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Magnetic-field-driven x~1/8 anomaly of superconductivity in La,_,_,Sr,Mn,CuQ,
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Dependence of superconducting transition temperdf ) on an applied magnetic fiel is investigated
in Lay_—ySrMn, CuQ, with 0<y=0.05 andx+y=0.15. A strong linear decrease Bf with increasingB is
observed around the manganese concentraier®.025, which correlates with th&~1/8 anomaly in
Lay g7:50.1o:CUQ,. At this value ofy the number of MA™ pairs, the effective Bohr magneton numipgy, and
the antiferromagnetic Curie temperat@eattain their maxima, suggesting that local magnetic order of the Mn
system is responsible for the observed effect.
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The key structural elements of the copper oxide supercor3.08<x=<0.15, 0<y=<0.07, andx+y=0.15, obtained by
ductor Lg_,Sr,CuQ, (LSCO) are CuQ@ octahedra, each of substitution of MA* (R=0.0645 nm Ref. 14for La®" (R
them having a Cu atom in the center of the conducting £uO =0.136 nm, Ref. 1% The samples were made by using the
plane. In the high-temperature tetragonal phase I14/mmm thgonventional solid-state preparation method with several
apical oxygens are located on thexis, one below and one treatments at 1200 °C in air, and intermediate grindings. Fi-
above the Cu atom. The Cy@lanes can be well character- pajly the samples were pelletized and heated for 22 h in air.
ized in terms of two-dimensional Heisenberg antiferromag, pure LSCO prepared in this way, the valueTofwas 37
netic (AF) interactions between the Cu momehSBupercon- K. The values off .(x,y) are determined as the points where

ductivity is observed in the low-temperature orthorhombic - ; -
. th t lat f the st t t f the M
phase(LTO) where the Cu@ octahedra are tilted so that theege extrapoiation of the steepest portion of the Weissner

. . e _ . 13
e connecang e apex oygens dovites a e degred 40080 SECePIN () croses a0 e
from the ¢ axis? Using x-ray- and neutron-diffraction P !

measurements  Crawford etal® found that in shielding (zero-field cooled susceptibility xy5(T). Lattice

Lay ¢ [Ndy,Sr,CuO, (LNSCO) the superconducting critical structure and pos;ible Ipng—range magngtic correlgtions of
temperatureT,, decreases in a sequence of structural transit® Samples were investigated with the high-resolution G4.2
tions: LTO —Pccn— LTT, where LTT is a low-temperature nNeutron powder diffractometer A(=2.3426 A) at LLB,
tetragonal phase. They also reported existence of a locaaclay, France, recording the diffraction patterns from 1.5 K
minimum of T.(x) atx~1/8 in LNSCO as well as in LSCO, to the room temperature over the angular range sf28
attributing it tentatively to charge wave instability of the =<172°. The diffraction data were analyzed with the
Fermi surface. A similar conclusion was made by Nakamurd&ULLPROF program.
and Uchid4 who observed in LNSCO a discontinuous jump  In Fig. 1(a) are shown the values df,(x) (solid squares
of various transport coefficients at=1/8. determined fromy,, for a few LSCO samplesy(=0) atB

The mechanism behind the=1/8 anomaly and its con- =8 mT. In agreement with Refs. 13 and 15 a small anomaly
nection to superconductivity has become a long-standingf T. is observed arouns=0.125 in this compound. The
problem. In layered cuprates the kinetic energy of chargeurves ofT(y,B) measured for LSMCO as a function pf
carriers competes with the superexchange interactions bet different values ofB have complex shape abowe
tween neighboring Cu spirisThis competition leads to spa- =0.015 involving a broad valley betwegr=0.015 and 0.03
tial segregation of the holes, forming antiphase domain wallbefore total collapse of the superconductivityyat 0.05 in
between stripes of antiferromagnetically correlated Cuhe field of 8 mT or aty=0.02 in the field of 100 mT. The
spins® As a result of lattice commensuration effects themost significant effect occurs arouryd=0.025 = 0.125)
charged domain walls can freeze at the doping concentratiowhere theT . can be suppressed to zero by external magnetic
x=1/8 in the LTT phasé.Tranquadaet al®® have presented field. As evident from Fig. (b), the magnetic field has no
neutron-diffraction results for LNSCO suggesting that abovanfluence onT, in La; gsSr51,£Cu0, (in the range of our
a critical Nd concentration the charge order is stabilized bymeasurementdut in LSMCO the values of ;(y,B) exhibit
modification in the Cu@tilt pattern. However, referring to a linear decreasé\T.= —0.4 K/mT, with increasind, be-
nuclear-quadrupole-resonance experim@itswhich show  fore reaching a field wher&, falls quickly to zero. To avoid
no anomaly ak=1/8, Ichikawaet al® arrived at a conclu- magnetic freezing of possible large clusters, the samples
sion that the anomalous suppressiod ghtx=1/8 is caused were warmed up to 300 K between the measurements at
mainly by local AF order. Although the charge stripes in different magnetic-field values.

