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Problem: A single atom and a single photon do not like to talk to each other



Atom-Photon Interactions

A Single Atom
Ultimate non-linear optical element

Spontaneous Emission into undesired directions is a fundamental
limitation: Source of (quantum) information loss
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off-resonant Raman fields to photon-echo-based techniques. Furthermore, we derive an optimal control
strategy for storage and retrieval of a photon wave packet of any given shape. All these approaches, when
optimized, yield identical maximum efficiencies, which only depend on the optical depth of the medium
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Error decreases as 1/ OD or slower
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Formalism for Atom-Light interactions including
Wave Interference

" field created by a single |
dipole is given by
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Formalism for Atom-Light interactions including
Wave Interference
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Exploiting Cooperative Effects in Dense Atomic Arrays

Regular and Dense Arrays maximize the
effects of Wave Interference

d/A<1/2
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Exploiting Cooperative Effects in Dense Atomic Arrays
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No Photon Losses . .
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Coupling the atomic chain
with a nanofiber

“selectively radiant system”
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Infidelity

We can use such effects to create a
nearly perfect quantum memory
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We can use such effects to create a
nearly perfect quantum memory
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A small array of 4 x 4 atoms can be as efficient
as a disordered ensemble with N = 106~107

. J

Less than 1% error for a 4 x 4 arrav!

0 0.4
. L =
%10 T R Tt~ mcccecc e ————d OQ\A

W 1=

(<) )
10 ' : ' ' '
0 10 20 30 40 50 60

N

Optimization of photon storage fidelity in ordered atomic arrays

M. T. Manzoni, M. Moreno-Cardoner, A. Asenjo-Garcia, J. V. Porto, A. V. Gorshkov, and D. E. Chang,
New Journal of Physics, 20, 083048 (2018)
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We can use such effects for an
efficient transport of excitations
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Extraordinary subradiance with lossless excitation transfer in
dipole-coupled nano-rings of quantum emitters

M. Moreno-Cardoner, D. Plankensteiner, L. Ostermann, D. E. Chang, H. Ritsch, arXiv:1901.10598
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We can use such effects for an
efficient transport of excitations
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Outlook

Including Wave Interference and Correlated Dissipation
leads to new paradigms
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Including Wave Interference and Correlated Dissipation
leads to new paradigms

Novel phenomena, More powerful protocols?

quantum memories

metrology independent
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