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The Hall coefficient in the low-temperature tetragonal phase and the midtemperature orthorhombic phase of
Lay gg yY,Slh1LUO, (y=0,0.04) single crystals is measured under high magnetic fields up to 9 T in order to
investigate the detailed behavior of the transport properties at low temperatures in the stripe phase. When the
superconductivity is suppressed by high magnetic fields, the Hall coefficient has negative values in low
temperatures, and the temperature region of the negative values spreads as increasing magnetic fields. This
result indicates that the Hall coefficient in the stripe phase araun@.12 is a finite negative value, not zero.
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Curious properties associated with the “1/8 probrem”tronic state and in the crystal structure by investigating the
have been investigated over the last decade and yet this detailed behavior of the transport properties of the so-called
one of the centers of wide interest in hifh-superconduct- stripe phase in the TLT phase and of the magnetically or-
ors. Let us begin this paper by reviewing something rathedered state in the OMT phase. More recently, Nedal.
old. La_,BaCuQ, (LBCO) and La_,Sr,CuQ, (LSCO  reported the temperature dependence of the Hall coefficient
show the local minimum of . aroundx~0.12121t has been  in the stripe phase La_,Nd,Sr,Cu0,.** However, the de-
predicted that the disappearance in LBCO or suppression itailed behavior of the Hall coefficient at low temperature
LSCO of the superconductivity is correlated with a structuralbelow 25 K is unknown yet. In this paper, we report the
change:the structural phase transition from the midtemperaxperimental results of the temperature dependence of the
ture orthorhombic phas€OMT, the space grouBmalb) to  Hall coefficient at low temperatures and under high magnetic
the low-temperature tetragonal pha3eT, the space group fields in the TLT and OMT phases.

P4,/ncm) in LBCO and the precursor of the transition in ~ The samples used in this work, Lg@Y ¢ 0sSfh 1 LU0, (LY-
LSCO aroundx=0.123* This prediction is verified by SCO and La gSr LU0, (LSCO), are single crystals
analysis of the crystal structure in the rare-earth-dope@rown by the traveling-solvent-floating-zoGESF2) method
LSCO system, which undergoes a structural phase transitiomnder oxygen atmosphere. The resistivity and Hall coeffi-
to the TLT phasé&:’ In addition to the disappearance or sup-cient are measured by the usual four-probe dc method. Six
pression of the superconductivity, two related phenomena agrobes are put on one sample and the Hall coefficient and the
pear in these system. One is magnetic ofdeand the sec- resistivity are measured simultaneously. Current and mag-
ond is anomalous changes of transport properties, such as thetic field are reversed in each temperature to eliminate ther-
Hall coefficient and the thermoelectric powé&t! It is sug-  moelectric voltage of lines and resistive voltage between
gested that the suppression of the superconductivity arounidall probes. The typical size of the measured samples is
x=0.12 will be related to not only the crystal structure but~0.25x1X3 mn?. The direction of the currer®0 mA) is

also changes in the magnetic and electronic states. parallel to the Cu@ plane and magnetic fields are applied

The recent development of this problem is followed from perpendicular to the CuOplane. Neutron scattering mea-
the “stripe model.*271* According to this model, long- surement in LYSCO is carried out using the KSD double-
range-modulated charge and spin ordering is stabilized in thaxis spectrometer installed in the JRR-3M Guide Hall at the
TLT phase. Afterwards, magnetic superlattice peaks are oJAERI in Tokai, Japan. The incident neutron beam has a
served by neutron diffraction in the orthorhombic superconwavelength of 1.53 A, obtained using a @82 monochro-
ducting phase LgssSr, 1CuQ, single crystal, while no peaks mator. The horizontal divergence of incident neutron beam is
associated with charge ordering have been obsér7éd. 12 and the acceptance angle of scattered beam'is e
Notwithstanding no signal of the charge ordering by the scatsound velocityV, is measured by the phase comparison
tering technique, the magnetic order affects the character ahethod with the~12 MHz longitudinal waves generated by
the superconductivity in LSCO aroumd=0.1218 Therefore, the PZT transducer. All measurements of the temperature
a change in electronic states must appear more or less in tldependence under magnetic fields in this study were carried
case of the orthorhombic phase. It is necessary for a fulbut with increasing temperature after field cooling from 80 K
understanding of this problem to discuss changes in the eleda each time.
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FIG. 1. Top: the temperature dependence of the neutron scatter- r&

