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Main results
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e localized vs. itinerant FM
e Mott-Hubbard MIT
e binary alloy disorder
e alloy FM in Nature

2. Earlier result within DMFT on pure FM

3. Our results on binary alloy FM
e enhancement of T,

e magnetization and Curie-Weiss law
e Mott—Hubbard MIT at n # 1
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Ferromagnetism of local moments

Exchange (Heisenberg) coupling
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Saturated magnetization M (T = 0) = ugpS

J < 0 — FM appears at Curie temperature 7.



Itinerant Ferromagnetism

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

U>0 Ae
@
due to Pauli principle Emt 0 ‘T‘ T ‘T‘ T
t<0 >
Ne
However |Ek1n| < |Ek1n| : N7 'D'>
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



Mott-Hubbard MIT at n =1
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Alloy Band Splitting
Binary alloy disorder (alloys A;_.B,, e.g Fe;_,Co,)

Pe;) = x6(e; + %) + (1 —x)8(e; — %)

i\

H=5% e+t ajaj

alloy band splitting for A 2 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 |I
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Si and Ge isovalent, only structural disorder



Alloy Ferromagnets in Nature IlI
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Alloy Ferromagnets
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Hubbard model to capture right physics
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€0 | I I DOS: p(E) =Y, [ dz|n(z)|0(E — €,)

H = Z €EONic + Z i CLJJ-LUCng + U Z AZANLZA
1o

ijo i

t=0
U=0
e long history, many contradictions E A E Ai 2(n/2)
e exactly solvableind =1
e exactly solvable in d = oo (DMFT) U
e how to approximate in 1 < d < oo?
E
E //ﬂ 2(1-n/2)
= =

PE PE



Physical picture, n =1

atomic levels

[t|=0 It|>0 E+U >
e N —
I N E >

m ﬁ at U = U, resonance disapears
gaped insulator
: p 2N

spin flip on central site

dynamical processes with spin-flips inject states into correlation gap
giving a



Route to FM in one-band Hubbard (DMFT)
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FCC d = co FM in one-band Hubbard

expl Ly
NO(e) = 221
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FM in binary alloy itinerant electrons

Anderson—Hubbard Hamiltonian

H = Z tijé:l:ro_éjo' + Z €eiNic + U Z ﬁ'iT'fLil
io i

1],0

where € is random variable with bimodal PDF

P =5 (+2) + 1 ms (- 2)

Physical observable averaged arithmetically

(- dan= [ dePE(+)

d = oo FCC DOS stabilizes FM




Dynamical Mean—Field Theory

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

Gon = /de N7(e)
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expressed by path integral, which is calculated with
Hubbard—Stratonovich and QMC over auxiliary Ising spins

—1
]I Dl il emepetiteoston
on — —
fD [CJ,C;] eAi{Cg,Cg, 01} dis

single impurity action for each ¢; = A /2
B U B
Ai{c,, ., ;1} _ nz; c . ;lecgn—ei zg: / dTTLJ(T)—E z(,: / drc, (T)eq (1) (T)c—o(T)
) 0 0
k—integrated Dyson equation for

! — G_l + Ean

an an



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
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Subtle interplay between A and U increases 1!



Why is Curie temperature enhanced?
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Magnetization and Curie-Weiss law
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Mott—Hubbard metal-insulator transition

0.04 LAB UAB
T
o
[
A
- =
<—777A7777>
_________________ Uc
XN
0 01 02 03 04 05 06 07 08 09 1 INSULATOR

concentration, x

If n = x (or 1 + x) Mott-Hubbard MIT occures for A > /x and U > 6+/x (or /1 — x and 6/1 — x)
U=6, 2=0.5 n=0.5, T =0.071, MEM

0.8
0.08

— °

£ 0.06 PM P
z 2
7 < 0.04
& =
a = 0.02
2, 1= FM
- \‘ %5 1 2
Q DISORDER A
o
n

0 0.1 0.2 03 04 05 .0.6 0.7 08 0.9 1
concentration, x w—H



Correlated insulators

e alloy Mott insulator

e alloy charge transfer insulator

U<A

e+ -D UAB

e+U UHB

€ LHB
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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.



Summary

New collective effects induced by correlation and disorder

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

([

Alloy concentration controlled Mott MIT

Outlook

o T.(x)- QPT ? 2nd vs 1st order PT ?

e Multi-band Hubbard model, role of Hund and exchange coupling,
which from our findings are generic for many orbitals 7

e Material specific models 7?7 LDA+DMFT—+disorder 777



