Title: Tuning magnetism and Chern bands in spin-orbit coupled double perovskites
Date: Feb 11, 2014 11:00 AM
URL: http://pirsa.org/14020116

Abstract: <span>We show that double perovskites with 3d and 5d transition metal ions exhibit spin-orbit coupled magnetic excitations, finding good
agreement with neutron scattering experiments in bulk powder samples. Motivated by experimental developments in the field of oxide
heterostructures, we aso study double perovskites films grown along the [111] direction. We show that spin-orbit coupling in such low dimensional
systems can drive ferromagnetic order due to electronic correlations. This results in topological Chern bands, with symmetry-allowed trigonal
deformations leading to quantum anomalous Hall states supporting a pair of chiral edge modes.<br></span>
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Double Perovskites

General formula: A,BB'Os (B,B'= 3d, 4d, 5d)

Double perovskite lathice
Frustrated magnetism

B=mag, B'=nonmag

Get FCC lattice of spins (eg: Ba,YMoO;)
. Unusual spin-orbit coupled liquids?

High T ferrimagnetism

B,B' both magnetic

_Half metallic ferrimagnets (eg:Sr.FeMo0s. To= 420K
- Large polarization: good for spin injection

_Insulating ferrimagnets (eg: Sr,CrOsOq, Tc=725K)

)
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Sketch of the phenomenology

Metallic, but correlation effects important
[Ca,FeReOyg is insulating]

Ferrimagnetic T, (BFRO=315K, SFMO=420K)
Antiparallel magnetization on Mo/Re and Fe

Slight tetragonality (c/a < atTe

Low temperature XMCD on BFRO
Re: Orbital and spin moments

Fe: Spin moment
C. Azimonte, et al, PRL 98, 017204 (2007)

1
.-‘fl

M (emu/g)

SFMO

Tokura group. Nature | 1998)

)& -
| M=10 O

T
100

]
;l.‘l
~+ BFRO

R. L. Greene group
JPCM (2000)

Page 5/28



Sketch of the phenomenology

Metallic, but correlation effects important
[Ca,FeReO; is insulating]

Ferrimagnetic T (BFRO=315K, SFMO=420K)
Antiparallel magnetization on Mo/Re and Fe

Slight tetragonality (c/a < 1) at Tc

Low temperature XMCD on BFRO
Re: Orbital and spin moments

Fe: Spin moment
C. Azimonte, et al. PRL 98, 017204 (2007)

Tokura group. Nature | 1998)

+] - :
"7 werooe y R. L. Greene group
53 JPCM (2000)

'I_J {emu/g)

Pirsa: 14020116
Page 6/28



Sketch of the phenomenology

Metallic, but correlation effects important
[Ca,FeReO; is insulating]

Ferrimagnetic T, (BFRO=315K, SFMO=420K)
Antiparallel magnetization on Mo/Re and Fe

Slight tetragonality (c/a < 1) at Te

Low temperature XMCD on BFRO
Re: Orbital and spin moments

Fe: Spin moment
C. Azimonte, et al. PRL 98, 017204 (2007)

Tokura group. Nature ( 1998)

ol u.-mrw . R. L. Greene group
' JPCM (2000)

4

W (emu/g)

o
o

(1]
(1]

.
]
w BFRO

SE——
L0 100

Pirsa: 14020116
Page 7/28



Atomic states

Nominal valence: Ba,?*Fe**IRel5"04/?)
Sr,2"Fe(3Mols*104?)

Fel3 3d
St
S=5/2
by
Hubbard U important

Hund's coupling dominates
over crystal field N N
W\

\ N

S.0. » ~ 500 meV

f &
= 2
Re: Spin orbit coupling In 1y, (L=1) Re: Interactions in [,

—

— 7 ({=1) Ho =Y

(Kanamori)
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Electronic model

D.D. Sarma. et al (PRL 2000). S. Ray. A Kumar. D.D. Sarma, et al (PRL 2001)

S. Di Matteo. G. Jackel. N. B. Perkins (PRB 2003). G. Jackel (PRB 2003)

Phillips. Chattopadhyay. A.J. Millis (PRB 2003).

