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The Kondo effect in ferromagnetic atomic contacts

M. R. Calvo, et al., Nature, 458, 1150, (2009)



Experimental preliminaries Heisenberg model Calculation details Anisotropy

The Kondo effect in ferromagnetic atomic contacts

dI
dV = g0 +

A
1 + q2

(q + ε)2

1 + ε2

M. R. Calvo, et al., Nature, 458, 1150, (2009)



Experimental preliminaries Heisenberg model Calculation details Anisotropy

The Kondo effect in ferromagnetic atomic contacts

M. R. Calvo, et al., Nature, 458, 1150, (2009)



Experimental preliminaries Heisenberg model Calculation details Anisotropy

Model of the nanocontact
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Heisenberg model I.

H = 1
2
∑

ij Jij~σi~σj : invariant under global spin rotation
Boundary condition: invariant under global spin rotation
around the (110) direction
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Heisenberg model II.

Higher order terms

H� = J�
[

(~σ1~σ2) (~σ3~σ4) + (~σ2~σ3) (~σ4~σ1) + (~σ1~σ3) (~σ2~σ4)
]

(see, e.g., S. Lounis, P. H. Dederichs, Phys. Rev. B 82, 180404 (2009))
Tensorial couplings (SOC)

H =

(1
3Tr Jij

)
I

+
1
2
(
Jij + JT

ij

)
− JI

ij

+
1
2
(
Jij − JT

ij

)
On-site anisotropy (SOC)

K (θ) = −K2 sin2(θ)
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Rotational energy

We rotated the exchange field at each atomic sites around the
(110) axis.

Dashed line: −15.2 [meV] cos(2θ)

Helical Wall Cycloidal Wall
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Calculation I.: KKR

Potential = atomic potentials + constant
Scattering path operator:

τ (ε) =
(
t(ε)−1 − G0(ε)

)−1
Band energy: Eb = − 1

π
Im

∫ εF

−∞
Tr ln τ (ε) dε

Change of the single site t-matrix:

∆ti = i [eiαJ, ti ]∆φiα

First derivative of the band energy:

∂Eb
∂φiα

=
1
π

Re
∫ εF

−∞
Tr {τii [eiαJ,mi ]} dε
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Calculation II.: Newton-Raphson

Derivatives of Eb:
∂Eb
∂φiα

= . . .
∂2Eb

∂φiα∂φjβ
= . . .

Newton-Raphson iteration: xn+1 = xn −
f ′(xn)

f ′′(xn)

Starting configuration: MC simulated annealing
Once the Newton-Raphson iteration has converged,
new effective potentials are generated
and the procedure is repeated until the effective potential
converged and the “gradient” Eb is disappeared.



Experimental preliminaries Heisenberg model Calculation details Anisotropy

Uniaxial anisotropy

Eband( . . .︸︷︷︸
fixed

, ϑ, ϕ, . . .︸︷︷︸
fixed

) =

∞∑
`=0

∑̀
m=−`

Km
` Ym

` (ϑ, ϕ)

Uniaxial anisotropy:

K 0
2 · 14

√
5
π

(
3z2 − 1

)

EHW − ECW
3
4

√
5
πK

0
2

85% 13.4 24.0
90% 20.5 28.4
95% 28.1 31.4

100% 32.0 30.6
105% 32.1 29.2
110% 30.5 26.9
115% 27.8 24.2
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Decreased coordination =
increased moments and anisotropy

Top layer: µspin = 1.82µB; µorb = 0.14µB
Bulk: µspin = 1.67µB; µorb = 0.08µB
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Expansion coefficients Km
` (meV)

E (~σ) = Eanis(~σ) + ~σ
∑

j
Jcj~σj

The D4h point-group allows the following terms:

Eanis(~σ) = K 0
2R0

2 (~σ) + K 0
4R0

4 (~σ) + K 4
4R4

4 (~σ)
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Summary

Manuscript
http://arxiv.org/abs/1205.4579

Summary
We have developed a computational technique on first
principle footing to find non-collinear ground state of complex
magnetic clusters.
The formation of the cycloidal wall against a helical wall is
primarily driven by the uniaxial on-site anisotropy at the cetral
site.

The End.
Thank you for your attention
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