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The nature of charge stripe order and its relationship with structural phase transitions were studied using
synchrotron x-ray diffraction in La1.875Ba0.125−xSrxCuO4 s0.05øxø0.10d. For x=0.05, as temperature in-
creased, incommensurate superlattice peaks associated with the charge order disappeared just at the structural
phase transition temperature,Td2. However, forx=0.075 and 0.09, the superlattice peaks still existed as a short
range correlation even aboveTd2, indicating a precursor of charge ordering. Furthermore, temperature depen-
dences of the superlattice peak intensity, correlation length, and incommensurability forx=0.05 are different
from those forx=0.075 and 0.09. These results suggest that the transition process into the charge stripe order
strongly correlates with the order of the structural phase transitions. A quantitative comparison of the structure
factor associated with the charge order have been also made for all the samples.
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I. INTRODUCTION

For the past several years, the relationship between charge
stripe correlations1 and high-Tc superconductivity has been
intensively studied to clarify whether the role of the stripes
for the superconductivity is positive or negative. Systematic
studies on the La1.6−xNd0.4SrxCuO4 (LNSCO) system have
shown that for the low-temperature tetragonal(LTT;
P42/ncm) phase, incommensurate(IC) charge and magnetic
orders are stabilized and compete with superconductivity.2–4

This result provided a qualitative explanation for the long-
standing mystery of the “1/8-problem” in La-214 cuprates,5,6

namely, theordered stateof charge stripes induced by the
LTT transformation has a negative impact with high-Tc su-
perconductivity.

In the 1/8-hole-doped La1.875Ba0.125−xSrxCuO4 (LBSCO)
system, the crystal structure at the lowest temperature
changes from LTT to a low-temperature-orthorhombic(LTO;
Bmab) phase via the low-temperature-less-orthorhombic
(LTLO; Pccn) phase, as Sr-concentrationx increases(see
Fig. 1). Fujitaet al.have composed a detailed phase diagram
of the crystal structure, IC charge/magnetic order, andTc for
this system,7 where the charge order is stabilized only in LTT
and LTLO phases(gray-hatched region in Fig. 1) and com-
petes with superconductivity. On the contrary, the magnetic
order in this system, which is robust in all the structural
phases, shows a weak competition with the superconductiv-
ity.

The momentum structure and the temperature evolu-
tion of the charge order in the LBSCO system have been
studied by neutron diffraction8 as well as x-ray diffrac-
tion.9 In the LTT phase forx=0.05, the IC modulation wave
vector s;qchd of the charge order iss2« ,0 ,1 /2d with high-
temperature-tetragonal(HTT; I4/mmm) notation. However
in the LTLO phase forx=0.075,qch shifts away from the
tetragonal-symmetric position to an orthorhombic-symmetric
position, giving the wave vector ofs+2« ,−2h ,1 /2d. The

charge order in this system is stabilized just below the tem-
perature where the structural phase transition from LTO into
LTT or LTLO phase occurss;Td2d. Further, the ordered state
evolves as the order parameter of the LTT or LTLO structure
increases. These facts clearly show that a strong correlation
exists between the charge order and the crystal structure,
giving rise to suppression of superconductivity.

The charge order is detectable as lattice distortions in neu-
tron and x-ray diffraction measurements. Recently, our pre-
liminary x-ray diffraction measurements showed that the IC
superlattice peaks ats6+2« ,0 ,11/2d are,10 times stronger
in intensity than that ats2+2« ,0 ,1 /2d. This is due to the
amplitude of the scattering wave vectoruQu and the strongL

