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My man interests lie in nanoscae invedtigaions of drongly corrdated dectron systems,
such as high temperature superconductors (HTSC). In particular, | am interested in the
fundamenta question of how defects and disorder affect these systems, and the more practica
question of what observations about these effects a the microscopic level can tdl us about the
macroscopic nature of these sysems. As an example, impurities are known to have a strong
effect on superconducting order in HTSC. To investigate this, | have dudied the atomic scde
effects of individud Zn and Ni impurities in the high temperature Superconductor
Bi»Sr.CaCu;Og:q (BSCCO)!. Maps of the position and energy dependence of impurity states (as
shown here surrounding a Ni aom), tell us not only the
type of scattering leading to these gstates (in the case of
Ni, a combination of potentid and magnetic), but aso
reved the surprisng fact that superconductivity actudly
coexigds with the magnetic moment of a Ni a@om while
it is dedtroyed by the “magnetic hole¢’ of a Zn aom.
These results sugget that the superconducting
mechanism may be magnetic in nature.

This is but one system in which locd perturbations can reved important information, and
only one of severd such perturbations that can yield interesting results. Below | outline severd
scientific questions | intend to pursue. | have dso incduded some results from my previous
studies, as evidence for the feagihility of the proposed research.

Energy dependent Ni impurity state wavefunctions

Research Plans

1. Magnetic vorticesin exotic superconductors

One fascinating perturbation to superconducting order is the
magnetic vortex.  Generated by the gpplication of an externd
magnetic field, vortices penetrate a superconductor and generate, in
the amplest case, columns of materid where the superconducting
order parameter is completely suppressed.  However, even in
conventional  superconductors, vortices ae filled with a large
number of locdized daes. The gpatid didribution for one such
gate in the conventional superconductor NbSe, is shown here. The
shape and energy didribution of these states depend intricately on
the symmetry of the superconducting order parameter.

A single magnetic vortex in NbSe,

L E.W. Hudson, et al., Science 285, 88 (1999); S.H. Pan, et al., Nature403, 746 (2000); E.W. Hudson, et al., in preparation.
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Recently, two important questions about HTSC vortices have arisen that | propose to answer
through STM studies. First, there have been predictions that severd different types of vortices’
will exist in HTSC, depending, for example, on whether the system is overdoped or underdoped®.
Secondly, it has been experimentdly observed that, in LapxSrkCuO4, vortex-like excitations
persist above Tc*. As these authors suggest, however, a more direct means of observing vortices
is required to confirm ther results STM imaging of vortex bound dates, such as | have
previoudy done in optimaly doped BSCCO at low temperatures’, is an optima technique for
addressing both of these fundamenta questions.

2. Nanoscale inhomogeneity and phase separ ation

b . Anocther aspect of strongly corrdlated eectron sysems which is

=, - recently ganing atention is the possbility of nanoscde phase

separation.  In the hole-doped manganese oxides, for example, phase

- 4 . separation has been predicted to, and indeed appears to, exist®. In this

L 1 4‘ # ‘ , case, the ground date of the system, rather than being homogenous in

L2 8 w charge densty, instead segregates into regions which are hole rich and

L. w hole poor. In generd, phase separtion can manifest in regions of

. diffeeent magnetic  ordering, (eg. ferromagnetic (FM) and

Gap variationsinBSCCO  atiferromagnetic (AF)), in regions of different conducting properties,

(e.g. superconducting and insulating), and in regions of different shapes and sizes, (eg. droplets

in an otherwise uniform sea or rod-like “dripes’ that twist through the materid like spaghetti7g.

| have recently observed segregation of different superconducting gap magnitudes in BSCCO®,
as shown above.

One difficulty in experimentdly investigating phase separation is that in red space the
separation often appears disordered. Thus scattering techniques, the cornerstone measurements
for determining charge and magnetic order in condensed matter systems, can face intense
problems in extracting this information. STM avoids this problem by working directly in red
gace, on length scdes from angstroms to microns, and is idedly suited to search for such
nanoscale inhomogeneity. | propose to do so in two systems which have atracted a great dedl of
experimental and theoreticd attention.  The fird, La;-xCaxMnOs, is a colossal magnetoresstive
(CMR) materid, and has exhibited evidence of FM droplets in an AF state a low doping®. The
second, Lay.xSr«CuOy4, is @ HTSC that has shown charge striping when doped with Nd®, and for
which evidence of a stripe phase in the undoped materid is beginning to appear'®. Direct
observation of phase separation in ether of these sysems would be a fundamenta advance,
leading to new understanding both in their individud fidds (CMR or HTSC) and in the study of
phase separation in genera. It would aso open the door to a number of related studies, such as
the investigation of phase trangtions into and out of these segregated phases.
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3. Theinterplay of magnetism and super conductivity

Conventiondly, magnetisn and superconductivity have
been conddered mutualy exclusve phenomena  Recently,
however, a number of sysems have begun to show that
magnetism and superconductivity can actudly be drongly
related or even codependent phenomena.  In some systems,
magnetic and superconducting ordering are separated only
by changes in temperature, pressure or doping. This is the
case, for example, in the high temperature superconductors,
which are doped from antiferromagnetically ordered parent
materids, and in UGe,, recently discovered to convert from
a ferromagnetic to superconducting state when placed under
pressure’’.  In other systems, such as RuS»GdCwOg,
superconductivity and magnetisn coexist'>*3, apparently, however, by alowing distinct subsets
of the dectrons (for example, those resding in different atomic planes) to order differently. This
is true in the extreme for S»RuO4, whose surface — pictured above — is suspected to be
ferromagnetic even while the remainder of the crystd is superconducting.**

| propose to study the interplay between magnetism and superconductivity in this second
class of materids. In particular | want to address the mgor outstanding question of how, locdly,
superconducting order is influenced by magnetic order. Using the ability of the STM to locate
nanoscae defects, my sudents and | will sudy how the loca destruction of magnetic order in
one plane effects superconductivity in the next, and vice versa. The ability to locdly destroy
magnetic or superconducting order (or both) will provide us with a unique opportunity to study
how this order recovers and thus ingght into what createsit in the first place.

Atomic resolution on Sr,RuO,, with impurities
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