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A Review based on the European Integrated Project “Qubit Applications (QAP)"
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eI nature Journal of Modern Optics
EEETT oo Volume 0, e 18,2013

Prospective applications of optical quantum memories

Quantum information transfer using photons _ _ _
In part triggered by the improved understanding of neces-

cantly speed up long-distance entanglement rates'™. Storage of pho- sary properties, and in part causing it, impressive progress in
tonic polarization quantum bits has recently been demonstrated the storage and recall of quantum states in atomic ensembles
with both high efficiency and fidelity, paving the way for interactions and individual absorbers has been achieved over the last

few years. This includes storage efficiencies of up to 87%
[35,36], storage over 5 GHz bandwidth [34], simultaneous
storage of several temporal modes [37,38], readout fidelities
exceeding 99% [39], the combination of high efficiency
(73%) and long storage time (3 ms) [40], and storage and

with polarization-based quantum-information processors'='",

107. Zhou, Z.-Q),, Lin, W.-B., Yang, M., Li, C.-E & Guo, G.-C. Realization of
reliable solid-state quantum memory for photonic polarization qubit. Phys.
Rev. Lett. 108, 190505 (2012).

[39] Zhou,Z.Q.;Lin, W.B.; Yang, M.; Li, C.F.; Guo. G.-C. Phys.
Rev. Lett. 2012, 108, 190505.

New Journal of Physics 16 (2014) 065019
cooled rare-earth ion doped crystals has already shown great promise as a quantum memory for
quantum information processing applications. Examples include high retrieval fidelity [19],
high efficiency [20], large bandwidth [14, 15], large temporal and spectral multimode storage

[19] Zhou Z Q. Lin W B, Ye-mg M, L1 CF and Guo G C 2012 Realization of reliable solid-state quantum memory
for photonic polarization qubit Phys. Rev. Lert. 108 190505
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TABLE I. Experimental implementations of guantum sensors.

Imiplemenation Qubit{s) Measured quantity(ies) Typical frequency Initalization Readout
Neutral atoms
Atomic vapor Atomic spin Magnetic field, miation, de-GHz Optical Cipiticaal
time/frequency
Cold clouds Atomic spin Magnetic field, de-GHz Optical Cipiticaal
acceleration,
timefrequency
Trapped jomis)
Long-lived TimeFrequency THz Oiptical Cipticaal
elocoronic state Ruitation Optical Oiptical
Vibrational maode Eleciric field, force MHz Optical Oiptical
Rydberg ainme
Rydberg stites Electric field de, GHz Optical Oiptical
Solid-state spins (ensembles)
MNMR sensors Muclear spins Magnetic field de Themnal Fick-up coil
NV" center Electron spins Magnetic field, de-GHz Optical Cipiticaal
ensembles electric field,
e miper ature,
pressune, m@tion
Solid-state spins (single spins)
P donor in 51 Elactron spin Magnetic field de-GHz Themnal Electrical
Semiconductor Elzctron spin Magnetic field, de-GHz Electrical, Electrical, optical
quantum daots eleatric field aptical
Single NV~ center Elsctron spin Magnetic field, de-GHz Optical Cipiticaal
electric field,
te miper ature,
pressune, moation
Superconducting cinowits
SOUIm* Supercument Magnetic field de-GHz Themmnal Electrical
Fluze qubit Circulating currents Magnetic field de-GHz Themnal Electrical
Charge guhit Charge eigenstates Electric field de-GHz Themnal Electrical
Elementary particles
Muan Muonic spin Magnetic field dc Radinactive Radioactive
decay decay
Neutron Muclear spin Magnetc field, dic Bragg scatering Brmage scatering
phonon density,
gravity
Other SETEOTS
sET! Charge cigenstates Electric field dc-MHz Themnal Electrical
Optomechanics Phonons Famce, acceleration, kHz—GHz Themnal Cipiticaal
meass, magnetic
field, volage
Interferometer Photons, {atoms, Diisplacement,
molecules) refractive index

sensitivity o

VT,

BRETHETRI(E]

Rev. Mod. Phys. 89.035002 (2017)
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