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We propose a compact atom interferometry scheme for measuring weak, time-dependent accel-
erations. [1] Our proposal uses an ensemble of dilute trapped bosons with two internal states that
couple to a synthetic gauge field with opposite charges. The trapped gauge field couples spin
to momentum to allow time dependent accelerations to be continuously imparted on the internal
states. We generalize this system to reduce noise and estimate the sensitivity of such a system to

be S ∼ 10−7 m/s2√
Hz

.

A quantum interferometer must have two properties: a degree of freedom for which quantum interference can
be performed, and a method of manipulating this degree of freedom to accumulate phase that depends on external
fields. Our proposal uses a “synthetic gauge field” that arises from optical coupling to satisfy these conditions. The
spatial dependence of the optical fields can be viewed as coupling spin to position continuously. This is in contrast to
traditional interferometry schemes that only couple spin to momentum through a discrete set of Raman pulses. The
continuous coupling generates a sensitivity to time-dependent signals.

The synthetic gauge field we use has the form of a trapped particle with two degrees of freedom, called “pseudo-
spin”. [2–4] Each psuedo-spin behave as if it is in the presence of a magnetic field oriented out of plane, however,
the psuedo-spins couple to the synthetic field with opposite charges. This means the two particles will travel along
paths that are mirrored. We can view the pseudo-spin states traveling along different trajectories as the two arms of
a Michelson interferometer. In the presence of time-dependent perturbations the symmetry between the two paths
is broken. This leads to a path-dependent phase accumulation that be extracted through standard interferometric
techniques.

A physical interferometer would use a dilute thermal cold atomic gas confined to two dimensions. We do not use a
condensate to avoid complications due to density-density interactions. We focus on the measurement of high frequency
(∼ 1kHz) signals and show that for a pulse sequence similar to the Carr-Purcell sequence such a setup can obtain a

sensitivity of S ∼ 10−7 m/s2√
Hz

on this frequency scale.

FIG. 1. A potential implementation of our inter-
ferometer based upon Ref. [3]. The Raman beams
Ω1,2 couple a three level atom by two parallel Gaus-
sian profiles with peaks that are spatially offset.
Two of the dressed states become degenerate in
the large detuning limit, ∆ → ∞, and couple to a
“synthetic magnetic field” with opposite charges.

FIG. 2. The trajectory two psuedo-spin states of
Fig. . At time t = 0 the trap minimum is displaced
by r0. The synthetic magnetic field causes the two
particles to deflect, and then travel along a path
mirrored across r0.
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