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Abstract

In relation with remarkable time-evolution measurements of JILA reported in D.S.Hall et al, Phys. Rev. Lett. 81
(1998) 1539,where Bose condensates of 87Rb for different hyperfine states Ψ1=|F=1,m=-1〉 and Ψ2=|F=2,m=1 〉
can be confined under various conditions in harmonic traps, we calculate the dynamic simulation for wavepackets
Ψ1 and Ψ2 by the coupled time-dependent Gross-Pitaevskii equations. In fact, we give relative sag to both states
in center of the trap following to experimental conditions: As a result of calculation, Ψ1 and Ψ2 show the phase-
separation indicating the vibrational motions with the out-of-phase behavior. As for variations of centers of masses
and interpenetrative motions of wavepackets with bouncing back, the agreements between the present numerical
results and experiments of JILA are quite well.
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1. Introduction

Recently, JILA-group [1] has reported the notewor-
thy experiments, in which Bose condensates of 87Rb
for different hyperfine states Ψ1=|F=1,m=-1〉 and
Ψ2=|F=2,m=1 〉 can be confined under various arti-
ficial conditions in harmonic traps. To explain these
experimental results, we reproduce the dynamics of
wavepackets by computer simulation under the corre-
sponding conditions adopted in their observation.

2. Theoretical model

We treat the following coupled time-dependent
Gross-Pitaevskii equations [2] for two condensates:

i
∂Ψj

∂t
= −1

2
∇2Ψj + αjj |Ψj|2Ψj + αjk|Ψk|2Ψj
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Fig. 1. The relative motions of centers of masses of two con-

densates. Here, the relative sag is 3% [1] of the width of the

distribution prior to expansion. We can find the out-of-phase

behavior in the vibration.
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[ρ2 + (z + (−1)jz0)

2]Ψj ,

where (j, k) =(1,2) and (2,1). The coupling constants
αjk is expressed by scattering lengths aij and the num-
ber of atoms N as 4πNajk .(The units of length and
energy are those of the harmonic oscillator. ) In calcu-
lation of these non-linear equations for wavepackets in
traps, we investigate the behavior of Ψ1 and Ψ2 concen-
trating our attention on the following case: The relative
sag made by ±z0 is given to both states in center of the
trap. As a result of calculation by the use of the same
values of parameters and conditions as those in exper-
iments [1,3], Ψ1 and Ψ2 show the phase-separation in-
dicating the vibrational behavior. It should be noted
that no parameter is used so as to fit the calculation to
results of experiments.

3. Calculated results and discussion

The relative motions of centers of mass of two con-
densates is shown in Fig.1, where the relative sag is
3% [1] of the width of the distribution prior to expan-
sion. Here, we can find the out-of-phase behavior in
the vibration. In detail, the distributions at 64.8ms are
shown in Fig.2, where the phase separation is found in
spite of interpenetrative features. Further, time evolu-
tion of wavepackets are also illustrated in Fig.3. We
would like to emphasize that the vibrations with the
out-of-phase behavior appear in Ψ1 and Ψ2 showing in-
terpenetrative motions without the distinctive bound-
ary. With proceeding time, the amplitude of the vi-
bration decreases and phase separation becomes sta-
ble. In the region of 0 ≤ t ≤ 40ms, these characteris-
tic features of bouncing back in calculation agree quite
well with those in experiments [1]. As for t ≥ 40ms,
the effect of energy relaxation becomes essential in ex-
periments. In this region, the adjustable parameter re-
lated with relaxation time should be taken into account
to the calculation. If we adopt the empirical method
in which energy relaxation is considered as the term
for the imaginary time, we can obtain the well agree-
ment with experiments even in t ≥ 40ms. However,
the mechanism of the energy relaxation and its value
are the open problems.

Acknowledgements

The authors would like to thank Professor Takashi
Nakayama for helpful suggestions and valuable discus-
sions.

Fig. 2. The distributions at 64.8ms.

Fig. 3. The evolution of wavepackets. Here, the adopted pa-

rameters and conditions are same as Fig.1.
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