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To understand 2D Triangular Heisenberg Antiferromagnetic system, we investigated the magnetic
structures and the dynamics of LuyY1−yMnO3 in detail. The substitutions are adjusted to the Mn
atomic position close to xMn = 1

3
. The neutron powder diffraction data claims that the magnetic

structure of LuyY1−yMnO3 is described as a mixture of Γ3 (P6′3cm
′) and Γ4 (P6′3c

′m) at the
xMn position for y = 0.15, 0.30, and 0.45. The ratio of Γ3 and Γ4 depends on temperature and
composition and the fraction of Γ3 increases upon cooling while no clear trimerization was observed
at the xMn position. We estimated exchange parameters from the analysis of the low energy part
of the spin waves. The results showed a weak trimerization effect on cooling because the nearest
neighbour exchange interaction is slightly enhanced. The temperature dependence of the spin wave
dispersion around the Γ point shows that the spin gap closes with increasing temperature because the
exchange interactions in the nearest Mn-Mn neighbour become smaller. Gap-less diffusive magnetic
excitation from a Mn triangular lattice has been observed in a wide range in Q and E space of
LuyY1−yMnO3. We found that Lu0.7Y0.3MnO3 could be an ideal case to investigate trimerization,
frustrated magnetism, and magnetoelastic coupling often observed in the 2D-THA systems.

PACS numbers:

INTRODUCTION

A two-dimensional triangular lattice Heisenberg anti-
ferromagnet (2D-THA) is one of the simplest examples of
a geometrically frustrated antiferromagnet. A novel spin
state originates from low dimensionality and competing
magnetic interactions. One of the earliest examples of
multiferroic materials is the hexagonal RMnO3 family
(R is a rare earth ion with a small radius such as Y,
Lu, Ho, and Yb) [1]. Given that RMnO3 is a frustrated
magnetic system with magneto-elastic coupling, trimer-
ization is expected to stabilize the magnetic structure.
The coupled trimerization distortion has been reported
to occur in the hexagonal plane in YMnO3 and LuMnO3

where Y and Lu are non-magnetic atoms. In the former
the lattice expands, while in the latter it contracts [2].

We report on the magnetic properties of
LuyY1−yMnO3. The parent compounds YMnO3

and LuMnO3 has been investigated for decades. The
crystal structure of (Y, Lu)MnO3 transforms to the
P63cm symmetry upon entering the ferroelectric phase
at high temperatures (∼ 900 K). The antiferromagnetic
phase appears below (∼ 90 K) [3]. The symmetry could
be lower upon entering the magnetic phase based on
local structure analysis [4]. The magnetic excitations of

LuyY1−yMnO3 has been fully investigated for YMnO3

[5–8], LuMnO3 [9], and Lu0.3Y0.7MnO3 [10] by linear
spin wave theory. Magnon-phonon coupling has been
introduced to improve the model of the magnetic
excitations for this system. The clear deviation of the
dispersion predicted by linear spin wave theory reveals
magneto-elastic excitations with spontaneous decay
in LuMnO3, Lu0.5Y0.5MnO3, and YMnO3 [11, 12].
The magnon dispersion can be explained by using
the model J1 = J2 by introducing α, a dimensionless
exchange-striction coefficient. DFT calculations show
that there is 10-20 percent difference in J1 and J2.
The magneto-elastic coupling model of super-exchange
qualitatively reproduces the experimental observation
on YMnO3 [13]. The phonon part of the magneto-elastic
excitation in YMnO3 has been examined using inelastic
X-ray scattering (IXS). Their theoretical model based
on a super exchange striction mechanism can explain
the magnon phonon coupling and provides the effect
of magnon-phonon coupling for individual modes[13].
Another result from Lu0.3Y0.7MnO3 [10] provide strong
evidence that the magnitude of magnetoelectric coupling
is linked to the strength of the trimerization distortion,
suggesting the Mn trimerization is responsible for the
magnetoelectric effect in LuyY1−yMnO3. However,
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these excitations and determined parameters should
be studied carefully since these parameters should be
delicately balanced. In this paper, we carefully chose
the compositions and temperatures to capture slight
changes near the perfect Mn triangular lattice so we can
monitor the parameter change carefully to understand
the 2D-THA system better.

