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Fig. 1. Experimental scheme for two-photon Bragg scattering. (a) A 23Cs Bose-Einstein condensate
(BEC) is driven by a pair of counter-propagating monochromatic red-detuned laser fields, with indepen-
dently controllable phase, frequency, and amplitude. (b) Energy-momentum dispersion relation. The
Raman lasers are far detuned from the atomic resonance frequency between the ground state |g)and the
excited state |e). The quadratic free-particle dispersion relation defines the two-photon Bragg resonance

condition for transitions between momentum states |g,0) and |g, 2hk), given by Aw = 4Er/h = 5.3 kHz.
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Fig. 2. Schematic of the BEC experimental setup and the Bragg laser beam path. In the experiment,
the incident Dim beam and its reflection are aligned to be fully coincident. The drive signal for the
first acousto-optic modulator (AOM) is RF1 (a single frequency of 80MHz), and the +1-order diffracted
beam is used as the output. The drive signal for the second AOM is RF2 (a single frequency of 80MHz-
5.3kHz), and the 1-order diffracted beam is used as the output. With the two AOMs operating, the
frequency of the counter-propagating Bragg lasers matches the resonant transition frequency between
the momentum states |0) and [1). Dip: dipole-trap laser beam; Dim: dimple-trap laser beam; PBS:
polarizing beam splitter; AOM: acousto-optic modulator; A/4: quarter-wave plate; A/2: half-wave plate;

Lens: plano-convex lens; Mirror: mirror.
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Fig. 3. Dynamic evolution of two-photon Bragg scattering. (a) During coherent oscillation, absorption
imaging of atomic cloud distributions with momenta 0 and 2hk as a function of Bragg pulse time ¢. (b)
Temporal evolution of population probabilities Py and P; for momentum states |0) and |1) as a function
of Bragg pulse time ¢t. In the figure, the solid line represents the data fitting results, the solid points
represent data points, and error bars indicate standard error. In the experiment, the coupling strength

between momentum states is J = h x 615 Hz.
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Fig. 4. The correspondence between the square of two-photon Bragg scattering oscillation frequency f2
and the Bragg laser intensity I, which can be experimentally realized by rapidly adjusting the Bragg laser
intensity through controlling the diffraction efficiency of an acousto-optic modulator. The solid line in the
figure represents the numerical calculation results, the circular dots denote the experimental data points,

and the error bars indicate the standard error of the data.
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Fig. 5. The corresponding relationship between the two-photon Bragg scattering oscillation frequency f
and the oscillation amplitude Pr with respect to the Raman laser detuning 6. When §=0; the coupling
strength of the momentum states is set to J = h x 600 Hz by controlling the intensity of the Bragg lasers.
The solid line in the figure represents the numerical calculation results, and the circular dots represent

experimental data points, with error bars indicating the standard error of the-data.
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Investigation of Coherent Oscillation Dynamics in
Two-Photon Bragg Scattering Based on 133Cs

Bose-Einstein Condensates™
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Abstract
Two-photon Bragg scattering is a pivotal technology for coherent momentum transfer in atoms, uti-
lizing a pair of counter-propagating laser beams. It is widely applied in the selection of atomic momentum,
beam splitting, and coherent manipulation of atoms. In this work, we systematically investigate the coher-

ent oscillation dynamics of two-photon Bragg scattering within a '3*Cs Bose-Einstein condensate (BEC)
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under a non-interacting condition. We studied the dynamics of two-photon Bragg scattering oscillation
in a Bose-Einstein condensate of non-interacting cesium atoms. By using Feshbach resonance technology
to quench the scattering length of ultracold cesium atoms to zero, a pair of counter-propagating Raman
laser pulses coherently drove the condensate to oscillate between the momentum states |g,0) and |g, 2hk).
Through absorption imaging after time-of-flight expansion, we directly observe periodic population oscil-
lations between these two momentum states. A sinusoidal fit to the oscillation dynamics yields a Rabi
frequency of 615(13) Hz and a coherence time of 4.1(2) ms. We further establish a linear relationship
between the square of the measured Rabi frequency and the intensity of the Bragg lasers, confirming the
system operates within the weak-driving regime described by the two-level Rabi model. Moreover, the
dependence of the effective Rabi frequency and the oscillation amplitude on the two-photon detuning is
quantitatively characterized. By eliminating interatomic interactions, we provide a clear experimental
data free from mean-field shifts and complex many-body effects that are inherent in previously reported
studies involving interacting gases. The '*3Cs Bose-Einstein condensate provides a pure and tunable ex-
perimental platform for coherent manipulation of quantum states. Our experimental results also provide
important experimental references for matter wave interference measurement and quantum simulation

schemes based on the two-photon Bragg scattering process.

Keywords: Bragg scattering, Bose-Einstein Condensate, Rabi oscillation
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