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® [ MOTIVATION: transport at the nanoscale }
® [ METHOD: steady-state Cluster Perturbation Theory }

» [ RESULTS: current-voltage, charge distribution, j
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If time permits or upon questions!

[ Theory + Results: quantum dot }

(see RG in S. Andergassen‘s talk from Thursday)
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Molecular junctions

1) Mechanically controlled 2) Anchor groups 3) Statistical measurements

break junction (MCBJ)
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© Dep. Physics, Nanoelectronics , Univ. Basel [—8.46 A—— Lortscher etal. PRL 98, 176807 (2007)

Agrait etal. Phys. Rep. 377 81 (2003) Reed etal. Science 278, 5336 (1997)

4) Typical theoretical approach: Density Functional Theory + Non equilibrium Green'‘s
functions (DFT+NEGF)

BUT: agreement between experiment and theory often poor -
improve on electronic correlations - suitable methods ?

Dzhioev etal. J. Chem. Phys. 134 044121 (2011);Toher etal. PRL 95, 146402 (2005)
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Non equilibrium + many body interactions

non equilibrium + many body interactions

transient / dissipation / |steady state ]

psdgraphics.com ¢ Goscinny & Uderzo Ehapa

methods

o hon equilibriumicluster perturbation theory } this talk
non equilibrium{variational cluster approach

O
o hon equilibrium dynamical mean field theory
O
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Metal - ,,Benzene™ - metal junction

Bursill etal. CPL 294, 305 (1998) I

model hamiltonian + parameters from experiment / B
Barfi

ord ISBN 0198526806
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6 electronic orbitals + e - e interaction transmis_sion c_urrent
Jt —J2 —J1

circular current
. (j1L1 + joLa)
Je = q

Rai etal. PhysChemC 114, 20583 (2010)

* perpendicular magnetic field B, Peierls + Zeeman

* left + right metallic leads + bias voltage Vg

3 setups: para, meta, ortho
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Steady-state Cluster Perturbation Theory

© xI8r@deviantart.com (2013) & Shen, NGSCES (2013)

* Non-equilibrium Green‘s functions (Keldysh): Rammer etal. RMP 58, 323 (1986)
— GR GK
G —
~\Lo0 G4
* Solve decoupled system exactly, T = O:
C = ,molecule” + parts of the leads Pl = exact single particle Green'‘s function of
L = remainder of left lead g(w) ~

_ _ decoupled system
R = remainder of right lead

. Gros etal. PRB 48, 418 (1993) Knap etal. PRB 84, 115145 (2011)
* Steady-state CPT equation o . .. ciar PRL 84, 522 (2000)  Nuss etal. PRB 86, 245119 (2012)

P

G(w) -1 — §(W) - 11 029 T = approximate Green‘s function of steady-state
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I. Transmission current voltage characteristics

7

para 2, .
ceele eden

6 s

s» interaction U
s« broadening t’

' meta

S

26 28 3 32 34 36 38
bias voltage VB N

-

M. Nuss, W. von der Linden and E. Arrigoni (2013)
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II. Current-voltage overview

. transmission current .,  circular current
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II. Current-voltage overview

~transmission current ,  circular current
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Martin Nuss

¢ - ¢ Interactions | transmission current
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s threshold renormalization beyond mean-field
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II. Current-voltage overview

“transmission current circular current
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(urrent-voltage signals

total transmission current circular current
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II. Current-voltage overview

~transmission current ,  circular current
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energy /arb

left lead device states couple to leads ~ DOS (energy)

0O |B|=U )]

A |B[>0, 0=t *
* [B]>0, 0=|

right lead

dis;persion /erb

k/a

»transport window*

—

population imbalance of k=+/- 2?” states (= counter propagating)
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II. Current-voltage overview

. transmission current .,  circular current
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[11. Charge distribution + magnetization
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Conclusions & Outlook

s Steady-state Cluster Perturbation Theory

s U: shifts voltage thresholds and current plateaus

s B: strong response of circular current on lead DOS
=*% .> interactions strongly renormalize charge distribution

Jatakacs.edublogs.org

wallpaperswide.com

s« ab-initio (DFT) parameters (realistic leads)  ryndyketal. (2012)
s finite Temperature
s lattice vibrations Knap etal. (2012)

Sorantin etal. (2013)

2 more Com pl |Cated StrUCtu reS Nuss etal. PRB 86, 245119 (2012

Nuss etal. AlPcp. 1485 (2012)

s need for variational feedback? see quantum dot Nuss etal. PRB 85, 235107 (2012)

Nuss etal. PRB 88, 045132 (2013)
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(Juantum dot + non equilibrium Variational Cluster Approach

20

' s one orbital + on-site interaction
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® » Kondo physics
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Wu etal (2010) “;(;;..;L-
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. current voltage characteristics
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. Non equilibrium local density of states
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A: Kondo
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