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Gravity, although theweakest among the fundamental forces, poses significant questions inmodern physics. It re-
mains unexplained in the context of the standardmodel and appears to be disconnected from quantum theory. To
tackle this issue, it is crucial to test gravity at small scaleswhere quantume�ects become significant. In this study,
we have successfully demonstrated the gravitational coupling between two 1 mm gold spheres and mapped the
gravitational force by modulating the source mass position. We observed both linear and quadratic couplings due
to the potential’s nonlinearity. By extending gravity measurements to even smaller source masses and low gravi-
tational field strengths at the ConradObservatory, ourworkwill enable us to investigate fundamental interactions
and explore quantum gravity in the near future.

Figure 1 depicts the experiment using twogold spheres: one
acts as the gravitational source with a radius ofR = 1.07±
0.04mm and a mass ofms = 92.10.1mg, while the other
serves as the test mass with a mass ofmt = 90.70.1mg.

Figure 1: A torsion pendulum consisting of two gold spheres. One serving as a test
and the other as a counterbalance and suspended by a 4-µm-diameter silica fiber.
The torsion angle ismeasured by an optical lever directed to a quadrant photodiode.
The gravitational interaction is modulated by a harmonically moving source at a fre-
quency of 12.7 mHz. Direct electrostatic coupling is suppressed by a Faraday shield.
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The sourcemass generates a time-varying gravitational po-
tential at the test mass location through periodic modula-
tion of its position. To minimize noise, the acceleration of
the test mass is measured in a torsion pendulum config-
uration at a pressure of 6 × 10−7 mbar. The angular de-
flection of the pendulum is optically monitored, and the
displacement time series is de-convoluted with the inverse
of the mechanical susceptibility to obtain the correspond-
ing force spectrum. Electrostatic forces are minimized by
grounding the sourcemass to the vacuum chamber, shield-
ing the testmasswith a conductive Faraday shield, andmit-
igating charges using ionized nitrogen. The geometric sep-
aration of the masses is determined with an accuracy of 20
µm, and thedistance is variedbetween2.5mmand5.8mm.
To minimize other influences on the test mass, such as
seismic, acoustic, and magnetic noise, shielding and other

measures are implemented. Despite low-frequency gravi-
tational noise of urban origin, the experiment detects test-
mass accelerations at frequencies of up to 0.1 Hz at a sensi-
tivity better than 2× 10−11 ms−2 within half a day of mea-
surement.
We modulate the position of the source mass at a fre-
quency well above the fundamental torsional pendulum
resonance, resulting in a free-mass response. According
to Newton’s law, the source mass generates a gravitational
acceleration on the test mass. We confirm this gravita-
tional interaction by measuring the force spectrum of the
testmass. By correlating themeasured separation between
the source and testmasseswith the independently inferred
force, weobtain a position-dependentmapping of the grav-
itational force. Our experiment yieldsa coupling constantof
G = (6.04± 0.06)×10−11 m3kg−1s−2. We detect deviations
from the CODATA value for Newton’s constant by around
9%, which is fully covered by the known systematic uncer-
tainties inourexperiment. Ourmeasurementsdemonstrate
gravitational coupling between a test mass and a 90 mg
spherical source mass. This is the smallest single object
whose gravitational field has been measured to date, with
non-gravitational forces contributing less than 10% of the
observed signal. Our experiment opensup thepossibility of
probing the gravity of objects even smaller than the Planck
mass, with the potential of going considerably smaller by
using miniature torsion pendulums with improved ther-
mal noise. However, anthropogenic low-frequency noise
sources need to be understood and mitigated to improve
the sensitivity of such experiments.

Figure 2: The force exerted versus source-test mass separation displays spatial non-
linearity of the source-mass potential. The actualmeasurement precision is apparent
from the extractedmean force and its standard deviation obtained by bootstrapping.

Authors:
A. Shayeghi1, H. Hepach1, M. Aspelmeyer1
1) Institute for Quantum Optics and Quantum Information, Austrian Academy of Sci-
ence, Vienna

Corresponding author:
Hans Hepach, M.Sc.
Institute for Quantum Optics and Quantum Information
Boltzmanngasse 3, 1090 Wien
e-mail: hans.hepach@oeaw.ac.at

20 COBS Journal