ing intensity at thg300) position in tetragonal notation. The solid FIG. 2. The temperature dependence of the Hall coefficient of
line is a guide for the eyes. Bottom: the temperature dependence &y g3, Y, Sl 1LCUO, (y=0: open circlesy=0.04: solid circley
the longitudinal sound velocity of La.Y o 0.Slh1CuUQ,. Open ar- in 4 and 9 T. The arrow in the figure indicates the structural phase
rows in figures indicate structural phase transition temperaturedransition temperature to the TLT phase in the casg-00.04.
The temperaturd 4, is the structural phase transition temperature
from the high-temperature tetragonal phase to the midtemperatutedy 75 x—BaSr,CuQ, (Ref. 20, the existence of magnetic
orthorhombic(OMT) phase. and charge peaks are comfirmed by the elastic neutron scat-
tering. It is expected that the stripe phase appears in LYSCO
The dc magnetization measurement is carried out in that low temperature®
two samples by a superconducting quantum interference de- Figure 2 shows the temperature dependence of the Hall
vice (SQUID) magnetometer. A sharp superconducting tran-coefficient Ry of LYSCO and LSCO. For comparison be-
sition is observed in both compounds, and the transition temtween the two compoundRy, is normalized by the value at
perature T, is 17 K in LYSCO and 27 K in LSCO, 100 K, which is 0.0055 cRiC in LYSCO and 0.0052 cftC
respectively. in LSCO. The arrow in Fig. 2 indicates the structural phase
The upper panel of Fig. 1 shows the temperature depertransition temperatur@,t of Lay gaY o 0:Slh 1LCUO,;. As de-
dence of the neutron scattering intensity(2@0 position of  creasing temperature in 4 Ry, of LYSCO shows the drastic
Lay gaY 0.04510.1LUG,. The index is defined as the notation in decrease below the vicinity @+ and sign reversal occurs in
the tetragonal Id/mmm). The solid line is a guide for the the low-temperature region from 25 to 15 K. In orthorhom-
eyes. As decreasing temperature, the intensity begins to iic LSCO, only a gradual decreaseRy, is observed below
creases slightly at 90 K and shows a rapid increase at 65 K60 K which is far abovel ;=27 K, but no sign reversal is
Comparing with results of the structural analysis in a similardetected. These experimental results seem to be common-
rare-earth-doped LSCO systérfitwo structural phase tran- place, since the anomalous changeRpfis observed in the
sition temperatures are determined B =90 K and T,y  TLT phase but not in the OMT phase aR}, in the TLT
=65 K in Lay g4Y0.0450.1CUQ,. T o is the structural phase phase goes to zero at low temperatures as expected in the
transition temperature to the low-temperature orthorhombisimplified stripe modet! In 9 T, however, the sign reversal
(OLT) phase, andrt is that to the TLT phase. The lower of Ry in low temperatures is enhanced. In LYSCO, the tem-
panel in Fig. 1 shows the temperature dependence of theerature range where the sign is negative spreads and the
longitudinal sound velocityVs corresponding to ;;+cq,  absolute value at minimum point becomes larger, though the
+2Cge)/2 mode in La gsY 0451 1 CuU0,. On cooling,Vsbe-  temperature wher&,, begins to fall is not changed in 9 T.
gins to decrease at 90 K and increases below 40 K. This typ8urprisingly, in orthorhombic LSCO, sign reversal does ap-
of change inV, is the typical behavior aroun@,r.”?* The  pear below 20 K though no change of the sign is observed in
large change oV, suggests that the structural phase transi4 T.
tion occurs in the bulk of this sample. The discontinuous change & at Ty, which is ob-
Elastic magnetic incommensurate peaks are comfirmed aerved in La_,_,Nd,Sr,Cu0O, for x<1/8,'*?! does not ap-
2.1 K in LYSCO. In the two samples which undergo the pear in LYSCO. It seems that the broadeness of the structural
structural phase transition to the TLT phase, such aghase transition vignettes the discontinuityRp at T .
La;,_x-yNd,Sr,CuO, (Refs. 12-14 and 19 and Figure 3 shows the temperature dependend& adind the
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Zegflylmes denote the Hall coefficient and the resistivity, respec-solid lines denote the Hall coefficient and the resistivity, respec-

tively.

