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Table 1.  Experimental research progress on coherent coupling of superconducting-chip microwave resonators and cold

atoms.
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Fig. 1. Superconducting atom chip: (a) Z-type superconducting wire (in mm); (b) cold atoms confined in the superconducting microtrap;

(c) the lifetime of atoms trapped in the microtrap.

200306-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 20 (2023) 200306
lw =15 pm —11 6.845
(a) D] . (b) (¢)
—12 T 6.840f
—13} =
b= 130 pm M 2 6.835F
E —14 | Fit results: g
= Q1 = 6384.9319; > 6.830
w 151 Q =10146.5672; 3 dB £
_16L Qe=17222.6005; S 68251
! Qs ap = 4799.9561; g I
N —17} fy=6.8399 GHz; £ 6.820
—18 : : 6.815
; | 6.815 6.825 6.835 6.845 3.5
: lc ' £/(10° Hz)

K2 B LCIERES ot 5 ik

(a) #BF LC IR COMSOL #; (b) 7F 3.8 K iR T N 6.84 GHz BY#E S LC 4R

JE T B | Son | T 28 K H: Q{5 () MBS LC I IR IR AR Bl IR B2 A2 Ak, IR 4.45 K, AT DASE B LC 3R s 5 18 I 7 iy SRR &
Fig. 2. Design and test results of superconducting LC resonator: (a) Model of superconducting LC resonator by COMSOL software;

(b) microwave transmission |Sy| at 3.8 K of superconducting LC resonator with center frequency of 6.84 GHz and its correspond-

ing @ factor; (c) the frequencies of superconducting LC resonator varies with temperature. When the temperature is 4.45 K, the reso-

nant coupling between LC resonator and cold atoms can be realized.
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Fig. 3. Coherent coupling between superconducting LC resonator and cold atoms: (a) Size of superconducting LC resonator (in mm);

(b), (c) positioning schematic diagram and physical diagram of Z-type superconducting atom chip and superconducting LC resonator
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Table 2. Experimental research progress of microwave-to-optics conversion based on neutral atoms.
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Fig. 4. Millimeter-wave-to-optics conversion via six-wave mixing based on cold ¥Rb atomic ensembles: (a) Millimeter-wave-to-op-

tics conversion with mm-wave fields focused by dielectric lenses; (b) millimeter-wave-to-optics conversion with mm-wave fields con-

fined by waveguide; (c) six-level system of millimeter-wave-to-optics conversion/*?.
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Fig. 5. Microwave-to-optics conversion via off-resonant scattering: (a) Six-level system; (b) conversion efficiency and dark-state

probability versus optical density; (¢) maximum conversion efficiency versus detunings of probe laser and dephasing rates of Ry-
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Fig. 6. Experimental results of microwave-to-optics conversion: (a) Experimental setup and time sequence; (b) temporal waveforms
of the input microwave pulse and output optical pulses, and the relative phase of a heterodyne signal for the phase-modulated mi-

crowave; (c¢) spectra of transmission and generated optical power; (d) power Pp, of output optical pulses versus optical depth for off-
resonant and near-resonant scatterings.
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Abstract

The hybrid quantum system composed of superconductor and cold atoms is expected to achieve fast
quantum gates, long-life quantum storage and long-distance transmission through optical fibers, making it one
of the most promising hybrid quantum systems to realize optical interconnection between two superconducting
quantum computers. In this paper, we comprehensively review the recent research advancements in the optical
interconnection of two superconducting quantum computers, based on the superconductor and cold atoms
hybrid quantum system, specifically the review covers the coherent coupling between superconducting chips and
cold atoms, the coherent microwave-to-optics conversion, and the long-range microwave interconnection
between superconducting qubits and quantum converters. The system is expected to provide a physical and
technical foundation for practical optical-fiber interconnection of two superconducting quantum computers, and

have broad applications in distributed superconducting quantum computation and hybrid quantum networks.
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