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Exploring Relaxation Mechanism in Yttrium Iron Garnet Using a Superconducting Qubit.
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We demonstrate dispersive coupling between a superconducting qubit and a magnetostatic
mode for exploring microscopic behavior in spin excitations in ferromagnets. Spin waves, called
magneto-static modes in the long wavelength limit, are collective modes in rigid ordered spin
systems. Yttrium iron garnet being typical ferromagnetic insulator has long been investigated
for the microscopic origin of the linewidth of magneto-static modes at cryogenic temperatures.
In the quantum limit where thermally-excited spin waves become very few with a typical
ambient temperature down to 10 mK for spin excitation frequency of 10 GHz, spin wave behaves
quantum mechanically, i.e., spin wave has properties of wave and particle simultaneously.
Obvious signature is that energy of spin wave is discretized and restricted to the multiple of /f,
where / is Planck constant and fis the excitation frequency of spin wave. Nobody has reached
to investigate relaxation behavior in the quantum limit.

Here we demonstrate a method to count such discretized spin-wave excitation in ferromagnetic
insulator utilizing a superconducting qubit. Superconducting qubits are promising candidate for
quantum computing as well as fundamental element in quantum information processing. The
simplest qubit consists of two distinct electrodes shunted by a non-linear inductor formed by a
Josephson junction. We have succeeded to couple the superconducting qubit and a magneto-
static mode in yttrium iron garnet via microwave cavity. The induced coupling exchanges a
single discretized energy quantum between the magneto-static mode and the qubit. When the
qubit and magneto-static mode frequencies are detuned, energy exchange is suppressed by
the energy conservation low. Instead, residual phase interaction induces qubit frequency shift
depending on the excitation numbers in the magneto-static mode. Observed qubit spectrum
splitting as well as excitation power dependency of spin-wave clearly shows that we can count

the excitation numbers in ferromagnet in the quantum regime.
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