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Diagonal static spin correlation in the low-temperature orthorhombic Pccn
phase of La1.55Nd0.4Sr0.05CuO4
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Elastic neutron-scattering measurements have been performed on La1.55Nd0.4Sr0.05CuO4, which exhibits a
structural phase transition atTs;60 K from the low-temperature orthorhombicBmabphase~labeled LTO1!
to the low-temperature orthorhombicPccnphase~labeled LTO2!. At low temperatures, well belowTs , elastic
magnetic peaks are observed at the ‘‘diagonal’’ incommensurate~IC! positions (0,160.055,0), with the modu-
lation direction only along the orthorhombicb axis, just as in Nd-free La1.95Sr0.05CuO4. In the present study,
the one dimensionality of the IC modulation, which is naturally explained by a stripe model, is clearly
demonstrated with our ‘‘single-domain’’ crystal. The temperature dependence of the IC peak intensity suggests
a substantial contribution from the Nd31 spins below;3 K. Consistent with this, theL dependence of the
magnetic scattering is accurately accounted for by a model in which the contribution of the Nd31 spins is
explicitly included.

DOI: 10.1103/PhysRevB.64.174505 PACS number~s!: 74.72.Dn, 75.30.Fv, 75.50.Ee
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I. INTRODUCTION

The relationship between the microscopic magnetism
superconductivity is one of the central issues in the field
high-Tc superconductivity. In particular, La22x(Sr,Ba)xCuO4
~LSCO, LBCO! and related compounds have received int
sive attention because of their rich magnetic and trans
properties. In addition, these materials have a simple laye
structure with single CuO2 planes composed of square Cu21

lattices;1 this facilitates the application of theoretical mode
It is well known that superconducting LSCO samples exh
dynamic incommensurate~IC! magnetic correlations modu
lated along the direction parallel to the Cu-O-Cu bonds in
low-temperature orthorhombic~LTO1, Bmab) structure.2–4

After the discovery of this IC nature, a systematic neutro
scattering study on the superconducting LSCO compoun5

revealed a linear relation between the hole concentratiox
and the incommensurability parameterd ~Ref. 6! in the un-
derdoped region (0.06<x<0.12), suggesting a strong corr
lation between the superconductivity and the dynamic
modulation.

On the other hand, several investigations have been
formed at the specific hole concentrationx;1/8 where for
many co-dopants the superconductivity is dramatically s
pressed. This so-called 1/8 anomaly was originally disc
ered in the LBCO system7 and found to be associated with
structural transition to the low-temperature tetragonal~LTT,
P42 /ncm) phase.8 A similar, but much smaller, suppressio
0163-1829/2001/64~17!/174505~8!/$20.00 64 1745
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of Tc , as well as an enhancement of the static magn
correlations, has been reported in the LSCO system, in wh
there is no transition to the LTT phase.9–12An important clue
relevant to the 1/8 anomaly was the observation in
La1.48Nd0.4Sr0.12CuO4 compound of very clear elastic mag
netic peaks at theparallel IC positions around (p,p) by
neutron scattering.13,14~The substituted Nd31 ions induce the
LTT structure as well as the 1/8 anomaly.15 Note that Nd31

ions introduce no holes into the system.! On the basis of the
stripe model16 it was suggested that charge stripes along
Cu-O-Cu bond, which result inparallel IC peaks, might be
pinned by the corrugation of the CuO2 plane caused by the
coherent tilt of the CuO6 octahedra which is perpendicular t
the stripes in the LTT structure. Thence, the elastic IC co
lations are enhanced and the superconductivity is more
pressed than in the LTO1 structure of LSCO.