LSCO are considered to be disordered and dyn&raismall Among the 3 transition-metal elements, manganese has
dip of T, can be observed by magnetization measurements ia special position as an atom, impurity ion, or material hav-
this material forx=1/8 too®® ing high tendency of cluster formation. To understand the

In this work we investigate magnetic and superconductinghature of the magnetic interactions brought about by doping
properties of ceramic La,_,SrMn,CuQ, (LSMCO) with LSCO with Mn, we investigate the magnetic susceptibility of
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FIG. 1. (a) Dependence of the critical temperatdigon the Mn FIG. 2. (a) Temperature dependence pfin LMSCO havingy
concentration in La ,_,Sr,Mn,CuQ,, determined in field8 be- =0.02, 0.025, and 0.03, with fits to E(L) (solid lines. (b) The

tween 8 mT and 100 mT. The solid squares giygfor LSCO with values of 1} determined from the data i@ with fits to Eq. (2)
differentx. (b) Dependence of . on magnetic field in LSCO with  (solid lineg. The influence of superconductivity is shown by up-
x=0.125 and in LSMCO witty=0.02, 0.025, and 0.03. The solid turns of the low-temperature ends of thg Turves. The inset to the
lines are to guide the eye. figure gives the values gf(T) for the sample witly=0.01(closed
circles after correction against superconductivigpen circley at
LSMCO in the normal state. In Fig.(& are shown a few the lowest temperaturéarrow). The solid line is the fit to the Curie
experimentaly(T) curves together with fits calculated in law. The measurements are made with a superconducting quantum

terms of M#™ ions using a cluster Hamiltonidf: interference device magnetometer.
As shown in the inset of Fig.(B), by suppressing the
922 > s(s+1)(2s+1)exp —E/kT) superconductivity with an external magnetic field of 0.5 T a
x=n B , weak paramagnetic susceptibilify- xo in Eq. (2)] (solid
3k(T-0) 2 (2s+ 1)exp — E¢/KT) circles becomes visible in the sample wiyh=0.01. Due to
s s partial masking of the data by superconductivity the mea-

(1) sured values of diminish upon lowering the temperature in
the region below 34 Kopen circles until an upturn is ob-
served as a result of a steep increase of the paramagnetic
contribution. From the fit with the Curie law we get for this
samplepgs=4.6 which is 94% of the spin§=1.L,=0)
value 4.9 of MA™ ion. This may be related to a low-
symmetry crystal-field component lifting the degeneracy of
the ground state of Mii (d* t3,e;) ions!"*® Local changes
of the surroundings is very likely when a N ion with
C smaller radius replaces £ain the lattice®
X~ Xo=T g 2 As shown in Fig. 8a) the values ofT¢(y) obtained from
xm(T) andyxg(T) agree quite well. A correlation is observed

where x, is a contribution of the backgroundC  between the minimum of .(y) aty=0.025 and the maxima
=NunP2si3/3K is the Curie constant, anldy, is the num-  of n(y), per(y), and ®(y) in Figs. 3b)—3(c). The strong
ber of the manganese ions, we get the effective Bohr magiuctuation of p.x and ® as well as the values of the ex-
neton numberpex(y) varying between 4.9 and 34 and change constani/k increasing from—0.6 K (y<0.035) to
0(y)<O0. —4 K (y=0.05) [Fig. 3(d)] wheny is increased are indica-

wheren is the number of Mn-Mn pair®) is the Curie-Weiss
temperatureg=2 is the Landeg factor, E;=e,—gugmH,
wherem s the magnetic quantum numbetg,is the energy in
zero magnetic fieldug is the Bohr magneton, andis the
Boltzmann constant.

