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Quantum optics with atomically thin
materials

RS

= can have very strong optical response

= optical response can be engineered

“atomic metasurfaces”
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Perfect Reflection
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Perfect Reflection
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Perfect Reflection
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where

Perfect Reflection

Eout — EO

(eikzz 4 Seikz|z\)
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where

Perfect Reflection

i
AcoII — §rcoll

all atoms
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where

Perfect Reflection

E... = Eg (eikzz 4 Seikz|z\)
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3D setup

Dispersion relation of collective surface dipole excitations




3D setup
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3D setup
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3D setup
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Examples:

e atoms in optical lattice

e solid state 2D semiconductors
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Implementation in solid state 2D

Excitons in transition metal dichalcogenides
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Implementation in solid state 2D

Excitons in transition metal dichalcogenides
(MoS;, WSe; ...)




Application:
Impurities and
array QED



Increase (impurity) cross section?
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Impurity + Array Scattering
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Impurity + Array Scattering
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Impurity + Array Scattering

Impurity Array
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Impurity + Array Scattering
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e classical intuition: dipoles P b ool
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e quantum explanation:
impurity transition
(slightly) outside of array
resonance window =
only virtual excitation of
array atoms possible =
excitation collects on
Impurity
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Two interacting qubits?
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Two interacting qubits?
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Excitation exchange: Quality factor

Question:
How good is coupling between impurities
VS
decay into space?
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Excitation exchange: Quality factor
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On-array quantum computer...
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On-array quantum computer...



Control using 3 levels/EIT

oR = wr — (wg —wr)
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On-array quantum computer...
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On-array quantum computer...
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needed:

e switch “on” and “off” (2-qubit gate)
e single qubit rotation

e implementation: add 3rd level (EIT)
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Application:
Metrology

Sandberg, Ostermann, Patti, Yelin arXiv:2406.07619 3,
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Metrology with array QED
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e« Can be described as non-Hermitian
Hamiltonian

 Nonlinear frequency dependence near (not at)
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Exceptional point branch amplitude

S TTT——
e1]* = 7127‘25‘1:/2({:’11“{[008h(2t1m(3)) — cos(2tRe()5))]




Mechanism: Nonlinearity

e« Can be described as non-Hermitian
Hamiltonian

 Nonlinear frequency dependence near (not at)
a exceptional point

Coupling
Exceptional point branch amplitude
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Measurement Protocol

Population
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Measuring time
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Measurement Protocol
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Measurement Protocol
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Measurement Protocol
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What about noise and errors?
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What about noise

and errors?
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What about noise and errors?
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What about noise and errors?
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