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Introduction(l): Why time-dependent?
DEMADRID

Systems with confined electrons: quantum dots, nanowires, single
molecules, ...

GaAs Al Ga, ,As ——t1um

Several applications: high efficient electronic devices, medicine,...

Problem of quantum transport through a quantum dot
@ Quench dynamics
o Counting statistics

Role of interactions
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Introduction(l): Why time-dependent?
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Electronic transport through nanoscaled devices
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Time-dependent evolution?
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Introduction(l): Why time-dependent?
DEMADRID

Transient regime: Flindt et al.f
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o Large Vpi,s — directional transport of electrons™
@ Sequential regime

@ Non-interacting model

TPNAS, 10116 (2009)
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Introduction(ll): Why counting?
DEMADRID

Counting photons statistics — since 70's.

[COUNTER|

Average
photon number
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t-evolution probabilities of number of photons'

TPhys. Rev. Lett. 101, 240402 (2008)
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Introduction(I1): Why counting?
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Counting photons statistics — since 70's.
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Average
photon number
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t-evolution probabilities of number of photons'

What about electrons?

TPhys. Rev. Lett. 101, 240402 (2008)
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Introduction(I1): Why counting?
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Electron Counting Statistics z i Ll

@ Detector Coupled to the System counter

@ No directional flux of electrons i ‘
@ Role of interactions \ \

Why'd you ignore I do not interact

the guy who {IIS[ with other photons!
walked p:

11
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Anderson-Holstein Model

UT(
DEMADRID

Anderson-Holstein comprises different kind of nanojunctions:
single molecule transistors, nanowires, carbon nanotubes,...

@ Single spinless level

@ Localized vibrational mode
1 I | I
| b |
Vb

g L

H = Hicads + €0d'd 4+ woa'a + Ad'd(a + al)
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Anderson-Holstein Model

Anderson-Holstein comprises different kind of nanojunctions:
single molecule transistors, nanowires, carbon nanotubes,...

@ Single spinless level

@ Localized vibrational mode
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Anderson-Holstein Model

Anderson-Holstein comprises different kind of nanojunctions:
single molecule transistors, nanowires, carbon nanotubes,...

@ Single spinless level

@ Localized vibrational mode

!
N J L.//\/\
@ — &

H = Hicads+eod d+wpa'atAd d(a+a")+Hro(t), Ti = mprt? (i=L,R)
Generating function

Z(X?t) = an(t)eixn

0"Log (Z(x,t))
ox"

x=0
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ressed Tunneling Approximation

Dressed Tunneling Approximation: Diagramatic resummation
of dominant Feynman diagrams'

— =& PROPAGATOR IN THE DOT
-———=——-c PROPAGATOR IN THE LEAD
\/"\/"\POLARON CORRELATOR gﬂ% S‘M,’%
+ i

X HOPPING EVENTS

@ Equilibrium population of phonons

TR. Seoane Souto et. al. Phys. Rev. B 89, 085412 (2014)
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Mukamel formula
DE MADRID

Generating function:

Z(x.t) < T.el e HTth>

AY
v
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Mukamel formula
DE MADRID

Generating function:
Z(x,t) = <Tceifc HTX‘“>
Functional determinant—sDiscretized in time contour!

det |2 () — £(x. 1)
det [ggl(t) ~$(x =0, t)}

&o —Green function of the dot
Y — Self-energy (coupling to the electrodes)

TRev. Mod. Phys. 81 (2009)
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Probability of electrons transfered

A
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Time dependent current
DE MADRID

Current evolution. Quantum Monte Carlo dataf
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@ Polaronic effects causes long transient behavior

TK. F. Albretch et al. Phys. Rev. B 87, 085127 (2013)
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1 electron physics
DE MADRID

Universal oscillatory behavior at short times. Experiments
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0.0001

max(cn/c1)/(k-1)!

103 max(cp/c1) = (n—1)le™™

TPNAS, 10116 (2009)
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1 electron physics
DE MADRID

Universal oscillatory behavior at short times. Experiments
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1 electron physics

Universal oscillatory behavior at short times. Experiments
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Many electrons— Broken universality
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© Superconducting junctions
@ Model Hamiltonian
@ Results
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SNS junction model

DEMADRID

Phase driven superconducting junction

BCS electrodes

T_,Dos

¢ — Magnetic flux through the loop
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SNS junction model

Phase driven superconducting junction

BCS electrodes

Cooper Pair

DOS

¢ — Magnetic flux through the loop

H = Hpcs Leads + €0 Z did, + Hro(t)
J:T7\l/
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Andreev physics

electron-hole reflections— Andreev reflections

H = Hpcs Leads + €0 Z d;dg + H16(t)
o="l

wdp b¢ —— o0

Multiple Andreev reflections— Andreev Bound states
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Andreev physics

electron-hole reflections— Andreev reflections

H = Hpgcs Leads + €0 Z did, + Hro(t)
o="T,)

2A ‘, ‘(

Multiple Andreev reflections— Andreev Bound states
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Andreev physics

electron-hole reflections— Andreev reflections

H = Hpgcs Leads + €0 Z did, + Hro(t)
o="T,)

2n

°a

Multiple Andreev reflections— Andreev Bound states
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Andreev physics
DE MADRID

Transport dominated by the presence of the Andreev Bound States'

Abeql=| e
—_— +0

— |-
-EAl| 9

I(t) X nground(t) - nexcited(t)
T=0: only the ground state is populated.

Science 349, 1199 (2015)
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Andreev physics
DE MADRID

Transport dominated by the presence of the Andreev Bound States'
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I(t) X nground(t) - nexcited(t)
T=0: only the ground state is populated.

Science 349, 1199 (2015)
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current evolution

Current is not converging to the stationary value (even with adiabatic

switching)
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Non-interacting Andreev Bound states— non-equilibrium population
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current evolution
DEMADRID

Current is not converging to the stationary value
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Non-interacting Andreev Bound states— non-equilibrium population
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Counting statistics
DE MADRID

Counting statistics—contributions from the four Fock states
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Quasi-particles trapped in the system. Universal behavior at I > Af
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fSubmitted to Phys. Rev. Lett.
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relaxation mechanism

Relaxation mechanism: weak coupling to a third normal electrode

Population of the excited state relaxes
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relaxation mechanism

Relaxation mechanism: weak coupling to a third normal electrode
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Population of the excited state relaxes
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relaxation mechanism
Relaxation mechanism: weak coupling to a third normal electrode
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Electron counting statistics in transient regime
@ Holstein model

e Long transient dynamics
o Universal oscillations in higher current cumulants

@ Superconducting electrodes

o Non-equilibrium population of Andreev bound states
o Extra relaxation mechanism to reach stationary

Future
o Stationary regime

@ Coherent control of the system— Andreev qubit
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