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Correlations versus Binary Disorder
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Ferromagnetism of localized vs itinerant moments

T > Tc

T < Tc

M(T = 0) = µBS

J < 0 → FM stable at Tc > 0
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M(T = 0) < µBS

FM stable if U & |t|

Itenerant ferromagnetism - intermediate coupling problem !!!



Routes to FM in one-band Hubbard (DMFT)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

−2 −1 0 1 2

N0(ε)

ε

a=0
a=0.5
a=0.9
a=0.98
a=1

0

0.7

1.4

−2 −1.8 −1.6

N0(ε)

ε

a=0.97
a=0.98
a=0.99
a=1

0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.2 0.4 0.6 0.8 1

T

n

F

P

a=1
a=0.98
a=0.97

0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.2 0.4 0.6 0.8 1

T

n

F

P

U=8
U=6
U=4

H =
∑

tija
†
iσajσ + U

∑

ni↑ni↓

J. Wahle et al., Phys. Rev. B 58, 12749 (1998)

DOS asymmetry

Interaction

U = 4

a = 0.98

DOS asymmetry and strong interaction needed for itinerant FM



FCC FM in one-band Hubbard (DMFT)
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FM in binary alloy itinerant electrons

Hubbard Hamiltonian with binary local disorder

H =
∑

ij,σ

tijĉ
†
iσĉjσ +

∑

iσ

ǫin̂iσ + U
∑

i

n̂i↑n̂i↓

where ǫ is random variable with bimodal PDF

P (ǫ) = xδ

(

ǫ +
∆

2

)

+ (1 − x)δ

(

ǫ − ∆

2

)

Physical observables averaged arithmetically

〈· · · 〉dis =

∫

dǫP (ǫ)(· · · )

Disorder strength: δ = x(1 − x)∆



Alloy Band Splitting

Binary alloy disorder (alloys A1−xBx, e.g Fe1−xCox)

P(ǫi) = xδ(ǫi +
∆

2
) + (1 − x)δ(ǫi −

∆

2
)

DOS

E

1−x

x

∆

intermediate “coupling” problem !!! Nonperturbative!

alloy band splitting for ∆ & W in any dimension

H =
∑

i ǫi + t
∑

ij a†
iaj



Curie temperature in binary alloy correlated systems
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Is there an alloy band splitting at U > 0?
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Subtle interplay between ∆ and U increases Tc!
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Why is Curie temperature enhanced?
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Magnetization and Curie-Weiss law
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Mott-Hubbard metal-insulator transition
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Correlated alloy insulators

• alloy Mott insulator

• alloy charge transfer insulator

U+ε

∆+ε∆+ε

U+ε

εε LHB LHB

UHB

UHB

UAB UAB

U< ∆ U> ∆

alloy Mott 
insulator

alloy charge transfer
insulator

0 1 2 3 4 5 6
∆

0

1

2

3

4

5

6

7

8

9

10

U

0 0.5 1 1.5 2 2.5
∆

0

0.2

0.4

0.6

A
(ω

=µ
)

met U=5.0
met U=3.0
met U=2.0
ins U=5.0
ins U=3.0

PI

PM

K.B., W. Hofstetter, D. Vollhardt, Phys. Rev. B 69, 045112 (2004)



Periodic Anderson model (DMFT)

Non-interacting itinerant electrons hybrydize with localized interacting ones

H =
∑

i,jσ

tijc
†
iσcjσ+

∑

iσ

(

εff†
iσfiσ + εcc†iσciσ

)

+
∑

iσ

(

V c†iσfiσ + V ∗f†
iσciσ

)

+U
∑

i

nf
i↑n

f
i↓

Ferromagnetism stable away from half-filling
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R. Doradzinski, J. Spalek 1997; C.D. Batista et al. 2003; ...

Other mean-field, slave bosons studies:



Periodic Anderson model with alloy disorder

Local disorder on lattice sites:

H =
∑

i,jσ

tijc
†
iσcjσ+

∑

iσ

(

εf
i f†

iσfiσ + εc
ic

†
iσciσ

)

+
∑

iσ

(

V c†iσfiσ + V ∗f†
iσciσ

)

+U
∑

i

nf
i↑n

f
i↓

with
P (yi) = xδ(yi − y0) + (1 − x)δ(yi − y0 − ∆y)

where yi = εc
i , εf

i , and ∆y = ∆c, ∆f

c-electron disorder
f-electron disorder

Disorder strength: δy = x(1 − x)∆y



Periodic Anderson model with alloy disorder at U = 0

Different splitting scheme, e.g. c-electron disorder

Gcc
σn =

x

(Gcc
σn)−1 − |V0|2Gff

σn

+
1 − x

(Gcc
σn)−1 − |V0|2Gff

σn − ∆c
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x
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σn
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FM in Periodic Anderson model with alloy disorder

     
0.012

     
0.008

     
0.004

     
0

    

T
c

 

∆f = 1.0

FM FM

     
     
     
     
     
     
     

 
    

   
 

 

∆c = 1.0

FM
     

0.012
     

0.008
     

0.004
     

0
    

T
c

 

∆f = 1.7

FM

     
     
     
     
     
     
     

 
    

   
 

 

∆c = 1.7

FM
     

0.012
     

0.008
     

0.004
     

0
10.80.60.4 0.2  0

T
c

x

∆f = 2.0

FM

     
     
     
     
     
     
     

 
10.80.60.4 0.2  0

   
 

x

∆c = 2.0

FM FM

c-electron disorder enhances Tc

U. Yu, K.B., D. Vollhardt, Phys. Rev. Lett. 100, 246401 (2008)

U = 1.5, V = 0.6, ntot = 1.3, ǫ0c − ǫ0f = 3.25



Kondo insulator in PAM with alloy disorder
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FM in PAM with alloy disorder - discussion
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Conclusions

• Binary alloy disorder leads to interesting effects in correlated electron systems

• Enhancement of Tc

• Correlated insulators at non-integer densities
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