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Enhancing Coherence in Molecular Spin Qubits via Atomic Clock Transitions
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Introduction

This study focuses on the potential utility of a HoIII (4f 10) molecular nanomagnet encapsulated in a polyoxometalate (POM) cage as a molecular spin qubit. Prior continuous-wave (cw) measurements on single crystals demonstrated that the lowest-lying pair of Ligand-Field (LF) states of this non-Kramers ion exhibit a series of optimal operating points, or atomic clock-transitions at which the quantum spin dynamics become protected against dipolar decoherence. A significant magnetic anisotropy arises due to a splitting of the spin-orbit coupled total angular momentum (J = L + S = 8) ground state in the POM LF. The approximate D4d symmetry of the molecule results in a low-lying pair of mJ = ±4 singlets. Low-frequency (9 GHz) cw EPR studies reveal a series of avoided level crossings (tunneling gaps) between the 16 [(2I + 1) ( 2] lowest-lying electron-nuclear sub-levels, close to zero-field, leading to a highly non-linear field-dependence of the low-frequency EPR spectrum [1].
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Experimental


Pulsed electron-spin-echo (ESE) measurements were performed on oriented single crystals of Na9[HoxY(1-x)(W5O18)2] (for concentrations x = 0.001 to 0.1) using the Bruker X-band spectrometer in the EMR facility.
Results and Discussion


ESE measurements allow detailed studies of the coherent, coupled electron-nuclear spin dynamics, including Rabi oscillations, ESE-envelope-modulation (ESEEM), and evaluation of the phase coherence time T2. A strong divergence of T2 is found at the tunneling gap minima, Bmin (Fig. 1), even for the most concentrated samples, and at relatively high temperatures [2]. Results are analyzed for different hyperfine transitions and Ho concentrations, x. The long T2 times are attributed to the non-linear field effects, which give rise to points in the EPR spectrum that are insensitive (to first order) to the applied field and, hence, immune to dipolar field fluctuations. These are the so-called clock transitions (CTs) that occur at the tunneling gap minima.
Conclusions

The key result from this study is the demonstration that CTs can be employed as a means of enhancing coherence times in concentrated systems of molecular spin qubits [2]. Therefore, instead of attempting to suppress magnetic noise, which can be difficult at the stage of device design, we have shown that one can fortify the molecular spin qubit itself against this noise through the use of CTs. For other molecular spin qubit candidates, T2 values of similar order were only observable in deuterated and highly diluted samples.
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Fig. 1. Field-stepped T2 measurements for the x = 0.001 (a) and x = 0.01 (b) samples at T = 5 K, plotted as a function of (B0z – Bmin) on both log-log (main panels) and linear (insets) scales. The blue lines are power-law fits to the positive (B0z – Bmin) data (green points), with the obtained exponents given in the figures.









