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Fig. 1. Blo?éb id quantum systems. Some typical systems with different functionalities are placed
in the QK g to their coherence time (x axis) and their excitation frequencies (y axis)!'!.
Eor example,\nuelear spins and electron spins feature with their long coherence time; superconducting
:%

fields'in radio or microwave frequencies; and photons at telecom wavelengths are unparalleled in sending

antum mechanical systems and microwave cavities can be strongly coupled to electromagnetic

information over long distance.
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Fig. 2. Magnetic decoherence in crystals. (a) Ions that form a crystal‘possessielectron spins or nuclear
spins, which are cartooned as small magnets here. With enyironment temperature above zero, these
magnets vibrate around their lattice positions. As a resulty a vibrating magnetic field is added into the
local field of a targeted ion and its transition frequency is changed by an amount of . (b) Zeeman effect
of electron spins. For electrons with spin S = 192, applying aahagnetic field splits the energy levels. The
transition frequency @ is linear to the appli®d magnetic field. (c) Illustration of the hyperfine structure
of erbium ions. For '*’Er ions that possess both/electron spin and nuclear spin, the spin Hamiltonian is
H=umB-g-S+I-A-S+1-Q I+ u,B-I, where'l, is the Bohr magneton, B is the applied magnetic field,
g is the Zeeman g-matrix, A is the hyperfine matrix, Q is the electric quadrupole matrix, , is the nuclear
magneton, and g, =%01618 is the\nuclear g factor . Due to the hyperfine interactions, the transition
frequency @ is no longer’a linear function of the applied magnetic field, which leads to dw/dB = 0 at

some specifié iagnetic Reld.
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Fig. 3. The hyperfine structure of '’Er:YSO as a function of applied magnetic field. (a) The ground
state of '”Er:YSO consists of 16 hyperfine energy levels, all of which show nonlinear behaviour around
B = 0. Bold letter b and c indicate the regime of panel (b) and (c). (b) Zoomed picture of energy level as

indicated by b in panel (a). (c) Zoomed picture of energy level as indicated by ¢ in panel/(¢),
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Fig. 4. On-chip erbium quantum memories. (a) Quantum memory based on erbium- and titanium-
indiffused lithium-niobate waveguide®”). (b) Nanophotonic quantum memory by using focued-ion-beam
to fabricate a one-dimensional photonic cavity in a YVO crystal*!). (c) Waveguide memory fabricated by
femtosecond-laser micromachining on the surface of a YSO crystalP®® . (d) Quantum memory comprised

of an amorphous silicon ( @ Si) waveguide on a YSO crystal*?.
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Abstract

Quantum information is a rapidly emerging field aiming at combining two of
the greatest advances in science and technology of the twenticth century, that is,
quantum mechanics and information science. To reliably generate, store, process,
and transmit quantum information, diverse systems have been studied. While for
specific tasks some of these systems better Suit than others, no single system can
meet all envisioned demands. Erbium doped crystals have optical transition at
1.5 pm and possess long optical and*spin coherence times, and are thus among
the best candidates in building several essential blocks for quantum information
applications. In thisspaper;-the applications of erbium doped crystals in quantum
memories, quantam transducers, quantum sources, and quantum manipulations
based on erbiumserbium interactions are summarized. Lastly, outlooks for near
term prospects of the mentioned topics are given.

Keywords: Erbium doped crystal, quantum memory, quan-
tum transducer, 1on-1on interaction

PACS: 42.50.-p, 03.67.-a, 32.10.-f, 32.80.Qk



