Dynamical tunneling in mixed phase space

Classical dynamics
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Forbidden process in classical dynamics

A, N F(By) = 0 for Yn, if A,, B,(€ R) are dynamically separated.
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Dynamical tunneling in mixed phase space

Quantum dynamics
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Tunneling process in quantum dynamics

K(a,b) # 0 even if A,, B,(€ R) are dynamically separated.
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Dynamical tunneling in mixed phase space
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Dynamical tunneling in mixed phase space
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Dynamical tunneling in mixed phase space
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Dynamical tunneling in mixed phase space
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Dynamical tunneling in mixed phase space
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Dynamical tunneling in mixed phase space
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A completely integrable model

F:(p’)z(p+1<sinq)
q q+w

MZ’b =A, NF"B,) =0 for Yn € Z
if B, is outside the classically allowed region.

where
A, ={lp,9 e R*|p =p,}
B, ={(p,q) e R*|p =py }
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exponentially blowing-up
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tunneling branch
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Initial value representation of complex orbits

Set of initial conditions contributing to semiclassical propagator

M7 ={gqo=E+in|lpp=a €R, —c0 <p, < 0}

tunneling branch

real branch
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Nonintegrable map

P
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Nonintegrable map
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Nonintegrable map
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Modfied standard
K=1.2
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Standard map
K=1.0

Initial condition
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4-th order polynomial potential

2 Initial condition
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Semiclassical Quantum
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tunneling tunneling
(classically forbidden) (classically forbidden)
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches
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Semiclassical contributions in chained branches

removed by Stokes Phenomenon
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removed by Stokes Phenomenon
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