FIG. 1. Structural phase transition temperatureTd2 and super-
conducting transition temperatureTc as a function of Sr concen-
tration for the La1.875Ba0.125−xSrxCuO4 system, after Fujitaet al.
(Ref. 7).
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dependence of the structure factor for the superlattice peak,10

suggesting the importance of lattice distortions along thec
axis. This result indicates that the superlattice peak at higher-
Q positions is much more sensitive to the charge order
(or the lattice distortion) than that at lower-Q positions ob-
served previously.9,11 This motivated us to conduct detailed
measurements of IC superlattice peaks at higher-Q posi-
tion, especially ats6+2« ,0 ,11/2d or s6–2« ,0 ,17/2d, for
La1.875Ba0.125−xSrxCuO4 using a synchrotron x-ray source
for diffraction studies, which can elucidate detailed differ-
ences between the nature of charge stripes in the LTT and
LTLO phases. In this paper, we show that forx=0.075 and
x=0.09, short-range charge correlation starts appearing even
above Td2 while the correlations appear just atTd2 for
x=0.05. The results imply that the evolution of the charge
stripes in the LTLO phase is different from that in the LTT
phase, which relates to the order of the structural phase tran-
sition from the LTO to the LTT or LTLO phase. We also
show the possibility that the displacement pattern of the at-
oms induced by the charge stripe order in the LTT phase is
different from that in the LTLO phase.

II. EXPERIMENT

Single crystals of LBSCO withx=0.05, 0.075, 0.09, and
0.10 were cut into a cylindrical shape with dimensions of
0.43 mm diameter and 5 mm height, where the longest axis
was parallel to thec axis. X-ray diffraction experiments were
performed at the Beam-line BL46XU and BL02B112 of Ja-
pan Synchrotron Radiation Research Institute in SPring-8.
The x-ray energy was tuned to 20 keV and 32.6 keV using a
Sis111d double monochromator at BL46XU and BL02B1,
respectively. A double platinum mirror was inserted to elimi-
nate higher order harmonics of the x rays. The samples were
cooled down to 7 K using a closed-cycled4He refrigerator.
In this paper, the reciprocal lattice is defined in theI4/mmm
symmetry where the two short axes correspond to the dis-
tance between the nearest-neighbor Cu atoms along the in-
plane Cu-O bond. Typical instrument resolutions along theH
and K directions were 0.0039 Å−1 and 0.0037 Å−1 at Q
=s6,0,6d, and 0.0038 Å−1 and 0.0016 Å−1 at Q=s4,0,0d, re-
spectively. In the present study, we obtained nearly single-
domain orthorhombic crystals forx=0.075, 0.09, and 0.10.
Note that the measurements forx=0.05 and 0.075 were done
at BL46XU and those forx=0.09 and 0.10 were carried out
at BL02B1.

As mentioned in Sec. I, we focused on the measurements
of the superlattice peaks atQch=sh±2« ,0 ,l /2d with h=6,8
and l =11,17 in the present study.s5,0,0d and s7,0,0d
Bragg reflections, which appears only in the LTT and LTLO
phases and corresponds to the order parameter for these
phases, were also measured to compare the phase transition
of the charge order with that of the crystal structure. Note
that we obtained a much better signal-to-noise ratio than that
in the previous study9 by measuring the superlattice peaks at
L=11/2,17/2. Thus in this paper, we showq profiles as a
raw data, not as a subtracted data.

III. RESULTS

A. Q dependence

Q-scan profiles along theK direction of the superlattice
peak and thes5,0,0d peak forx=0.05, taken atT=7 K and
40 K, are shown in Fig. 2. The trajectory of theq scan for
the superlattice peak is shown in the inset of Fig. 2(a). H and
K scans for the superlattice peak atT=7 K confirmed that a
quartet of superlattice peaks are located exactly atQch
=s6±2« ,0 ,L /2d, s6, ±2« ,L /2d with 2«=0.2390s5d r.l.u., for
which the geometry is consistent with the crystal symmetry
of the LTT structure.

The observed linewidth along theK direction for the su-
perlattice peak is apparently broader than the instrument
resolution(denoted in the figure as a bold horizontal line),
giving a finite correlation length for the charge correlations.
Note that the linewidth along theH direction for the super-
lattice peaks becomes also broader.

