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Increasing Coherence Times in Molecular Quantum Bits
van Slageren, J. and Bader, K. (U. of Stuttgart, Germany, Physical Chemistry)
Introduction 

Molecular nanomagnets are novel highly promising candidates for quantum bits. Amongst their advantages are such diverse properties as chemical tunability, surface depositionability and electrical addressability. Thus far coherence times have been insufficient for quantum information processing purposes. We have recently reported Q-band pulsed electron magnetic resonance studies of (PPh4-d20)2[Cu(mnt)2], where we demonstrated coherence times of up to 68 microseconds [1]. It has been shown that by lowering the temperature, whilst increasing the field, the coherence time of molecular quantum bits can be substantially increased. Second, the wide range frequency dependence of the spin dynamics in such systems is virtually unexplored territory. Therefore we performed pulsed electron magnetic resonance measurements on this molecule at the high frequencies of 120 and 240 GHz at temperatures down to 1.5 K 
Experimental


Experiments were performed on powder samples of the abovementioned material diluted in the diamagnetic, isostructural nickel(II) complex at the 10–5 m/m level. The employed spectrometer was the 120/240 GHz pulsed 12.5-T EMR spectrometer, operated by Hans van Tol. Both frequencies were used.
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Results and Discussion


Electron spin echo detected field swept EMR spectra were recorded at both 120 and 240 GHz. In both cases close correspondence with analogous spectra at lower frequencies was found. We have investigated the frequency dependence of the spin-lattice relaxation time T1 at 7 K. We have found that T1 becomes progressively lower with frequency, which we attribute to the increasing importance of the direct process of spin-lattice relaxation. The phase memory time TM at 120 GHz (68 μs) is essentially the same as that found at lower frequencies. However, the TM at 240 GHz is decidedly lower, possibly being limited to a certain extent by spin-lattice relaxation. This is corroborated by temperature dependent measurements, where TM is essentially temperature independent at 120 GHz but decreases in parallel with T1 at 240 GHz. We have also studied the Hahn echo decay at 1.5 K. Interestingly, we find a highly non-exponential decay (see Fig. 1), which can only be modelled by inclusion of a cubic exponential term. Such a term has been used previously for phosphorous dopants in silicon, where it was attributed to electron spin spectral diffusion induced by nuclear-spin diffusion. The monoexponential component reaches unprecedented values of 265 μs. This is >10,000 longer than the time for a simple quantum operation. 
Conclusions

The title compound was shown to be a robust molecular qubit. Very long phase memory times were found at very low temperatures, fulfilling the conventional figure of merit criterion for a viable quantum bit.
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Fig. 1. Hahn echo decay recorded on 10–5 (PPh4-d20)2[Cu(mnt)2] doped into the nickel analogue at 120 GHz and 1.5 K.