Recently Wakimotoet al.17,18 discovered the so-called
‘‘diagonal’’ IC peaks in insulating La1.95Sr0.05CuO4, which
shows the LTO1 structure. The IC peak positions are sho
in Fig. 1~a!. In this case, the IC modulation is parallel to th
orthorhombicb axis, which is the same as the coherent tilti
direction of the CuO6 octahedra, and at 45° to the Cu-
bonds. Assuming that the magnetic peaks are associated
charge stripe order, the charge stripes would run paralle
the orthorhombica axis. Thus, similar to the case o
La22x2yNdySrxCuO4 ~LNSCO!, the stripes may be pinne
by the corrugation of the CuO2 planes in the LTO1 phase
one might then speculate that the pinning is responsible
©2001 The American Physical Society05-1
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the insulating behavior below;100 K. Subsequent exper
ments by Matsudaet al.19 and by Fujitaet al.20 have shown
that this diagonal one-dimensional~1D! spin-density wave
state in LSCO extends across the entire spin-glass re
0.02&x&0.06.

These facts naturally suggest the importance of rese
on the relation among the three factors: crystal structure
magnetic correlations, and the superconductivity. There
it is important to investigate how the magnetic and transp
properties change when the corrugation of the CuO2 plane is
changed in La1.95Sr0.05CuO4. With the above as motivation
we performed neutron-scattering experiments and resist
measurements on La1.55Nd0.4Sr0.05CuO4 whose corrugation
pattern of the CuO2 planes should be different from that o
Nd-free La1.95Sr0.05CuO4. Specifically, La1.55Nd0.4Sr0.05CuO4
shows the low-temperature orthorhombic~LTO2, Pccn)
structure in which the CuO6 octahedral tilt direction is
slightly rotated from the orthorhombicb axis.

The format of this paper is as follows. The sample pre

FIG. 1. Incommensurate peak geometry of elastic magn
peaks observed in La1.95Sr0.05CuO4 ~upper! and
La1.55Nd0.4Sr0.05CuO4 ~lower!. Circles and squares represent t
magnetic and the nuclear Bragg peak positions, respectively. N
that the Bragg peak positions are observed byl/2 neutrons. In the
upper figure, closed and open symbols correspond to different
domains.
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ration, details of the experimental procedure, and the b
characterizations are described in Sec. II. The results of e
tic neutron-scattering experiments are described in Sec.
We discuss the relation between the structure and magn
IC modulation in Sec. IV.

II. SAMPLE PREPARATION AND EXPERIMENTAL
DETAILS

Single crystals of La1.55Nd0.4Sr0.05CuO4 were grown by
the traveling-solvent floating-zone method.~Two crystals
were prepared in the same manner as described below. M
of the data presented here are obtained from one of them,
the other reproduced the magnetic and transport proper
Therefore we do not distinguish two crystals in this pape!
Dried powders of La2O3, Nd2O3, SrCO3, and CuO of
99.99% purity were mixed and baked in air at 950 a
1000 °C for 24 h with grinding between each baking. T
powder sample so obtained was confirmed to be a sin
2-1-4 phase by x-ray powder diffraction. Feed rods we
shaped in rubber tubing pressed by a hydrostatic press,
baked in air at 1100 °C for 12 h. Solvents with the comp
sition of La1.55Nd0.4Sr0.05CuO4: CuO 5 30:70 in molar ratio
were chosen based on the phase diagram for the
La2CuO4 compound.21 The growth was performed in a four
ellipsoidal mirror-type image furnace in an oxygen atm
sphere. The pelletized solvent was placed between the
rod ~attached to the upper shaft! and a seed crystal~on the
lower shaft!, and was melted at the focal point. A crystal w
grown by moving the ellipsoidal mirrors upward. During th
high-temperature operation of growth, there is vaporizat
of a small amount of CuO from the molten zone whi
causes a change in the solvent composition. To avoid t
extra CuO of;1 mol % was added into the feed rods
compensate for the loss of CuO vaporizing from the mol
zone during the growth. Since the concentration of Nd and
in the crystallized part in the beginning of the growth
possibly different from the nominal one, we continued t
growth for more than 100 h with a growth speed of 0.8 mm
to achieve the equilibrium condition; this technique produc
a crystal with the nominal composition.

