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Probably, some of you are hearing about Okinawa Institute of Science and Technology for the first time. Therefore, I would like say a few words about OIST. Okinawa is Japan southernmost prefecture, located between mainland Japan and Taiwan. It is quite rural area in comparison with mainland Japan. Recently, Okinawa Institute of Science and Technology has been built from scratch to promote … At the present moment, there are about 400 employees and 75 graduate students from different countries.
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Avoided crossing: coupled potential wells
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Avoided crossing itself is a quite well-known phenomenon. It is observed in many systems. The simplest example is the coupled system of two spring-mass oscillators. The masses A and B are connected to the walls by springs with constants kA and kB, and coupled to each other by spring with constant kappa. If we consider resonant frequencies of the system as a function of spring constant kB, we will see, that when coupling constant is zero, we have two independent oscillators, and resonant frequencies intersect in a point.  However, in the case of coupled system, spectrum modes split into two non-crossing branches, and each normal mode corresponds to collective oscillation of masses. One mode is related to in-phase oscillation of masses, and another mode corresponds to anti-phase oscillations. The splitting value Gamma is proportional to the coupling string constant Kappa. Therefore, the splitting increases with the coupling strength.


Avoided crossing: cavity QED
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Avoided crossing: coupling to an ensemble of particles
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Observed avoided crossing was very pronounced. It means that splitting constant g was much larger than linewidths of cavity mode and magnon mode, otherwise it would be impossible to resolve the avoided crossing. This condition is called condition of strong coupling. In quantum regime, strong coupling can be described by this Hamiltonian. This term corresponds to the cavity mode and these are operators of creation and annihilation of photons, this is term for magnon mode and these are operators of creation and annihilation of magnons, and this term is related to strong coupling between photons and magnons.  
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Applications: hybrid quantum computer
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At this moment, systems with strong coupling between microwave photons and spin ensembles attract a lot of attention, because they proposed to be important building elements of hybrid quantum computers. For physical implementation of quantum bits, there is always a trade-off between coherence time and simplicity of quantum states manipulation.  On the one hand, there are superconducting qubits which are suitable for fast control, but their coherence time is short. On the other hand, there are spin systems which have long coherence time but it is difficult to manipulate their states rapidly. Therefore, the idea of hybrid architecture of quantum computer is to use a system of superconducting qubits as a processor and a spin system as a memory. The information will be transferred between memory and processor by microwave photons through strong coupling.


Coupling to ensembles: classical of quantum?

. . 1.6
Coupled spring-mass oscillators =0 0 _
12} /
System A System B 0 \
é? r/w
S
xA(1) Xg(t)
-1 -0.5 0 0.5 1 -1 -05 0 0.5 1
Ak /K, AK /K,
Coupled quantum oscillators [L. Novotny, Am. J. Phys. 78, 1199 (2010)]
\ : /> 7 . L
\_t / + Macroscopic spin with
%/0 - T TS AN
(‘~ ____________ 2 <S> = 7 >> h

O l ST OKINAWA [INSTITUTE OF SCIENCE AND TECHNOLOGY GRADUATE UNIVERSITY 7


Presenter
Presentation Notes
As I’ve already said, in previous studies, it was shown that strong coupling between microwave field and electron spin system can be realized. But for quantum computer applications, it will be also useful to realize strong coupling between photons and nuclear spin system, because coherence times for nuclear spins are extremely high. In our experiments, we observed avoided crossing in the frequency range of Nuclear Magnetic Resonance. The question then arises is it caused by coupling between photons and nuclear spin system? In this talk I will present our interpretation of this result.


Ensemble of electrons on liquid helium

Microwaves
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Experimental setup
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Microwave freq. w/2mr (GHz)

Avoided crossing: cavity spectrum and electron response
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Quantum or classical??

2DEG In GaAs heterostructures:
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Our classical model

Coupled equations for two oscillators

Current of 2D electrons:
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Comparison with experiment
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Superradians and Rabi oscillations
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Most recent experiment

Semi-confocal FP resonator
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Most recent experiment

Looks like resonance induced by E* mode
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Conclusions

Strong coupling between electron
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Holstein-Primakov bosons
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In the low-excitation limit (S- S,<<S):
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Full description of the coupling between electron spins, nuclear spins, and photons is a challenging theoretical problem, but some estimations can be done by using the model of the enhanced microwave field hn. As I explained earlier, influence of electron spin motion on the nuclei can be taken into account by considering the enhanced microwave field hn acting on the nuclei. The microwave field hn is enhanced by the factor 150 relative to the applied field h1, and is perpendicular to the equilibrium direction of the nuclear magnetization. The coupling strength of interaction between nuclear spins and effective microwave field is estimated to be about 1 MHz which is consistent with experimental value. Therefore, we conclude that observed avoided crossing is due to coupling between nuclear spins and enhanced microwave field.


Ensemble of two-level systems on helium surface

Use Inter-subband resonance
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Cyclotron resonance harmonics

Microwaves

Yamashiro et al., PRL 115,
256802 (2015)

scatter by disorder
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