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The Kondo effect in a nutshell

Anderson Impurity Model
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Kondo effect of Magnetic Adatoms
on Metal Surfaces

Fano formula for conductance:
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Madhavan et al., Science 280, 567 (1998)
Schiller and Hershfield, PRB 61, 9036 (2000)
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Kondo effect in ferromagnetic nanocontacts?
M. R. Calvo et al.,Nature 458, 1150 (2009)

Kondo temperatures Temperature dependence
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* |s it really Kondo effect?

 If yes how Is it possible?

* Very Interesting and rich physics

e Important questions for possible applications

* Ab Initio theory needed that is able to predict
strong correlation effects such as Kondo



DFT based quantum transport calculations

(1) Ab initio Density Functional Theory
calculations of device and leads

(2) Lead Self-energies:
Sp(w) = Vi(w + g — Hy) ™' V]

Sr(w) = Vr(w+ g — Hg)“'VE

Device

(3) Device Green's function:

1
Gp°(w) =

— HKS _ _
Landauer Transport formalism: w+p—Hp® = B(w) — Zr(w)

T(w) ="Tr {FL (W)(GR) ! (w) FR(M)G%S(“”)] Implemented in ALACANT software

package based on GAUSSIAN and

(V)= Q—E/dw(fL(w) — fr(w))T (W) CRYSTAL (J.J. Palacios and D. Jacob)
G(V) = 2¢” x T(eV)

h D. Jacob and J.J. Palacios, arXiv:1008.4538



DFT based quantum transport calculations
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How to incorporate dynamic correlations

Starting point:

Ab initio Density Functional Theory
calculations of Device and Leads

Correlated Device Green's function:

1

G = —
D) = T HE - mi(w) — Ba(e) Ta)

Conductance and current in general: Meir-Wingreen

I(V) = % fdw Tr [(FL — FR)GS -+ (fLFL — fRFR)ADJ

For small bias and low temperature: Landauer G(V)=— xT(eV)

T(w) = Tr [FL(w)GL (w) FR(W)GD(W)] (V) =



How to calculate the Self-Energy: OCA Impurity solver

Hag = Z Ef;) ) 4 Z U?jkld;rad;rgrdka’dlfr Exact Z E,,|m)(m
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Many-body eigenstates |[1m) ——» Pseudo Particles a,,,am,

Hybridization function: Ag(w) =w + u— Hyg — [PdG%S (W)Pd]_l

Perturbation Expansion in Hybridization Strength:

G (@) = (@4 11— By — S ()™} =

A(w) A(w')
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K. Haule et al., PRB 64, 155111 (2001) G. Kaotliar et al., RMP 78, 865 (2006)



Magnetic impurity in Cu nanocontact
Hybridization function
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Strong symmetry breaking!

D. Jacob et al., Phys. Rev. Lett. 103, 016803 (2009)



Pa(®) [1/eV]

Results: Co impurity

PDOS Conductance
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Occupation of d,,+d,, = 3 => Spin 1/2 U=5eVandJ=1eV

D. Jacob et al., Phys. Rev. Lett. 103, 016803 (2009)



Pa(®) [1/eV]

Results: Co impurity

PDOS Conductance
q> > 200K —— ‘ L 1200 K ——
ol x"-y 120 K —— 10K e
' v 1 350F 3

Neél et al., PRL '07 |
1.0 ¢ 300+ i

. < ol ,%, i\ Ty ~ 150-200 K
0.6 | ! 205 % |
100F . i -
contact reg ,
ol m% %\T‘ % ¢ (p_
0.2 ' ' | 5 ' '

o 6 5 4 3 -1 0
200 -100 0 / Az (A)

Quite good VimV]
Agreement Tk~ 220K

D. Jacob et al., Phys. Rev. Lett. 103, 016803 (2009)

04 ¢




Molecular DMFT:

Dynamical Mean-Field Theory for nanoscopic conductors
D. Jacob et al., arXiv:1009.0523
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Ag(®) (1/eV)

Two NI atoms in Cu nanocontact
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Ag(®) (1/aV)

NI nanocontact between Cu wires

D. Jacob et al., arXiv:1009.0523
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Graphene + Co

Gate-dependence of 3d-spectra

(a) E1+E2
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D. Jacob and G. Kotliar, PRB 82, 085423 (2010)
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Kondo effect in Spin-1 Molecules
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Parks et al., Science 328, 1370 (2010)
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