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Fig. 1. Schematic of the experimental setup: (a) Counter-
propagating Bragg lasers are simultaneously applied to a
cesium atomic Bose-Einstein condensate (BEC), one laser is
single-frequency with frequency w (wavelength A=1064 nm),
while the other consists of multiple frequency components
wn, , the frequency difference between the counter-propagat-
ing lasers is given by Awpn =4(2n + 1)Er/h, where Egr
denotes the photon recoil momentum, defined as
Er = (hk)2/(2m); (b) a comparison plot illustrates the
Bogoliubov dispersion relation for a homogeneous gas with
repulsive interaction (U > 0) (blue dashed line) versus the
atomic dispersion relation in the non-interacting case (U=0)
(gray solid line); (c) based on Bogoliubov theory, the equi-
valent on-site lattice potential associated with the atomic
interaction U.
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Fig. 2. Under different scattering lengths, the density distribution evolution dynamics of atoms in discrete momentum states, with

the initial state of the system set as Pp—o = 1, and the nearest-neighbor coupling strength set as J = h x 500 Hz: (a) Experi-

mental results; (b) theoretical results base on Gross-Pitaevskii function.

050306-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050306

Wi oK, Bl oA 58 B BTG Wi gz, 4
a = 800aq ¥, B340 SE 1 d BERS (8] AY 34 K JL-F
ARAEBUE, XEWRE RGRAE T AR i 2
Ji7s, BT RGUB AT B BRI, AR i ] Y sk
TEOLT, SR EE M4 R T W] i 2.

<O a=3ap
| © a=200ag
a = 400a
A a = 600ag
© a = 800ag

(d)/(2hk)

ecy)

t/(hed 1)

K3 AR KERER T, BT o i SR d i3
SEPALEE A, S AR A IR EE J = h x 500 Hz, 5t
24 Gross-Pitaevskil 7 e B 45 0L, 152 2588 S 50 56 B4 b
Fig. 3. Dependence of the momentum width d on the evolu-
tion time ¢ under different scattering lengths, the nearest-
neighbor coupling strength of J = h x 500 Hz, the solid
curves correspond to numerical simulations based on the
Gross-Pitaevskii equation, while the error bars denote the

standard deviation of the experimental data.
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Fig. 4. Variation of the momentum distribution width d
with the atomic scattering length a is shown for evolution
times ¢ =1 and ¢ =1.5h/J, the inset illustrates a com-
parison between the results from the Gross-Pitaevskii (GP)
equation calculation (solid line) and those from the ideal
tight-binding model calculation (dashed line), in the experi-
ment, the nearest-neighbor coupling strength J=h x500 Hz,
the solid lines in the figure represent the theoretical calcula-
tion results, and the error bars indicate the standard devi-

ation of the experimental data.
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Abstract

Self-trapping, a fundamental nonlinear phenomenon in which waves overcome diffusive spreading through
system nonlinearities, is essential for understanding soliton formation and wave localization. Momentum lattice
is constructed from discrete momentum states of ultracold atoms, forming synthetic dimensions and providing a
versatile platform for investigating topological physics and localization phenomena. In this study, we
experimentally investigate interaction-induced self-trapping in a one-dimensional momentum lattice by using a
Bose-Einstein condensate (BEC) of cesium atoms confined in a crossed optical dipole trap. Atomic interactions
are adjusted via a Feshbach resonance by changing the s-wave scattering length a. The system is initially
prepared in a zero-momentum state and then quenched, with the subsequent dynamics probed using time-of-
flight imaging. The results show that for weak interactions (a = 3ag ), the atoms undergo ballistic expansion. As
the scattering length a increases, diffusion is suppressed, leading to macroscopic self-trapping for a > 600ao ,
where the atoms remain localized near the zero-momentum state. Numerical simulations based on the Gross-
Pitaevskii equation are in good agreement with the experimental results and yield a critical s-wave scattering
length of a = 591ag. Slight deviations during long-term evolution are attributed to decoherence caused by
spatial separation and thermal effect. According to Bogoliubov theory, the repulsive interaction in real space
manifests as a local attractive potential in momentum space. This energy shift suppresses tunneling between
lattice sites, inducing macroscopic self-trapping. Our findings provide valuable insights for investigating

quantum many-body physics in momentum lattices.
Keywords: Bose-Einstein condensate, momentum lattice, feshbach resonance, self-trapping
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