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The muon spin relaxation (µSR) is a powerful tool
for investigating the electronic states of Cu-based high-
Tc superconducting oxides. It is important to under-
stand the µSR data of the base material, La2CuO4

(LCO), especially in the magnetically ordered states,
as it provides an insight to the other phases of this ma-
terial. Although the µSR data can provide information
on the local magnetic fields at the muon site, it is not
so easy to obtain the details of the electronic structure
surrounding the muons, which is the origin of the local
fields at the muon site. This is because, we need to
have the exact information on where the muon is lo-
cated inside the material. Several attempts have been
made to tackle this problem in the past.1–3) However,
a unified method to obtain the muon positions inside
the material has not yet been established.
In this study, the effect of supercell calculation on

muon sites inside La2CuO4 system were investigated.
DFT method was applied to determine possible muon
sites in LCO. To account for the correlation energy of
the strongly localized copper 3d orbitals, we employed
Hubbard correction within our calculations (DFT +
U) with the Hubbard parameter U = 10 eV, which
opens the gap in the Fermi level of the system (2.6 eV)
showing an insulating nature as predicted in the exper-
iments. Three minimum potentials were found at po-
sitions near the apical and planar oxygens, which cor-
respond well to the µSR experimental results shown
in Fig. 1. These three positions (M1, M2, and M3)
were set to be the initial muon positions on a 4× 2× 4
LCO supercell for subsequent calculations in order to
include the effect of local deformations caused by the
presence of muons inside the material, as the inclusion
of lattice deformations were found to be important to
simulate the muon presence in the system realistically.
The local deformations induced by muons on each site
is shown in Fig. 2. From our current results, it was
observed that M1 and M3 relaxation will affect the
position of Cu inside the octahedra and the nearest
planar oxygen. M2 relaxation only affects the near-
est planar oxygen in the system without shifting the
Cu atoms. It was also observed from our calculation
that the magnetic moment on the nearest Cu atom is
changed by the presence of a muon. The initial value of
0.7 µB in the case without the muon system is slightly
lowered by the presence of muon. However, these local
deformations do not change the insulating and antifer-
romagnetic nature for our material.
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Fig. 1. Three minimum positions observed by the DFT

method (muon positions are enlarged for clarity).

Fig. 2. Comparison of CuO6 octahedra after relaxation (a)

Without muon (b) M1 (c) M2 (d) M3.
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Nano-size effect on Néel temperature and magnetic ordering of
La2CuO4
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Finite-size effects of antiferromagnetic materials,
which refer to the reduction in particle size of antiferro-
magnetic materials until they become nanoscale sized,
have received much attention in recent years.1,2) As pre-
dicted by Néel, there will be uncompensated spin from
the surface due to the reduction in particle size of antifer-
romagnetic materials until they become nanoscale sized.
Because of this, antiferromagnetic nanoparticles exhibit
superparamagnetic properties, and the physical proper-
ties of antiferromagnetic nanoparticles will change.3)

La2CuO4 (LCO) is chosen because it is one of the typ-
ical Mott insulating systems and is the parental com-
pound of the superconducting high-Tc cuprate; there-
fore, this work can provide the basic knowledge for
studying the size effect on Mott insulating systems.4)

Prof. Tanaka’s group as our collaborator the grain size
can be controlled to be in the nanoscale range. As far as
we know, there has been no similar research on high-Tc

cuprates so far.
A previous measurement, which investigated other

nanoparticle systems, proved that dc magnetic suscepti-
bility cannot measure the TN value of an antiferromag-
netic material.5) The transition temperature obtained by
this measurement is the blocking temperature or freez-
ing temperature of the antiferromagnetic material, and
not TN.

5) In this case, muon spin relaxation (µSR) was
used to investigate the magnetic ordering of this mate-
rial. Prof. Tanaka’s group has already performed the dc
susceptibility measurement of LCO 96 nm.6) Therefore,
we can compare and analyze the results from suscepti-
bility measurement and µSR measurement.

Zero-Field (ZF) µSR measurement at RAL, UK, us-
ing single pulsed muon beam, was carried out in order
to detect the muon spin precession of the material. The
ZF-µSR time spectrum at various temperatures is shown
in Fig. 1. The muon spin precession can be clearly seen
to start from 35 K, indicating that antiferromagnetic
(AF) ordering starts at this temperature; however, the
precession disappears at 100 K. This suggests that the
Néel temperature TN of this material is between 35 K
and 100 K. The value of TN is significantly reduced com-
pared to bulk LCO, which has TN = 240 ± 10 K.4)

Figure 2(a) depicts the temperature dependence of the
internal field, Hint. Hint is zero at 100 K, since no muon
precession is observed at this temperature; it increases
with a decrease in temperature and reaches a saturated
internal field of 400 G. The same tendency ofHint depen-
dence on temperature and the same saturated internal
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field value is observed for LCO bulk material. However,
in the bulk material, Hint is zero at 250 K. It means
that although TN decreases with reduction in particle
size, the average magnetic moment and magnetic inter-
action are still the same.

The damping rate of muon spin precession, which is
caused by the static and dynamic field dependence of
this material on temperature, is demonstrated in Fig. 2.
The damping rate seems to increase for temperatures
below 100 K, achieve a maximum value at 35 K, and
then decrease for temperatures below 35 K. The muon
spin depolarization dependence of this material on tem-
perature, which is shown in Fig. 2(c), also has the same
tendency. It is indicated that below 35 K, the spin fluc-
tuation slows down and there is an alignment of the
magnetic moments of Cu2+; this means that long range
ordering starts at temperatures below 35 K.

We plan to complete ZF data between 35 K and 100 K
in order to evaluate the TN, and we are going to analyze
the internal field of this material to find out whether it
is coming from the static or dynamic spin fluctuation by
measuring the Longitudinal Field (LF)-µSR. Besides, we
plan to measure the other LCO nanoparticle whose par-
ticle size is different from that of this material. Hence,
the analysis on the nano-size effect on Néel temperature
and magnetic properties can be confirmed.

Fig. 1. ZF-µSR time spec-
trum of La2CuO4 with 
particle size of 96 nm.

Fig. 2. Temperature depen-
dence of (a) the internal field at 
the muon site; (b) the damping 
rate of muon spin precession; 
and (c) muon spin depolariza-
tion rate of La2CuO4 96 nm.
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