Since we realized that Nd-free LSCO crystals in t
lightly doped region, 0.03<x<0.05, tend to absorb exces
oxygen in the melt-grown process in an oxyg
atmosphere,22 the as-grown crystal was annealed in an
atmosphere at 850 °C for 12 h to purge any excess oxyg
After the treatment, the sample exhibits a spin-glass beha
below ;5 K in the magnetic susceptibility measured alo
an arbitrary direction. The spin-glass transition at;5 K is
consistent with that observed in Nd-free La1.95Sr0.05CuO4.22

We also performed resistivity measurements. The m
surements were carried out by the standard dc four-pr
method. Electrodes were attached on the crystal surface
gold paste. To achieve good contact between the crystal
the electrodes, the crystal with pasted electrodes was
nealed at 900 °C in oxygen for an hour. Such short ti
annealing should not affect the oxygen content significan
Figure 2 shows the temperature dependence of the in-p
resistivity together with that of Nd-free La1.95Sr0.05CuO4.
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DIAGONAL STATIC SPIN CORRELATION IN THE . . . PHYSICAL REVIEW B64 174505
The resistivity shows insulating behavior at low temperatu
and there is no superconducting transition. There is a sm
anomaly at the structural transition temperatureTs from the
LTO1 to the LTO2 phase at;60 K, consistent with that
found by neutron scattering~see Sec. III A!.

Neutron-scattering experiments were performed at
triple-axis spectrometer SPINS installed at the cold neut
guide at the NIST research reactor. The horizontal collima
sequence 328-408-S-408-open and an incident neutron e
ergyEi55 meV were utilized. Pyrolytic graphite~002! was
used as both monochromator and analyzer. Contamina
from higher-order neutrons was eliminated partially with
single Be filter, and completely with two Be filters. We co
firmed that there is no significant multiple scattering arou
(p,p) with this incident energy in elastic-scatterin
measurements.23 A crystal 40 mm in length for the neutron
scattering experiments was cut from the end part of
grown crystal. The sample was mounted in either the (HK0)
or (0KL) scattering plane in a pumped-helium cryostat. T
lattice parameters werea55.349 Å , b55.355 Å , andc
513.012 Å at 1.5 K.

Figure 1~b! shows the scattering geometry in the (HK0)
scattering plane of the present LNSCO crystal. The squ
indicate the apparent nuclear Bragg peak positions de
mined by neutrons with a half wavelength (l/2), while the
circles indicate the IC elastic magnetic peak positions. Pr
erly, there is no nuclear or magnetic peak at the orthorho
bic ~100! or ~010! positions. Thel/2 measurement is used t
determine precisely the orientation of the IC peaks with
spect to the reciprocal lattice~and possible twin domains!.

The orthorhombic structure typically has two or mo
twin domains, as shown in Fig. 1~a!, which indicates the
nuclear and magnetic peak geometry in the Nd-freex
50.05 crystal containing two twin domains.18 However, in
the present crystal, one of the domains is so dominant
one can treat it as effectively a single domain crystal. Inde
only a single pair of the diagonal-type IC peaks is clea
observed around the~010! position ~see Secs. III and IV!.

FIG. 2. Temperature dependence of in-plane resistivity toge
with that for the Nd-free sample. The temperature indicated asTs is
the LTO1-LTO2 structural transition temperature.
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Since the orthorhombic crystallographic axes in both
LTO1 and LTO2 structures are defined by the diagonals
the distorted squares of the CuO2 lattice, the orthorhombic
a* andb* axes in reciprocal space are defined as shown
Fig. 1. Throughout the present paper, indices based on
orthorhombicBmab or Pccn crystallographic notation are
utilized. Since clear IC magnetic peaks are observed o
around~010!, we utilized the (0KL) scattering plane to mea
sure theL dependence of the IC peak intensity so that
high-intensity peaks lie in the scattering plane.

