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Quasi-Periodic Systems

- Lattice with disordered on-site potential (uncorrelated)

Anderson Localization, Mobility Edge in 3-d

P.W.Anderson Phys. Rev. 109, 1492 (1958)

 Quasi-Periodic Systems

Neither periodic nor disordered systems: e.g. Aubre-André-Harper
Mobility Edge in 1d

S.Aubry and G.André,Ann. Isr. Phys. Soc. 3, 18 (1980);
S. Ganeshan, K. Sun, and S. Das Sarma, Phys. Rev. Lett. | 10, 180403 (201 3).
S. Ganeshan, J. H. Pixley, and S. Das Sarma, Phys. Rev. Lett. | 14, 146601 (2015).



Quasi-Periodic Systems

» Multiple Experimental Realizations

ﬁ

- Connections to Many Body Localization
M. Schreiber et.al, Science 49, 842 (2015); R. Modak and S. Mukerjee, Phys. Rev. Lett. 1 15,230401 (2015).

. Bloch, Nature Physics I, 23(2005); G. Roati et.al., Nature 453, 895(2008);
H.P. Lischen et.al., Phys. Rev. Lett.120,160404 (2018)

- Open version of quasi-periodic systems

H.P. Luschen et.al., Phys. Rev. X 7,01 1034 (2017); J. Sutradhar et.al., Phys. Rev. B 99, 224204 (2019);
A. Purkayastha et.al., Phys. Rev. B 97, 174206 (2018); Phys. Rev. B 96, 180204(R) (2017)



This Talk
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- Couple Qubit(s) to quasi-periodic
GAAH lattice

« Read out nature of SPEs

* Read out transport properties

Phys. Rev.A 103,023330 (2021)
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Self — consistent reservoirs

 Transport properties in presence of
voltage probes— Environment
assisted transport

arXiv: 2202.14033




First Set-up
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Properties of AAH and GAAH
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Properties of AAH and GAAH
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Single Qubit Coupled to GAAH Chain
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Spin-Boson Dephasing Coupling - can be exactly solved



Dephasing Spin-Boson model: Solution
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Results: Single Qubit Dephasing Dynamics
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Single Qubit Dephasing Dynamics
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Non-Markovianity as SPE indicator
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Two Qubits Coupled to GAAH
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Motivation: non-local probe for transport
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Two Qubits Dynamics Solution
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Transport Readout: Two qubit correlations
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Correlations: Localized Regime

6_1 o )\
:
=
~+
<
g e
o

long times (~10%)

i =7

E=1/In[A]

Localization Length Readout



Generalized AAH Model : Non-Markovianity
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Generalized AAH Model: Two qubit Correlations
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Summary Part 1

- Readout of GAAH chain by coupling to qubits
- Single Qubit: Non-markovianity of dephasing, nature of SPEs
- Two Qubits: Transport properties from correlations

- Experimental Implementation: Single qubit good prospect with
ultracold atoms.

- Non-dephasing coupling: AAH and GAAH Bath Thermodynamics,
readout of current (direct signature of transport)

- Back-action of qubit on chain?
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Self — consistent reservoirs

* Transport properties in presence of
voltage probes— Environment
assisted transport

arXiv: 2202.14033




Known results without the probes for GAAH
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Non-equilibrium phase diagram: Scaling of current with system size
Phys. Rev. B 96, 180204(R) (2017)



Universal subdiffusive behavior at band edges from transfer matrix exceptional points
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Electrical Conductance: Zero temperature
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Universal decay 1/y* and enhancement as y*

Results for AAH model
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Diffusive behaviour in presence of probes

Localised regime
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Summary Part 2

¢ Environment assisted quantum transport at all localised regimes
® Power law scaling in conductance with probe coupling

@ For sufficiently strong coupling transport eventually becomes diffusive
at all regimes

Thank you!
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Results at finite temperature

‘ 10
__ ‘ (d) = 200
1= 200 A=1.2
1 /~%
A=10.5 /
‘ < 106
=ep = —1.75 © 0 _ €p = —1.0‘3%;
r=—10 108 ep =—0.17%
€r = 30 : 8 €EFp = 3.9
0 2 ' '
10 10 102 10°









Dephasing Spin-Boson Solution
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Dephasing Spin-Boson Solution
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Second Set-up

Quasi-periodic lattice + Buttiker probes
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Cs atoms

Artur Widera Group, Mainz, Phys. Status Solidi B 2019, 256, 18007 10; Phys. Rev. X 10,011018 (2020);
Stephen Clark, Physics Viewpoint| 3, 7
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