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Gravity is “weird”
• Despite the fact that we’ve been studying gravity longer than any other force, it is in some sense the least 

understood of the fundamental forces
• It is “weird” in two ways:

1. It is incredibly weak

Perimeter, Sept 22, 2022D. Moore, Yale
Mearth = 6 x 1024 kg (1051 GeV!!)

Just a “few” electrons can hold us against the 
entire mass of the earth
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Gravity is “weird”
• Despite the fact that we’ve been studying gravity longer than any other force, it is in some sense the least 

understood of the fundamental forces
• It is “weird” in two ways:

1. It is incredibly weak 
à “Gauge Hierarchy Problem”

Perimeter, Sept 22, 2022D. Moore, Yale
F. Wilczek, https://doi.org/10.1098/rsta.2015.0257

(↵EM )�1 = 137
<latexit sha1_base64="LTMSXQyRo3r1VuU9R6GYrJqslX8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6sKStELdCEUR3AgV7APaGCbTSTt0MgkzE6GEuPFX3LhQxK1/4c6/cdpmodUDFw7n3Mu993gRo1JZ1peRW1hcWl7JrxbW1jc2t8ztnZYMY4FJE4csFB0PScIoJ01FFSOdSBAUeIy0vdHFxG/fEyFpyG/VOCJOgAac+hQjpSXX3Cv1EIuGyE0ur9Oju+TYTuEZtKs11yxaZWsK+JfYGSmCDA3X/Oz1QxwHhCvMkJRd24qUkyChKGYkLfRiSSKER2hAuppyFBDpJNMPUniolT70Q6GLKzhVf04kKJByHHi6M0BqKOe9ifif142Vf+oklEexIhzPFvkxgyqEkzhgnwqCFRtrgrCg+laIh0ggrHRoBR2CPf/yX9KqlO1quXJzUqyfZ3HkwT44ACVggxqogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymV3wC8bHN5YIlQc=</latexit>
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<latexit sha1_base64="CDhWTGhvn7thUhELpmM+q8uThDU="></latexit>

gravity

Newton’s constant Proton mass

Electron charge

Why is the Higgs mass so much lighter than 
the Planck mass?

https://en.wikipedia.org/wiki/Hierarchy_problem

Quantum corrections naively depend 
on the cutoff (e.g. Planck Scale)

(~ = c = 1)
<latexit sha1_base64="axsGMfXb7hYuU1OnTtTk2QfXX2A=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSKuhFKHrxWMF+QBvKZrtpl242YXcj1NBf4sWDIl79Kd78N27THLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2y/bBYVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uR27nceqVQsEg96GlMvxCPBAkawNtLALlf7Yx9LdI2IKfdsYFecmpMBrRI3JxXI0RzYX/1hRJKQCk04VqrnOrH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aXb4DJ0aZYiCSJoSGmXq74kUh0pNQ990hliP1bI3F//zeokOrryUiTjRVJDFoiDhSEdongIaMkmJ5lNDMJHM3IrIGEtMtMmqZEJwl19eJe16zT2v1e8vKo2bPI4iHMMJVMGFS2jAHTShBQQSeIZXeLOerBfr3fpYtBasfOYI/sD6/AGhIpEd</latexit>
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Gravity is “weird”
• Despite the fact that we’ve been studying gravity longer than any other force, it is in some sense the least 

understood of the fundamental forces
• It is “weird” in two ways:

2.  We don’t have a consistent microscopic theory (GR + QM = ?)

Perimeter, Sept 22, 2022D. Moore, Yale

+

(?)



6

Why are gravitational experiments hard?
• The reason we don’t have understand gravity at microscopic distances is related to the first issue

• This is also what makes any real lab experiments (not using astrophysical masses) so hard!