L. Brey. M.J. Calderon. S. Das Sarma. F. Guinea (PRB 2006)

O. Erten. O. Nganba-Meetei. M. Randera. N. Trivedi. P Woodward. (PRL 2011. PRL 2013)

Mo & Fe-spin Mo —

d® (S=5/2)

Kinetically stabilized ferromagnetism
Manganites - Double exchange: Ferromagnetism
Double perovskite ferrimagnets - Pauli blocking: Ferrimagnetism

Correlation effects?
Spin-orbit coupling?
Magnetization dynamics?
Berry curvature effects?
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Electronic model

Assume a classical underlying Fe moment

Re | Fe-spin

Re J Fe-spin

di.('.o ](zi

v
Electron on Fe is slaved 10 point opposne to the momen

90(9}. OJ)dzfﬁ ]L

rimaaneticall Ordered State _
HeRIESE ? + Re-Re and Fe-Fe hopping

S (05 (K)ga (8- o)dty, (k) fye(k) + he)= Charge trglnsfer .
e + SO coupling + Interactions
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Electronic model for BFRO: Hartree theory

Correlation on Re: Stabilizes half-metallic state
Keep only intra-orbital U, find parameters

~ 330 meV, U~2.5eV, Acr ~ 18V

~ 100 meV, Other hoppings small < 50 meV

—

A+U

g L—d

P S G X S Y Z

A. Cook, AP (PRB 2013) B.C. Jeon, T.W. Noh, et al, (JPCM, 2010
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Oxide heterostructures

A high-mobility electron gas at
the LaAl0,/SrTi0; heteroimterface

A.Ohtomo ' & H.Y. Hwang

NATURE | VOL 427 29 JANL ARY 2004 | www nature conynature
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{111} grown oxide heterostructures

At
maternls

Exchange bias in LaNiO;-LaMnO; superlattices

Marta Gibsert'® Pavio Zubhe'. Baoul Scherwitsl’ dorge Wegues’ and Jean Mar Triseone

(LaNiO3),,-(LaMnO3),, superlattices along {111}
Infinite m=1,n=1 superlattice: La,NiMnO, double perovskite

SFMO: {111} bilayer

Fe and Mo/Re on honeycomb attice
Fe: Local moments

Bulk crystal structure (111} view Mo/Re: Itinerant t,g electrons
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Magnetism of SFMO in {111} Thin Film Geometry
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Lowest energy- Ferromagnetic orientation of Fe moments
Exchange energy between Fe (S=5/2) moments ~ 1meV
Ising-like anisotropy due to SOC

Mean field Tc ~ 100 K

Trigonal distortion effect?
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Magnetism of SFMO in {111} Thin Film Geometry
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Phase diagram of SFMO in {111} bilayer

Ferro {111}

‘ = of C=2 Chern bands”?
How can we understand the emergence Ol C=20C b
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Phase diagram of SFMO in {111} bilayer
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Phase diagram of SFMO in {111} bilayer

Ferro {111}

o of C=2 Chern bands?
How can we understand the emergence of C=2 C
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Edge states in the C=2 quantum anomalous Hall state

2 topologically protected chiral edge modes
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Emergent Chern bands in the {111} ferromagnet

“Kinetic" Zeeman splitj=3/2 ———i-=-
states on Mo due to Fe = k! 2-band Model

: _—, > on the Triangular
ferromagnetism lattice
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Emergent Chern bands in the {111} ferromagnet
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Emergent Chern bands in the {111} ferromagnet
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“Kinetic” Zeeman split j=3/2 ——; :fz P 3y
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Summary

« Double perovskites:
Applications to spintronics + Quantum spin liquid pnysics

. Strong correlations and SO effects:
- band structure
- spin and orbital magnetizations
- spin dynamics

- Heterostructures:
Rich phase diagram inclu
and quantum anomalous Hall insulators
Can Mott correlations drive unusual chiral spin liquids?

ding emergent Chern bands
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