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Fig. 1. (a) Magnetic locking system. The power supply runs in constant-current mode. The coil is in parallel with the I . The
current sensor measures the current passing through the coil and controls the I through the magnetic field stabilization circuit.
(b) Block diagram of the locking circuit. After the coil current I.us passes through the current detector with a conversion ratio of
1:2000, the signal is reduced by 2000 times, and then amplified by 10 times through the 10 € sampling resistor, and then amplified
by 200 times after the difference with the reference voltage for coarse adjustment and fine adjustment. After filtering and compensa
ting the error signal, the gain is obtained through the integrating circuit and the bandwidth is defined to obtain the control voltage.
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Fig. 2. Error signal waveform. Red is the error signal mea-
sured when the magnetic field is stable, and blue is the

error signal obtained when the magnetic field is locked.
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Fig. 3. The power spectral density (PSD) of the error sig-
nal. The red line is the PSD of the error signal after lock-
ing, the blue line is the PSD of the error signal before lock-
ing, and the black line is the measured noise floor of the

system.
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and |5): (a) Without magnetic lock; (b) with magnetic

lock. Blue line: measured results; red line: fitted results.
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Fig. 5. The atom loss spectrum. The atom loss spectrum with 2.5 ps Raman m pulse duration when the magnetic field is (a) un-
locked and (b) locked; (c) the atom loss spectrum with 24 ps Raman m pulse duration when the magnetic field is locked. The blue

dots are the measured data, and the red line is the fitted curve.
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Raman # pulse duration is 24 ps, green dots are the measured data when the magnetic field is locked.
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High-precision magnetic field locking system for cold atoms
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Abstract

In ultracold atomic experiments, evaporative cooling is usually achieved by using Feshbach resonance
magnetic fields on the order of Gauss to hundreds of Gausses. The frequency of resonant transition induced by
the optical field or radiofrequency is directly affected by the stability of the quantum axis. For example, the
phase between two linearly independent vectors of a qubit is affected by the magnetic field noise. Based on the
Feshbach resonance technique, magnetic field regulation has become a basic tool to control the interaction
between atoms. Narrow Feshbach resonance shows unique advantages in high-temperature superconducting,
superfluidity, neutron star state simulation, etc. However, since its resonance width and Fermi energy can be
compared with each other, the scattering characteristics are greatly disturbed by the magnetic field. Therefore,
a stable and uniform magnetic field is a prerequisite for studying the narrow Feshbach resonances. In
experiment, Helmholtz coils are usually used to provide the magnetic field for cold atomic gas, and the magnetic
field noise is generally determined by the coil current noise and other magnetic field noises of the environment.
However, there are relatively few researches of the high-precision control of large magnetic fields above
hundreds of Gausses. With a larger coil current required, the coil current noise contributes more to the
magnetic field noise, thus high-precision control of large magnetic fields is still challenging. In this paper, a
magnetic field locking system is used to realize a 2.27 x 107° level locking of the Feshbach magnetic field. A
feedback locking system is used to achieve the stability by shunting the magnetic field coil current noise.
Compared with the non-locked magnetic field, the low-frequency current noise is suppressed by more than
45 dB. To assess the stability of the actual magnetic field at the atoms, the Rabi oscillation is measured, the
coherence time increases nearly 9.6 times, which effectively improves the stability of the ultracold atomic
system. Furthermore, we measure the atom number fluctuation at the Gaussian inflection point of the loss
spectrum under different Raman pulse widths to evaluate the noise of the magnetic field. Roman pulse duration
up to a 24 ps is used to increase the sensitivity of atom number fluctuation in loss spectrum relative to
magnetic field noise, of which the root mean square (RMS) noise is suppressed from 20.66 mGs to 1.2 mGs, a
16-fold reduction of the noise is obtained. Such a magnetic field locking system can provide an accurate and
stable background magnetic field for ultracold atomic gases, which is of great significance for extending
quantum storage time, precisely controlling atomic scattering, and simulating of condensed matter and other

ultracold quantum gas in experiment.

Keywords: magnetic field locking, Feshbach resonance, ultracold quantum gas
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