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Opportunities for gravitational wave physics at the South Pole
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Atom interferometers represent a promising approach for gravitational wave detection in the decihertz
frequency band, complementary to existing light-based detectors. The South Pole offers unique advantages for
such experiments: exceptionally low seismic noise, established infrastructure for large scientific projects, and a
location that strengthens gravitational wave source localization through global triangulation. Here, we discuss the
scientific case and practical considerations for deploying a long-baseline atom interferometer at the South Pole,
which has the potential to expand the global network of gravitational wave detectors while enabling precision
tests of fundamental physics.
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I. INTRODUCTION

Long-baseline atom interferometers offer a promising
approach to terrestrial gravitational wave detection in the
mid-band frequency range, roughly 0.3–3 Hz [1–3], and are
currently supported by an international community effort [4].
This band lies below the reach of current-generation ground-
based laser interferometers such as the laser interferometer
gravitational-wave observatory (LIGO) [5], which are limited
by seismic noise at frequencies below a few hertz, and above
the millihertz band at which the planned space-based laser
interferometer space antenna (LISA) will have its peak sen-
sitivity [6]. The mid-band is scientifically rich: Black hole
and neutron star binaries radiate in this range for hours to
days before merger, providing early-warning alerts that would
allow electromagnetic and neutrino telescopes to observe
the final coalescence in real time [7]. This multimessenger
capability would be transformative—for example, advanced
localization of neutron star mergers could enable observation
of the prompt emission that current detectors miss entirely.
The mid-band range may also contain gravitational wave
backgrounds of cosmological origin, including signals from
first-order phase transitions in the early universe at energy
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scales above the reach of particle colliders [8], and from other
exotic sources such as cosmic strings and axion dynamics [9].

Realizing such a detector requires a site that combines
low seismic noise, favorable location, and the infrastructure
to support large-scale scientific construction. The Amundsen-
Scott South Pole Station—home to the IceCube Neutrino
Observatory and the South Pole Telescope—offers all three.
The South Pole’s seismic environment is among the quietest
on Earth [10,11], the vertical orientation of an interferometer
there naturally suppresses systematic uncertainties that arise
from Coriolis forces, and a specially managed quiet zone sur-
rounds the station. Beyond gravitational wave science, such
an instrument would enable precision tests of the equivalence
principle, searches for new fundamental forces, and probes
of wavelike dark matter [12]. Deployed as part of a global
network of mid-band detectors, a South Pole interferome-
ter would provide critical southern-hemisphere coverage for
source localization on the sky. Our aim in this article is not to
provide a full technical study of the South Pole as a detector
site, but rather to lay out the scientific and practical case that
such studies would be a promising direction for the commu-
nity to pursue.

II. WHY THE SOUTH POLE?

The Amundsen-Scott South Pole Station, one of the
three permanent U.S. Antarctic stations operated by the
National Science Foundation, supports international science
year-round with a winter crew of roughly 40 and a summer
population of 120–250. The station is resupplied by U.S. mil-
itary ski-equipped LC-130 aircraft and three annual overland
traverses—tractors hauling large sleds of fuel and cargo from
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FIG. 1. Conceptual illustration of a kilometer-scale vertical atom interferometer at the South Pole. A vacuum tube extending approximately
1 km into the Antarctic ice sheet houses the interferometer baseline, with a laser laboratory at the surface, atom sources along the vertical
baseline, and a retroreflecting mirror at the bottom. This represents a tenfold scale-up from the MAGIS-100 detector currently under
construction at Fermilab. The surrounding ice provides natural thermal stability and vibration isolation for the instrument.

the coastal logistics base at McMurdo Station. The ability
to deliver large volumes of construction material has been
demonstrated repeatedly: The IceCube Neutrino Observatory
alone required approximately 9.5 million pounds of cargo and
fuel, delivered over about 300 LC-130 flights. A new contract
for ski-equipped aircraft is now addressing the aging LC-130
fleet.

Installing a kilometer-scale vertical interferometer would
draw on drilling expertise developed for IceCube, which used
a hot-water drill to bore 86 holes to depths of 2.5 km in the ice
sheet, with 6 additional holes drilled in the 2025–2026 field
season for the IceCube Upgrade.

The station’s existing power plant, communications infras-
tructure, Austral Summer logistics, and year-round support
personnel provide a foundation for sustained operation.
Establishing a detector within the designated quiet zone sur-
rounding the station would further reduce anthropogenic noise
sources. Although the glacier moves about 9 m per year, shear
is only observed well below the top kilometer of ice [13] and
has not adversely affected the IceCube instrumentation down
to nearly 2500 m below the surface since their installation in
2004–2011.

