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A Few Remarks About 

Magnetism

and

Magnetotransport

in Metals



Electrons are Fermions 

Slater
Determinant

Exchange
Hole
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Magnetism in Atomic Physics

Electrons in Atomic Open Shells are Fermions – Hund’s Rules 

Magnetism due to Fermi Statistics and spin-independent interactions
Make all orbitals in an open shell as similar to each other as possible 

Frederick Hund
1896-1997



Magnetism in Insulators

A playground for strongly-correlated electron physics



Magnetism in an Electron Gas
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Magnetism in Metals – Hubbard Picture 

Simple model – Sophisticated QF Theory Possible 

Doubles  - Interaction Energy Cost U 

Empties



Itinerant Electron Ferromagnetism 
Bloch-Stoner Picture
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Itinerant Electron Ferromagnetism
Spin-Density Functional Theory

One very successful picture of
transition metal ferromagnetism
is Density Functional Theory.  

E= E[n,m]= Es[n,m]+Exc[n,m]

v = ves + vxc

B = n,m] m/m

Hohenberg-Kohn Theorem
Kohn-Sham Trick

Local Spin-Density Approx.



Stoner Criterion - Elements



Theory of Itinerant Electron Magnetism
JÜRGEN KÜBLER, Institute of Solid State Physics
Darmstadt University of Technology

Itinerant Electron Ferromagnetism
Spin-Density Functional Theory



Itinerant Electron Ferromagnetism
Quasiparticle and Collective Aspects
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Micromagnetics

Direction of 
Magnetization

Dipole-Dipole
Interactions



Micromagnetics



A Few Remarks About 

Metal Spintronics

Technology



SPIN (Elec)TRONICS
=

GMR + Spin-Torques 
+

Spin-Orbit (AHE+SHE+Spin-Galvanic) 
+

Magnetic Semiconductors



Neville Mott
1905-1996
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CPP =  Current Perpendicular to Plane
GMR =  Giant Magnetoresistance

Two-Channel Conduction
&

CPP GMR



CPP GMR - High Resistance State

Neville Mott
1905-1996
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Spin Accumulation – Weak SO

Spin Memory
Length

Spin
Not Conserved



Hard-disk Technology

10 GByte/(person.year)



Courtesy – Stuart Parkin



Dan Ralph – KITP Spintronics Program Talk
www.kitp.ucsb.edu

Spin Transfer Torques



Courtesy – Stuart Parkin



Microscopic Picture of 
Spin Transfer

Application to

Antiferromagnetic Metal Spintronics

&

Current-Driven Domain Wall Motion





Nunez+AHM, cond-mat/0403710
Solid State Commun. (2006)

Spin-Transfer
Theory



LSDA Theory s-d Model

Spin Transfer Torques

Transport

Local
Moment
Orbitals

E



Spin Transfer Torques

(Summary)



What About Antiferromagnets?

pinned free

GMR and Robust Spin Torques

Nunez et al. cond-mat/0510797 PRB (2006)
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Figure

Current-Modulated Exchange Bias

Tsoi et al. 
cond-mat/0606462



Magnetic Action of 
Current-Carrying Ferromagnet

Fernandez-Rossier, Braun, Nunez, AHM PRB (2004)
Bazaliy, Jones, Zhang PRB (2003)  
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