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Quantum Annealing in Frustrated Ising Magnet Ca3Co2O6
Ding, X.; Singleton, J.; Chikara, S. (NHMFL-PFF); Cheong, S.-W. (Rutgers U., Physics) and Zapf, V. (NHMFL-PFF)

Introduction 

To date, quantum computers of over 1000 qubits are being developed by several commercial companies that implement frustrated Ising systems and find their ground state via quantum annealing (QA). In order to tackle real-world problems, QA computers will need to grow to billions or trillions of qubits. In this large-N limit new phenomena can emerge that could enhance or derail the functionality of quantum computers. Such phenomena need to be understood before such QA computers can be implemented. Luckily certain magnetic crystals that exist in nature that have as many as 1023 qubits. Notably, frustrated triangular Ising systems have the identical Hamiltonian to many important quantum annealing computational problems. These magnets are not programmable – the magnetic spins and their interactions are set by the material properties, but the phenomena of large N quantum systems can be studied none-the-less. In collaboration with quantum computation and quantum magnetism theorists, we have identified Ca3Co2O6 as a magnetic crystal that exist in nature with the desired frustrated triangular coordination of magnetic atoms. This system is prone to being trapped in macroscopic quantum metastable states [1] such that the ground state requires hours to days to reach [2].
Experimental


The field dependence of the magnetization change was measured in pulsed magnets. We built a probe to apply transverse magnetic fields (create QA) by rotating the sample of Ca3Co2O6 in pulsed magnets.
Results and Discussion


As shown in Fig.1(a), the transition field increases with the decreasing temperature. Below 10 K, the system shows one major transition. Fig.1(b) shows the field dependence of magnetization change at 1.4 K in pulsed magnet with history of longitudinal and transverse fields. From the calibrated M(H) curves in Fig.1(c), we can tell that the system is locked in the hysteresis loop when longitudinal fields are applied, while applying transverse fields changes the trapped state. 
Conclusions
    We have shown that transverse oscillating pulsed magnetic fields will select different metastable ground states than zero-field cooling or longitudinal fields. This is the first part of series of experiments that will include DC magnetic field annealing experiments and comparison of transverse and longitudinal annealing for reaching the ground state.
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Fig. 1(a) The field dependence of ΔM at various temperatures. (b) The field dependence of ΔM at 1.4 K with history of longitudinal and transverse fields. (c) Calibrated M(H) curves at 1.4 K.
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