Fitting the data of 1y in Fig. 2(b) with the Curie-Weiss
law
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and the Mn-O distances are 2.63 A, provided that thé Mions
O Eq (1) occupy exactly the positions of B4 ions in the lattice. The anglé
4 [ (d) o is ~90°.
<Ll N / ' . ,
2 2r / o ] 0 andJ/k (Fig. 3), resemble abové&, in many respects to
= 0 | L ] those of the diluted magnetic semiconductors, Hy/In, Te
— (JJk=—0.7) (Ref. 16 and Cd_,Mn,Te (J/k=—0.55)

y (109 ° (Ref. 20 for x<0.1. In these compounds the superexchange
interaction is explained by-sp band hybridization in a tri-
FIG. 3. (a) The values ofT, determined frony,, (filled squares  angle formed by two Mn ions and one Te iGhwhere the
and from g (open circles for LSMCO with differenty. (b) The Mn-Mn distance is 3.668 A and Mn-Te distance is 3.23°A.
values ofn obtained from best fits to Eq1) and those ofpgx The magnitude of the canting between spisand S, is
obtained from the Curie-Weiss fif€q. (2)] with corresponding expressed by the angl&,;,~7—|Dq,/J1] where Ji,
values of® shown in(c). (d) Dependence of the exchange constant«cos¢? is the AF superexchange interaction constant and

—Jkony. Dy, cospsingz is the Dzyaloshinsky-Moriya anisotropic
exchange constafi.In the caseD;,<J;, we get 6y~

tions of cluster formation. The small values &k can be corresponding to AF order. The same model has turned out to
connected with small noninteracting clustézhiefly pairs of be applicable to MnO as welf. According to the band
Mn3* ions) while higher values ofl/k reflect formation of  theory of magnetism in MnO the nearest-neighbor 90° Mn-
larger clusters with more collective interactions when theO-Mn coupling is antiferromagnetic due to bonding tgf
amount of Mn is increased.However, no long-range mag- orbitals of one Mn ion ane, orbitals of the other via the
netic correlations were observed in neutron-diffraction invesoxygenp orbitals?’
tigations of the samples. Referring to the “three-site model” valid td*, d°, and

The low-temperature LTT phase stabilizing the staticd® configuration$® we propose tentatively that in LSMCO
stripes and competing with superconductivity has been obthe observed antiferromagnetism originates from dominant
served by x-ray powder-diffraction measurements insuperexchange interactions of Mn ions via oxygen on the
Lallgi-ryNd¥Sr0 1£CuQ, between 32 K fory=0.18 and 84 K intervening Cu@ plane as shown in Fig. 4. The strong sup-
for y=0.8.2! In the same material with 0.30y<0.60 mag- pression ofT, by magnetic field aty=0.025 suggests an
netic order below 30 K was revealed by spontaneous muoimteraction between local AF order and mobile charge stripe
spin rotation experiment. In these compounds having a domains, reducing the density of superconducting pairs by
substantial amount of Nd ions replacing®'athe magnetic the polarization of the carriers due to hybridization of the
interactions are explained by interplay of Nd moments withmanganese and oxygen orbitals in the Gylane. In terms
the net ferromagnetism arising from rotation of Cu momentof the spin-gap proximity-effect mechanism for
away from the Cu@ plane® No traces of the LTT phase superconductivity® in underdoped material3, is deter-
were observed by neutron-diffraction experiments between ghined by Josephson coupling between the stripes, rather than
K and 120 K in LSMCO containing a small amount of Mn by the pairing scale. Accordingly, we can say that while the
(y=0.025), suggesting that there is no static stripe order irsuperconducting pairs may exist in the sample the phase co-
our samples. herence is reduced by magnetic field because of increasing

The distance between two nearest-neighbof Mions in  interactions between the Mn ions.
the pair bridging the apical oxygens is likely to be too long To  conclude, we have shown that in
for direct Mn-Mn exchange interactic. The magnetic Lay «—ySrMn,CuQ, the value of the superconducting criti-
properties of LSMCO witly=0.025, including the values of cal temperaturél, can be suppressed by application of an
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external magnetic field at all compositionsyof0.025. The
strongest effect is observed aroupd 0.025 k=1/8), sug-
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containing Mi* ions could be externally driven between
superconducting and normal states by application of a mod-

gesting an interaction between the charge stripes and locgkt magnetic field.

antiferromagnetic order due to pairs and clusters of Mn

ions. No influence of magnetic fields up to 100 mT in the

measurements was found dn in La; g7551 1.4Cu0,. Our
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