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Université de Toulouse UPS-CNRS UMR 5589, Toulouse, France

e-mail: lepoutre@irsamc.ups-tlse.fr

Abstract

The Aharonov-Bohm effect [?], predicted in 1959,
is the first example of a family of topological phase
effects [?] which contains also the Aharonov-Casher
effect and the He-McKellar-Wilkens (HMW) ef-
fect [?], introduced independently by X.-G. He and
B.H.J. McKellar and by M. Wilkens for the mo-
tion of a constant electric dipole moment interact-
ing with a magnetic field. The case of a polarizable
neutral particle considered by H. Wei et al., is closer
to an experiment. All these topological phases are
independent of the particle velocity.

Following H. Wei et al., the HMW phase shift
which appears when an atom propagates in crossed
electric field E and magnetic field B is given by
∆φHMW = 4πε0

∫
αv·(B×E) dt/h̄. To detect this

effect, we must be able to cancel the considerably
larger polarizability phase shift equal to ∆φpol =
2πε0

∫
αE2dt/h̄.

We have built an experiment using our Mach-
Zehnder atom interferometer [?] based on a ther-
mal lithium atomic beam and laser diffraction in
the Bragg regime which provides high quality sig-
nals and a high phase sensitivity ca. 10 mrad/

√
Hz.

The atom propagation is perturbed by a double ca-
pacitor with a septum located in between the inter-
ferometer arms. The capacitor is placed just before
the second laser standing wave, where the arm sep-
aration is largest and it creates opposite electric
fields Em ≈ ±5× 105 V/m on the two interferome-
ter arms while a coil create an homogeneous mag-
netic field Bm ≈ ±0.02 Tesla. The electric field
is horizontal while the magnetic field is vertical.
The capacitor is as symmetric as possible and we
apply slightly different voltages to compensate for

the residual asymmetry of the polarisability shift.
The HMW effect should appear as a phase shift

which is not the sum of phase shift due to the elec-
tric field and of the one due to the magnetic field
alone. With our parameters, we expect a phase-
shift ∆φHMW ≈ ±15 milliradians. We have al-
ready collected a large data set which proves the
existence of this phase-shift and we work to im-
prove the accuracy of its measurement, limited by
phase drifts. We will soon verify that the HMW
phase-shift is independent of the atom velocity.

In conclusion, we have made the first detection
of the He-McKellar-Wilkens topological phase shift.
This effect is particularly interesting as it modifies
the propagation in a non-reciprocal way i.e. the
phase sign would be opposite for atoms propagating
backwards.
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