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Fig. 1. Schematic of qubit-magnon hybrid system in a rectranglar 3D microwave cavity: (a) A small YIG sphere is placed in cavity
made of oxygen-free copper at the magnetic-field antinode of the cavity mode TE;q,. The qubit is mounted in the part of the cavity
made of aluminium near the antinode of cavity TE,p mode. (b) Electrical and magnetic field distribution of cavity TE,s, and TE;3
mode. The upper half figure shows the electric field distribution of cavity TE,j, mode, the left of lower half shows the magnetic field
distribution of cavity TE;j, mode, TE,j; mode electric field distribution is shown on the right-hand side. As shown in figure, the
YIG sphere and the qubit chip are placed near the antinodes of cavity TE;j3 magnetic field and TE;q, electric field, respectively.
(¢) Transmission spectrum of the cavity when the Kittel mode of magnons in the YIG sphere is magnetically tuned to be near

resonance with the cavity TE;j, mode.
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Fig. 2. Coherent coupling between qubit and the magnon:
(a) Energy levels of qubit-magnon system with only the va-
cuum and single-magnon states involved for the Kittle
mode. If we adjusting the magnetic field to set magnon
Kittle mode frequency resonance with the qubit, |g,1) and
le, 0) degenerates, the coupling between |g,1) and |e,0) in-
duces the vacuum Rabi splitting 2g,,. If we apply a mi-
crowave drive with amplitude (2; to qubit, the degenerated
levels further split into 4 levels. (b) Vacuum Rabi splitting
of the qubit-magnon system measured via the transmission
spectrum of the cavity by both tuning the static magnetic
field and scanning the frequency of the excitation field. The
porbe field is applied in resonance with the cavity TE;q;

mode.
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Fig. 3. Dispersive readout of the hybridized normal modes of the driven qubit-magnon system. An excitation field is tuned to excite

the hybridized normal modes and a probe field is applied in resonance with the cavity mode TEjp3. The power of the microwave

field to drive the superconducting qubit is tuned to be (a) 0.04 uW,

(f) 0.63 uW, (g) 1 uW, (h) 1.6 uW, respectively.
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Coherent coupling in a driven qubit-magnon
hybrid quantum system”
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Abstract

We experimentally demonstrate the strong coupling between the ferromagnetic magnons in an yttrium-
iron-garnet (YIG) sphere and the drive-field-induced dressed states of a superconducting qubit, which gives rise
to the double dressing of the superconducting qubit. The YIG sphere and the superconducting qubit are
embedded in a microwave cavity, and are coupled to the magnetic and electrical fields of the cavity TEio2
mode, respectively. The effective coupling between them is mediated by the virtual cavity photons of cavity
TE102 mode. Our experimental results indicate that as the power for driving the qubit increases, an additional
split of the qubit-magnon polariton occurs. These supplemental splittings indicate a double-dressed state. We
theoretically analyze the experimental results by using a particle-hole symmetric model. The theoretical results
fit the experimental observations well in a broad range of drive-field power parameters, revealing that the
driven qubit-magnon hybrid quantum system can be used to emulate a particle-hole symmetric pair coupled to
a bosonic mode. Our hybrid quantum system holds great promise for quantum simulations of composite
quasiparticles consisting of fermions and bosons.

Keywords: superconducting qubit, magnon, coherent coupling, quantum simulation
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