III. EXPERIMENTAL RESULTS

A. Structural transition to the LTO2 phase

Although one twin domain is dominant in the prese
crystal, there are some other minor twin domains whose v
ume is estimated to be less than 1/4 of that of the domin
domain. Therefore we were able to observe the orthorhom
splitting between the~200! peak of the dominant domain an
the ~020! peak in a minor domain. Figure 3~a! shows the
temperature dependence of the splitting. On cooling,
orthorhombicity decreases by about 30% between 65 and
K. The intensity of the~110! peak, which is a superlattice
peak of thePccn structure but not of theBmab structure,
appears and increases in a complementary manner as s
in Fig. 3~b!. These facts demonstrate that the system ind
exhibits a structural transition from theBmab LTO1 phase
to the Pccn LTO2 phase. The transition temperature
;65 K agrees well with that expected from the phase d
gram previously reported by Crawfordet al.15 This transition
temperature is also in reasonable agreement with that d
mined from the resistivity measurement.

In the LTO1 structure above 65 K, the CuO6 octahedra tilt
along the orthorhombicb axis. In the LTO2 structure, the
octahedra tilt along a direction rotated within the plane aw

er
FIG. 3. Temperature dependence of~a! orthorhombic splitting

between~200! and ~020!, and~b! intensity of superlattice peak fo
Pccn structure at~110!. The solid line is a background level.Ts is
the onset of the LTO1-LTO2 structural transition.
5-3
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FIG. 4. ~Color! Contour plots of magnetic
peak intensity around~a! ~010! and~b! ~100!. In-
commensurate peak positions are summarized
Fig. 1~b! by closed squares.
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from theb axis. From the change of the orthorhombic sp
ting in Fig. 3, the shift of the tilt direction from theb axis is
estimated to be;15°.

B. Magnetic cross section

Contour plots of the elastic neutron-scattering intens
around~010! and ~100! are shown in Figs. 4~a! and ~b!, re-
spectively. Since the crystal has a single dominant twin
main, the 1D nature of the IC modulation along the orth
rhombic b axis is clearly observable in Fig. 4~a!; it is
consistent with, but more obvious than, that first reported
the Nd-freex50.05 sample.18 An important difference from
the Nd-freex50.05 compound is that clear magnetic pea
appear only around the~010! position; for the Nd-free
17450
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sample, the intensity is strongest for the peaks split ab
~100!. ~The two cases are schematically summarized in F
1.! A similar change of the magnetic peak position fro
~100! to ~010! has been previously reported in Sr-fre
La22yNdyCuO4.24,25 This feature is discussed in Sec. IV i
terms of the spin orientation.

To analyze the IC peaks in detail, we made scans thro
the peak positions in the vicinity of~010! with higher statis-
tics, achieved by optimizing the vertical focusing of the i
cident neutron beam. Figures 5~a! and ~b! show the peak
profiles along the trajectoriesa andb indicated by arrows in
Fig. 5~d!. The incommensurate peaks are observed at
(0,16e,0) positions.~The IC peak intensity in unit time is
different from that in Fig. 4 due to the change in the vertic
focusing of the incident beam; however, the vertical focus
5-4
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DIAGONAL STATIC SPIN CORRELATION IN THE . . . PHYSICAL REVIEW B64 174505
does not affect the intrinsic characteristic values, such as
width, positions, and temperature dependence of the
peaks.!

The solid lines in Fig. 5 are fitted curves corresponding
a two-dimensional Lorentzian function convoluted with t
instrumental resolution. The intrinsic peak half widths alo
the a* and b* directions areka50.053 Å21 and kb
50.039 Å21, respectively. The incommensurability param
eter ise50.055 (60.004), which is slightly lower than tha
for Nd-freex50.05, wheree50.064.18 Although in the con-
tour plot of Fig. 4~b! the peak at (0,12e,0) seems to be spli
additionally along thea* axis, the profile in Fig. 5~b! with
higher statistics shows a single peak centered ath50.