Here, we focus on LuyY1−yMnO3 (y =0.15, 0.30, and
0.45) for the following reasons. Neutron inelastic scat-
tering experiments on RMnO3 (R = Ho, Yb, Sc, and Y)
claimed that the xMn = 1/3 is the key to determining the
coupling between Mn triangular planes [14] shown in Fig-
ure 1 (a) and (b). Upon substituting nonmagnetic Lu and
Y, the Mn atomic positions have been shown to change.
For example, the Mn atomic position (xMn, 0, 0) in
LuMnO3 is xMn = 0.331, that of YMnO3 is xMn = 0.340.
While for Lu0.3Y0.7MnO3, the Mn atomic position is
xMn = 1/3 [3]. The atomic displacement triggered by the
xMn position change may cause the multiferroic proper-
ties of hexagonal manganites via strong spin-lattice cou-
pling. High-resolution neutron and synchrotron powder
diffraction experiments have shown that the Mn positions
have shifted away from xMn = 1/3 in LuMnO3, YMnO3,
and Lu0.5Y0.5MnO3 at their TNs. [33]. The spin reori-
entation transition observed in HoMnO3 presents a way
to test this prediction: above TSR where the structure is
Γ4, one would expect to observe xMn < 1/3, whilst below
TSR the structure is Γ1, implying xMn > 1/3. Neutron
diffraction measurements appear to support this hypoth-
esis, albeit with sizeable uncertainties [14]. The atomic
position of YMnO3 of xMn > 1/3 and that of LuMnO3

of xMn < 1/3 are shown in figure 1 (a) and (b). The two
different exchange parameters J1 and J2 are due to the
position of Mn that is not at xMn = 1/3. For xMn > 1/3,
4 J1 and 2 J2 are in the plane. For xMn < 1/3, 2 J1 and
4 J2 are in the plane. Subtle changes in the exchange pa-
rameters can be captured when we use the sample close
to a perfect triangular lattice. The LuyY1−yMnO3 (y
=0.15, 0.30, and 0.45) is the ideal compound to study
this effect further because the xMn is very close to the
1/3.

In addition, the magnetic structure of the family has
been shown to be highly dependent on the composition
with structures varying from Γ3 (P6′3cm

′) with a small
fraction of Γ4 (P6′3c

′m) in YMnO3 to the Γ4 with a
small fraction of Γ3 in LuMnO3[3] as shown in the fig-
ure 1 (c). The small difference in the crystal structure
could affect the magnetic structure of LuyY1−yMnO3.
So that the LuyY1−yMnO3 (y =0.15, 0.30, and 0.45)
are a good playground to investigate their crystal struc-
tures, magnetic structures, and trimerization. The first
principal electronic structure calculations in local den-
sity approximations indicated that the ground states of
YMnO3 and LuMnO3 are in agreement with the exper-
iment. All states are located in a narrow energy range,
which is expected for a frustrated magnetic system [2].

The single-ion anisotropy is the origin of the different
magnetic structures of YMnO3 and LuMnO3. So we
believe that precise crystal and magnetic structures are
critical to understanding the physical properties of this
system. Especially, the exchange parameters should be
extracted from spin waves with high energy resolution by
using precise structural parameters.

Finally, the diffuse scattering has been observed for
YMnO3 and LuMnO3 in both powders and single crys-
tals experiments [9, 17–19]. These studies indicate diffuse
scattering extends into the inelastic scattering. This phe-
nomena has been observed in many of the 2D-THA ma-
terials such as CuCrO2 [20] and Lu0.5Sc0.5FeO3 [21, 22].
This effect is not limited to 2D-THA materials and is
typically observed in so-called frustrated magnets includ-
ing candidates of a quantum spin liquid state. For ex-
ample, ZnV2O4 [23],ZnCr2O4 [24], MgCr2O4 [25], her-
bertmithite [26], and YbMgGaO4 [27], and Li2AMo3O8

(A=In, Sc) [28] show similar diffusive scattering. How-
ever, it has never been systematically investigated. More
recent neutron scattering experiment on the single crys-
tal of YMnO3 [29] observed diffuse scattering above the
TN = 71K as well. The constant energy maps with
h̄ω = 1.0 ± 0.2 meV show a broad peak of bright inten-
sity resides at Γ′ point, such as (100), (200) but not at
the Γ point like (110). The signal is strongest for small
Q as expected due to the magnetic form factor as we
see in these three samples. The diffuse scattering of the
single crystal of YMnO3 has been discussed as the criti-
cal spin fluctuation existing in a vastly extended critical
range due to frustration. The paper suggested that the
more precise definition of classical spin liquid state due
to geometrical frustration is worth exploring.

