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Fig. 1. The silence and revival of two-m-pulse photon echo:
(a) Pulse sequence of two-n-pulse photon echo. The phase
distribution of the input pulse is ¢o(r), that of the first =
pulse is ¢1(r), where ¢1(r) # ¢o(r), and that of the
second 7 pulse is ¢2(r). (b) In free space ROSE, ¢1(r)
differs from ¢o(r) due to the different propagating direc-
tions of the signal pluse and the m pulses. In panel (b), the
signal pulse incoming from the left has ¢o = ikr, and the n

pulses incoming from the right have ¢1 = ¢2 = —ikr.
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Fig. 2. Photonic crystal: (a) Structurre of the photonic crys-
tal. The photonic crystal has a square lattice, whose period
is 500 nm. The circles stands for the silicon pillars with a
diameter of D = 200 nm. (b) Energy band of the photonic
crystal in panel (a), showing a bandgap within 1.21-1.78 pm .
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R R — b 28 BT B 9B 11 8 B AR 2, R b TFE 0 3 o 8 9 BELE DC TRC 92 B 1009 14 B gyt /SR IR AR (b) B A b 187 194
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IS F I PRI ST — AU 1 B85 Ay [l & BEAR X, AT LS 5 941745 BHL 0 UG IE 5% 30 A 1 2 3T 100% it 22 i Ay 3 1 i i

Fig. 3. Two photonic-crystal cavities. Monopole resonace: (a) Removing a rod in the photonic crystal forms a defect cavity. One of
the resonances of the structure (a) is a monopole resonance, the field distribution of which is shown in panel (c). Such a monopole
mode is analogous to standing-wave resonance, and has a constant phase in space. This means that single-port output to one end of
the waveguides can not be realized bu tuning the waveguide-cavity coupling, as shown in panel (e). Hexapole resonance: (b) By in-
creasing the diameter of the central rod to 700 nm and reducing the rods at the edge to d2 = 150 nm, one can make another kind
of cavity that supports hexapole resonance. The field distribution is shown in panel (d). In such a structure the coupling between
waveguides and the cavity are impedance matched, as shown in panel (f), therefore one can transfer the input light to the down-

right port with an efficiency close to 100%.
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Fig. 4. Protocol of ROSE quantum memory based on
photonic crystal structures: (a) One photonic crystal struc-
ture that is suitable for ROSE technique; (b) a signal pulse
is input from the left, and the collective atomic polariza-
tion thus has a “clockwise” spatial phase distribution ¢o(7);
(c) control m pulses are input from the right, therefore have
a “anti-clockwise” spatial phase distribution ¢1(r); (d) after
the second m pulse, according the Egs. (13) and (15), the
collective atomic polarization has a phase distribution of
¢o(r) and then emit a photon echo to the right port.
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Abstract

Like internet, connecting quantum computers together to build a full quantum network will enhance the
ability to process quantum information. On-chip quantum memories can possess the essential functionalities in
building a quantum network, including synchronizing a large number of quantum computers and implementing
long-distance quantum communication. However, owning mainly to the constraints imposed by the micro-
photonic structures themselves, on-chip quantum memories cannot satisfy the requirement for constructing the
full quantum network for the incompatibility of their memory property and integration property. We here
propose to build an on-chip quantum memory by using spatial-phase-mismatching effect in photonic crystal
cavities. In this scenario, not only is the large orbital angular momentum of photonic crystal cavities utilized to
realize photon-echo type memory, but also the light-matter enhancement of a photonic cavity is used to achieve

a high-efficiency quantum storage.

Keywords: quantum memory, photon echo, photonic crystal cavity, spatial-phase-mismatching
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