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Numerical study of non-perturbative supersymmetric

gauge theory at finite temperature dual to black holes
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In this thesis, we study a non-perturvative dynamics of both bosonic and

maximally supersymmetric quantum mechanics by Monte Carlo simulation.

In the bosonic case, following Aharony et al., one can view the same model
as describing the high temperature regime of (1+1)d U(N) super Yang-Mills
theory on a circle. In this interpretation, an analog of the deconfinement
transition was conjectured to be a continuation of the black hole/string
transition in the dual gravity theory. Our detailed analysis in the critical
regime suggests the existence of the non~uniform phase, in which the eigenvalue
distribution of the holonomy matrix is non-uniformbut gapless. We also specify
the order of phase transition from the non-uniform phase to both the gapped

phase and uniform phase.

In the supersymmetric case, on the other hand, it is conjectured that the
model has the dual description in terms of the gravity theory through the
gauge/gravity correspondence. To study 1ts non-perturbative dynamics, we
advocate a novel Monte Carlo simulation to study supersymmetric matrix quantum
mechanics more efficiently, which is independent of the lattice regularization.
Our results reproduced the black hole energy by solving the strongly coupled
dynamics. This result not only imply that the microscopic origin of the
Bekenstein-Hawking entropy has been identified from first principles, but also

provides highly nontrivial evidences for the conjectured duality.
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