
the larger Δ, ω0 and smaller ΔFS for 23Na, Bac for 23Na is
less than 1% of 87Rb. For our final ODT, Bac ≈ 1.6 mG for
Rb and 14 μG for Na if ℘ ¼ 1. So effectively speaking, by
tuning ℘, we can control the linear Zeeman energy for Rb
and Na independently [28]. The measurements shown in
Fig. 2 and Fig. 3 are performed with Bac essentially zero.
Although small, Bac has a dramatic influence on the

heteronuclear spin dynamics. For simplicity, we neglect the
much smaller Bac for Na. The Bac for 87Rb can shift ΔE
significantly, as illustrated in Fig. 4(a). For Bac < 0, the
zero crossing point is shifted to smaller external magnetic
fields. Eventually, for Bac < −0.2 mG the entire ΔE curve
is shifted to below zero and the zero crossing disappears. In
such cases, the spin dynamics will be essentially driven by
Zeeman energies with a peak at the field of minimum jΔEj.
When Bac > 0, the zero crossing point and thus the
resonance position always shifts to higher magnetic field.
Experimentally, ℘, and hence Bac, can be tuned by

applying the external magnetic field in the horizontal plane
and inserting a λ=4 wave plate into one of the ODT beams.
Here ℘ = sin(2θ), where θ is the angle between the wave
plate’s axis and the input linear polarization of the light. For
the typical θ values in our experiment without causing
significant heating, Bac ranges from −0.32 to 0.32 mG. As
shown in Fig. 4(b), a rather small Bac can cause a significant
change. For example, at Bac ¼ 0.32 mG, the resonance is
shifted upwards by about 0.4 G. While for negative Bac
such that the zero crossing disappears, for example, at

Bac ¼ −0.32 mG, the line shape of the oscillation becomes
much broader, which is a direct manifestation of the
oscillation’s far off resonance character.
In conclusion, we have observed interaction driven

coherent spin-changing dynamics between two different
spin-1 Bose gases. Both the oscillation period and ampli-
tude can be tuned over a large range with either external
magnetic fields or, quite unique to our system, the species-
dependent vector light shift. This latter capability is
especially promising because it allows sensitive and ver-
satile control of the spin dynamics, as demonstrated in our
experiment.
Our system can serve as an ideal platform for simulating

complicated spin systems, such as the coupled electronic
and nuclear spin system. Using implementations similar to
the two-orbital magnetism model originally proposed for
alkali-earth atoms [43], but replacing the two orbits with
two different kinds of atoms, the bosonic Kondo model
[44,45] may be realized. In addition, in analogy to the
generation of entanglement with spin-changing interactions
in single species spinor condensates [46,47], the interspe-
cies spin-changing interaction can also be used to generate
entanglement between distinguishable atoms [48]. Finally,
similar dynamics should exist in other ultracold spinor
mixtures. In fact, a proposal for realizing the spontaneous
quantum Hall effect and a chiral superfluid with the Bose-
Fermi spinor mixture was made recently [49].
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(a)
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FIG. 4 (color online). Optical control of coherent heteronuclear
spin dynamics with vector light shift. (a) Modified dependence of
ΔE on B with light induced effective magnetic field Bac on Rb.
(b) Resonance positions as observed in the period vary with
changing Bac. Solid curves are to guide the eye and error bars are
from fitting of the oscillations. Bac is calculated based on the
measured light intensity I and ℘.
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