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Electro-Nuclear Atomic Clock Transitions in a Holmium Molecular Qubit 
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Introduction 
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One promising approach in the development of quantum information processing units relies on the manipulation of electron spins. Despite their promise, spin qubits are susceptible to several sources of decoherence, with the magnetic dipolar interaction representing the primary source at low temperatures. The effects of the dipolar coupling to the surrounding spins may be significantly reduced through the use of atomic clock transitions (ACTs).1 These occur at avoided level crossings where the transition frequency becomes insensitive to variations in magnetic field. We recently demonstrated dramatic enhancements in coherence at ACTs in a molecular magnet consisting of a holmium ion.2 Here we report pulsed electron paramagnetic resonance (EPR) studies on single-crystals of holmium polyoxometalates in which the holmium centers are diluted into an isostructural non-magnetic Y matrix.3 
Experimental 

Pulsed EPR measurements on a single crystal of 10% concentration of holmium were carried out at a temperature of 5 K using a commercial Bruker E680 X-band spectrometer. Field-swept electron spin echo spectra were collected at the frequencies from 9.1 to 9.8 GHz using a two-pulse Hahn echo sequence (Fig.1).
Results and Discussion


The HoIII ion has a total angular momentum ground state of J = 8 (L = 6, S = 2) with mJ = ±4 as the lowest doublet split by the hyperfine interaction with the I = 7/2 nuclear spin. In this work, we observed electro-nuclear clock transitions that involve coupled dynamics of the electron and nuclear spins following the selection rule ∆mJ = ±8 and ∆mI = ±1 (shown by the red arrows in Fig.1). The coupled electro-nuclear ACTs are realized at avoided crossings between different hyperfine levels associated with the nuclear spin of the HoIII ion. These transitions are formally forbidden in EPR. However, the symmetry of this molecule generates admixtures of the ground doublet mJ = ±4 through second order perturbation, and application of a transverse magnetic field mixes mI and mI+1 states, allowing such transitions to occur in the vicinity of avoided level crossings. The four strong resonances that persist over the entire frequency range in Fig.1 correspond to ACTs with the selection rule ∆mJ = ±8 and ∆mI = 0 reported previously.2  
Conclusions

Pulsed EPR studies indicate enhanced coherence at the electro-nuclear ACTs. This is significant for applications in hybrid magnetic qubits, where manipulation of the nuclear spin is controlled via EPR pulses. 
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Fig.1 Field-swept electron spin echo (ESE) detected spectra recorded at the frequencies from 9.1 to 9.8 GHz at 5.0K for a single crystal of 10% concentration of holmium; the frequencies are indicated in GHz next to each trace. The electro-nuclear ACTs are shown with the red arrows.









