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The so-called stripe correlation of spins and holes
has been studied intensively in order to clarify its re-
lationship with the appearance of superconductivity
in the high-Tc cuprates. Nevertheless, the details of
the stripes have not yet been clarified to date. One
of the reasons is that the frequencies of the dynam-
ical stripes are faster than the µSR frequency range
in a wide range of the hole-concentration per Cu, p,
where the superconductivity appears. For this rea-
son, impurity substitution is one of crucial ways to
study the stripe correlation, because substituted im-
purities tend to slow down the spin fluctuations, lead-
ing to the formation of the static stripe order. For-
merly, we have found from the zero-field (ZF) µSR
that the magnetic impurity Fe3+ tends to stabilize a
magnetic order in the whole superconducting regime of
La2−xSrxCu1−yFeyO4 (LSCFO).1,2) Intriguing is that
double successive magnetic transitions are observed in
the overdoped regime of LSCFO, indicating that the
stripe order induced by the Fe substitution persists up
to p ∼ 0.30 and terminates there. As for effects of non-
magnetic Zn2+ substitution, weakness of the develp-
ment of the Cu-spin correlation by the Zn substitution
prevents us from understanding the nature of the Cu-
spin correlation especially in the overdoped regime.3)

Recently, we have observed unexpected behavior in
non-magnetic Al3+-substituted La2−xSrxCu1−yAlyO4

(LSCAO) by the µSR measurements, namely, a static
magnetic state is induced by 3% Al-substitution in the
overdoped regime. It is expected that effects of non-
magnetic impurities on the Cu-spin correlation will be
clarified even in the overdoped regime.

Therefore, in order to investigate the magnetism in-
duced by the Al substitution, we have performed ZF-
µSR experiments for LSCAO with x = 0.11 – 0.30 and
y = 0.03. The polycrystalline samples were prepared
by the ordinary solid-state reaction method. ZF-µSR
measurements were carried out using a Variox, a He-
liox and a Janis cryostats at temperatures down to 0.3
K at RIKEN-RAL.

Figure 1(a) shows the ZF-µSR time spectra of
LSCAO with x = 0.30 and y = 0.03. At 5.0 K, the
spectral shows the Gaussian-type relaxation due to the
randomly-oriented nuclear dipole field, indicating elec-
tron spins fluctuate fast beyond the µSR time window.
With decreasing temperature, the muon-spin depolar-
ization becomes fast progressively down to 0.8 K and
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finally a nearly-static magnetic order is formed at 0.3
K, suggesting a remarkable effect of the Al-substitution
on the development of the Cu-spin correlation even in
the heavily-doped regime. Figure 1(b) shows the p de-
pendence of the magnetic transition temperature, TN,
defined as the midpoint of the change in the initial
asymmetry of the magnetic component in an analytical
function. It is found that TN decreases monotoniously
with increasing p, suggesting that the stripe order is
induced also in the overdoped regime. Moreover, TN

disappears at p ∼ 0.30 as observed in LSCFO2) and
LSCZO.3) Therefore, it has been concluded that, re-
gardless of the type of impurities, the development
of the stripe correlation is observed up to p ∼ 0.30,
suggesting an intimate relationship between the stripe
correlation and the appearance of the high-Tc super-
conductivity. Considering the difference between the
results of Fe3+, Zn2+ and Al3+, charge disorder as well
as large magnetic moments may play an important role
in the stabilization of the stripe correlation.
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Fig. 1. (a) Zero-field µSR time spectra of La2−xSrxCu1−yAlyO4

(LSCAO) with x = 0.30 and y = 0.03. (b) Temperature

dependence of the magnetic transition temperature, TN,

of LSCAO with y = 0.03.
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µSR study of cluster-glass state in Sr1−xLaxRuO3
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Strontium ruthenate shows various types of physical
properties attributed to the itinerant feature of Ru 4d
electrons and the strong mixing between Ru 4d and
O 2p electrons.1,2) SrRuO3 crystallizes into a distorted
perovskite structure and is a ferromagnet with a Curie
temperature of about 160 K.3) Photoemission experi-
ments showed that the density of states at Fermi level
is dominated by the Ru 4d state.4) Therefore, itiner-
ant Ru 4d electrons are considered to be responsible
for the magnetic properties. It is also argued that the
development of the incoherent component in the den-
sity of states reflects the electronic correlation effects.
In addition, this system shows bad metal behav-
ior in transport at high temperatures: the electrical
resistivity continues to increase with increasing tem-
perature, even though the Boltzmann mean free path
becomes smaller than the lattice constants, indicat-
ing that the itinerant quasi-particle description is no
longer available in the high temperature range.5) These
experimental findings suggest that the physical prop-
erties are strongly influenced by the correlation of the
Ru 4d electrons, and the Ru 4d states have a duality
of itinerant and localized natures.
We have studied the Sr site-substituted system

Sr1−xLaxRuO3.
6) Substituting La for Sr suppress the

Ferromagnetism.7) In addition, the Ru-O distance in-
creases with increasing x, suggesting that doping La
may enhance the role of the electronic interaction. Re-
cent our studies suggest that for x ≥ 0.3, disorder plays
an important role and this system shows a short range
ferromagnetic ordering (cluster formation), and with
further decreasing temperature these clusters freeze
into a cluster-glass state.
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Fig. 1. Zero-field µSR spectra.
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Fig. 2. Temperature dependence of the volume fraction.

In the present study, we performed µSR experiments
on polycrystalline sample of Sr1−xLaxRuO3 to further
investigate the cluster-glass state of this system. The
µSR experiments were carried out at the RIKEN RAL
Muon Facility in the UK, where an intense pulsed
muon beam is available.

Figure 1 shows the zero-field spectra for x= 0.4 mea-
sured at various temperatures. Below 30 K, the relax-
ation rate develops and a loss of initial asymmetry is
observed, indicating a development of magnetic clus-
ters. The ZF-spectra are well fitted by the following
function, which assumes a presence of two components:
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e−λ1t +
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−∆1t]

+A2[
1

3
e−λ2t +

2

3
(1−∆2t)e

−∆2t],

where A1 and A2 represent the paramagnetic and or-
dered volume fractions respectively. The temperature
dependence of the volume fraction of the magnetic or-
dered region is shown in Fig. 2. The volume fraction
exhibits a rapid increase at around 10 K, where the
magnetic susceptibility shows a peak,6) and reaches
nearly 100% at the lowest temperature. The presence
of the magnetic ground state with the volume fraction
of 100% inevitably indicates the itinerant nature of the
Ru 4d electrons in this system.
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