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l. Introduction and motivation
quantum states

preparation manipulation detection

quantum information processing

nanoelectronic systems

electron quantum transport

e Vvarious tunable couplings
e adjustable energetic structures

e useful as quantum devices



l. Introduction and motivation
quantum transport and nanoelectronics

__1

QD2

Acceptor surface gate

O

perylene bisimide

drain

AN NN in
Naaa.

IR, Eatyriryrt
e gy S e r r
F
..‘;"_"'P _l"p"'!. “ r',F.lrr'r'
AAAAAAA B A
AN L PP P
»
pppppppp

. g E

naturafly occurred -+ synthesized
guanfum transport systems are ubiquitous

central system 4 environments: electron reservoirs
electrodes continuous states in host materials

l

open quantum systems



l. Introduction and motivation
theories for nanoelectronic transport setups

e Landauer-Biitikker formalism

-- in terms of scattering amplitudes > >
--targeting at in-out relation > >

--the central system as a black box > >

® Schwinger-Keldysh nonequilibrium Green function technique

-- in terms of Green functions
--targeting at the transport currents

-- the state of the central system is averaged

\/o Feynman-Vernon’s influence functional theory

--in terms of the reduced density matrix

--targeting at the quantum state of open systems
--fully characterizing the state of the central system



l. Introduction and motivation
modeling of quantum transport devices

electron reservoirs

L

the central system

H(IL) — dq (IL) + Hrm—’(t) + HT(t)

# ) qu(t) ZZU Er’j(”dzdj the central system

;(t) :Z mkEak(f)ClkCﬂfk electron reservoirs

Q ) HT(If) :Zmk[vm(ﬂdzcak+V_!-Zk(i)clkdi] electron exchange



l. Introduction and motivation

exact master equation for a class of nanoelectronic systems
e equation of motion for the reduced density operator

Loty = —illlltl ()] + Jﬁ(t)

dt
¢ transport current% non-uhitary processes due to
day (t) = )—rtls Qf’ — electron exchanges
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Ls applied only using initial empty state, not full use of this master equation
numerically solving master equation is difficult, limited to small dimension

general analytical solution ??
useful for other more applications



Il. Quantum states of open electronic systems
general analytical solution to exact master equation

(PIM (1) | Pr™) S det [1p - v (1 Y Y X [Taehim P PH)

m= Opa(m Pp(m) initial state
later state
non-unitary evolutions environments initially
at thermal equilibria
[(n) : n-ele.ctron. a (™). m-electron
r(™)  configurations b(m )" configurations

notations for configurations
D : number of available orbitals in the system

S ={1.2.---.D} :setof available orbitals in the system
i(n) = {i1,--- ,i,}:setof 1 occupied orbitals as a configuration

notations for multi-electron states

(7720 =, ., - -, ., 10) 1an 1L -electron state
Pi{Y > --- = Pi{?Y = Pi{Y < 7

A__ fixing ordering to avoid fermion exchange sign problem



Il. Quantum states of open electronic systems

elementary processes behind the open system evolutions
® single-particle propagations_ _ _ _ _ ______________
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Il. Quantum states of open electronic systems
propagating function in Fock space
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physical interpretation of the solution
forward propagation

later n-particle state J o (1) initial m-particle state
0 (m)
l(n)< a
Jff (t)\l/ Jor () TJOO ()
mixing by statistical ~ ,.(7) Oy > b(m) leaking of initial

distributions in reservoirs backward propagation occupation



I1l. Example of application
Aharonov-Bohm interferometer with double-quantum-dot molecule

H,q = endld, + exndbdy — to(dldy + did,)
source zero-electron state: emtpy

0,0) = 10)
one-electron states
-- local charge states

® ) )[1,0)=1) ®)0,1) = |2)

Z 10p

-- molecular states

magnetic flux |b> — \/1/72[’”""2)] ‘a> — \/WHD_‘QH

bonding state (BS) anti-bonding state (AS)

two-electron states
e o |[1.1)=3)



I1l. Example of application
current through BS

--verifying working regimes
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I1l. Example of application
quantum states under nonequilibrium transports
flux response at steady-state limit

(a) C1
00
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| b
ignorable AS probility  jygrable two-¢ probability

v
comparable BS and AS

P00 : empty state probability .
probabilities

Py : one-electron BS probability

Paa :One-electron AS probability considerable empty probability

p33 :two-electron state probability



I1l. Example of application

quantum states under nonequilibrium transports
real-time quantum state transitions

external pathways internal pathway

-‘S :':."".
dot 1 0—' dot 2

! D .." .;_.

; ©

start from empty state p22(t) start from empty state
start from AS start from BS p22(t) start from dot 1

p11(t) start from dot 1



VI. Summary
Methodological side:

® General analytical solution, applicable to arbitrary number
of orbitals and initial preparations for a class of open
nanoelectronic systems

Application example :

® Connection between orbital occupation and transport
through certain orbitals in DQD AB interferometer

® Distinguishing pathways for quantum state transitions from
intermediate evolution processes

Thank you for your attentions



