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Absence of a magnetic-field effect on static magnetic order in the electron-doped superconductor
Nd; geCe€ 14CUO,
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Neutron-scattering experiments were performed to study the magnetic-field effect on the electron-doped
cuprate superconductor NgiCe, 1,CuQ,, which shows the coexistence of magnetic order and superconduc-

tivity. The (%%0) magnetic Bragg intensity, which originates from the order of both the Cu and Nd moments

at low temperatures, shows no magnetic-field dependence when the field is applied perpendicular tg the CuO
plane up to 10 T above the upper critical field. This result is significantly different from that reported for the
hole-doped cuprate superconductors, in which the quasistatic magnetic order is noticeably enhanced under a
magnetic field.
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Extensive neutron-scattering studies have been performguanest®*~® The enhancement of the elastic magnetic inten-
on high-T. superconductors in order to clarify the interplay sity is ascribed to vortices which stabilize the static magnetic
between the superconductivity and magnetism. In particulagrder in a larger region than the vortex cotés® Theoreti-
in the hole-doped cuprate superconductoy L&r,CuQ, and  cal studies were also performed intensively on the static
related systems, static and dynamic properties of spin correnagnetic ordering induced near the vortex cores, which is
lations have been studied in considerable détdih remark-  consistent with experimenté-*
able feature in the superconducting phase is that static and In the case of the electron-doped cuprate superconductor
low-energy spin correlations are incommensurate, and thgd,_,Ce,CuQ,, magnetic-field studies were performed only
magnetic peaks are found a},&+5) and ¢ +6,3).2%In  for undoped NgCuQ,,? to the best of our knowledge. The
the optimally doped region, there exists an excitation gapmain purpose of that study was to determine whether the
and low-energy excitations are suppres$ddn the other magnetic structure is collinear or noncollinear. The magnetic
hand, in the region where the hole concentration {s elas-  field was applied in the CuQOplane and the magnetic struc-
tic incommensurate peaks, originating from both the spinture was found to be noncollinear. In the present study, we
density wave and the charge density wave, are observed digxamined the magnetic-field effect of the static magnetic cor-
tinctly, suggesting the stripe modelin this underdoped relations in Nd geCe 140U, (T~25 K). Since the coher-
region, the coexistence of magnetic order and supercondugnce length is~100 A in the electron-doped systéh,
tivity is implied.”® which is several times larger than that in,LaSr,CuQ,, a

In the electron-doped cuprate superconductor, howevegrge magnetic-field effect can be expected. Furthermore, the
the number of neutron-scattering studies is .rath(.ar_ “m'tedupper critical fieldH,, is less than 10 T in the electron-
probably because a large single crystal is difficult togoped system, so that normal-state properties can easily be
grow. Yamadaetal. reported that the superconducting syygied. It is found that the elastic magnetic peak is magnetic
Nd, g5C&.15CUO, (superconducting transition temperature fig|q independent up to 10 T abowk,,, suggesting that the
Tc~18 K) shows a broad magnetic excitation peak at thnterplay between magnetic order and superconductivity in
commensurate positiork (3).° It is also found that an exci- this system is considerably different from that in the hole-
tation gap exists around 4.5 meV. Thus both hole- andloped system.
electron-doped cuprate superconductors show a gap behavior A single crystal of NdgCe 1, Cu0O, was grown by the
in magnetic excitations, although the magnetic correlationgraveling solvent floating-zone method. The crystal was an-
are incommensurate and commensurate in hole- andealed in an Ar atmosphere at 920 °C for 1Zhis ~25 K,
electron-doped cuprate superconductors, respectively. Thes determined from a susceptibility measurement, and is
coexistence of magnetic order and superconductivity washown in Fig. 1. From the data, the superconducting property
also suggested in an electron-doped syst&it. is considered to be that of bulk in nature. The crystal used in

Neutron scattering under a magnetic field is one of thehis study is the one that was used in the previous sttdy.
important techniques that can be used to study the interplayhe Ce concentration dependence of magnetic and supercon-
between magnetism and superconductivity. The magneticgducting properties shows a systematic change in the transi-
field effect has been studied in superconductingtion temperatures, indicating that the doped electrons are ho-
La, ,Sr,CuQ, (x=0.10 and 0.1Pand LgCuQ,,,. These mogeneously distributetf:** For x=0.14, which was used
investigations showed that the static parallel stripe order ién this study, similar volume of a magnetically ordered phase
enhanced under a magnetic field perpendicular to the,CuCand superconducting phase coexfstit is likely that a
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FIG. 1. Temperature dependence of the magnetic susceptibility

under a zero-field-cooled condition with the magnetic field of 10 Oe
for Ndy g¢Cey.1LCUO,.

slightly inhomogeneous distribution of electrons causes two
phases that are spatially separated. This phase separation be-

havior is basically similar to that in La,Sr,CuQ,.

The neutron-scattering experiments were carried out on

the three-axis spectrometer TAS2 installed in the guide hal
of JRR-3M at the Japan Atomic Energy Research Institute
The typical horizontal collimator sequence was guide-
20'-S-20-80' with a fixed incident neutron energy d;

=13.7 meV. Contamination from higher-order beams was

effectively eliminated using pyrolytic graphite filters. The
single crystal was oriented in th@1K0) scattering plane.
Neutron-scattering experiments under magnetic fields wer

performed up to 10 T using a type of split-pair superconduct-
ing magnet cooled by cryocoolers. The field was applied

vertically to the scattering plane.