The temperature dependence of the IC peak at~0, 0.94, 0!
is shown in Fig. 5~c!. This measurement was done witho
optimizing the vertical focusing. The intensity gradually i
creases with decreasing temperature below;5 K and rap-
idly increases below;3 K. From previous experience wit
Nd-substituted samples,14 we expect that this additional in
crease of intensity below;3 K is caused by an additiona
ordering of the Nd31 spins.

The L dependences of the intensity at the IC positi
(0,0.94,L) at 1.5 and 3 K are shown in Figs. 6~a! and ~b!,
respectively. For both results, the intensity at 30 K was s
tracted as background so that the intensities shown are pu
magnetic. We fit the data with a model introduced previou
in a study of the Nd-substitutedx50.12 compound.14 The
model has the form

I}uFu2
12t2

11t222t cosf
. ~1!

This function consists of the magnetic structure factoF

FIG. 5. Peak profiles along~a! the a trajectory and~b! the b
trajectory shown in~d!. Solid lines are fitting results by Lorentzia
function. By this fitting, the incommensurability parametere is
;0.055.~c! Temperature dependence of elastic IC magnetic pea
(0,0.94,0).
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and an oscillating function with linewidth determined byt
5exp(2c/j), wherej is a correlation length. In the analys
of the Nd-substitutedx50.12 results, an oscillation period o
L51 was utilized. This was an appropriate choice in th
case because of the assumed rotation of the stripe orient
by 90° from one CuO2 plane to the nearest-neighbor plan
which gives rise to correlations between the next-near
neighbor planes. However, in the present system withx
50.05 the IC modulation is only along the orthorhombicb
axis, that is, a 90° rotation of the stripe orientation is n
likely. Thus we utilized the oscillation function with a perio
of L52; that is,f5pL.

The structure factor is described as

uFu25pCu, i
2 f Cu

2 1@pCu,' f Cu1ypNdf Ndcos~2pLzNd!#
2.

~2!

In this equation,f Cu and f Nd areQ dependent magnetic form
factors for the Cu21 and Nd31 spins which are taken from
the literature.26,27 zNd is the distance between Nd and th
nearest Cu in units ofc, which has been determined to b
0.36 by a neutron powder-diffraction study.28 p is the spin
component perpendicular to the scattering vectorQ, which
relates to the ordered magnetic momentm by p5mW 2Q̂(Q̂

at

FIG. 6. L dependence of the IC peak intensity in~a!
La1.55Nd0.4Sr0.05CuO4 at 1.5 K, ~b! La1.55Nd0.4Sr0.05CuO4 at 3 K,
and ~c! Nd-free La1.95Sr0.05CuO4 at 1.5 K ~obtained from Ref. 18!.
The background intensity at 30 K have been subtracted. Solid l
in ~a! and~b! are the results of fit by a model including contributio
from Nd31 spins and out-of-plane component of Cu21 spins.~See
text!. Solid line in ~c! is the fit with the same model without Nd31

spin contribution and out-of-plane component of Cu21, while
dashed line is the fit without only Nd31 spin component.
5-5
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S. WAKIMOTO et al. PHYSICAL REVIEW B 64 174505
•mW ). The indicesi and' represent in-plane and out-of-plan
components of the Cu21 spin, respectively.

In this model the Nd31 spins are assumed to be parallel
the c axis which is expected to be the easy axis of the Nd31

spins based on the magnetic susceptibility measurement
La1.3Nd0.6Sr0.1CuO4.29 Therefore the first term of Eq.~2! de-
scribes the contribution of the in-plane component of
Cu21 spins while the second term describes contributions
the out-of-plane components of both the Cu21 and Nd31

spins. We assumed the spin direction ofpi to be random
because the system shows the features of a spin glass
fitting results are shown by the solid lines in Figs. 6~a! and
~b!, which agree with the experimental results.

