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Dynamics of wave packets in two-component BEC
under the oscillating external eld
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Recently, alternately aligned domain structures have been found both experimentally and theoretically
in the dynamics of wave packets in two-component BEC. In those systems, however, no population mixing
between two componets has been incorporated. On the other hand, Rabi oscillation (population mixing)
occurs in two-level systems under the oscillating external eld. We investigate the dynamics of wave
packets in two-component BEC under the oscillating external ~eld that leads to the population mixing.
We shall elucidate a new aspect of Rabi oscillation(space-and time-dependent complex structures) that

is generated through the creation and annihilation of wave packets between two components.

We consider the case where there is the oscillating external ~eld coupling between two states (compo-
nents, j1 > and j2 >) in spatial two dimensions with normatization Nq + N2 = (Ay? +jAzj?)d?r = 1.
We assume that only one state, j1 > is populated initially, and that initial state is a Gaussian wavepacket
Ai(r;t = 0) = f%exp( i %(x2 + yz)) con ned to one harmonic trap (see Fig.1). Then, GP equation

describing this coupled two-component system is

'F‘I-l A “_IJ Hy + HMF;  Ecos(!t) “pA1 T (1)
I Ao - Ecos(!t); H,+ H|2V|F A,
where, H, = i{%rz + U, (P
Ui(r) = 1g(x2 +y2) + %(13( D harmonic trap
HiMF = gjA % + gijJ'AJJZ : mean-_ eld interaction strength G;j=12i=]j)

First, we show temporal behavior of A; in Fig.2. During one period (t = T = 2%=!), the wavepacket
for A7 recovers after once it disappeared, but its shape has been deformed. What's happened ? To
understand this phenomenon , one sees Fig.3 (time evolution of both A1 and Z\z) . there is a growth
of Az component which compensates the decay of A] component. That is, there is population mixing
between two components leading to the transfer of the wave packet from lower to upper levels and vise

versa. Next, the probability amplitude of A; and A; is shown in Fig.4(a) and Fig.4(b) in the case of the
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resonance (! = €) and non-resonance (! = C), respectively. At resonance, we can observe the complete

population mixing like Rabi oscillation but the temporal behavior is chaotic. On the other hand, at

non-resonance, there appear, a small population mixing and quasi-regular oscillation.
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Figure 1: The initial system with only one state populated.

T=2r/w
(one period)

Figure 2: Temporal behavior of A1
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Figure 3 Comparison of time evolution of both
Aq and Az
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Figure 4: Time evolution of the probability amplitude for A;(solid line)and Az(dotted line): (a)at reso-
¢); (b)at non-resonance(! = ¢ ).
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