resistivity p,, of LYSCO in 4, 6, and 9 T. The anomalous ) o , e 2897 , )
change oR,, becomes more significant as the superconduct¥anish with increasing magnetic fielés’ The data in this
ing transition temperature is reduced by magnetic fieldsStudy are contrary to this tendencl) With decreasing tem-
With decreasing temperatuiie,, changes its sign and goes to PeratureR; begins to decrease at the vicinity Bfr in LY-
zero along a curve similar to the temperature dependence 6tc© Or at~50 K'in LSCO rather thar¢, and changes its
pan. Quantitatively, the temperature whedp,,/dT be-  SI9n continuously in each magnetic f_|e[d) In LYSCO, the
comes maximum coincides with that efdR,/dT in each ~ Sign reversal ofRy occurs aboveT, in zero field. (d) In
magnetic field. Therefore, the reason tiRi goes to zero Polycrystalline sampzlgzs of LYSCO, this anomaly is signifi-
from the negative side at low temperature is the supercorf@nt arounc=0.115"Therefore, we conclude that the sign
ductivity, and the real behavior %, is concealed by zero reversgl observed in this study is an intrinsic phenomenon in
resistivity. We conclude that the Hall coefficient in the the stripe phase.
ground state of the stripe phase of; L o oSt 1,CUO, has At last, we discuss thg temperature Qe_pendence of the
a finite negative value when the superconductivity is supiNermoelectric power, which shows a similar temperature
pressed by magnetic fields. A similar temperature and ma Jependence’ ™ From the fact that the anomalous change of
netic field dependence @, is reported in La ,Ba.CuO, he Hall coefficient and of the thermoelectric power is the
X . . .

(x=0.11) single crystal which undergoes a structural phas80St significant around the hole concentrationxef0.12,
transition to the TLT phas¥, the origin of this a_nomalous change will be the same elec-
Our measurement results are consistent with the new thdfONic state appearing belowy . Therefore, the thermoelec-
oretical calculation by Preldek et al2® They reported a nu- tric power WI|| show an enhancement of this anomaly in high

merical calculation within the-J model and conclude that Magnetic fields. .
Ry<O0 for x<1/8 andRy~0 for x=1/8 atT=0 in the stripe In summary, the Hall coefficient of LaaY 0,0a51.1LU0,
phase. and Lg ggSry 1LCUQ, is measured in high magnetic fields up

Here, we touch upon the recent report on measuremenfg 9 T. In the low-temperature te_tr_agonal phase, with decreas-
of Ry in Laz_x_yNdySrXCuO4.21 They insist thaRy, goes to ing te_mperature, the Hall coefficient decreases and changes
zero at low temperature in the stripe phasexef0.12 and its sign at low .temperatures. In the orthqrhombm
that the charge transport is one dimensional, but their med=21.8850.1CUQs, a sign reversal of the Hall coefficient ap-
surement is stopped at 25 at whibly changes its sign in Pears under high magnetic fields above 8 T. The anomalous
LYSCO (Fig. 3. Measurements below 25 K under high mag- behavior of the Hall coefflc!e_nt, which is the sign reversgl, Is
netic fields should be carried out in order to discuss the be(_anhanced under the 09”0,"“0” that.the supercon_ducuwty IS
havior in the ground state of the stripe phase. syppressed by magnetic fields applied to a dlrect_lo_n perpen-

Figure 4 shows the temperature dependence of the Haqlc_ul_ar to the.CquIan_e. Therefore, the Hall coefﬂqent has
coefficient and the resistivity of LagSr, ,.CUO; in various a finite negative value in the ground state of the stripe phase.
magnetic fields. Sign reversal occurs in magnetic fields
above 8 T. By analogy with the discussion in the case of The Hall coefficient and resistivity in high magnetic fields
LYSCO, itis in consequence of the suppression of the supemwere carried out at the Center for Low Temperature Science,
conductivity by magnetic fields. This result indicates that, Tohoku University. The authors are grateful to T. Nojima for
also in the orthorhombic phasBy has a negative value at measurement using a superconducting magnet. This research
low temperatures in the hole concentrationxef0.12. was partially supported by the Minstry of Education, Sci-

One thing which we would like to mention is that the ence, Sports and Culture, Grant-in-Aid for Scientific Re-
origin of the negativér, is by no means the contribution of search on Priority AreagNovel Quantum Phenomena in
vortex dynamics. The reason is as follows) In high-T, Transition Metal Oxidels No. 12046256, 2000, and for Sci-
cuprates, sign reversal & in the vortex states tends to entific ResearciiC), No. 12040360, 2000.
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