Here, we have studied polycrystalline and single crys-
tal samples of LuyY1−yMnO3, here Lu and Y are non-
magnetic. The structural analyses show no obvious
trimerization in the composition of y = 0.15, 0.30 and
0.45. The symmetry of the magnetic structure is de-
scribed by linear combinations of Γ3 and Γ4 which is
equivalent to Γ6 reported in polarized neutron scattering
techniques [16]. The magnetic structure can be described
by an increasing fraction of Γ3 indicating LuyY1−yMnO3

favours Γ3 over Γ4. The Lu substitution increases the
fraction of Γ4. Inelastic neutron scattering experiments
captured a weak trimerization on the exchange coupling
of Mn-Mn upon cooling the system. The spin wave gap
of Lu0.3Y0.7MnO3 is about five times smaller than that
of LuMnO3 and YMnO3 due to in-plane anisotropy be-
ing D2 one order of magnitude smaller. While exchange
parameters J1, J2, and out of plane anisotropy D1 are of
the same order. The inter layer coupling is weak so that
two-dimensional spin fluctuations remain. We show the
single crystal of Lu0.3Y0.7MnO3 could be a suitable can-
didate to investigate the diffusive behaviour above TN on
the 2D-THAs and other frustrated magnets.
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FIG. 1: (a) and (b) The exchange interaction between Mn-
Mn (xMn, 0, 0) site. The xMn = 1/3 is the key to define J1

and J2. (c) The six types of 120 degrees antiferromagnetic
structures could be realized under the P63cm.

Experiment

Polycrystalline samples of LuyY1−yMnO3 were pre-
pared by solid state reaction [3]. A single crystal of
Lu0.3Y0.7MnO3 sized 4mm φ*35 mm (approx. 4g) was
prepared by floating zone method [10]. Neutron diffrac-
tion data were collected at the high-intensity neutron
diffractometer WOMBAT [30] at the Australian Centre
for Neutron Scattering (ACNS) in the Australian Nuclear
Science and Technology Organisation (ANSTO). Inelas-
tic neutron scattering studies on the single crystal sam-
ple were performed with the cold triple-axis spectrometer
SIKA at ACNS, ANSTO [31]. Data were collected with
two different fixed final energies, with Ef = 5.0 meV and
3.0 meV. The energy resolution for these two configura-
tions is 0.15 meV and 0.04 meV respectively. A cooled
Be-filter was placed in the scattered beam to filter higher-
order neutrons. Further inelastic neutron scattering data
were acquired using the cold-neutron time-of-flight spec-
trometer PELICAN[32]. 19.0 grams (y = 0.15), 26.4
grams (y = 0.30), and 16.8 grams (y = 0.45) of sam-
ples were held in an annular aluminium can to minimise
multiple scattering. Data was collected with Ei=3.69
meV.

Crystal and Magnetic structures of LuyY1−yMnO3

A large number of structural analyses on the RMnO3

have been already performed and the systematic study
of the structure of LuyY1−yMnO3 has been performed

by several groups [3, 33, 34]. One of the interesting phe-
nomena reported is the temperature dependence of the
atomic position of Mn. Their positions shift away from
the ideal value of xMn = 1/3 when the system goes into
the magnetically ordered state [33]. The Mn atomic posi-
tion of xMn = 1/3 is the key to determining the coupling
between Mn triangular planes [14].

We have performed the crystal and magnetic struc-
tural analyses of three compositions of LuyY1−yMnO3

with y = 0.15, 0.30 and 0.45. The system remains in
the space group of P63cm (No. 185) above and below
the ordering transition and this was used to fit pow-
der diffraction data. The magnetic ordering is observed
at around TN = 80K which is consistent with previous
studies 2(a)). The magnetic structure of LuyY1−yMnO3,
for all three compositions are described as one of two
sets of linear combinations of irreducible representations
C1Γ1 + C2Γ2 or C3Γ3 + C4Γ4. We found that both
sets equally well fit the data set. We should note that
these irreducible representations are analogous to the fol-
lowing Shubnikov groups, Γ1 (P63cm), Γ2(P63c

′m′), Γ3

(P6′3cm
′), and Γ4 (P6′3c

′m) summarized in Table I. Γ1

and Γ3 cannot be distinguished by powder diffraction,
which is also true for Γ2 and Γ4. The magnetic com-
ponent of the c axis is also excluded from the analysis.
So the magnetic structural analysis of a polycrystalline
sample is unable to determine which magnetic structure
with these 120 degrees configurations is right.

