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Fig. 1. The loss processes include two tunneling processes of
two atoms out of a metastable potential: subsequent single-
particle tunneling and direct pair tunneling (Reproduced

with permission from Ref. [25]).
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Fig. 2. Energy spectrum of three types of interacting two-atom system: (a)Two atoms in a harmonic oscillator potential. Black solid

lines and red dashed lines are odd parity and even parity energy level respectively; (b)two heteronuclear atoms in a ring trap. Black

solid lines and red dashed lines are energy levels for equal mass and mass ratio o = 2.175 respectively; (¢) two atoms in a §-split

hard-wall double well. Five lowest odd parity levels for barrier height d = 0.5. Black solid lines and red dashed lines are the bound

states for atoms with real-valued quasimomentum and the molecule states with complex-valued quasimomentum respectively.
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Fig. 3. (a) Decay time 7 vs magnetic field B. The points
with error bars are the experimental datal?, the dashed and
solid lines are, respectively, the WKB (79) and QPWF
predictions. The green light gray lines include the
perturbation theory correction to the tunneling energy e;
(b) interaction strength (red gray curve) and tunneling
energy (black and green light gray curve) vs B (Reproduced

with permission from Ref. [33]).
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Fig. 4. (a) Tunneling dynamics of the occupation probability P(t) of finding both atoms in the same well for ¢ = 0.5 (black solid
line), g = 1.5 (blue dashed line), and g = 20 (red dotted line). The & barrier is abruptly lowered from a height d = 300 to 0.5 at
time ¢ = 0. (b) the two-body density functions p(z1,z2,t) at different times ¢, for ¢ = 1.5 and 20, respectively. Here the

coordinates x1 and xg are in units of L/2 (Reproduced with permission from Ref. [98]).
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SPECIAL TOPIC—Cold atoms and molecules
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Abstract

We review some recent theoretical and experimental developments of one-dimensional few-body problems in
ultracold atomic system. The experiments have so far realized the deterministic loading of few atoms in the
ground state of a potential well, the observation of tunneling dynamics out of the metastable trap controlled by
a magnetic gradient for a repulsively or attractively interacting system, the preparation of two fermionic atoms
in an isolated double-well potential with a full control over the quantum state of the system, the formation of a
Fermi sea by studying quasi-one-dimensional systems of ultracold atoms consisting of a single impurity
interacting with an increasing number of identical fermions, and the deterministic preparation of
antiferromagnetic Heisenberg spin chains consisting of up to four fermionic atoms in a one-dimensional trap.
These achievements make the ultracold atoms an ideal platform to study many-body physics in a bottom-up
approach, i.e., one starts from the fundamental building block of the system and observes the emergence of
many-body effects by adding atoms one by one into the system. Corresponding theoretical models have been
developed to explain the experimental data, to tackle the crossover boundary between few and many particles,
and even explore the solvability and integrability of the models, especially the energy spectrum of interacting
few atoms such as two atoms in a harmonic trap, two heteronuclear atoms of unequal mass in a ring trap, and
two atoms in a J-barrier split double well potential. After a brief review of Bethe-Ansatz method, a theory for
the tunneling of one atom out of a trap containing two interacting cold atoms is developed based on the
calculation of the quasiparticle wave function, and the tunneling dynamics of two atoms starting from the
NOON state is explored from the exactly solved model of §-barrier split double well based on a Bethe ansatz
type hypothesis of the wave functions. It was shown that the spectroscopy and spin dynamics for strongly
interacting few atoms of spin-1/2 and spin-1 can be described by effective spin chain Hamiltonians, which serves

as a useful and efficient tool to study the quantum magnetism with clod atoms.

Keywords: ultracold atom physics, one dimensioanl system, few-body problem, exactly solvable model
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