As a result, the correlation lengths of the charge order
along thea and b axis f;jchsad ,jchsbdg are 98±4 Å and
110±4 Å atT=7 K, respectively. For thes5,0,0d peak, the
linewidth along theK direction is broader than the instru-
mental resolution while the linewidth along theH direction
reaches the resolution limit. Thus the correlation length for
the LTT structure,ja andjb, are estimated to be.300 Å and
196±5 Å, respectively, indicating a large anisotropy of the
structural coherence or a mosaic spread due to a local disor-
der at the LTT phase. AtT=40 K, just belowTd2, both the
superlattice peak and thes5,0,0d peak almost vanish, indi-
cating that the charge order appears when the structural
phase transition into the LTT phase occurs.

FIG. 2. q profiles along theK direction of (a) superlattice peak
through Qch=s6.24,0,11/2d, (b) s5,0,0d Bragg reflection forx
=0.05. Scan trajectory and confirmed peak positions of superlattice
peaks are illustrated in the inset of(a). Closed and open circles
correspond to the data taken at 7 K and 40 K, respectively. Bold
horizontal lines correspond to the instrument resolutions.
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Figures 3(a) and 3(b) show q-scan profiles along theK
direction of the superlattice peak and thes5,0,0d peak for
x=0.075, respectively, also taken atT=7 K and 40 K. The
trajectory of theq scan for the superlattice peak is displayed
in the inset of Fig. 3(a). Since the single-domain-LTLO
phase was obtained for thex=0.075 sample, we confirmed
that a shift of the superlattice peaks from the highly symmet-
ric axis clearly exists and the exact peak position is deter-
mined asQch=s6±2« , 72h ,L /2d, s672h , ±2« ,L /2d with
2«=0.2360s5d r.l.u. and 2h=0.0100s5d r.l.u. The observed
linewidth along theK direction for the superlattice peak is
much broader than the resolution, of which value is almost
comparable to that forx=0.05. On the other hand, the line-
width for the s5,0,0d peak is resolution limited, which is
much sharper than that forx=0.05. Therefore,jchsad and
jchsbd for the charge order are 104±5 Å and 100±7 Å, re-
spectively, whileja andjb for the LTLO structural coherence
become long ranged, which is in contrast with the results for
x=0.05. At T=40 K, far aboveTd2, the broad superlattice
peak clearly remains while thes5,0,0d peak disappears, sug-
gesting that the charge order exists even aboveTd2 with a
short range correlation.

Figures 4(a) and 4(b) showq-scan profiles atT=7 K and
40 K along theK direction of the superlattice peak through
s5.76,0.01,17/2d and thes7,0,0d peak forx=0.09, respec-
tively, taken at BL02B1. The trajectory of theq-scan for the
superlattice peak is displayed in the inset of Fig. 4(a). This
sample also had the single domained structure at LTLO
phase. Thus the exact values of 2« and 2h are obtained as
0.2403s5d and 0.0103s3d, respectively. As seen in Fig. 4(a),
the linewidth along theK direction is much broader than the
resolution, which is also seen in the linewidth alongH. As a

result,jchsad andjchsbd for the charge order become 80±4 Å
and 80±5 Å, respectively, which is shorter than those forx
=0.05 andx=0.075. As for thes7,0,0d peak, the linewidth is
somewhat broader than the resolution butja andjb still ex-
tend over 200 Å. Although thes5,0,0d peak completely dis-
appears atT=40 K, the broad superlattice peak still clearly
exists, which is consistent with the results ofx=0.075. We
had observed no superlattice peak in thex=0.10 sample but
observed quite weak(5, 0, 0) peak, indicating that the devel-
opment of the order parameter for the LTLO phase is too
small to stabilize the charge order.

In our previous paper, we argued for the anisotropy of
jchsad andjchsbd, based on the comparison with theja andjb

of LTT/LTLO structure.9 However, the present study, under
the fine resolution inq space, has shown that the structural
coherence for the LTT phase is apparently different from that
for the LTLO phase, which was not observed in the previous
experiment. Therefore in the present study, we evaluated the
value of jchsad and jchsbd by comparing the observed line-
widths of fundamental Bragg peaks taken at room tempera-
ture, which corresponds to the accurate instrument resolu-
tions.

