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Fig. 1. a. Experimental sequence. After 5 s of MOT loading, the optical trap is turned on. Within the
following 30 ms, the gradient magnetic field is increased and the cooling light intensity is reduced for
Compress MOT and Dark MOT. Then the magnetic field is turned off for polarization gradient cooling.
Afterwards, a 2 G bias magnetic field is applied for optical pumping and state selection, preparing the
atoms in [551 /2, F' = 2,mp = —2). The magnetic field is then raised to 163.8 G, followed by 2.5s of
evaporative cooling to produce a BEC;b. Evaporation efficiency during the evaporative cooling stage,

n = 2.20(2);c. Lifetime measurement of the BEC.
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Fig. 2. a. Optical Pumping and Three designed pumping cases, with orange representing Case 1, blue
for Case 2, and green for Case 3; b) Optical pumping effect data under each pumping cases , the image

on the bottom right showing the data within a shorter time frame (3 ms).
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Fig. 3. Effect of Magnetic Field on Evaporation.While maintaining the overall evaporation ramp, the
scattering length between atoms is tuned by varying the magnetic field. After evaporating to the same
trap depth (about 500nK), the atoms are released and undergo 10ms of time-of-flight, the optical density
of the atomic cloud is measured via absorption imaging (left axis, blue data points). The orange curve
on the right axis shows the s wave scattering length corresponding to the respective magnetic field in
units of the Bohr radiusag). Shown on the right are three typical experimental images, contrasting the

difference between the BEC and the non-BEC regimes.
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Fig. 4. Shift of the Bragg Spectral Resonance Peak a. Momentum states excited during Bragg light
resonance; b. Shift of the resonance peak with scattering length. The points in the figure are
experimental data, the dashed lines denote the mean-field theoretical curves, and the solid lines
represent the theoretical curves incorporating the Lee — Huang — Yang correction. The two colors

correspond to two different atomic densities.
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Fast Production of a 3°Rb Bose — Einstein

Condensate*

WANG Hongru  PAN Yichen LUO Yuyan YAN Bof

( Laboratory of Quantum Technology and Device, Department of Physics, Zhejiang University,

Hangzhou 310058, China)

Abstract

Bose-Einstein condensates of 8° Rb provide a flexible platform for studying tunable quantum gases, for
the scattering length can be widely controlled by a magnetic field near a Feshbach resonance. However, the
production of a stable 8% Rb condensate is more challenging than that of 8" Rb, owing to the strong magnetic-
field dependence of both elastic collisions and inelastic loss. In this work, we report the rapid production of
a 8% Rb Bose-Einstein condensate in an optical dipole trap and characterize the key experimental conditions
for efficient evaporation and interaction-tunable spectroscopy. After laser cooling and optical trapping, the
atoms are prepared in the |55/, F = 2, mp = —2) state by optical pumping. We compare three optical-
pumping schemes based on the D1 and D2 transitions and find that the D1-line scheme gives the best state-
preparation performance. This improvement originates from the larger excited-state hyperfine splitting,
which favors dark-state formation and reduces unwanted population leakage. With the optimized optical-
pumping sequence, forced evaporation is performed in a magnetic field close to the Feshbach resonance.

The evaporation trajectory gives an efficiency ofn = 2.20(2), and a pure condensate containing 2.8(3) x

* This work was supported by the National Key Research and Development Program of China
(Grant No. 2023YFA1406703), the National Science and Technology Major Project (Grant No.
20247ZD0300600), the National Natural Science Foundation of China (Grant Nos. 12425408,

92576201), and the Zhejiang Province Lingyan Project (Grant No. 2026C02A2005).
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10*atoms is obtained. We further identify 163-164.5 G as an efficient magnetic-field window for optical-
trap evaporation of 8®Rb. In this region, the elastic collision rate is sufficiently high while the inelastic
loss remains moderate, so that the number of good elastic collisions per lifetime exceeds 300. Outside
this window, the evaporation becomes inefficient because of either insufficient elastic collisions or enhanced
atom loss. These measurements provide practical criteria for optimizing the production of  Rbcondensates
in an all-optical trap. Using the magnetic-field tunability of the scattering length, we then investigate
the interaction-dependent excitation spectrum of the condensate by Bragg spectroscopy. Two counter-
propagating Bragg beams are used to excite the condensate, and the spectral shift is measured for different
scattering lengths and densities. For relatively weak interactions, the observed shift agrees with the mean-
field prediction. At larger scattering lengths, the measured excitation frequency deviates from the mean-
field result, and the deviation can be explained by including the Lee-Huang-Yang correction. This work

provides a reliable technical foundation for future precision measurement and quantum simulation studies

based on 8°Rb BECs.

Tunable 85Rb BEC: Evaporation Window and Bragg Spectroscopy
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