The precedent for large scientific projects at the South
Pole is well established. Before the South Pole Telescope and
IceCube, research at the South Pole was modest in scale, span-
ning seismometry, cosmic rays, glaciology, and atmospheric
monitoring. Constructing those flagship experiments required

substantial expansions of logistics capability, driven by com-
pelling science cases for cosmic microwave background
measurements and neutrino astronomy. A gravitational wave
detector, such as the one proposed here, would be synergistic
with the further development of South Pole logistics, e.g., fu-
ture generator power upgrades, increases in communications
bandwidth, and installation of next-generation astronomical
instruments.

III. DESIGN CONCEPTS

The detector concept, illustrated in Fig. 1, centers on a ver-
tical atom interferometer with an approximately 1 km baseline
housed within a borehole drilled into the Antarctic ice sheet.
The basic architecture follows the gradiometer approach
developed for the matter-wave atomic gradiometer interfer-
ometric sensor (MAGIS-100) [14], scaled up by an order of
magnitude. A laser laboratory at the surface generates the
optical pulses that drive single-photon transitions on a narrow
atomic line (such as the clock transition in strontium), where
multiple atom sources at different depths in the ice launch
ultracold-atom clouds into free fall along the vertical baseline.
The different clouds interact with the laser at different depths.
A retroreflecting mirror at the bottom of the shaft returns the
laser beam, so that alternating single-photon transitions from
pulses propagating in opposite directions can be used to boost
the instrument’s sensitivity. Differential phase measurements
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between spatially separated atom clouds are sensitive to grav-
itational wave strain, which modifies the light travel time be-
tween atom clouds, while suppressing residual laser noise [2].

The vacuum tube running the length of the borehole would
require a modular support structure compatible with instal-
lation in stages and flexible interfacing with experimental
subsystems, similar to the segmented deployment of Ice-
Cube’s digital optical modules on kilometer-length cables.
The surrounding ice sheet provides a thermally stable environ-
ment [13] and natural isolation from surface vibrations, both
of which benefit interferometer performance.

At 1 km, this baseline would be ten times longer than
MAGIS-100 and comparable to proposals for kilometer-scale
detectors at other sites [12]. The longer baseline directly
improves gravitational wave strain sensitivity, increasing the
detector’s reach in the astrophysically rich decihertz band,
where compact binary inspiral signals are strongest. Detailed
engineering studies would be required to establish borehole
diameter, vacuum requirements, and thermal management.

IV. EXPERIMENTAL ADVANTAGES AND EXPECTED
SENSITIVITY

We now examine in detail how the South Pole’s site char-
acteristics translate into concrete improvements in detector
sensitivity and scientific reach.

Seismic noise and gravity gradient noise. In atom in-
terferometry with freely falling atoms, the atoms have no
mechanical connection to the Earth, and free fall in ultrahigh
vacuum significantly isolates them from seismic vibrations.
Laser vibrations induced by seismic waves can be suppressed
through differential measurements between atom interferome-
ters separated over a long baseline and controlled by the same
laser beam [2,3]. However, seismic waves still couple to the
atoms via Newtonian gravity gradient noise (GGN): Density
fluctuations in the surrounding medium produce time-varying
gravity gradients that constitute a prominent noise background
[15]. Mitigation strategies for GGN have been proposed
[16–18] but remain experimentally undemonstrated. Choos-
ing a site with intrinsically low seismic noise is therefore
critical. As shown in Fig. 2, the South Pole is exception-
ally quiet: Between 0.5 and 1 Hz, the GGN-limited strain
sensitivity at the South Pole is 3–5 times better than at the
Fermilab site, and above 1 Hz it is more than 30 times better
than Fermilab and nearly 10 times better than the Homestake
mine—one of the deepest mines in the U.S.

Sky localization. One significant potential benefit of ob-
serving gravitational waves in the mid-band between LIGO
and LISA is excellent angular localization of most sources [7].
Using a geographically distributed network of detectors im-
proves the angular resolution. Current and proposed projects
for long-baseline atom interferometers over 100 m are concen-
trated in the northern hemisphere—at Fermilab (MAGIS-100)
[14] in the U.S., in the UK (AION) [22], in Europe (MIGA,
ELGAR, and AICE) [16,23,24], and in China (ZAIGA) [25].
The South Pole instrument is both geographically distant from
the other detectors and also aligned along a unique direction
(the Earth’s rotation axis), thus improving the angular resolu-
tion of the network. Figure 3 shows the improvement in sky
localization obtained by adding a South Pole detector to a

