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Study of Forbidden Excitations between two Quasi-Harmonic Systems
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Introduction 

We study the possibility of coupling two quasi-harmonic systems (that is, limited number of equally spaced levels) to be able to transfer quantum information between them. The choice of systems is two representations of the same 6-level Hamiltonian of a Mn2+ ion S=5/2 but corresponding to different projections of the nuclear spin I=5/2. This demonstrates the possibility of including long-lived nuclear states as a degree of freedom in quantum computing based on multi-level systems.
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Fig. 1 Quasi-energies of the electro-nuclear dressed states for mI=1/2 (blue) and 3/2 (red) for low (solid lines) and high microwave power (dashed lines). The black arrows shows forbidden transitions while their Rabi frequency are indicated by the actual length of the arrows. At high power, strong coupling gaps are numerically observed, marked with Fen+ and Fen-.
	Experimental


The Mn ions diluted in a MgO matrix have tunable equally-spaced Sz spin states [1,2]. The hyperfine field is large enough to separate sets of electro-nuclear states {Iz, Sz=-5/2…+5/2} of consecutive Iz values. Due to the combined action of the hyperfine and crystal-field operators, such sets are coupled. If this coupling is strong enough and the coherence times of the electro-nuclear states large enough, a level repulsion of corresponding dressed states is to be observed. The excitation between different levels is done by means of radio-frequency pulses operated in X-band, around 9-10 GHz (see horizontal axis of Fig.1). The experiment is done using a pump and probe technique [3]. First pulse excites the system at any given frequency and the second pulse probes at resonance (see green marking in Fig. 1). 
Results and Discussion


The simulation of Fig. 1 show eigenstates of dressed Hamiltonian (Zeeman, anisotropy, hyperfine plus microwave field). The red and blue sets correspond to different nuclear projections. By exciting the system at frequencies as indicated by black arrows one can produce


Rabi oscillations between the blue and the red sub-systems. A state that is initially in the red system can be transferred coherently into the blue system. Our first measurements do indicate the existence of Rabi oscillations in such situations. The work is currently under analysis.
Conclusions

We have proposed a method to couple coherently two representations of harmonic oscillators using forbidden nuclear transitions. The method allows the observation of Rabi oscillations transferring the quantum state between the two quasi-harmonic oscillators.
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