B. T dependence

The temperature dependence of integrated intensity, line-
width, 2«, and 2h were measured in detail for the IC super-
lattice peaks forx=0.05, x=0.075, andx=0.09. For the
s5,0,0d and s7,0,0d peak, the temperature dependence of
integrated intensity and linewidth were measured. All the
measurements were performed during heating process.

FIG. 3. q profiles along theK direction of (a) superlattice peak
throughQch=s6.24,−0.01,11/2d, (b) s5,0,0d Bragg reflection for
x=0.075. Scan trajectory and confirmed peak positions of superlat-
tice peaks are illustrated in the inset of(a). Closed and open circles
correspond to the data taken at 7 K and 40 K, respectively. Bold
horizontal lines correspond to the instrument resolutions.

FIG. 4. q profiles along theK direction of (a) superlattice peak
throughQch=s5.76,0.01,17/2d, (b) s7,0,0d Bragg reflection forx
=0.09. Scan trajectory and confirmed peak positions of superlattice
peaks are illustrated in the inset of(a). Closed and open circles
correspond to the data taken at 7 K and 40 K, respectively. Bold
horizontal lines correspond to the instrument resolutions.
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The results forx=0.05 are summarized in Fig. 5. Figure
5(a) shows the temperature dependence of integrated
intensity for the superlattice peak atQch=s6.239,0,11/2d
and thes5,0,0d peak, where the intensities are normalized at
7 K. It is seen that the evolution of the intensity for the
superlattice peak agrees well with that for thes5,0,0d peak,
apparently indicating that the charge order appears just atTd2
s,40 Kd and the order parameters for the charge order and
the LTT structure are strongly associated with each other.
jchsad and jchsbd for the charge order andjb for the LTT
structure as a function of temperature are plotted in Fig. 5(b),
for which values are obtained from the inverse of the intrin-
sic linewidth. Note thatja for the LTT phase cannot be plot-
ted in the figure because the correlation along thea axis
becomes almost a long-range one belowTd2. As temperature
decreases, bothjchsad andjchsbd increase and show a nearly
isotropic correlation with the length of,100 Å. In the case
of jchsbd, the temperature variation is quite similar to the
development ofjb for the LTT structure, implying that the
growth of the charge correlation follows the evolution of the
LTT structural coherence along theb axis. As seen in Fig.
5(c), the incommensurability 2« for x=0.05 is nearly con-
stant for all temperature regions belowTd2.

Figure 6 shows the summary of results forx=0.075.
The integrated intensity of the superlattice peak and

the s5,0,0d peak are depicted in Fig. 6(a) as a function
of temperature. Thes5,0,0d peak starts growing belowTd2

s,34 Kd where the structural phase transition from the LTO
to the LTLO phase occurs, while the superlattice peak ap-
pears at a much higher temperature thanTd2. In the lower
temperature region, the temperature dependence of the super-
lattice peak intensity coincides with that for thes5,0,0d peak
intensity, which is also seen in the results forx=0.05. How-
ever, aboveT,26 K (indicated in Fig. 6 as a vertical dashed
line), the superlattice peak intensity decreases more gradu-
ally than the decay of thes5,0,0d peak with increasing tem-

FIG. 5. Temperature dependences of(a) integrated intensity for
the superlattice peak(closed circles) and the(5,0,0) peak (open
circles), (b) correlation length along thea axis (closed circles), b
axis (open squares), (c) 2« for x=0.05. The correlation length along
b axis for LTT structure is plotted in(b) with open diamonds
against a right vertical axis. The solid curve in(a) is to guide the
eye.

