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Abstract

Potential scattering problems governed by the time dependent Gross-Pitaevskii
equation are investigated numerically for various values of coupling constants. The
initial condition is assumed to have the Gaussian type envelope, which differs from
the soliton solution. The potential is chosen to be a box or well type. We estimate
dependencies of reflectance and transmittance on width of the potential and compare
these results with those given by the stationary Schrodinger equation. We attribute
the behaviors of these quantities to limitation on width of nonlinear wave packet.
The coupling constant and the width of the potential play an important role in
distribution of the waves appearing in the final state of the scattering.
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Figure 1: Free propagating breather-like motion of a wave packet starting from the initial
wave packet (5) with zp = 20, v = v/1.5 and g = 4. The nine wave packets show |¢|? at
t=0, 2, ..., 14 and 16 from the left to the right.
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Figure 2: Solid line shows |<;3|2, freely propagating breather-like wave packet observed in
wave number space at ¢ = 16. The parameters are the same as the ones used in Fig. 1.
The dashed line for ¢t = 0.
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Figure 3: Reflectance Ryox from the box type potential (3) for various values of g. The
initial condition is the Gaussian type wave packet (5) with 2o = 5 and v = /1.5 except

for g = 0. The curve for g = 0 corresponds to linear case given by eq. (7).
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Figure 4: Reflectance Ry from the box type potential (3) for various values of g. The
initial condition is the Gaussian type wave packet (5) with zo = 100 and v = /1.5 except

for g = 0. The curve for g = 0 corresponds to linear case given by eq. (7).
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Figure 5: Typical wave shape including the trapped portion by attractive well type po-
tential (4) with a = 0.5. The wave packet located near the origin is the trapped portion.
The initial condition is the Gaussian type wave packet (5) with zp = 5, v = /1.5 and
g = 8. This figure shows the snapshot taken at ¢ = 30.
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Figure 6: Typical wave shape including the trapped portion by attractive well type po-
tential (4) with @ = 5. The trapped portion forms standing wave like structure in the
potential well. The initial condition is the Gaussian type wave packet (5) with zg = 5,
v =+/1.5 and g = 4. This figure shows the snapshot taken at ¢ = 30.
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Figure 7. Transmittance Ty over the well type potential (4) for various values of g. The
initial condition is the Gaussian type wave packet (5) with z9 = 5 and v = +/1.5. The

curve for g = 0 corresponds to linear case given by eq. (9).
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Figure 8: Transmittance Ty over the well type potential (4) for various values of g. The
initial condition is the Gaussian type wave packet (5) with zo = 100 and v = +/1.5. The

curve for g = 0 corresponds to linear case given by eq. (9).
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Figure 9: Trapped portion Nirappea by the well type potential (4) for various values of g.
The initial condition is the Gaussian type wave packet (5) with zg = 5 and v = v/1.5.
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Figure 10: Trapped portion Niappea by the well type potential (4) for various values of g.
The initial condition is the Gaussian type wave packet (5) with zo = 100 and v = v/1.5.
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6 Summary

In this paper, we have numerically studied free propagation of wave packets governed
by the TDGPE for various values of coupling constants g. The initial condition is taken
to be the Gaussian form, which is different from the soliton solution. For the strongly
self-interacting wave packets, diffusion in real space is suppressed and they exhibited
breather-like behaviors. In wave number space, the breathing motion is also observed and
a notched structure grows on the surface of the wave packet.

We have also numerically investigated the potential scattering problems under the same
developing equation and initial conditions. The potential forms are chosen to be the box
or the well type. We have obtained the reflectance Ry.x and the transmittance Ty for
the different values of the coupling g and the width of the potential a, and we compared
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them with the predictions by stationary Schodinger equations. The role of nonlinearity is
rather complicated, i.e., it sometimes enhances Ryox Or Tyen but sometimes the opposite.
However, there is a tendency that large g decreases both Ry and .. For larger values
of g and a, Ryox and T,y approach constant values and do not depend on a.

We have also observed the dynamically trapped portion of the wave packet. We esti-
mated the amount of it Niappea changing g and a and found that Ny appeq is an increasing
function of g and a except for small g and a region. We interpreted these phenomena by
squeezing of nonlinear wave packet’s width. Whether this trapping effect is a perpetual
or just transitional one is not obvious and would be subject of future works.

Finally, we make small remarks on the possibility of real experiments. The control
of external environments is relatively easy in the BEC systems where we can confine
condensate particles along quasi rectilinear line by tightening laser beam trap. In addition,
we can freely change the coupling constants by application of the Feshbach resonance
technique[14]. Soliton-like pulses of BEC have already been created[15]. If controllable
local potential are realized, the possibility to observe and confirm our results by real
experiment is promising.
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