We picked the combination of C3Γ3 + C4Γ4 for the
magnetic structure model for LuyY1−yMnO3, that ex-
plains the powder diffraction pattern well. The fraction
of Γ4 grows by increasing Lu content. The Mn positions
(xMn, 0, 0) are close to xMn = 0.333 for y = 0.15 and
0.30. While for y = 0.45 the position is slightly below
xMn = 0.333. There is a reduction in xMn at TN ob-
served in all three compounds unlike YMnO3, LuMnO3,
and Lu0.5Y0.5MnO3 [33]. Interestingly, the fraction of
Γ3 keeps growing for all three compositions upon cool-
ing. On the other hand, that of Γ4 saturates or even
decreases by cooling the sample. Consequently, φ keeps
decreasing while cooling these systems which indicates
LuyY1−yMnO3 favours Γ3 over Γ4 as the ground state.
The xMn positions of all three compositions are close to
1/3, however, no sudden change was observed in tempera-
ture below 100 K (Figure 2(b)). The Mn atoms form close
to a perfect triangular lattice upon substituting (Y, Lu).
There is no spin reorientation observed like in HoMnO3

or ScMnO3 [14].

As far as the neutron powder diffraction data is con-
cerned, the combination of C1Γ1 +C2Γ2 or C3Γ3 +C4Γ4

gives the same R factors. So these two structures fit
the experimental data equally well. The Second har-
monic generation result claims the symmetry of the
magnetic structure of YMnO3 is Γ3 (P6′3cm

′) [15], on
the other hand, the polarized neutron scattering exper-
iment shows that of YMnO3 is Γ6 (P6′3) [16]. We at-



4

Γ1 Γ2 Γ3 Γ4

Mn (6c) P63cm P63c
′m′ P6′3cm

′ P6′3c
′m

(x, y, z) (u, 2u, 0) (u, 0, v) (u, 0, v) (u, 2u, 0)

(−x, −y, z + 1

2
) (-u, -2u, 0) (-u, 0, v) (u, 0, -v) (u, 2u, 0)

(−y, x− y, z) (-2u, -u, 0) (0, u, v) (0, u, v) (-2u, -u, 0)

(y, −x+ y, z + 1

2
) (2u, u, 0) (0, -u, v) (0, u, -v) (-2u, -u, 0)

(−x+ y, −x, z) (u, -u, 0) (-u, -u, v) (-u, -u, v) (u,-u,0)

(x− y, x, z + 1

2
) (-u, u, 0) (u, u, v) (-u, -u, v) (u, -u, 0)

TABLE I: The four Irreducible representations of the small

group obtained from the space group P63cm for ~k = (0,0,0)
and the corresponding basis vectors. These u and v are coef-
ficients, such as (u, 2u, 0) = u*(1, 0 0) + 2u*(0, 1, 0), (u, 0,
v)=u*(1, 0 ,0)+v*(0, 0, 1)), and so on.

tempted to solve the magnetic structure using Γ6 only
however, this did not really describe the observed data.
In fact, the linear combination of Γ3 and Γ4 can cre-
ate the magnetic structure which has the P6′3 symme-
try. So, we employed the combination by following the
argument by Brown and Chatterji [16]. These mag-
netic structures of Lu0.15Y0.85MnO3 with φ = 8.6 de-
gree and Lu0.30Y0.70MnO3 φ = 13.7 degree at T = 3.7 K
are consistent with polarized neutron scattering result of
YMnO3 which is Γ6 (P6′3) with φ = 11 degrees at T = 4
K [16]. From the previous reports, YMnO3 and LuMnO3

form different magnetic structures in the ground state.
The main reason why YMnO3 and LuMnO3 have dif-
ferent magnetic structures is related to the single-ion
anisotropy with a corresponding distortion of the Mn tri-
angles based on their electric low-energy model for Mn
3d bands for YMnO3 and LuMnO3[2]. Either way, there
is no clear trimerization of Mn lattice at LuyY1−yMnO3

(y=0.15, 0.30, and 0,45) from our observation.