In the (HKO) scattering zone, magnetic Bragg peaks are

observed at ¥+m,3+n,0), wherem and n are integers,
exceptat £3=+=m,*3+m,0) and ¢ 3+m,* 3+m,0). ltis
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FIG. 2. Temperature dependence of tt%(%@) Bragg peak un-
der zero magnetic field in NgeCe) 1LCu0,.
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FIG. 3. Neutron elastic intensity around the commensurate po-
sition (3,2,0) in Nd, gCe 14CUO, under magnetic fieldsl=0 and
10 T and atT=15, 45, and 75 K. The magnetic field is applied
perpendicular to the CuOplane. The solid lines are the results of
fits to a Gaussian function for the zero-field data.

also reported that superlattice peaks, which originate from a
superstructure caused by the heat treatment and are almost
temperature independent, are superimposed on these mag-
netic peak position$’ Figure 2 shows the temperature de-

pendence of the330) Bragg intensity under zero magnetic
field. The intensity at £ +m,3+n,0) is described as

l :C{MCU(T)fCu+ZMNd(T)de}2+ lattice: (1)

where C is a constant] sice IS the superlattice scattering
intensity, andM(T) and f are ordered staggered moments
and form factors for the G and N&* ions, respectively.
Above 100 K, this reflection almost originates from the su-
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perstructure. With decreasing temperature, the Cu and Nthe correlation length of the magnetically ordered phase in
moments order gradually, and a contribution from the ordethe CuQ plane is similar in the both systems (00 A), the
of the Cu moments becomes comparable to that from theifference between the two systems is the correlation length
superstructure around 50 K. Below20 K the order of the perpendicular to the Culplane. In a nearly optimum-doped
Nd moments develops rapldly so that most of the Scatteringegion of Lé&_XSrXCuOA, magnetic correlations are almost
intensity originates from the magnetic order and the contriyyg dimensional. On the other hand, the correlation length in
bution of the Nd moments becomes comparable to that of thRIdl 6Ce 1.CUQ, is estimated to be about 100%Awhich is
Cu moments. It was reported thitc (10 K)~0.1ug and  g4iny arge. Therefore, the magnetically ordered state is ex-
Mna(10 K)~0.05ug in Nd, giCe 14CUO, if the moments  yoned to be robust in NgCe . CUO, against magnetic
are gssumed to be homogene_ou_sly distriblted. fields, which is consistent with the experimental results.
Figure 3 s_hows _the maggnetlc_ﬂeld dependence of the "®%ven in this case, however, a static magnetic order might
tron elastic intensity at,3,0) in Nd; gCe&1LUOs. The  appear in the superconducting region when the magnetic
magnetic field is applied perpendicular to the Gu@ane.  field exceedsd, and the superconducting region turns to be
The magnetic peak width is slightly broader than the instruyy the normal state. Therefore, the absence of a magnetic-
mental resolutioh although the superlattice peak is almostfie|d effect is surprising.
resolution limited in theHKO) planeZ’ At 75 K, where most A probable scenario for the absence of the magnetic-field
of the scattering intensity comes from the structural distorgftect would be as follows. The superconducting phase has
tion, there is no magnetic-field effect up to 10 T, which is g3,y excitation gap as reported in NgCe, ;:Cu0;,° and the
reasonable. At 45 K abovE;, where about one third of the gap does not close even abOsz; so that a quasielastic
intensity comes from the static magnetic order, mostly of th&omponent still does not appear. This behavior is similar to
Cu moments? the magnetic-field effect is still missing. Fi- hat observed in optimally doped 4a,Sr,Cu0, 2% in which
nally, at 15 K belowT., where about 80% of the intensity is ap jn-gap state develops but the gap still remains under a
magnetic in origin and the Cu and Nd contributions arémagnetic field, although the applied field is much smaller
comparablé, there is almost no magnetic-field dependencehan 1 . It is also possible that the superconducting phase
even at 10 T, which is abovd,. This result is significantly _in the Nd,_,Ce,CuQ, system lies in the overdoped phase, in
different from that reported for the hole-doped system, inypich the magnetic fluctuations are shorter rangadd thus
which the .quass_lﬁatlc magnetic order is enhanced under 2 |5ng.range magnetic order does not appear easily. In order
magnetic f'el_dl- o to clarify this in detail, the magnetic-field dependence of the
As mentioned at the beginning for hole-doped gycitation spectra should be measured. We plan to perform
La, ,SrCuQ,, it is theoretically predicted that the static neyron inelastic scattering experiments under a magnetic
magnetic order is stabilized and enhanced around the vortgq in future.
cores with an application of magnetic fielfer>* indicating In summary, our neutron-scattering experiments under a
that dynamic spin fluctuations in the superconducting phasg,agnetic field in the electron-doped cuprate superconductor
can be easily pinned by the vortices. If such a strong pinningyq " Ce, ,CuO, demonstrate that the static magnetic order
effect also exists in the electron-doped system, the magnetig; hoth the Cu and Nd moments shows no magnetic-field
field should enhance the static magnetic order. Since almo%pendence up to 10 T which is abdde,. This is in sharp

the same volume of magnetic and superconducting phasegnirast to the static magnetic order in the hole-doped sys-
coexist in Nd gC& 14CuQ,, " the enhancement of the elastic g,

magnetic intensity is expected to be clearly observable.

A puzzling question is how the magnetically ordered We would like to thank S.-H. Lee for stimulating discus-
phase and superconducting phase coexist in the electrosions and Y. Shimojo for technical assistance. This study was
doped system. We mentioned that the two-phase behaviaupported in part by a Grant-in-Aid for Scientific Research
probably originates from the phase separation of the dopefitom the Japanese Ministry of Education, Culture, Sports,
carriers, which is also probable in 4aSr,CuQ,. Although  Science, and Technology.
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