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(Quantum Systems - In Situ Readout

* Engineered Quantum Systems: Quantum Simulation to Quantum Control

* In-situ quantum measurement: Precise tool of quantum control

e.g: Cavity QED, circuit QED
b

Rb ODT

individual
Cs atoms

Artur Widera Group, Mainz, Phys. Status Solidi B 2019, 256, 18007 10; Phys. Rev. X 10,01 1018 (2020);
Stephen Clark, Physics Viewpointl 3,7

* In-situ quantum measurement: Controlled opening of system


https://link.aps.org/doi/10.1103/PhysRevX.10.011018

(Quasi-Periodic Systems

* Lattice with disordered on-site potential (uncorrelated)

Anderson Localization, Mobility Edge in 3-d

P.W.Anderson Phys. Rev. 109, 1492

* 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-Periodie Systems - Resurgence

* Multiple Experimental Realizations

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

= A AR AR A=
\ TAYR VAVE

W

V. Goblot et.al., Nature Physics volume 16, 832 (2020)

* Connections to Many Body Localization
M. Schreiber et.al, Science 49, 842 (2015); R. Modak and S. Mukerjee, Phys. Rev. Lett. 1 1 5,230401 (2015).

* Open version of quasi-periodic systems

H.P. Luschen et.al., Phys. Rev. X 7,011034 (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)
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* Couple Qubit(s) to quasi-periodic GAAH lattice
* Read out nature of SPEs

* Read out transport properties

Qubits as Quantum Probes: Maniscalco, Palma etc.. see Phys. Rev. A103,023330 (2021)
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Properties of AAH & GAAH
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Properties of AAH & GAAH
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Properties of AAH & 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 Solution
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Dephasing Spin-Boson Solution
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Two Qubits Coupled to GAAH

Motivation: non-local probe for transport
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Two Qubits Dynamies Solution
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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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Transport Readout: Two qubit correlations
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Correlations: Localized Regime
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Generalized AAH Model : Non-Markovianity

Fraction of localized states N 1 =1 N =19
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Generalized AAH Model: Two qubit Correlations

|Cov(6267)] i =290 j =690 |Cov(6°67)| =233 j=610

0 0.002 0.004 0 0.002 0.004
m | m R |
0.8
long-time .
5 b = ) site-dependence
correlations l . o,
i with mobility edge
0.0
A
% 102
L A=15 a=0.388 /
o N=1.26 o =0.2
¥
o
. mixture of
slope increases ™ —; 6 % 10° >x10°_ critical+localized

o i i jf



Summary/Concelusion

¢ 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, multiple qubits better to also look at polaritonic
lattices + solid state qubits

Outlook

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

‘L

¢ Back-action of qubit on chain?



Thank you!

Please also visit Madhumita’s poster on this topic
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