Perimeter, Sept 22, 2022D. Moore, Yale

VEM ⇠ 10 eV

Vgrav ⇠ 10�38 eV
<latexit sha1_base64="B00TOkAwi6ODK3IWWuWSByQp0E8=">AAACKnicbVDNSsNAGNz4W+Nf1aOXxSJ4sSStYI9VEbwIFWxaaGLZbLft0t0k7G4KJeR5vPgqXnpQilcfxG0bxLYOLAwz87HfN37EqFSWNTHW1jc2t7ZzO+bu3v7BYf7o2JFhLDCp45CFoukjSRgNSF1RxUgzEgRxn5GGP7ib+o0hEZKGwbMaRcTjqBfQLsVIaamdv3Hayf1jCl1JObQtF7ocqb7gCXFS1zW12xNo+Ou/JJflSrqQaucLVtGaAa4SOyMFkKHWzo/dTohjTgKFGZKyZVuR8hIkFMWMpKYbSxIhPEA90tI0QJxIL5mdmsJzrXRgNxT6BQrO1L8TCeJSjrivk9MV5bI3Ff/zWrHqVryEBlGsSIDnH3VjBlUIp73BDhUEKzbSBGFB9a4Q95FAWOl2TV2CvXzyKnFKRbtcLD1dFaq3WR05cArOwAWwwTWoggdQA3WAwSt4Bx/g03gzxsbE+JpH14xs5gQswPj+AapPpjk=</latexit>

In SI units:

Extremely tiny effect in everyday 
experiments with quantum systems!

Planck mass/energy:
r

~c5
G

⇠ 1019 GeV
<latexit sha1_base64="ZCWheeQT/1Z/wTRH8bpInCSLsqg="></latexit>

Not possible to directly probe the 
relevant energy scales at colliders! 

At the same time, electrical non-neutrality of real objects grows in 
importance!

Practically this means:
• Experiments with ~cm scale masses (~nN) are doable
• 0.1 - 1 mm scale masses are smallest gravity has been measured for (~fN)
• 1-10 um scale (~zN) might be an ambitious future limit (Heisengberg uncertainty, 

shielding Casimir backgrounds, etc)

In general for lab experiments:

~2𝑟

𝑟

Upper limit on 
𝜌 ~ 20 g/cm3

Fgrav ⇠ G⇢2r4

agrav ⇠ G⇢r
<latexit sha1_base64="u3uD+sxQzzfEp+QJN0lNNy939jQ=">AAACHHicbVBNS8NAEN3Urxq/oh69LBbBU0nagh6LgnqsYFuhScNmu2mXbjZhd1MooT/Ei3/FiwdFvHgQ/Ddu2xy07YOBx3szzMwLEkalsu0fo7C2vrG5Vdw2d3b39g+sw6OWjFOBSRPHLBaPAZKEUU6aiipGHhNBUBQw0g6G11O/PSJC0pg/qHFCvAj1OQ0pRkpLvlW98bO+QKMJdCWN4C10xSDuVqDo1lzXRCtMKHyrZJftGeAycXJSAjkavvXl9mKcRoQrzJCUHcdOlJchoShmZGK6qSQJwkPUJx1NOYqI9LLZcxN4ppUeDGOhiys4U/9OZCiSchwFujNCaiAXvam4yuukKrz0MsqTVBGO54vClEEVw2lSsEcFwYqNNUFYUH0rxAMkEFY6T1OH4Cy+vExalbJTLVfua6X6VR5HEZyAU3AOHHAB6uAONEATYPAEXsAbeDeejVfjw/ictxaMfOYY/IPx/QtiB6BM</latexit>
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What can we test (in the lab)?
• Laboratory densities and masses are always in the Newtonian limit (no strong field general relativity in the 

lab!), i.e.:

• In this case, Newton’s law is an excellent approximation to GR:

• Can basically measure 3 things:

1. Does the Newtonian 1/r2 dependence hold at all length scales?

2. Is the force independent of the composition of the masses?

3. What is the exact value of G?

Perimeter, Sept 22, 2022D. Moore, Yale

GM

rc2
⌧ 1

<latexit sha1_base64="vjDlxUwJ/I9pbPfk33oySWikBh0=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJWkCnosetCLUMF+QFPLZrtpl242YXcjlBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXl+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX90NfFbj1QqFol7PY5pN8QDwQJGsDZSzz7wAolJen2bpZI8VDPkcY7cnl12Ks4UaJG4OSlDjnrP/vL6EUlCKjThWKmO68S6m2KpGeE0K3mJojEmIzygHUMFDqnqptPzM3RslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cNFNmYgTTQWZLQoSjnSEJlmgPpOUaD42BBPJzK2IDLHJQ5vESiYEd/7lRdKsVtzTSvXurFy7zOMowiEcwQm4cA41uIE6NIBACs/wCm/Wk/VivVsfs9aClc/swx9Ynz9GXpUH</latexit>

v ⌧ c
<latexit sha1_base64="Fw4Ub2CEBXS/TC8OD/WmCqtQlUg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+d+e8K1EbF6wmnC/YgOlQgFo2il9oT0pCSsX664VXcBsk68nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJLPSr3U8ISyMR3yrqWKRtz42eLcGbmwyoCEsbalkCzU3xMZjYyZRoHtjCiOzKo3F//zuimGt34mVJIiV2y5KEwlwZjMfycDoTlDObWEMi3srYSNqKYMbUIlG4K3+vI6adWq3lW19nhdqd/lcRThDM7hEjy4gTo8QAOawGAMz/AKb07ivDjvzseyteDkM6fwB87nD5MdjxE=</latexit>

and

V =
Gm1m2

r
<latexit sha1_base64="4v8QP2N+a6lN34uCA3vav5JWd9k=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8FSSKuhFKHrQYwX7AW0om+2mXbqbhN2NUEK8+Fe8eFDEq//Cm//GbZuDtj4YeLw3w8w8P+ZMacf5tgpLyyura8X10sbm1vaOvbvXVFEiCW2QiEey7WNFOQtpQzPNaTuWFAuf05Y/up74rQcqFYvCez2OqSfwIGQBI1gbqWcfNNEl6gYSk/QGiZ5rqoqyVGY9u+xUnCnQInFzUoYc9Z791e1HJBE01IRjpTquE2svxVIzwmlW6iaKxpiM8IB2DA2xoMpLpx9k6NgofRRE0lSo0VT9PZFiodRY+KZTYD1U895E/M/rJDq48FIWxommIZktChKOdIQmcaA+k5RoPjYEE8nMrYgMsYlDm9BKJgR3/uVF0qxW3NNK9e6sXLvK4yjCIRzBCbhwDjW4hTo0gMAjPMMrvFlP1ov1bn3MWgtWPrMPf2B9/gAngJVu</latexit>

Difficult, systematics 
limited measurements

Is the same regardless of 
test mass composition?

5th forces apparent at short distances? 

Generic toy model in which these 
can fail:

𝜙

Scalar 𝜙 coupling to neutrons 
gives 5th force in non-rel. limit: 

V5th =
g2n
4⇡

e�m�r

r
<latexit sha1_base64="5/ZqcDRzBIe8A5otw0KHSsdeteQ=">AAACHXicbVDLSsNAFJ34rPVVdelmsAhuLEmt6EYounFZwT6gacNkOmmGTiZhZiKUIT/ixl9x40IRF27Ev3HaZqGtBy4czrmXe+/xE0alsu1va2l5ZXVtvbBR3Nza3tkt7e23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO2PbiZ++4EISWN+r8YJ6UVoyGlAMVJG8kq1lqfPVZjBK+gGAmE99Hi/mumam9Asl0hfn0aem4QUiizTIvNKZbtiTwEXiZOTMsjR8Eqf7iDGaUS4wgxJ2XXsRPU0EopiRrKim0qSIDxCQ9I1lKOIyJ6efpfBY6MMYBALU1zBqfp7QqNIynHkm84IqVDOexPxP6+bquCypylPUkU4ni0KUgZVDCdRwQEVBCs2NgRhQc2tEIfIJKJMoEUTgjP/8iJpVSvOWaV6VyvXr/M4CuAQHIET4IALUAe3oAGaAINH8AxewZv1ZL1Y79bHrHXJymcOwB9YXz/JvaJk</latexit>