FIG. 6. Temperature dependences of(a) integrated intensity for
the superlattice peak(closed circles) and the(5,0,0) peak (open
circles), (b) correlation length along thea axis (closed circles) and
b axis (open squares), (c) 2«, (d) 2h for x=0.075. Definitions of 2«
and 2h are shown in the inset of(c). The bold and dashed curves
are guides to the eye.
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perature. The temperature dependence of the correlation
length for the charge order is plotted in Fig. 6(b). Bothja and
jb for LTLO structural coherence are not shown because the
correlations alonga and b axis reach at least 300 Å for all
temperature regions belowTd2. At the lowest temperature,
the correlation of the charge order is nearly isotropic with the
length of ,100 Å which is almost identical to the charge
correlation forx=0.05. However, one can see in Fig. 6(b)
that the correlation length suddenly changes aroundT
,26 K, which is not seen in the charge correlation forx
=0.05. As shown in Figs. 6(c) and 6(d), the incommensura-
bility 2« starts increasing with decreasing temperature and
saturates below,26 K while the peak shift 2h from the
fundamental axis is almost temperature independent. These
results imply that the charge order initially appears as short
range correlations well aboveTd2 and the correlation starts
extending well belowTd2, where the IC modulation vector
for the charge order is locked into 2«=0.236 r.l.u. In this
paper, we defined the temperature where theQch is locked as
Tlock.

The summary of the results forx=0.09 is shown in Fig. 7.
The temperature dependence of the integrated intensity for
the superlattice peak and thes7,0,0d peak are displayed in
Fig. 7(a). The intensities are normalized by the values taken
at T=7 K. As temperature decreases, the structure phase
transition into LTLO phase occurs atTd2 s,30 Kd which
follows the appearance of the superlattice peak. Around the
lowest temperature, the temperature evolution of the super-
lattice peak almost coincides with that of thes7,0,0d peak.
However, aboveT,20 K, denoted by the dashed line in the
figure, the temperature dependence of the superlattice peak is
considerably different from that of thes7,0,0d peak. As seen
in Fig. 7(b), a characteristic change also occurs in the tem-
perature dependence ofjchsad andjchsbd, where the correla-
tion length suddenly extends. Furthermore, the incommensu-
rability 2« saturates into 0.24 below 20 K[see Fig. 7(c)].
These behaviors show that there is a characteristic tempera-
ture Tlock also in x=0.09, which is lower than that inx
=0.075. At the lowest temperature,jch becomes almost iso-
tropic but the correlation length remains,80 Å, which is
shorter than that in bothx=0.05 andx=0.075. The result
implies that the order parameter of the charge order forx
=0.09 is reduced comparing with that forx=0.05 andx
=0.075. As shown in Fig. 7(d), 2h is also temperature inde-
pendent.

IV. DISCUSSION AND CONCLUSIONS

A. Modulation wave vector of a charge order

We first refer to the IC modulation wave vectors of
the charge order. The present study confirmed that the
modulation vectorqch for x=0.05, x=0.075, andx=0.09
is s0.239,0,1/2d, s0.236,−0.010,1/2d, and s0.240,
−0.010,1/2d, respectively.13 Note that the concentration of
sBa+Srd ions for thex=0.075 sample is roughly estimated to
be 0.117 by ICP emission spectroscopy, which is nearly con-
sistent with the«s=0.118d for x=0.075. Therefore, the effec-
tive concentration of doped holes almost coincides with the

incommensurability of the modulation wave vector, which
suggests a 1/4-filling configuration in the charge stripes.

qch for x=0.075 andx=0.09 shows that the IC modulation
wave vector does not lie on the fundamental reciprocal axis
(i.e.,H, or K axis), which has been originally found in the IC
magnetic order of La2CuO4+y.

