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|Non-equi|ibrium Green'’s function theory I

[] expectation value of operator A in Heisenberg picture:
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(] Hamiltonian: H(t) = Hy + Hrp(t)
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| Evaluate the Green’s functions |

[] Lesser Green's function: A = G=(#1,
—i(W (1) (1))

G=(t,#) = —i(To | SEW], ()W, (1))

SE = exp [—i /C dTHF(T)]

[1 T~: contour-ordering operator

G=(t1,

[1 (a) evaluate the Dyson equation

Equilibrium

I L
Couplings CO“@
Scattering
center
C

) can be calculated using Wick's theorem  and

[1 (b) evaluate the perturbation series: diagrammatic technique.

‘&
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| Diagrammatic technique I

Capable to describe Coulomb blockade transport regime
H. Schoeller, G. Schon, PRB 50, 18436 (1994)

[1 Hamiltonian of the uncoupled system
HO — Hcentral—i_EC ( — nx) —|‘Z

Eo: the charging energy

[]

contacts states A
Couplings CO(\\‘AOX [] Hr = Z Z ( Clnfi_lgZS + hC)
r=L,R kin
Scattering o
center [¢, N| = i: canonically conjugated pairs
Confac,« e changes the occupation number N by +1.

approximation: /V is independent of ¢,

1 O O O

Perturbation series in // = Feynman diagrams

of the individual processes.
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|Reduced density matrix of the central region (QD) I

(1 Hr tunneling changes the probability Py of the state A = | V) (V| of the quantum dot.

[] Dyson equation for the operator A = |N) (N

N N’ N
: — >—
S
PN = ) + 2 P'sqE EN'N IN><NI
— N' <€
N N N

[1 Time derivation = Master equation:
t
%PN(t) -y / ar [PN,(t')zN,,N(t', £) — Py(t)Sn (1)
N'#N ;o
[] Self energy Xy n- is @ sum of irreducible diagrams

[ Stationary solution: - Pxf(¢) = 0 is independent of the initial Py (fg = —oc)

- [J Stationary state of the QD can be described by a mixed state of states ]N > by probabilities Pﬁft.

page 5



HunQT workshop 2019 Peter Rakyta

Example for diagrammatic rules: current through the contac

0 I, = e$(N,) =ie([H, N,]) (H is the full Hamiltonian)

states

I, = —ie Z (Tgﬂa,zmcme_ié) — c.c.)
kin

> >
[1 Current operator: (1) = -ie ( @ d® r R
< t < t

N-1 el N+1 e
N N
[1 expectation value of the current
. - = i@
operator: I, =-ie © ©
N-1 N+1

U Vertices et are paired via contact (—) and central region (~~) propagators using Wick’s theorem
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|Transport through graphene QD I

[] Differential conductance vs bias voltage and doping gate voltage

0
Gate voltage [g

[] I. Weymann, J. Barnas, S. Krom-
piewsky, PRB 92, 045427
(2015):

[1 central region: rectangle shaped
graphene with Coulomb interac-
tion (~ 100 sites)

| 1 within the diamonds the cur-

rent is suppressed due to the

charginf energy
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O oo o O o4

| Motivation to do this |

Starightforward to generalize for normal-superconducting hybrid structures
modeling nonequlibrium processes in multiterminal structures:
unconventional Andreev interferometers

-Josephson transition etc.

Cooper-pair splitting process

Combined with EQuUs it can be used for arbitrary geometry
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Non-equilibrium Green's

function approach
EQuUs is a suitable tool to perform
efficient numerical analisys to study
non-equilibrium quantum processes

in nano- and micro scaled systems in Automatic Testing: backward E QU Us
the tight-binding framework. To this end .
EQuUs makes use of the Keldysh non- com patlb"'ty
equilibrium Green's function approach. EQuUs contains an automatic self testing tool.
All new developments can be validated, while

the previous functionalities can be also tested.

Variety of built-in functionalities Thus, the f:ompatibility of older versions

EQuUs supports the research work with numerous 2SS EEEE

bult-in functionalities:

- inclusion of magnetic vector potentials

- various preprogrammed lattice types

- support of superconducting systems

- inclusion of external electric potential

- instant access to all the calculated data
and other metadata during the scripting

- calculation of the equilibrium and non-
equilibrium charge currents.

- calculate the spectral density function

- transforming direct space Hamiltonians into
Fourier Hamiltonians

- etc.

WEB documentation for

detail-oriented users

The functionalities of EQuUs are thoroughly
documented via the Doxygen tool. Since

the documentation is prodeced automatically,
it is always up to date. Thus, the student can
find the needed functionalities of EQuUs

on ther own.

EQuUs can be run on traditional desktops or
) . . laptops. High performance calculations can
Appllcatlon Programing Interface: be done on CPU, GPU or MIC clusters.

varsetile problem solving
Instead of the input file driven approach, one can
chose specific set of functionalities of EQuUs

according to the given research problem. Efficient numerical methods
E.QUUS provides t‘.NO apstrac.tlon [EEE t.o access The EQuUs MKL component provides enhanced
(i) low level functionalities (like calculating the numerical efficiency (compared to MATLAB or

O onales i OFtave) o colclate clments o the invere
of a large sparse matrices via the

order to solve complex problems. Intel PARDISO solver.
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|Ec'5tv 0s Quantum Utilities (EQuUS) I

EOtvos Quantum Utilities v5.0.136

Providing the Horsepowers in the Quantum Realm

Main Page | Download | MKL | Namespaces ™ | Basic Functionalities

Introduction to EQuUs v5.0.136

Utilities | Lattices | Structures | Unit Tests | Examples | Classes ™

[1 1 mondatban:

ldofliggetlen egyensulyi és nemegyensulyi Green-fliggvenyes technikak
nano- €s mikro méretl mintak tight binding mintak kvantumos model-
lezése

[1 Jelenleg aktiv 15203 kodsort tartalmaz

[] Automatikus On-tesztesztel ési elj aras (minden mérfoldké hibatlanul teljesiti, minden (j funkciona-

litasnal béviil a teszteljaras)

. [0 Webes dokument aci6 az elérhet 6 API szint(i funkcionalit asokr 6l (algoritmusok, adatstruktirak)
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l' |Dié1kok vs EQuUs |

xml fajl:

A kdzponti tartomany
— és a harom kontaktus
geometriai és fizikai
paraméterei

figgvények kiszamitasa

[éfrehazésa N~ferrn'| hél
E?_.S.été.n_

A kontaktusokbél a kézponti
tartomanyba foly6 dramok

megﬁaté?azé&a

Az aram meghatdrozasahoz
irt sajat szkriptem:

R
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