(~ = c = 1)
<latexit sha1_base64="axsGMfXb7hYuU1OnTtTk2QfXX2A=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSKuhFKHrxWMF+QBvKZrtpl242YXcj1NBf4sWDIl79Kd78N27THLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2y/bBYVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uR27nceqVQsEg96GlMvxCPBAkawNtLALlf7Yx9LdI2IKfdsYFecmpMBrRI3JxXI0RzYX/1hRJKQCk04VqrnOrH2Uiw1I5zOSv1E0RiTCR7RnqECh1R5aXb4DJ0aZYiCSJoSGmXq74kUh0pNQ990hliP1bI3F//zeokOrryUiTjRVJDFoiDhSEdongIaMkmJ5lNDMJHM3IrIGEtMtMmqZEJwl19eJe16zT2v1e8vKo2bPI4iHMMJVMGFS2jAHTShBQQSeIZXeLOerBfr3fpYtBasfOYI/sD6/AGhIpEd</latexit>

Experimentally constrain:

V =
Gm1m2

r

⇣
1 + ↵e�r/�

⌘

<latexit sha1_base64="eWJg44Dvmtzachg1xzCQjSKty0k="></latexit>

“Yukawa Potential”
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Additional possibilities
• Instead of adding a “5th force,” modify gravity itself:

• E.g., 1/r2 law arises from Gauss’s law in 3D, but would 
differ with more spatial dimensions!

• This provides a possible solution to the Gauge 
Hierarchy problem

• But, since the initial proposal:
• Eot-Wash (torsion balance) has measured 

Newton’s law down to ~50 𝜇m
• No evidence for signatures at the LHC (TeV scale)

Perimeter, Sept 22, 2022D. Moore, Yale

Sci. Am. (2003)< 
1 

m
m

Large extra dimensions:

e.g., Arkani-Hamed et al., Phys. Lett. B 429, 263 (1998)

• Add cosmologically relevant  5th forces (motivated by dark energy) that 
evade solar system and laboratory tests
• Generally require a “screening mechanism” that turns force off near 

mass
• Examples: 

• Chameleons (range of the force depends on local mass density)
• Symmetrons (coupling depends on local mass density)
• Vainshtein mechanism (self-couplings boost kinetic terms in vicinity 

of mass)

“Beyond the Cosmological standard model” Joyce, Jain, 
Khoury and Trodden, arXiv:1407.0059

Λ ~ 2 meV“Dark energy length scale”
(possibly just numerology!) ~c

⇤
⇠ 80 µm

<latexit sha1_base64="o4kDDVIVODwTeH50MupCGFhMOuc=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEhMVVKQ6FjBwsBQJPqQ6qhyHKe1aieR7SBVUf6ChV9hYQAhVtj4G5w2A7QcydLROffI9x4/4Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCr4lQS2iExj2Xfx4pyFtGOZprTfiIpFj6nPX9yXfi9ByoVi6N7PU2oJ/AoYiEjWBtpaNdRKDHJ0NjHEpI8Q7cmG+AcIsUEbDoIIpEigfVYikzkQ7vm1J0Z4DJxS1IDJdpD+wsFMUkFjTThWKmB6yTay7DUjHCaV1GqaILJBI/owNAIC6q8bHZXDk+NEsAwluZFGs7U34kMC6WmwjeTxYZq0SvE/7xBqsOml7EoSTWNyPyjMOVQx7AoCQZMUqL51BBMJDO7QjLGpihtqqyaEtzFk5dJt1F3z+uNu4ta66qsowKOwQk4Ay64BC1wA9qgAwh4BM/gFbxZT9aL9W59zEdXrDJzBP7A+vwB9tefzQ==</latexit>



In modern interpretation, 
measured G to ~1% accuracy!

