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Hartle-Hawking

i The path-integral optimization, proposed by the Principal Investigator in
2017, provides a powerful method to calculate an important quantum information quantity called

quantum computational complexity, which expresses how complex a given quantum state is for a
conformal field theory, a theory that describes the physical laws at quantum critical points. In the
process of the optimization, an anti de-Sitter universe emerges, which has been expected to be
related to the Gauge-Gravity correspondence, the correspondence between conformal field theories and
gravity theories in the anti-de Sitter universe. The highlight of our research outcome is that we
unraveled this mystery. Specifically, it was found that maximizing the Hartle-Hawking wave function

iR the anti de-Sitter universe corresponds to the path integral optimization in conformal field
theories.
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