In order to check the consistency of this function, we a
fit the L dependence of the IC peak intensity for the Nd-fr
x50.05 compound reported in Ref. 18 with the function p
sented above without the Nd31 spin contribution. Since the
out-of-plane component of the Cu21 spinspCu,' is assumed
to be driven by the interaction with the Nd31 spins in the
present model, we fit the data withpCu,' fixed at zero. The
fitted curve is shown in Fig. 6~c! by the solid line. For com-
parison, we also fit the data withpCu,' as a fitting variable,
as shown by the dashed line.30

The parameters obtained by the fitting illustrated in Fig
are summarized in Table I. The values listed in the bott
row are obtained by fitting the Nd-free data with apCu,'
component. In the Nd-substituted sample, the out-of-pl
component of the Cu21 spins is larger than that in the Nd
free sample even if we assume the Nd-free sample also
an out-of-plane component. This indicates that the the o
of-plane component of the Cu21 spins is induced by the
correlation with the Nd31 spins parallel to thec axis. For the
Nd-substituted sample, the ratiomNd /mCu increases with de-
creasing temperature, consistent with the rapid increas
the IC intensity below 3 K in Fig. 5~c!.

IV. DISCUSSION

The present paper reports the IC magnetic order
served by neutron-scattering experiments for
La1.55Nd0.4Sr0.05CuO4 compound. One of the important re
sults is that the same type of 1D IC spin modulation as t
reported for the Nd-freex50.05 compound18 is clearly ob-
served in the almost single twin-domain sample of N
substitutedx50.05. This demonstrates that the 1D IC mod

TABLE I. Parameters obtained in fitting to theL dependences
by Eq.~1!. m is ordered magnetic moment which relates top in Eq.

~2! by p5mW 2Q̂(Q̂•mW ). The values listed at the bottom are give
by the fitting for they50 sample data withpCu,' as a fitting
valuable.

y andT ~K! mCu,' /mCu, i mNd /mCu j/c

y50.4, T51.5 0.9660.25 4.160.9 0.5860.11
y50.4, T53 1.0460.37 1.160.6 0.3660.18
y50, T51.5 0 0 0.4860.05

(0.5560.05) ~0! (0.4460.04)
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lation along the orthorhombicb axis is common in the lightly
Sr-doped spin-glass systems with both LTO1 and LT
structure.

A major difference from the Nd-free sample is that t
clear IC peaks appear around the~010! position in the
present LTO2 compound, while a more intense pair of pe
appears around~100! in the Nd-free x50.05. A similar
change of the magnetic peak position from~100! to ~010! has
been reported by powder neutron scattering
La1.8Nd0.2CuO4;24 the magnetic commensurate peak at~100!
in the LTO1 phase shifts to~010! below the LTO1-LTO2
transition temperature. Such a change of the magnetic p
position can be explained simply by a rotation of the sp
direction that causes a change of the antiferromagn
propagation vector from theâ to theb̂ direction. This change
is schematically drawn in Fig. 7. The square represents
CuO2 square lattice. The arrows at the corners are spin
the Cu21 ions on the same CuO2 plane while the arrows a
the center are spins on the nearest-neighbor plane.

The spin structure shown by the dashed arrows has
propagation vector alongâ and gives a magnetic peak a
~100!. On the other hand, the structure shown by the so
arrows has the propagation vector alongb̂ and accordingly
gives the peak at~010!. The latter spin orientation, with the
modulation along theb axis, is consistent with the strong IC
peak intensity around~010! as observed in the present LTO
compound. The change between the two magnetic struct
is realized by the opposite rotation of the spin directions
neighboring planes; that is, the spins on one plane ro
clockwise uniformly while those in the nearest-neighb
plane rotate counterclockwise. Such an alternative rota
across the LTO1-LTO2 transition temperature has also b
identified in a neutron-scattering study of La1.65Nd0.35CuO4
by comparing the peak intensity atL50 andL51.25

