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Abstract:
A host of astrophysical and cosmological measurements have established that the majority of matter in

the Universe is dark matter; understanding its nature is of paramount importance to astrophysics, cosmology,
and particle physics. A well-motivated possibility is that the dark matter consists of ultralight bosons such
as axions or axion-like particles (ALPs) with very low mass (� 1 eV), in which case their phenomenol-
ogy is well-described by a classical field. Due to topology or self-interactions, ultralight bosonic fields
can form stable, macroscopic field configurations in the form of boson stars or topological defects (e.g.,
domain walls). Even in the absence of topological defects or self-interactions, bosonic dark matter fields
exhibit stochastic fluctuations. Additionally, it is possible that high-energy astrophysical events could pro-
duce intense bursts of exotic ultralight bosonic fields. In any of these scenarios, instead of being bathed in
a uniform flux, terrestrial detectors will witness transient events when ultralight bosonic fields pass through
Earth. The Global Network of Optical Magnetometers to search for Exotic physics (GNOME) is an array of
geographically separated, time-synchronized atomic magnetometers designed to search for correlated sig-
nals heralding beyond-the-Standard-Model physics. There are a limited number of “portals” through which
ultralight bosonic fields can couple to Standard Model particles, prominent among them spin-dependent
interactions to which the GNOME is particularly sensitive. The GNOME can search a wide range of unex-
plored parameter space for such ultralight bosonic fields.
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Figure 1: Schematic representation of the Earth passing through
a topological defect of an axion-like field in the form of a domain
wall (left). As various GNOME stations pass through the topo-
logical defect, signals appear in the optical atomic magnetometer
data at particular times (right). In this representation, for sim-
plicity the simulated magnetic field data has been normalized so
that the domain-wall signals have the same amplitude and sign.

Physics goals: The Global Network of Optical
Magnetometers to search for Exotic physics
(GNOME) is sensitive to the gradient coupling
of axion-like-particle (ALP) fields φ to nuclear
spins. The GNOME searches for a class of sig-
nals different from that probed by most other
experiments, namely transient and stochastic
effects that could arise from ALP fields of as-
trophysical origin passing through the Earth
during a finite time. In particular, GNOME is
searching for dark matter in the form of ALP
domain walls [1] (Fig. 1), boson stars [2], or
stochastic fluctuations [3], and is also sensitive
to bursts of ALPs generated by binary black
hole merger events or other cataclysmic astro-
physical events [4]. Depending on the partic-
ular hypothesis tested, GNOME is sensitive to
ALPs in the mass range between ≈ 10−17 eV

and ≈ 10−9 eV, and has the ability to probe parameter space unconstrained by existing laboratory experi-
ments and astrophysical observations. GNOME is sensitive to couplings of the nuclear spins S through the
linear Hamiltonian [5]

ĤL = −2gaNN (~c)3/2S ·∇φ(r, t) , (1)

as well as the quadratic Hamiltonian [1, 6]

ĤQ = −2g2Q(~c)
2S ·∇φ(r, t)2 . (2)

Figure 2: Locations of GNOME stations.

Experimental technique: GNOME uses pre-
cision optical atomic magnetometers [7] to
search for spin torques induced by interaction
of axion-like fields with nuclear spins [Eqs. (1)
and (2)]. There are a number of recent and on-
going experiments using atomic magnetome-
ters [7] to search for exotic fields mediat-
ing spin-dependent interactions [5]. The ba-
sic concept of such experiments is to search
for anomalous spin-dependent energy shifts
of Zeeman sublevels caused by exotic fields
rather than ordinary electromagnetic fields.
For example, there are experiments searching for exotic spin-dependent interactions constant in time as
evidence of new long-range monopole-dipole [8, 9] and dipole-dipole interactions [10], where the Earth is
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the source of mass or polarized electrons, respectively. There are also experiments searching for shorter-
range exotic spin-dependent interactions using local sources that can be modulated, such as laboratory-scale
masses or polarized spin samples [11, 12].
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Figure 3: Projected sensitivity of GNOME
(dashed line, purple shaded region) and Ad-
vanced GNOME (dotted line, light blue
shaded region) to various dark matter scenar-
ios in terms of ALP field coupling to nuclear
spins [Eqs. (1) and (2)] and ALP mass (Comp-
ton frequency): the top plot shows sensitivity
to ALP domain walls [1, 13, 14], the middle
plot shows sensitivity to boson stars [2], and
the bottom plot shows sensitivity to ALP field
stochastic fluctuations [3]. Astrophysical con-
straints (solid line, green shaded region) based
on, for example, observations of SN1987A,
are from Ref. [15].

While a single magnetometer system could detect transient
and stochastic events associated with axion-like fields, it is dif-
ficult to confidently distinguish a true signal generated by ex-
otic physics from false positives induced by changes of mag-
netometer operational conditions (e.g., magnetic-field spikes,
laser mode hops, electronic noise, etc.). Effective vetoing
of prosaic noise and transient events (false positives) requires
an array of individual, spatially distributed magnetometers to
eliminate spurious local effects. Furthermore, a global distri-
bution of sensors is beneficial for event characterization, pro-
viding the ability to resolve the velocity of the exotic field by
observing the relative timing and amplitude of transient events
at different sensors [1, 14]. GNOME is a growing network of
more than a dozen optical atomic magnetometers, with stations
in Europe, North America, Asia, and Australia (Fig. 2).

Projected sensitivity: The existing GNOME has demonstrated
a magnetometric sensitivity of better than ≈ 10−12 T in 1 sec-
ond of integration [16], and the Advanced GNOME which will
employ nuclear spin (co)magnetometers [11, 12] is expected to
reach a magnetometric sensitivity of better than ≈ 10−15 T in 1
second of integration. These magnetometric sensitivities can be
translated into exotic physics parameter space as discussed in
Refs. [1, 2, 13, 14]. The sensitivity to ALP field coupling con-
stants for representative cases is shown in Fig. 3; the crucial
point is that in each case the GNOME has sensitivity to dark
matter physics scenarios presently unconstrained by astrophys-
ical observations [15].

Projected timeline: The GNOME has already collected over a
year of data. Over the next year we plan another Science Run
with the existing network, aiming for more continous operation
of all magnetometers and hope to improve overall sensitivity by
an order-of-magnitude to a variety of exotic physics scenarios.
Within 2-3 years we anticipate construction and testing of Ad-
vanced GNOME, a network of nuclear spin (co)magnetometers
with ≈ 100− 1000 times greater sensitivity. Results from Ad-
vanced GNOME are expected within 4 years.
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