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Fig. 1. (a) Moving atoms and counter propagating laser;
(b) atoms with reduced momentum after absorbing
photons; (¢) atoms radiate photons in random directions.
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Fig. 2. Atoms are trapped by dipole force: (a) Red-detuning

case;(b) blue-detuning case.
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Fig. 3. Optical lattice with different dimension and
corresponding atomic distributions: (a) One-dimension case;

(b) two-dimension case; (c) three-dimension case.
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(b), components mjy = %1 are miscible as shown in (a), all three components are generally miscible in (c).
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Fig. 6. Spin waves are excited in atomic spin chain in
optical lattice. Top: ferromagnetic ground-state structure of
the spinor BEC atomic spin chain. Bottom: spin in each
lattice site processes in spin space and spin waves can be

excited.
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Fig. 7. Magnetic soliton are excited by tuning external field:
(a) Magnetic soliton are produced by tuning driving light
field and trapping potential in red-detuning case, the
vertical axis  stands for the intensity of the modulated
laser, and thehorizontal axis W represents the transverse
width of the condensate, the blank region corresponds to
the existence of solitons; (b) magnetic soliton are produced
by tuning trapping potential in blue-detuning case, the
three lines correspond to the nearest-neighbor approxi-
mation (blue), the next-nearest-neighbor approximation
(green),and the continuum limit approximation (red),
respectively, magnetic solitons occur in the region
F(W)>0.
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Fig. 8. Spin waves are excited in atomic spin chain in
optical lattice. We choose three transverse trapping widths
of the condensate: w = 1.5AL (solid red line), 1.98\
(dashed blue line), and 3.0\ (dotted black line),
respectively, the magnon squeezing states occur when
Fi, <0.
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magnetization GL (blue curve), the exponential growth of
Gt is shown in subgraph.
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temperature take place if the proper parameters are
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Magnetic excitation of ultra-cold atoms
trapped in optical lattice”
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Abstract

Spinor condensates trapped in optical lattices have become potential candidates for multi-bit quantum
computation due to their long coherence and controllability. But first, we need to understand the generation
and regulation of spin and magnetism in the system. This paper reviews the origin and manipulation of the
magnetism of atomic spin chains in optical lattices. The theoretical study of the whole process is described in
this paper, including laser cooling, the spinor Bose-Einstein condensate preparations, the optical lattice, and the
atomic spin chain. Then, the generation and manipulation of magnetic excitations are discussed, including the
preparation of magnetic solitons. Finally, we discuss how to apply atomic spin chains to quantum simulation.
The theoretical study of magnetic excitations in optical lattices will play a guiding role when the optical lattice

is used in cold atomic physics, condensed matter physics and quantum information.

Keywords: spinor Bose-Einstein condensates, optical lattice, magnetic soliton, quantum simulation
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