Spin waves dispersion in Lu0.3Y0.7MnO3

The magnetic excitations of a single crystal sample
of Lu0.3Y0.7MnO3 have been investigated in detail us-
ing the cold triple-axis spectrometer SIKA. At y = 0.30,
it should be close to the perfect triangular lattice com-
pared to YMnO3 and LuMnO3 as we have shown in the
previous section.
We performed a detailed investigation of the low-

energy modes with a high-energy resolution to estimate
exchange parameters as precisely as possible based on the
parameters we optimized in the last section. We also re-
port the spin wave dispersion around the Γ point at lower
energy (∼ 8 meV) where the magnon-phonon coupling is
supposed to be weak [13], thus linear spin wave theory
is applicable. Based on previous research [5, 10], there
are four branches ∆11,∆12,∆2 and ∆3. The ∆2 and ∆3

are approximately degenerate around the (100) with an
energy of 6 meV. The ∆11 and ∆12 are also degenerate
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FIG. 2: (a) Temperature dependence of magnetic moment of
Mn sites. (b) Temperature dependence of (xMn, 0, 0) site.
(c) The determined magnetic structure of LuyY1−yMnO3 (d)
The temperature dependence of the angle φ with Γ3. At φ =
keep decreasing the angle so the ratio of Γ3 increases with the
C3Γ3 + C4Γ4

and the doublet shows a gap at the Γ point. This gap
is an order of magnitude smaller than that reported for
YMnO3 and LuMnO3 [5, 9, 10] as shown in Figure 3.
Figure 3 shows that spin wave dispersion at 1.5, 35, and
70 K (near TN). Intensities have been normalized to the
incident neutron flux and correspond to around 3 minutes
per point. The spin wave measurement shows that the
slight change in the magnetic structure with changing
temperature does not significantly affect the spin wave
dispersion, however, it does slightly affect the scattering
intensities. The dispersion softens while the temperature
of the sample increases. Just below TN , the branches of
∆2 and ∆3 shift to low energy while the gap of the ∆11

and ∆12 become zero within the energy resolution of the
instrumental configuration.

Analysis of spin waves

A number of analysis on spin dynamics on
LuyY1−yMnO3 have been performed [5–7, 9, 10, 12, 35,
36]. The results are summarized in Table II. These anal-
yses are made based on the Hamiltonian below. A quanti-
tative comparison between YMnO3, Lu0.3Y0.7MnO3, and
LuMnO3 have been made. Many of them analyzed spin
wave dispersion by using linear spin wave theory.
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FIG. 3: Color map of the scattering intensities observed in the (h 0 0) h = 0.925 - 1.075 at 1.5K, 35 K and 70 K. 2nd row) The
theoretically calculated the dispersion within the combination of C3Γ3 +C4Γ4 and experimental data at the same q values, 3rd
row) The theoretically calculated intensities with in the combination of C3Γ3 +C4Γ4 of the dispersion at the same q values.

H =
∑

intra

JiSi · Sj +
∑

inter

Jc
i Si · Sj +Haniso (1)

The two intra-plane exchange parameters J1 and J2
arise from the difference in the position of Mn away from
the ideal xMn = 1/3. For xMn > 1/3 (ex. YMnO3), 4 J1
and 2 J2 are in the plane. For xMn < 1/3 (ex. LuMnO3),
2 J1 and 4 J2 are in the plane. The J1 and J2 are in-
plane exchange interactions and Jc

1 and Jc
2 are inter-plane

exchange interactions. Haniso is the single ion anisotropy
term which contains the out-of-plane anisotropy D1 and
the in-plane anisotropy D2.

Haniso = D1

∑

i

(Sz
i )

2 +D2

∑

i

(Si · ni)
2 (2)

We focused on the spin wave dispersion at low energy.
The intra-plane and inter-plane exchange parameters and
anisotropy parameters are determined for both magnetic
structures described above. The results are summarized

in Table II. At T = 1.5 K in both magnetic structures,
the determined parameters are J1’s are about 20 per-
cent stronger than J2’s, while D1 = 0.300(1) meV and
D2 = -0.0013(1) meV. The measured D1 is reasonably
close to those of YMnO3 and LuMnO3 while D2 is one
order of magnitude less. The |Jc

1 − Jc
2 | is zero within

the error. At T = 35 K, the determined parameters J1
and J2 become equal and the D1 and D2 stay the same.
The |Jc

1 − Jc
2 | is still zero within the error. Just below

the anti-ferromagnetic transition temperature, J1 and J2
are still equal but 40 to 50 percent smaller while D1 in-
creases. These results show that, while neutron powder
diffraction has shown no clear trimerization in the posi-
tion of xMn, the system trimerizes due to the exchange
parameter J1 being stronger at lower temperatures. In
other words, a weak trimerization occurs while cooling
the Lu0.3Y0.7MnO3.
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(Lu,Y)MnO3 J1 J2 J1/J2 Jc
1 Jc

