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Long range quantum transfer in TQDs

L-R resonance of (2,0,1) and (1,0,2)
intermediate (1,1,1) far in energy

"

LR )= = (11.0.0)-[v.0.1 )

As an electron tunnels from one extreme to the other an arbitrary spin state ¢ is
transferred in the opposite direction:

|¢>Z=L,R =G |1\>z + ¢ |‘l’>z

M. Busl et al.,,Nature Nanotech, 8, 262 (2013)
R. Sdnchez et al., PRL, 112, 176803 (2014)
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Long range quantum transfer in ac-driven TQDs

9 QDs in Si/Ge heterostructure

F.R. Braakman et al, Nature Nanotech, 8, 432 (2013)
PHYSICAL REVIEW APPLIED 6, 054013 (2016)

J. Petta



Current (pA)

Driving with periodic AC electric fields

Photoassisted Tunneling (PAT) in quantum dots
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Coherent destruction of tunnel
P. Hinggi, PRL, 1991
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Bonds renormalization

T. H. Oosterkamp
et al., Nature 395, 873-876,

1998

Floquet-Bloch Theory and Topology in
Periodically Driven Lattices,

A. Gomez-Lebén and G. P., PRL, 110,200403
(2013)

P. Delplace, A. Gdmez-Ledn
and G. P., PRB, 88,245
(2013)
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Floguet Theory

Analog to Bloch theory, but in time: time periodic hamiltonians H ()= H(t+T)
Solutions: |1Pa (t)> e (t)>

Floquet States: ‘ua (t + T)> = ‘ua (t)>

Quasi-energies: €&, S [—60/2,60/2]

Floquet Equation: H<t)|ua>=ga|ua> where H(t)=H(t)—i8

t
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Analog to Bloch theory, but in time: time periodic hamiltonians H ()= H(t+T)
Solutions: |‘Pa (t)> _ pitat “ (t)>

u, (t + T)> =|U, (t)>

Quasi-energies: €&, S [—60/2,60/2]

Floquet States:

Floquet Equation: H<t)|ua>=ga|ua> where H(t)=H(t)—i8

t

Floguet-Bloch Theory
H(x+a,t+T)=H(x+a,t)=H(x,t+T)

Solutions in the Floquet-Bloch form: “I’a,k (x,t)> = "t

U, , (x,t)>
H (k1)) =€, s ) H(k,t)=e"(H(r)-i0,)e™ = H (k.t)-1id,
Peierls substitution kK — K(t) =k+ A(t)



Finite dimer chains: role of edge states in the charge dynamics

Su-Sch rieffer-Heeger Model (SSH) W. P. Su, J. R. Schrieffer, and A. J. Heeger,
Phys. Rev. Lett. 42,1698 (1979).

Topological invariant in 1 D: The Zak phase
M.Atala et al. 2013

Ramsey interferometry combined
with coherent Bloch oscillations



Finite dimer chains: role of edge states in the charge dynamics

Su-Schrieffer-Heeger Model (SSH)

Topological invariant in 1 D: The Zak phase
7. =0 Trivial phase

7= §ﬁ<ua’,( }zak ‘ua,K>dk J' "
J
Zak phase : the Berry’s phase picked up by a particle Z =5 Non trivial
moving accross the Brillouin zone. L’ . topological
It characterizes the topological properties of 1D solids. J <l phase:

edge states



Finite system

(J’) | 1 N, , =2M .l'/J>(J'/J)C
C

J M +1 Ny =2(M =1)) /1<’ /1),
P. Delplace et al. PRB, 84, 195452 J,
A, = 7
S
J

Edge states form a non-local two-level system.
Long-range transfer



Odd number of sites
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Transfer of interacting electrons in a dimer chain



K. Wrinkler et al.

Science Vol. 347, Issue 6227, pp. 1229-1233 (2015)



SSH-Hubbard model
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SSH-Hubbard model




F. Hofmann et al., PRB, 85,205127 (2012), A. H. MacDonald et al.,PRB, 37, 9753 (1988)

Doublon’s energy spectrum
Effective Hamiltonian

Single occupacy spectrum

M. Bello et al., Scientific Rep. 6, 22562 (2016).



J, = 2]% J, = 2]%



J, = 2]% J, = 2]%






Doublons edge states do not occur naturally in the dimer chain.

However they can be induced by different means:



1)

En, (Jeff)

10

S N = O 00

Topological Direct Transfer

Topological edge states



Topological Direct Transfer

A=05

A=1



2)
With AC driving: Shockley transfer:



N. Goldman et al., PRX, 4, 031027
M. Bukov et al., Adv. Phys. 64,139



N. Goldman et al., PRX, 4, 031027
M. Bukov et al., Adv. Phys. 64,139

The ac field allows to tune the ratio between the hoppings and Al



Inducing Shockley-like edge states

JO(Ea%) _07 JO(Ea%)=O_3

Odd number of sites

Shockley Direct Transfer

— .



3)
Combination of both: AC induced topological transfer
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U = 16J, by = 0.6a, and w = 2J.



Doublons edge states do not occur naturally in the dimer chain,

however they can be induced by different means:

a) adding dc gate voltages b) adding ac electric fields

adding both

N



Doublons in 2D lattices driven with ac electric fields and static
magnetic fields

Circular polarization

H.g = Z Jl-(}ffd;-rdj + Zﬂfﬂdzdi
(i,7) z



Sublattice dynamics

The ac field modifies the relative weight of
the Bloch states on each sublattice

Time average probability for the doublon to
remain in sublattice A



Sublattice dynamics

The ac field modifies the relative weight of
the Bloch states on each sublattice

Vidal et al., PRL 1998 Aharonov-Bohm Cages



Edge dynamics and long range transfer of doublons b =0



b £ 0

M. Bello, C.E. Creffield and G.Platero, PRB, 95, 094303
(2017)



Quantum transport in a dimer chain



N=20 atoms

12345678910
site number n

M. Benito, M. Niklas, G. Platero, S. Kohler, PRB, 93, 115432 (2016)



Dimer chain: AC driven transport to characterize the topology

Shot noise

H = Hgsy + 421 Cp,Cn, COS wf)

n=1

While the shape of the current
suppression would be sufficient
to identify edge-state blockade,
the Fano factor exhibits clearler
fingerprints of the topological
phase diagram.

b/

M. Niklas, M. Benito, S. Kohler and G. Platero, Nanotechnology, 2017
Zak phase



Summary

Long range transfer of particles in a dimer chain mediated by edge states

Doublons edge states in the dimer chain induced by dc voltages
and ac electric fields: Long range transfer of doublons

Time (J—1)

Sublattice Doublon dynamics in 2D lattices controlled by ac electric
fields

long range Doublon transfer

coexistence of Schockley and topological edge states

Current edge state blockade in a dimer chain:
ac transport: fingerprints of topology in the noise



