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Focus point 1.....

ANOMALOUS Josephson effect in La, ,Sr, ;MnO, /
YBa,Cu,0, JJ driven by non coplanar spin textures
of a ferromagnetic weak link
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Focus point 2.....

LARGE TUNABLE THE in La,,Sr, ;MnO,
/ SrlrO; oxide interfaces driven by spin chirality
induced by the interplay between correlations and

topology
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Introduction Results Discussion Concluding remarks 4}

Superconducting proximity effect
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Triplet superconducting proximity effect
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YBa,Cu;O,/ La,,Sr, ;MnO,
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YBa,Cu;0, / La,,Sr;,;MnO,; INTERFACES

D. Sanchez-Manzano Nat Mater 21, 188 (2022)



LONG RANGE JOSEPHSON EFFECT IN PLANAR NANOSTRUCTURES

microwires
YBCO/LSMO

BCO
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* Welldefined current geometry and magnetic state

D. Sanchez-Manzano Nat Mater 21, 188 (2022)
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HZB 505 XMCD-PEEM study: in-plane fields
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Transport characterisation of the junction
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Introduction

Transport characterisation of the junction
H™: negative field sweep

T=40 K I=30 pA H*: positive field sweep
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Anomalous features in the Fraunhofer pattern when the magnetic
field is out of the plane .
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Transport characterisation of the junction
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Introduction

Transport characterisation of the junction

H™: negative field sweep
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Introduction Results

Discussion Concluding remarks

—->We have found experimental evidence of Josephson coupling across
magnetic domain walls in planar YBCO/LSMO/YBCO junctions.

—>The anomalous Fraunhofer asymmetry demonstrates that spatial inversion
and time-reversal symmetries are simultaneously broken by the net spin
chirality embedded in the magnetic barrier.

—>These results provide direct evidence for an intrinsic ¢,-Josephson state.

23
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INTRODUCTION
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Narrow band semimetal
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SI10 growth on DyScO3
Sample growth by high pressure sputtering
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Highly tunable MIT

SrirO;field effect experiments

Transport properties as a function of the epitaxial strain

Transport properties under the effect of and electric field
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SrirO;field effect experiments

Transport properties under the effect of and electric field (part of Fernando Gallego’s thesis)
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SrirO; strain effect experiments: growth on (101) DyScO,
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Interfaces 3d/5d oxides

Strong electronic correlations (U/ t)\

Exotic electronic states » +

Spin liquid Quadrupolar Strong spin-orbit coupling (A/t)
\-

Mott

insulator Spin-orbit coupled

Mott insulator

U/t Interface engineering

_ '\ Axion
~__\insulator

Weyl
semimetal

r Topological
Mott
insulator

Correlated 3d oxide

Simple
metal or
band insulator

La, .51, sMnO,

Topological insulator
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5d oxide with strong
S.0O. coupling
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Witczak-Krempa et. al, Annu. Rev.
Condens. Matter Phys. 5, 57-82 (2014).




TOPOLOGICAL HALL EFFECT AND MAGNETIC TEXTURES

interfaces sdlsd Magnetic textures

Spin-orbit coupling = Symmetry breaking
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TOPOLOGICAL HALL EFFECT AND MAGNETIC TEXTURES

Sample and parameters

Theoretical background
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HALL EFFECT

Hall effect
Ordinary Hall Anomalous Topological
effect Hall effect Hall effect
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HALL EFFECT
AH E Extrinsic mechanism

Anomalous

Hall effect Scattering dependent
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L
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E
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HoHl \*\_‘ Pxy = Oxy " Pt

Topological
Hall effect
ngE = RoPnesr®, n.ss = effective number of skyrmions
and bubbles

R, = Ordinary Hall coefficient
P = Spin polarization
®y= magnetic flux quantum

Bruno, Phys Rev Lett (2004)
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TOPOLOGICAL HALL EFFECT AND MAGNETIC TEXTURES

Magnetic textures in correlated oxides

o

Interfaces (2019), 11, 23
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The debate

TOPOLOGICAL HALL EFFECT AND MAGNETIC TEXTURES

(1 ) Discrepancies between the skyrmion densities obtained from THE and microscopy observations.

(2) Inhomogeneities may yield inhomogeneous multicomponent anomalous Hall effect which can be

mistaken with THE.

Hall effect
minus OHE
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al. Commun Mater 3, 19 (2022)
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MAGNETIC HISTORY DEPENDENT TOPOLOGICAL HALL EFFECT
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TOPOLOGICAL HALL EFFECT AND MAGNETIC TEXTURES
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MFM study at ZFC/FC
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MFM study at ZFC/FC
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MFM study at ZFC/FC
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Reflectivity

INTERFACE MAGNETIZATION FROM PNR
Polarized neutron reflectometry (PNR)
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INTERFACE STRUCTURE FROM STEM-EELS

STEM-EELS: asymmetric interface chemistry
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INTERFACE MAGNETIZATION FROM XMCD @ Ir L2 edge
X-ray magnetic circular dichroism (XMCD)
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THE is an INTERFACE effect

THE absent in SIO/LSMO bilayers with the reversed layer sequence
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SPIRAL AND GRANULAR PHASES ARE MINORITY PHASES
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THE PHASE DIAGRAM

Bruno, Phys Rev Lett (2004)
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THE PHASE DIAGRAM
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Conclusions

 We have shown that chiral magnetic textures in a strongly spin-polarized oxide can act as
an intrinsic source of phase bias, providing a route to engineer ¢, junctions.

« YBCO/LSMO/YBCO junctions are a natural platform in which spin-polarized supercurrents and
chiral magnetic textures become directly coupled, with promising implications for phase-
controlled superconducting spintronics.

* Usingultrathin La,.,Sr,.;MnO,/SrlrO, bilayers, we have demonstrated a giant THE that can
be switched ON and OFF by the magnetic history, and we establish a direct one-to-one
correspondence between the transport anomaly and the emergence—or disappearance—
of a chiral magnetic texture at the interface.

* Beyond providing a rare, unequivocal evidence for a pure THE, the controllable link between
magnetic chirality and the giant Hall signal at oxide interfaces shows a path for engineering
reconfigurable topological responses, which could impact spintronic sensing and beyond.
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