2 D1 D2 α ref

YMnO3 4 1.8 2.22 - - 0.28 -0.02 - [12]

YMnO3 2.5 2.5 1 - - 0.28 -0.02 16 [12]

YMnO3 3.4(2) 2.02(7) 1.68 0.014(2) 0 0.28(1) -0.0007(6) - [5]

YMnO3 2.43 2.43 1 0.00015 0.0026 0.32 - - [8]

YMnO3 2.4 2.4 1 - - 0.31 0.036* - [6]

Lu0.3Y0.7MnO3 2.65(5) 2.32(5) 1.14 0 0.0012(4) 0.44(1) 0 - [10]

Lu0.5Y0.5MnO3 12.5 0.97 12.9 - - 0.28 -0.02 - [12]

Lu0.5Y0.5MnO3 2.7 2.7 1 - - 0.28 -0.02 20 [12]

LuMnO3 9 1.4 6.43 -0.018 0 0.28 -0.006 - [12]

LuMnO3 3 3 1 - - 0.28 -0.02 16 [12]

LuMnO3 4.09(2) 1.54(5) 2.66 0 0.019(2) 0.48 - - [9]

LuMnO3 2.45 2.45 1 Jc
1 − Jc

2 = 0.018 0.48 0.0008 - [35]

C3Γ3 + C4Γ4 J1 J2 J1/J2 Jc
1 Jc

2 D1 D2

Lu0.3Y0.7MnO3 3.24(2) 2.70(1) 1.20 -0.001(9) -0.001(9) 0.300(1) -0.0013(1) this work at T = 1.5 K

Lu0.3Y0.7MnO3 2.91(2) 2.91(1) 1.00 -0.021(8) -0.021(8) 0.308(1) -0.0009(1) this work at T = 35 K

Lu0.3Y0.7MnO3 1.53(3) 1.51(3) 1.01 -0.010(33) -0.010(33) 0.637(8) -0.0000(1) this work at T = 70 K

TABLE II: (*) Chatterji [6] uses a slightly different definition of D2

∑
i (S

y

i )
2 instead of D2

∑
i (Si · ni)

2

. The α is dimensionless exchange-striction coefficient defined in the [12].

Temperature dependence of spin gap

By using the linear spin wave theory, Sato and Tian
have discussed the analytic form of the gaps from each
branch[5, 10]. There are four branches ∆11,∆12,∆2 and
∆3. Tian et al. explains that the smaller gap of ∆12 is
due to smaller J1 − J2 and |Jc

1 − Jc
2 | which correspond-

ing to weak trimerization of the Mn lattice. The gap
of ∆11 and ∆12 should be proportional to 2S

√
−D2λ1

and 2S
√

−D2λ1 − 2(Jc
1 − Jc

2)λ1 respectively, with λ1 =
D1 +

3
2
J1 + 2J2 as described in previous reports [5, 10].

Here, our observations showed that |Jc
1 − Jc

2 | = 0 thus
∆11 and ∆12 are degenerate so we can simplify this and
solely refer to ∆1.

The temperature dependence of the gap of ∆1 at the
Γ point of the magnon dispersion was investigated. The
magnetic excitation from the single crystal data shows
the spin gap gradually closes but the changes are rather
small. The gap of ∆1 ∼ 0.5 meV close to the transition
temperature (shown in Figure 4).

The gap, ∆1, of Lu0.3Y0.7MnO3 is about five times
weaker compared to that of YMnO3 and LuMnO3. The
J1, J2, and D1 are similar to those of the previously
reported compounds while D2 is one order of magnitude
less. Here D2 is the in-plane anisotropy.

The energy of ∆2 and ∆3 reduce and the dispersion
flattens as temperature increases as shown in Figure 3.
If we defined the parameter λ1 = D1 +

3
2
J1 + 2J2, this

is shown to decrease by about 40 percent between 70K
and 1.5 K. The decreasing gap with increasing temper-
ature could be partially attributed to the change of J1
and J2 in the Mn triangular plane, however, this is not
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FIG. 4: The temperature dependence of ∆1 gap at the Γ point

the sole source of temperature dependence. The D2

can also contribute to the temperature dependence as
∆1 = 2S

√
−D2λ1 with λ1 = D1 +

3
2
J1 + 2J2. Unfortu-

nately, the contributions from D1 and D2 to the change
in ∆1 are too small to detect from this measurement.

