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The model

A 2-parameter model, described by the Langevin equation (Stratonovich
interpretation):

ẋ = wx − Ω(t)y

ẏ = −wy + Ω(t)x

〈Ω(t)Ω(t′)〉 = 2Dδ(t− t′)
w generates a squeeze: x = x0e

wt, y = y0e
−wt

log (r) ∼ wt
Ω(t) generates rotations
log (r) ∼ const.

w
Ω

QZE Perspective:

Minimal wave-packet is prepared around r = 0.

w stretches the wave-packet in the x̂ direction - fast decay.

Ω(t) - Measurement of r, slows the stretching in the x direction.
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Drift and Diffusion for the radial coordinates

In polar coordinates r, ϕ:

ϕ̇ = −w sin(2ϕ) + Ω(t)

ṙ = [w cos(2ϕ)] r

ln (r) performs Brownian motion:

d

dt
ln(r(t)) = w cos(2ϕ)

After transient time ln(r) drifts and diffuses:

µ ≡ 〈ln (r)〉 = wrt [Drift]

σ2 ≡ Var [ln (r)] = 2Drt [Diffusion]
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Previous results for wr and Dr

For large D, assume that the phase is ergodized over a time scale τ ∼ 1/D.

d

dt
ln(r(t)) = w cos(2ϕ)

ln(r) is a sum of t/τ uncorrelated terms (wτ ) cos (ϕ).
Each term has a zero mean, and variance ∼ (wτ )2:

wr ∼ 0 Dr ∼ (wτ )2
1

τ
∼ w

D

A more precise approach[2]:

wr/w ∼
w

4D
Dr/w ∼

w

8D

This agrees with the numerical results for w/D � 1.
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Results: wr and Dr
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--- Previous result ··· Numerical
--- Practical approximation — Exact
--- 1st approximation
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