FIG. 2. Gravity gradient noise limits on characteristic strain
sensitivity. Comparison for a model vertical 1 km baseline atom in-
terferometer, derived from broadband seismic data. Gravity gradient
noise models are based on Rayleigh waves [15,17–19]. Seismic data
were acquired through the Incorporated Research Institutions for
Seismology (IRIS) database and analyzed through standard methods
[10,20]. Top: Characteristic strain noise at Fermi National Accelera-
tor Laboratory (site of MAGIS-100), the South Pole (IRIS IU QSPA),
and Homestake, South Dakota (IRIS IU RSSD), with two example
binary black hole merger signals shown as dashed lines; GW150914
is the first detection by LIGO [5] and 140M� is a theoretical 140-140
solar mass binary black hole merger. Bottom: Ratio of modeled GGN
strain between site seismic data and reference data from the Peterson
new low noise model [21] (lowest possible ground motion globally),
illustrating the South Pole’s exceptionally quiet seismic environment.

two-site northern-hemisphere network [Homestake (Sanford
Underground Research Facility, SURF), Boulby] [4], com-
puted using a Fisher-matrix analysis of the detector response
functions [7,28]. The inclusion of the South Pole instrument
improves source localization across large fractions of the sky,
for some source locations up to an order of magnitude, and
the angular resolution becomes more uniform across the sky
as the South Pole detector removes some areas where a two-
detector network did not have good coverage.

Coriolis forces. Coriolis forces arising from the coupling
of atomic motion to Earth’s rotation are a major challenge
for atom interferometers. When the rotation vector and in-
terferometer axis are not parallel, Coriolis forces prevent
the two branches of the atomic wave function from per-
fectly overlapping, reducing fringe contrast and introducing
velocity-dependent phase noise [29,30]. Rotation compen-
sation techniques exist [29,30], but the large lateral beam
displacement over a kilometer-scale baseline makes their
practicality uncertain [12,31]. At the South Pole, a vertical
interferometer axis is naturally parallel to Earth’s rotation
vector, suppressing these Coriolis effects without active
compensation.

For gravitational wave detection specifically, multiloop in-
terferometer geometries [32,33] that mitigate Coriolis effects
will likely be needed anyway to suppress noise from atom
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FIG. 3. Sky-localization improvement from adding a South Pole detector to a two-site northern-hemisphere network [Homestake (SURF),
Boulby] [26]. Left: Graphical layout of the three detector sites. Right: Sky map of the fractional improvement in angular resolution (colorbar:
ratio of angular resolution improvement between three-detector and two-detector networks). Simulation used open source project [27]. Top
and bottom: Six example sources showing 99.7% confidence regions without (blue ellipse) and with (green ellipse) the South Pole detector;
dots mark the true source direction.

cloud jitter coupling to static gravity gradients [12,14]. The
definitive Coriolis advantage of the South Pole therefore lies
primarily in other science targets—tests of the equivalence
principle, searches for new fundamental forces, and probes
of low-frequency wavelike dark matter [12]—which involve
static or slowly varying signals incompatible with multiloop
configurations. The South Pole thus significantly broadens
the scientific reach of a next-generation long-baseline atom
interferometer.

V. CONCLUSION

The South Pole has repeatedly proven to be a uniquely
enabling site for frontier science: Its transparent, low-
radioactivity ice made possible the IceCube Neutrino Obser-
vatory, its dry and stable atmosphere enabled transformative
cosmic microwave background measurements with the South
Pole Telescope, and here we highlight yet another way in
which this location is exceptional. The combination of intrin-
sically low seismic noise, a vertical geometry that naturally
suppresses systematic uncertainties from Coriolis forces, and
decades of proven logistics infrastructure makes the South

Pole a potentially compelling site for a next-generation long-
baseline atom interferometer that merits further study.

Several important questions remain to be addressed, in-
cluding a characterization of atmospheric gravity gradient
noise at the South Pole and detailed site surveys, borehole
engineering and ice studies, a conceptual design for the
vacuum and cold-atom systems, and studies of strategies
for installation and maintenance. These investigations would
build on the extensive body of glaciological and geophysical
data already collected at the Pole and could be synergistic
with the development of other next-generation projects such
as IceCube-Gen2.

Looking ahead, a South Pole atom interferometer deployed
as part of a global network of mid-band gravitational wave
detectors may offer opportunities to open the decihertz band
to multimessenger astronomy while enabling precision tests
of fundamental physics at unprecedented sensitivity.
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