Influence of nuclear spin on the Rabi frequency of erbium ions doped in a YLiF₄ single crystal
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Rabi oscillations are commonly used to investigate quantum coherence in qubits. Recently, we predicted that the Rabi frequency would depend on the projection of the nuclear spin of the ion when there is a strong hyperfine interaction (HFI) [1]. Strong HFI in rare-earth ions is known to lead to anti-crossing of spin sublevels. This occurs when the HFI is comparable to the Zeeman interaction, resulting in a nonlinear dependence of the electron spin sublevels on the magnetic field. The HFI flip-flop term promotes the mixing of electron-nuclear wavefunctions, described by the ladder operators of electron (S) and nuclear (I) spins: S​+I− + S−I+. This term preserves the total magnetic moment of the two spins but alters their projections. For an electron spin of S = 1/2, the state with an electron spin projection of mS = +1/2 borrows some contribution from the state with a projection of mS = −1/2. Consequently, the ion's interaction with local fields decreases. It has been shown that strong HFI reduces electron spin interactions in other directions as well, particularly in the plane perpendicular to the direction of the external field [1]. Thus, the ion's reduced magnetic moment affects its interactions with the microwave field.

Here, we report the experimental evidence of this phenomenon. Significant changes in the Rabi frequencies were observed in nutation experiments on the isotopically pure YLiF4 single crystal doped with 167Er (I = 7/2) ions (see Figure 1). The nutation frequencies were measured at several magnetic fields corresponding to nuclear spin-allowed EPR transitions. The obtained experimental data are in good agreement with the results of the theory. Changes in nutation frequencies result from the difference in the mixing of spin wavefunctions, which is caused by changes in the ratio of the strengths of the hyperfine and Zeeman interactions.
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Fig. 1. Three pulse nutation data are shown as a function of the first microwave pulse length at two erbium ion EPR transitions, with a fixed microwave irradiation amplitude of ω​1/2π = 39 MHz. The points represent the experimental data and the curves represent the basis spline function of the data.
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