Extended critical scattering range in LuyY1−yMnO3

The trimerization could involve many atoms in the unit
cell of Lu0.3Y0.7MnO3 while the magnetic excitation tells
us the system is a well-defined 2D triangular Heisenberg
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antiferromagnet. The nearest neighbour antiferromag-
netic Heisenberg exchange is J1,2 ∼ 1.5 meV at 70K. So,
a stronger easy-plane anisotropy within the hexagonal
plane with D1/J1,2 ∼ 0.40 and weaker inter-layer inter-
actions with Jc

1,2/J1,2 ∼ 0.007 which is one order smaller
even compared to LuMnO3 and YMnO3. As revealed by
the small ∆1 gap observed in Lu0.3Y0.7MnO3 including
previous results[5, 10], these inter layer interactions are
weak. The system cannot break the triangular symmetry,
so two-dimensional spin fluctuations should remain.
We observed gap-less magnetic excitations both above

and below the ordering temperatures on powder mea-
surements obtained using the Pelican time-of-flight spec-
trometer for samples with y = 0.15, 0.30, and 0.45. These
excitations are observed in the Q range ∼ 1.28, 2.44 Å−1

and energy transfer from 0 to 6.0 meV above TN and
persist up to about 3 TN as shown in Figure 5 and 6.
These Q = 1.28 and 2.44 Å−1 are corresponding to the
(100) = 1.19 Å−1 or (101) = 1.31 Å−1 and the (200) =
2.38 Å−1 or (201) = 2.44 Å−1. Although the excitation
we observed is powder averaged, the FWHMs of the ex-
citation has a peak at 150 K of 0.6 Å−1 but still remain
significant up to ∼ 3 TN as shown in Figure 7.
Such excitations are commonly observed in LuMnO3

[19], YMnO3 [5, 17], ScMnO3 [37], and other 2D-THAs.
It’s possible that this spectroscopic signature could be a
universal phenomenon in the development of spin cor-
relations in 2D-THAs. Further systematic investiga-
tions with single crystal samples of 2D-THAs are needed.
The Lu0.3Y0.7MnO3 is more suitable because the inter-
layer interaction and trimerization of Lu0.3Y0.7MnO3 are
weaker than that of YMnO3.

Discussion

The crystal and magnetic structural analyses of these
LuyY1−yMnO3 (y = 0.15, 0.30, and 0.45) show that
trimerization of this compound is not manifested in the
Mn-Mn distance. The magnetic structure continuously
adjusts while cooling for all three compounds and can be
explained by a linear combination of the irreducible rep-
resentations Γ3 and Γ4. In this case of LuyY1−yMnO3,
the system favours Γ3 over Γ4. There is no clear cross
over xMn = 1/3, however, the magnetic structure gets
more of Γ3 by cooling the system while the change of xMn

is not obvious. The linear combinations of Γ3 (P6′3cm
′)

and Γ4 (P6′3c
′m) can form the magnetic structure Γ6

(P6′3), the only way to distinguish these two magnetic
structures Γ5 (P63) and Γ6 (P6′3) would be to employ po-
larized neutron scattering experiment on Lu0.3Y0.7MnO3

and this is planned for subsequent work. So far, the
Γ6 (P6′3) = C3Γ3 + C4Γ4 was preferred because of the
absence of a magneto-elastic coupling in YMnO3 as dis-
cussed by some authors [16, 39]. An interesting difference
is while the Γ5 (P63) admits weak ferromagnetism along

the c-axis while the Γ6 (P6′3) does not. This could be
important evidence to determine the magnetic structure
of 2D-THA uniquely.

The spin wave dispersion measurements focused on the
low energy range and allowed us to determine the ex-
change interactions of Lu0.3Y0.7MnO3. Just below the
transition temperature, J1 and J2 are equal. At lower
temperatures, J1 and J2 differ by 20 percent, on the other
hand D1 ∼ 0.3 meV and the |Jc

1 −Jc
2 | are zero within our

resolution. The parameterD1 are about 0.3 meV at 1.5 K
and 30 K which is consistent with previous studies. The
parameterD2 is of the order of µeV or less for all temper-
atures we measure. From the crystal structural analysis,
the trimerization of Mn-Mn was not observed as the xMn

position almost is constant, while the temperature de-
pendence of the exchange parameters supported the weak
trimerization of exchange parameters in the plane, so can
be described as super-exchange type as suggested [13].
The determined exchange parameters suggested that we
captured how the frustrated magnetic system releases the
frustration by trimerizing the triangular lattice through
the magneto-elastic coupling however the change is not
dramatic as in YMnO3, Lu0.5Y0.5MnO3 or LuMnO3 so
it is weak at Lu0.3Y0.7MnO3. The ∆1 gap is about five
times smaller compared to YMnO3 and LuMnO3. Since
the order of J1 = J2, and D1 are the same and |Jc