14 This shift from the symme-
try axis is quantified by the angle ofuY between the modu-
lation wave vector and theH (or K) axis. The definition ofuY
is displayed in Fig. 8(a). Fujita et al. have found8 that the
amplitude ofuY in the LBSCO system is proportional to the
square value of the orthorhombic distortions;uorthod, which
is quantified as the deviation from 90° in the angle between
theH andK axis in the HTT unit[see Fig. 8(a)]. As shown in

FIG. 7. Temperature dependences of(a) integrated intensity for
the superlattice peak(closed circles) and the(7,0,0) peak (open
circles), (b) correlation length along thea axis (closed circles) and
b axis (open squares), (c) 2«, (d) 2h for x=0.09. Definitions of 2«
and 2h are shown in the inset of(c). The bold and dashed curves
are guides to the eye.
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Fig. 8(b), uY as a function ofuortho obtained by Fujitaet al.
(closed circles) agrees well with the results obtained in the
present study(open squares). Note thatuY and uortho for x
=0.075 andx=0.09 almost coincide within the experimental
error. Theoretical work based onfermiologyhas pointed out
that uY can be understood as an anisotropy of the second
nearest-neighbor transfer integral due to the orthorhombic
symmetry in the CuO2 plane.15 However, a detailed displace-
ment pattern of oxygen atoms associated with the charge
order should be resolved to explain the origin of the peak
shift.

B. Order parameter of structural phase transitions
and a charge order

Structural phase transitions from the LTO to LTLO, and
from the LTO to LTT phase, in La-214 cuprates can be un-
derstood in terms of the Landau-Ginzburg free energy of the
order parameter, which is described by the amplitude of the
tilting of CuO6 octahedra.6,16 In this framework, the LTO-
LTT transition shows a first-order phase transition while the
LTO-LTLO transition should be a second-order phase transi-
tion, which depends on the sign of the eighth-order term in
expanding the Landau free energy. Therefore, the structural
phase transition inx=0.05 is a first order whilex=0.075 and
x=0.09 should show a second-order phase transition. X-ray
powder diffraction analyses have shown that the LTO-LTT
transition in La1.875Ba0.125CuO4 is a first order transition,
where both the LTO and LTT phases coexist and the volume
fraction of the LTT phase increases with decreasing
temperature.6,17 Therefore, the temperature dependence of

(5,0,0) intensity andjb for x=0.05, shown in Figs. 5(a) and
5(b), can be regarded as the change of the volume fraction of
LTO and LTT structure. Based on this argument, it is plau-
sible that the difference between the temperature evolution
near Td2 of the charge order forx=0.05 and that forx
=0.075 andx=0.09 closely correlates with the order of each
structural phase transition. In the case ofx=0.05, there is no
critical phenomenon associated with the charge order be-
cause the structural phase transition is a first order one. On
the contrary, forx=0.075 andx=0.09, the short-range charge
correlation aboveTd2 is induced by the successive increase in
structural instabilities or fluctuations near the second-order
LTO-LTLO phase transition. It should be noted that x-ray
diffraction integrates over both elastic and inelastic scatter-
ing. Therefore there is also a possibility that the weak signals
aboveTd2 indicate dynamical charge(stripe) correlations.

C. Correlation length

The coherence of the LTT structure forx=0.05 along the
b axis sjbd extends with decreasing temperature but remains
within a finite lengths,200 Åd. In contrast, the coherence of
the LTLO structure forx=0.075 andx=0.09 is almost long
ranged. The correlation length of the charge order, however,
is less than,100 Å for all the samples, which is much
shorter than the structural coherence. These results show that
the charge stripes in this system are essentially glassy or
topologically disturbed. Comparingjch with the correlation
length of the magnetic orders;jspind obtained by the previ-
ous neutron scattering study,8 we thus obtain the ratio;
jspin/jch.2. Note that in LNSCO18 and La5/3Sr1/3NiO4,

19

jspin/jch is about 4 and 3, respectively. Zacharet al. have
argued, from a theoretical standpoint, that in the case of
1,jspin/jch&4, charge stripes are disordered by nontopo-
logical elastic deformations, resulting in a Bragg-glass-like
state or a discommensuration.20

