IMPLEMENETATION OF QUANTUM COMPUTING ON HIGH-SPIN IONS OF PARAMAGNETIC COMPLEXES USING PHASE-MODULATED MICROWAVE PULSES
M.R. Arifullin1, V.L. Berdinskiy1
1 Orenburg State University, Orenburg, Russia
Quantum computing is becoming a groundbreaking technology that has attracted widespread attention around the world. In the race to develop quantum computers over the past three decades, the leading platform has changed from one system to another over time. It is possible that a completely new type of qubit, which has not yet been proposed or implemented, could lead to significant breakthroughs in quantum computing. Therefore, it is essential to properly design and develop physical qubits in order to build scalable quantum computers [1]. 


The use of high-spin ions embedded in crystal matrices as a new qubit platform would avoid the technical difficulties associated with other qubit platforms, such as high vacuum, strong magnetic fields, and laser radiation. This would simplify the management of qubits and scale systems, increasing the stability and reliability of their operation. 








One of the unique advantages of this approach based on microwave manipulation of high-spin ions allows the use of multi-spin paramagnetic ions to manipulate individual qubits, for example, a high-spin paramagnetic center with spin S = 2 in a zero magnetic field that is rich in energy levels. To describe the implementation of quantum computing algorithms, it is necessary to have a consistent theory of pulsed spin evolution for high-spin ion systems. 


The vast majority of modern magnetic resonance theories focus on describing spin dynamics and relaxation in strong magnetic fields. In order to construct control pulse sequences for implementing quantum computing on high-spin systems in zero magnetic fields, we need a rigorous and consistent theory for their spin evolution. 








As a first step in studying the possibilities of high-spin ions, it is necessary to study the spin dynamics of particles whose state is described by the zero-field splitting Hamiltonian without taking anisotropy into account. The spin states of paramagnetic ions in zero magnetic fields do not produce the observed magnetization; they correspond to states that are described in optical spectroscopy by the term "alignment". These states are entangled states of the types T+ + T- and T+ - T- . Therefore, the proposed theory must describe microwave control of the "alignment" of ion spin states and its transformation into "orientation", or magnetization [2-3]. 







Resonant microwave pulses are also capable of creating magnetization of high-spin (S ≥ 1) metal ions, even in the absence of an external magnetic field. This transformation of the spin states of ions is similar to the alignment-orientation transition in atomic spectroscopy, which allows the use of universal quantum gates in a single operation. 







The phase jump of the high-frequency component of the microwave pulse is equivalent to a change in the direction of the vector of the effective magnetic field in a rotating coordinate system. If the frequency of the microwave pulse coincides with the Larmor precession frequency, then a change in orientation of the vector in the rotating frame will change the trajectory of evolution of electron spin in multi-spin systems. These trajectories allow changing spin states of the system. However, the results of the action of microwave pulses with a phase jump strongly depend on both the initial state of electron spins and their "inclusion" in entangled multispin states.
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