — labeling chains with opposite chiralities. It is note-
worthy that only the chains with next-nearest-neighbor cou-
pling J,, also called J, ladders, exhibit the same sign chiral-
ity. Same sign leg chirality in a zigzag ladder is indeed the
expected configuration, at least in the classical limit, if one
considers only isotropic exchange interactions.?' As a result,
to take into account the opposite chiralities observed within
J, or J,, ladders, we propose to consider an additional aniso-
tropic exchange term such as a Dzyaloshinskii-Moriya (DM)
interaction perturbation, of the type Epy=D-S;XS; (i and j
refer to first-neighbor ions along a chain). As relativistic cor-
rections, these terms are usually small, but can become sig-
nificant when competing with a weak isotropic exchange in-
tegral. Based on symmetry considerations illustrated on Fig.
7, the D vector would be directed in the xy plane and its y
component would couple to noncollinear spin arrangements
in the xz plane, as observed experimentally; its direction is
reversed by the twofold rotation (screw axis) along the z axis
that relates each legs of the Cr(1)-Cr(1) ladders and each legs
of the Cr(2)-Cr(2) ladders, thus explaining the reversed
chiralities. DM interactions between Cr(1)-Cr(1) sites and
Cr(2)-Cr(2) sites along the rungs are not permitted since
these atoms are related by an inversion point. For the J
ladder, in which both legs also have opposite chiralities,
since Cr(1) and Cr(2) are not related by any symmetry op-
erations of the paramagnetic group, the D vector can point in
a general direction, and must also play a role in determining
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M, 2

m (x y 1/4)

N

FIG. 7. (Color online) Schematic representation of a zigzag lad-
der between equivalent Cr atoms with its symmetry elements and of
its magnetic cycloidal modulation (shown as elliptical envelops) in
the ac plane (M, and M_). Chiralities are opposite between the two
chains (atom 1 and atom 2). The isotropic exchange nearest and
next-nearest interactions J; and J,, as well as the antisymmetric DM
vectors (D,), are shown.

the opposite chiralities of the ladder legs. In this picture, the
staggered chirality pattern therefore results from a direct
competition between the weak isotropic nearest-neighbor ex-
change interaction (such as J;_;, J,.,, or Ji,), that favors uni-
form chirality between ladder legs and a staggered DM in-
teraction along each ladder’s leg, that favors opposite leg
chiralities.

IV. CONCLUSION

The combination of susceptibility, heat capacity, muon re-
laxation, and neutron scattering measurements carried out on
B-CaCr,0,, which exhibits a S =% triangular ladder topology,
allowed us to characterize the complex antiferromagnetic
transition that is observed at 7=21 K in this compound. The
main originality of the cycloidal magnetic ordering evi-
denced lies in the nonuniform leg chiralities of the Cr*? lad-
ders, which suggests that the symmetric magnetic exchange
interaction within the ladder’s rungs is in direct competition
with antisymmetric exchange terms along the ladders legs.
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