Charge correlationjch for x=0.075 andx=0.09 becomes
longer below aroundTlock, where the evolution of the super-
lattice peak is superposed with that ofs5,0,0d / s7,0,0d
peaks and the IC modulation wave vector is locked. Based
on the stripe model,jchsad denotes the deformation of the
periodicity or the discommensuration for charge stripes and
jchsbd corresponds to the mosaicity of stripes. From this
point of view, the results forx=0.075 andx=0.09 indicate
that the deformation of the stripe periodicity and the stripe
mosaicity are reduced as temperature decreases and 2« is
pinned finally at the value of hole concentration. If the 1/4
filling is robust in the charge stripes, the temperature varia-
tion of 2« indicates that the number of localized holes in-
creases with decreasing temperature, which immobilizes
charge stripes. The locking of the incommensurability is also
seen in LNSCO11 and striped nickelates.21 However, the con-
nection between the locking effect and the structural phase
transition was not observed in either case. Note that the tem-
perature dependence of the incommensurability for magnetic
order should be compared with that of 2« in thex=0.075 and
x=0.09 samples to clarify the microscopic interrelation be-
tween the spin and charge correlations.

FIG. 8. (a) Schematic representation of the geometry of the IC
magnetic peaks and the definitions ofuortho and uY. (b) uY as a
function ofuortho. Closed circles and open squares were obtained by
Fujita et al. (Ref. 7) and from the present study, respectively.

H. KIMURA et al. PHYSICAL REVIEW B 70, 134512(2004)

134512-6



D. Comparison of structure factors

We finally compare quantitatively the structure factors of
the lattice distortion associated with the charge order for
0.05øxø0.10.

The integrated intensity of the superlattice peaks
were converted into the absolute value of the structure factor
uFobs_chu using the scale factor obtained from the measure-
ments of fundamental Bragg intensities. The absolute
value of the structure factor for the LTT/LTLO structure
s;uFobs_stud were also obtained to compare with each
uFobs_chu. Figure 9 showsuFobs_stu anduFobs_chu as a function of
Sr concentration. The figure includes the result of Ba-free
x=0.12 (LSCO x=0.12) taken previously.22 As seen in Fig.
9(a), uFobs_stu linearly increases with decreasing Sr concentra-
tion. It shows that atomic displacements of LasBa,Srd and O
associated with the LTT/LTLO structure increase as Sr con-
centration decreases.uFobs_chu also shows the linear relation
with Sr concentration in the LTLO phase. Thus we speculate
that the charge order in the LTLO phase becomes more

stable as a pinning potential in the CuO2 plane increases,
which is consistent with the fact thatTlock becomes higher as
Sr concentration increases. However,uFobs_chu of x=0.05 in
the LTT phase is comparable with that ofx=0.075 in the
LTLO phase whileuFobs_stu of x=0.05 is much stronger than
that of x=0.075. The result implies that the structure factor
of the lattice distortion associated with the charge order in
the LTT structure is different with that in the LTLO phase;
namely, the displacement pattern of oxygen atoms in the LTT
phase is different from that in the LTLO phase.

E. Conclusions

The relationship between charge stripes and structural
phase transitions was systematically studied for
La1.875Ba0.125−xSrxCuO4 with 0.05øxø0.10. We have found
that the short-range charge correlations appear aboveTd2 for
x=0.075 andx=0.09 while the correlation start growing just
at Td2 for x=0.05. Furthermore in both thex=0.075 andx
=0.09 samples, the temperature dependence of the correla-
tion length and the incommensurability are different from
those for thex=0.05 sample. These facts are closely related
with the order of the structural phase transitions from the
LTO phase to the LTLO or LTT phases. The quantitative
comparison of the structure factors for the charge order and
the LTT/LTLO structure reveals that the charge order be-
comes more robust as the order parameter of the LTLO struc-
ture increases. Comparison ofuFobs_chu for tetragonal x
=0.05 with that for orthorhombicx=0.075 indicates that the
displacement pattern induced by the charge order in the LTT
phase is different from that in the LTLO phase. A detailed
structure analysis in the charge ordered phase is required to
discuss more quantitatively. The structure analysis forx
=0.05 is now in progress. Thus the detailed displacement
pattern induced by the charge order will be clarified in the
near future.
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