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Gaussian states have a positive W function
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Gaussian states have a positive W function

They only depend on 5 real numbers (%) %= (&) — (&)
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Coherent, thermal, squeezed states
are Gaussian



Dynamics of a particle in a potential in the presence of noise

Equation of motion for open quantum dynamics of a particle in a potential
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Dynamics of a particle in a potential in the presence of noise

Equation of motion for open quantum dynamics of a particle in a potential
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Equation of motion for the Wigner function (PDE)
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Dynamics of a particle in a potential in the presence of noise
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Dynamics in the Liouville frame

WV function in the Liouville frame W(x,p, 1) = e Z<W(x, p, 1)
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Dynamics in the Liouville frame

Eq of motion in the Liouville frame aW(;,tp, ) = ¢~ Zd (qu + Efd) eZW(x, p, 1)
Note that if &, =%, =0 then Wep.D _

ot



Closed dynamics for quadratic Hamiltonians are easy!

S|mPI)’ W(Xapa t) — W(XC(X,]?, T t)apc(xapa T t),())

Example of free dynamics W(x,p,t) = W(x — pt/m, p,0)



Example: Harmonic oscillator
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Example: Harmonic oscillator
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Example: Harmonic oscillator
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Example: Free dynamics
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« Spread increases quadratically
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Example: Free dynamics
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Example: Inverted harmonic oscillator
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« Spread increases exponentially!
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Example: Inverted harmonic oscillator
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Dynamics in the Liouville frame

WV function in the Liouville frame W(x,p, 1) = e~ Z<W(x, p, 1)
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Dynamics in the Liouville frame

oW(x, p, 1) _
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Numerical integration of PDE in the
Liouville frame can be done with a fix
grid

This is equivalent to using a time-
dependent “smart” grid where grid points
go where they matter most



Dynamics in the Liouville frame

Eq of motion in the Liouville frame Wp. 1) _
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Classical centroid frame
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Classical centroid frame
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Classical centroid frame

Move to classical centroid frame M (f) = exp [—xc(t)a— — pc(t)a—]
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Classical centroid frame

Effective time-dependent potential
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Gaussian frame

Define quadratic part of effective U(x, 1) = ! azU(xc(z))XZ

potential 2 0x°




Gaussian frame
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Gaussian frame

Deﬁne. propagator of Gaussian M (1) = exp, U dt’i”((?(t’)]
dynamics 0



Gaussian frame

Define quadratic part of effective U(x, 1) = 1 U (x.(£))x?
potential 2 0x
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Gaussian frame

Define quadratic part of effective
potential

Gaussian dynamics given by

Define propagator of Gaussian
dynamics

Centroid+Gaussian frame

Non-Gaussian generator
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Gaussian frame
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Constant angle and linearized noise approximations

Exact equation to solve
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Constant angle and linearized noise approximation
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Figure 3: Wigner function of the state of a particle evolving in a double-well potential with parameters
given in Table 1 at different instances of time. These instances of time are indicated by polygons
and correspond to the times indicated in Fig. 1(a). The first row shows the numerically exact Wigner
function W (r + r.(7),7) obtained using a numerically exact method whereas the second row shows
the approximated Wigner function W,g (7 + r.(7), 7) obtained using our analytical approach.



Constant angle and linearized noise approximation
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Figure 4: Position probability distribution at time 7, for a state evolving in a double-well potential for
the parameters in Table 1 and for different values of I'. The lines are computed using the analytical
method described in this paper, whereas dots correspond to a numerically exact computation using

Q-Xpanse [11].
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