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Bi,Sr, La CuOq,; (La-doped Bi-2201)
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Phase diagram of BSLCO
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LSCO and Bi-2201 ... logT plot
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Evidence for stripe correlations
of spins and holes in
copper oxide superconductors

1. M. Tranquada®, B. J. Sternlieb?, J. D. Axe”,
Y. Nakamurat & S. Uchida™

* Physwcs Department, Brocknaven Nationai Laboratory, Upton,
New York 11973, USA

* Superconductivity Research Course, The University of Tokyo,
Yayoi 2-11-16, Gunigeodai, Tokye 113, Japan

OxE of the long-stamding mysteries associated with the high-
temperature copper axide snperconductors concerns the anomalous
suppression’ of superconductivity in La; _Ba,CaO, {and certain
relared compaunds) when the Bole concentration x is near j. Here
we examine the possibility that this effect is related to dynamical
twe-dimensional spin correlations, incommensurate with the
crystal lattice, that have been observed in La;_ Sr.CuQ, by
neutron scattesing’™. A possible explanation for the incommen-
surability involves a coupled, dynamical modulation of spin and
charge in which antiferromagnetic ‘stripes' of copper spins are
separated bv periodically spaced domain walls to which the holes
segregate™”. An prdered stripe phase of this type has recently
been observed in hole-doped LaNiO, (refs 10-12). We present
evidence from neutron diffraction that ir the copper oxide material
Laye. Ndg Sr,CuQ,, with x=0.12, a static analogue of the
ynamical stripe is present, and is associated with an
anomalous suppression of supercondnctivity'>'!. Our results thus
provide an explanation of the °}" « drum, and aiso support the
suggestion!® that spatial modulations of spin and charge density
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are related 1o superconductivity in the copper oxides.
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FIG. 3 Scans of superlatiice peaks consisient with lhe proposed spin
and charge stripes. in La, .aMNdg 2Sre 12Cu0, at 11 K. a, Diagram of the
{hk Q) zone of reciprocal space. Open circles indicate locations of Bragg
peaks for the LTT structure: solid ¢ircles denote spin- and charge-
ordering superiattice peaks. Arrows indicale the regions scanned. b,
Scan aiong (3. 3+ g, 0) through the (3. 3+ ¢, 0) peaks measured with a
neutron energy of 13.8 meV. The small peak width indicates that the in-
plane correlation length is greater than 150 A. ¢, Scan along, (0,2 +g.0)
through the (0. 2—2¢. 0) peak using 14.7-meV neutrons. The hnes in
& and ¢ are the result of leasi-squares fits o gaussian peak shapes
plus a fial background
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FIG. 1 a, Ideahzed diagram of the spin and charge stripe pattern V\liithin
a NiQ, piane observed in hole-doped LazNiQ: with a hole density of
An = .. b, Hypothesized stripe pattern in a CuQ; plane of hole-doped
L32CuOa with 2, = }. In beth, only the metal atoms are represented: the
oxygen atoms, which surround the metal sites in a square pla{\ar array
{as shown in Fig. 2), have been omitted. Arrows indicate the_on_entatson
of magnetic moments on metal atoms, which are Iocal'iy antnparalle_t;
the spin direction rotates by 1.80° (relative to a simpte antiferromagnetic
structure) on ¢rossing a demain wall, as emphasized by the chahge in
fitling of the arrow heads. The doubled lines outline the mr:_:gnetrc unit
cell in each case. Holes are located at the anti-phase domain boundar-
ies. which are indicated by ihe rows of circles without ariows. A fited
circle denoles the presence of one hole. centred on 2 me@al site. For
the present analysis. the hole density is assumed o be unlform along
a domain wall; the ordering of holes along stripes suggested in b has
not been tested experimentally, but serves as a rerninder that the hole
per Cu ratio is &
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Suppose the stripes make the “Rivers of Charges”:

Decrease in pap

—> Easier current flow

—> I must be parallel to the stripes

Increase in pyh

— More difficult current flow

— 1 must be perpendicular to the stripes
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Passibilities for the A.F. YBCO with doped holes

A

ty

Single Domain AF
All the spins lie along one of the

easy axes
(a and b axes are not equivalent)

AF domain structure
a and b axes are equivaient

Domain walls have a large energy cost
~ NJ ( N: number of broken bonds)

Y

AF domain structure with charged stripes

Charges are confined in the domain walls

Energy cost of the domain walls are
smaller than the case B.

f

T ¥

Macroscopic phase separation

Charged regions must be SC,
if they are not AF.
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In large magnetic field, sublattice magnetizations are oriented

perpendicular to the field direction.
( ESR results by Janossy et al., PRB 59, 1176 [1999]. )
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Equal population of M along a and b

High Field (above 5 T)

All the domains have M; along b
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Sufficiently underdoped cuprates show unusual
localization behavior when SC is suppressed.

.. “Anomalous Insulator”

MI crossover is not universally associated with
optimum doping.

M| crossovey and the “anomalous insulator” might be
related to the static stripes.

Doped carriers have almost universal mobility at
moderate temperatures.
Also, metallic Pab is observed even in rthe Néel state.

..“Anomalous Metal”

The anomalous metal is likely to be related to the
dynamically fluctuating stripes.
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