1 − Jc
2 |

is within zero, the ∆11 = ∆12 = ∆1 = 2S
√
−D2λ1 with

λ1 = D1+
3
2
J1+2J2. These J1, J2, and D2 would be the

main contributors to the size of the gap and its temper-
ature dependence. Since by cooling LuyY1−yMnO3, the
population of Γ3 increase so that they are more stable
under the trimerized state with J1 > J2.

These determined exchange parameters above sug-
gested the inter plane interaction is weaker so the 2D
spin fluctuation also exists on the LuyY1−yMnO3. The
diffusive inelastic or elastic scatterings that persisted
above ordering temperature are abundant in 2D-THAs.
Other than RMnO3, the robust spin cluster contrast with
conventional magnetic ordering observed for CuCrO2

with triangular lattice Heisenberg antiferromagnets [20].
Other spin order by frustration in triangular lattice Mott
insulator NaCrO2, there is a cooperative paramagnetic
continuum centered at Q = 1.4 Å−1 due to fluctuations
of small 120◦ -type clusters above TN [40]. The Ag2CrO2

show the similar feature [41] Similar observations are not
limited to the 2D-THAs. For examples, spin dynamics in
the pyrochlore antiferromagnet Y2Mo2O7 [42], the zigzag
chain compound SrCuO2 [43], a geometrically frustrated
antiferromagnet ZnCr2O4 [24, 38], ZnV2O4 [23], a tri-
angular antiferromagnet La2Ca2MnO7 [44], another ge-
ometrically frustrated Spinel MgCr2O4 all showed mag-
netic fluctuation above their TN s.

However, there is no systematic study performed yet.
As suggested by [29], a new classification of these spin
liquid-like magnetic excitation above magnetic transition
temperatures is needed. Although our results are pow-
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der averaged, the integrated intensities of diffusive scat-
tering gradually decrease with increasing temperature.
The integrated intensity has a maximum at T ∼ 120 K
just above transition temperatures of TN ∼ 80 K. The

FWHM does not diverge up to 3 TN . The weaker inter
layer interaction supports the argument that the diffuse
scattering is from two-dimensional magnetic frustration.
The diffusive excitations observed for LuyY1−yMnO3

also show critical spin fluctuation existing in a vastly ex-
tended critical region observed like YMnO3 [29]. Since
the weaker inter-layer interactions with Jc

1,2/J1,2 ∼ 0.007
which is one order smaller even compared to LuMnO3

and YMnO3 and there exist only a weak trimerization,
the Lu0.3Y0.7MnO3 is a more suitable sample to inves-
tigate this phenomena. The study of the single crystal
Lu0.3Y0.7MnO3 needs to be performed.

Summary

The detailed investigation of LuyY1−yMnO3 has been
performed. Structural analyses show no obvious trimer-
ization happens at xMn position of the composition of
y = 0.15, 0.30 and 0.45. The results showed the mag-
netic structure of LuyY1−yMnO3 can be described by
linear combinations of Γ3 and Γ4 and the fraction of
Γ3 kept growing while cooling, so the ground state of
the LuyY1−yMnO3 favour Γ3 over Γ4. The Lu substi-
tutions increase the fraction of Γ4. The spin wave at
low energy and linear spin wave theory captured a weak
trimerization on the nearest neighbour exchange coupling
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of Mn-Mn (J1) is happening gradually enhanced while
cooling the system. The spin gap ∆1 of Lu0.3Y0.7MnO3

is about five times smaller compared to that of LuMnO3

and YMnO3 because of in-plane anisotropy D2 is one or-
der smaller while J1, J2, and D1 are same order. That
gap also has temperature dependence which is mainly
attributed to the change of J1, J2 and D2. The inter
layer couplings are weak, the 2D dimensional fluctuation
shows diffusive behaviour above TN that could be criti-
cal spin fluctuation in an extended critical region like on
the 2D-THA and other frustrated magnets. Our results
showed the single crystal of Lu0.3Y0.7MnO3 could be a
suitable candidate to investigate the fluctuation.
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