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In this work, we constructed “solvable’ antiferromagnetic spin models with doping holes (fermions).
The present models have supersymmetry which represents interchange between bosons and fermions

[t is known that superconducting property appears when holes are doped into antiferromagnetic systems.
Such physical situations are crucial in understanding high Tc superconductivity, and many researches
have already been performed. However, “solvable’ models that exhibit above properties have not been
constructed. In this work, we succeeded to construct quantum states which exhibit such exotic properties
with the use of supersymmetry method. We also derived their Hamiltonians whose ground states are
precisely given by the quantum states.

In preceding works, analogies between the Laughlin wavefunction in quantum Hall effect and the
groundstate in solvable antiferromagnetic quantum spin systems were known. Furthermore,
supersymmetric extension of the quantum Hall effect was worked out already. Based on these two works
we applied the formalism of the supersymmetric quantum Hall effect to construct antiferromagnetic spin
models with hole doping. Representing the spins with bosons and holes with fermions, it was shown that
the antiferromagnetic spin states respect supersymmetry. By using the supersymmetry, we constructed
Hami Itonians extended for antiferromagnetic spin states with hole doping. The antiferromagnetic states
are exact ground states of such Hami |tonians. In this sense, these models are solvable models. Moreover,
with the ground states and Hamiltonians, we exactly derived the spin correlation and superconducting
order parameter for the present 1D system. We found that the present systems indeed exhibit the
superconducting property with finite hole doping, and realize antiferromagnetic insulating property
at zero and infinite limits of the hole doping

To summarize, we succeeded to construct solvable antiferromagnetic quantum spin models that exhibit
superconducting and antiferromagnetic properties depending on the concentration of hole doping. In
addition to such physical properties, the present models respect the supersymmetry that is also
mathematically interesting
Moreover, we explored models with non-compact symmetries, and discussed their topological aspects and
applications to quantum Hall effects.