Another difference between Nd-substituted and Nd-f
samples can be seen in the IC peak width. From fitting w
the same two-dimensional Lorentzian function convolu
with the instrumental resolution, the intrinsic widths for th
present crystal are determined to beka50.053 Å21 and
kb50.039 Å21, which are slightly larger than those for th

FIG. 7. Schematic figure of the spin structure. The square r
resents CuO2 square lattice. The arrows at the corners are spins
the Cu21 ions on the same plane and the arrows at the center
spins on the nearest-neighbor plane. The spin structure show
the dashed and solid arrows give the magnetic bragg peaks at~100!
and ~010!, respectively.
5-6



is
ri

ti
b
rm
k

it,
o-

g-

t

a

g

is
nt
s a
d
m
-

he
h

he
pe

ee
c
a

n

-
ra-
-
.

by
C
rd

-
nd
of
rted
o.
f
up-
rch

the
at-
The
e

DIAGONAL STATIC SPIN CORRELATION IN THE . . . PHYSICAL REVIEW B64 174505
Nd-free x50.05 sample, ka;0.04 Å21 and kb

;0.03 Å21.18 In order to check whether this larger width
intrinsic to the LTO2 structure, a more systematic compa
son between the LTO2 and LTO1 phases is required.

Finally, we discuss the stripe model. Among the theore
cal explanations for the IC feature, the 1D modulation o
served in the present study is most easily understood in te
of the stripe model.16 Based on the stripe model, an IC pea
profile can be described by the same function as Eq.~1!. In
this particular case,f52pnk, t5(21)n11exp(2nb/j)
wheren is the stripe spacing in the orthorhombic lattice un
andF is the magnetic structure factor for a single antiferr
magnetic region between nearest charge stripes.31 Again, the
function gives the oscillation modified by the antiferroma
netic structure factor.

In the present system, the charge stripes are parallel to
orthorhombica axis and have the spacingnb as schemati-
cally shown in the upper panel of Fig. 8.~This figure
corresponds to the spacingn57.! Therefore the magnetic
structure factorF can be described approximately as
function of k:

F}112(
j 51

n21

~21! jcos~p jk !. ~3!

The actual fitted curve using Eqs.~1! and ~3! with fixed n
57 is indicated by the solid line in Fig. 8. The only fittin
parameter,j, is ;31 Å . ~The stripe spacingn57 is smaller
than the expected valuen58 from the incommensurability
e;0.06 reciprocal lattice unit~r.l.u.!. However, in the fitting
with n58, the damping by the magnetic structure factor
stronger than that forn57 and results in poorer agreeme
with the data.! Figure 8 demonstrates that this model give
reasonable description of the experimental data. As note
Sec. III, in the comparison of the incommensurability para
eter e determined by the Lorentzian function fit, the Nd
substituted sample has an incommensurability,e50.055,
which is slightly smaller than that for Nd-free sample,e
50.064. However, in the fitting using the stripe function, t
fit with the fixed parametern57 also agrees reasonably wit
the experimental data for Nd-freex50.05 with the fitting
variablej;47 Å . Thus the stripe structure can explain t
IC peaks also in the lightly hole doped region with a stri
spacing of 7b for the x50.05 compounds.

As a future experiment, it would be interesting to s
whether an in-plane anisotropy of the conductivity, asso
ated with the 1D magnetic modulation, can be observed in
untwinned crystal withx<0.05, where a unique orientatio
of the IC modulation has been observed.
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FIG. 8. Upper panel shows the expected stripe structure in
present LNSCO sample. White circles and arrows represent Cu
oms and their spins. The shaded regions are charge stripes.
lower panel is the IC peak profile with the fitted curve using th
stripe model.~See text.!
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