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Ferromagnetism of local moments

Exchange (Heisenberg) coupling

H = Z Jij i+ 5 J < 0 — FM appears at Curie temperature T,
ij

¢¢¢¢¢¢¢¢¢¢¢¢ T < T,

Saturated magnetization M (T = 0) = upS



Itinerant Ferromagnetism

Dynamical way to make FM
To reduce interaction energy electrons prefer FM state

U>0 Ae
due to Pauli principle ESM = 0 ‘L T ‘T‘ ‘i‘ <>
t<0 -
Ne
However, |ELM| < |ESM| ! .~ 'p'>
t<0
< —
Saturated magnetization M (T = 0) < upS spIn-up spin-down

FM stable if U 2 |t| - intermediate coupling problem !!!

Many itinerant FM are alloys



Itinerant Ferromagnetism in brief history

e Bloch’s FM in electron gas (1/r); unstable due to correlations
(RPA)

e Stoner model (Hartree-Fock); U, ~ N (u); T, overestimated
e Kanamori (T-matrix); no FM in Hubbard model

e Gutzwiller, Hubbard | and Il - contradictory views

e LSDA, mode coupling, RG, Hertz, ...
e exact results; d = oo (Wabhle, Kollar, Ulmke, Vollhardt, et al.)

e E.Lieb - Ground state of Hubbard is singlet on bipartite lattice at
half-filling

e M. Kollar, R. Strack, D. Vollhardt - Exact estimates for extended
Hubbard



Alloy Band Splitting
Binary alloy disorder (alloys A;_.B,, e.g Fe;_,Co,)

Ple;) = x6(e; + %) + (1 —x)6(e; — %)

= A\

H=3% e+t> agaj

alloy band splitting for A = W in any dimension
DOS

intermediate “coupling” problem !!!

physical quantity: O = [ deP(e) < O(e) >



Alloy Ferromagnets in Nature |
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Alloy Ferromagnets in Nature ||
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Si and Ge isovalent, only structural disorder



Alloy Ferromagnets in Nature I|lI
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Alloy Ferromagnets in Nature IV
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Route to FM in one-band Hubbard (DMFT)
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FCC d = o¢c FM in one-band Hubbard
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FM in binary alloy itinerant electrons

Anderson—Hubbard Hamiltonian

H = Z tijézaéja —|— Z eiﬁz’a —I— U Z ﬁiTﬁi¢
10 7

1],0

where € is random variable with bimodal PDF

P(e)zmé(e-l-%)-l—(l—x)cs(e—%)

Physical observable averaged arithmetically

(- Jaw= [ dePE(-+)

d = oo FCC DOS stabilizes FM

exp[—1Hy2e]

\/71'(1 + v2w)

N°(w) =




Dynamical Mean—Field Theory

Local Green function - Hilbert transform of DOS with self-energy

Gm:/de. N°(e)

Wwp + @ — 2oy — €

expressed by path integral, which is calculated with
Hubbard—Stratonovich and QMC over auxiliary Ising spins

-1
Ggopn = — f D [Ca, C;] CUnC;neAi{CU,CZ, o}
on — _
1D oo, ex] etiteoiia ),
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Curie temperature
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Is there an alloy band splitting at U > 07

U=4,n=0.3, n=0.5 T =0.071, MEM

\Li\ A=0.0
E UHB
- A ‘i / ! A=0.4
3 ¢ A=1.0
o
> 1—x (E,d) J N=1.4
A . A=1.8
> X W

DOS

Subtle interplay between A and U increases 1!



Why is Curie temperature enhanced?

T. A
T netf)
n < 2x = Neg = =
T, =zT?
Uy
o
E /4\ _— Te(n)
—x v\ U1
. © -
' — |
_— n
> 1-X _ 0.0 05 1.0 n Good for large U
T.(x) increases !l at some cases
> X T, A
— /
DOS \l/l
—X
° U2
p
n > 2r — Neg = nl—_?w To (Teff)
T Ul
_ p T.(n To(n)
Te= (1 —=x)T; —— | .
eff n
0.0 0.5 1.0 n Good for small U



Magnetization and Curie-Weiss law
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Mott—Hubbard metal—insulator transition
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Correlated insulators

e alloy Mott insulator

e alloy charge transfer insulator

U<A

e+A -:> UAB

ety - UHB

& LHB

alloy Mott
insul ator

U=>A
e+U _] >UHB
e+ A _ UAB
€ LHB

alloy charge transfer
insulator



Quantum critical points
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At T' = 0 quantum phase transitions: FM met — PM ins or FM met — PM ins (Mott).

Correlation (band-width) controlled, Filling controlled, Alloy concentration controlled Mott MITs.

Is non-Fermi liquid in d < oo ? Role of correlations in space.



Non-iso-electronic alloyed Hubbard model
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Summary

e New collective effects induced by correlation and disorder
e Possibilities of T increase in binary alloy ferromagnet
e New Mott—Hubbard metal-insulator transition at n # 1
e Alloy Mott insulator vs. Alloy charge transfer insulator

e Alloy concentration controlled Mott MIT

Outlook

o T.(x)-QPT ?2nd vs 1st order PT 7
e Multi-band Hubbard model, role of Hund and exchange coupling,

which from our findings are generic for many orbitals ?
e Material specific models 7?7 LDA+DMFT+disorder 777