Cavendish, H., Phil. Trans. Royal Soc. London, 88 469 (1798) 160 kg Pb 
attractors

30 cm
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Overview of experimental techniques
• Due to its extreme weakness, gravity is difficult to study as described previously
• For large enough masses, gravitational effects can add up while E&M effects cancel (positive/negative 

charges)
• “Standard technique” is a torsion balance:

• First designed/built for gravity by John Michell (independent of Coulomb), Cavendish refurbished and 
presented results in 1798 

Perimeter, Sept 22, 2022D. Moore, Yale

https://books.google.com/books?id=O58mAAAAMAAJ&pg=PA59
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Modern torsion balances
• Torsion balances remain the most sensitive current method for measuring gravity in the lab over ~10 um 

to meter length scales

Perimeter, Sept 22, 2022D. Moore, Yale

https://doi.org/10.1103/PhysRevLett.124.101101
https://www.nature.com/articles/s41586-018-0431-5

https://www.nature.com/articles/s41586-021-03250-7

https://www.nist.gov/news-events/news/2016/11/big-
g-redux-solving-mystery-perplexing-result

Eot-wash (short-distance tests):

NIST (Big G):

Vienna 
(mg masses):

HUST (Big G):

https://doi.org/10.1103/PhysRevLett.124.101101
https://www.nature.com/articles/s41586-018-0431-5
https://www.nature.com/articles/s41586-021-03250-7
https://www.nist.gov/news-events/news/2016/11/big-g-redux-solving-mystery-perplexing-result
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Beyond torsion balances
• To push to shorter length scales, or higher precision, a number of new techniques have been developed 

beyond torsion balances

Perimeter, Sept 22, 2022D. Moore, Yale

Atom interferometry: Nano/micro oscillators: Levitated systems: Space based tests:

https://journals.aps.org/prl/abstract/10.
1103/PhysRevLett.125.191101

https://www.nature.com/articles/s41567-
022-01706-9

https://journals.aps.org/prl/abstract/10.1103/
PhysRevLett.129.121102

Test mass

Cantilever

Shield
membrane

50 μm

Optical fiber

https://journals.aps.org/prd/abstract/
10.1103/PhysRevD.78.022002

https://journals.aps.org/prl/abstract/10.1
103/PhysRevLett.116.221102

https://journals.aps.org/prd/abstract/
10.1103/PhysRevD.104.L061101

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.191101
https://www.nature.com/articles/s41567-022-01706-9
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.121102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.022002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.221102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L061101
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Historical measurements (“Big G”)
• Measurements of overall strength of G are extremely challenging:

• Systematics limited: (E&M effects, knowledge of source mass distribution, vibrations, Newtonian noise, …)

Perimeter, Sept 22, 2022D. Moore, Yale

Year https://www.nist.gov/image/big-gpng

https://en.wikipedia.org/wiki/Gravitational_constant
https://www.nist.gov/image/big-gpng
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Historical measurements (“Big G”)

Perimeter, Sept 22, 2022D. Moore, Yale

• Relative uncertainty for the coupling measured for gravity is ~105 times larger than for E&M:  
Particle Data Group summary of physical constants:

https://pdg.lbl.gov/

https://pdg.lbl.gov/


Lunar 
ranging

GeophysicalTorsion 
balances

Solar 
system

Short 
distance 

(lab)

Constraints on strength of gravity-like interactions vs length scale:

14

Short range forces
• More relevant for fundamental physics, the overall strength of gravity (or gravity-like interactions) can also 

be measured as a function of length scale:

Perimeter, Sept 22, 2022D. Moore, Yale

V =
Gm1m2

r

⇣
1 + ↵e�r/�

⌘

<latexit sha1_base64="eWJg44Dvmtzachg1xzCQjSKty0k="></latexit>

Fifth force coupling to 
mass?

Levitated microparticles 
(Stanford)

Torsion balance (Yale)

Micro-oscillator (IU)

Micro-oscillator (Stanford)

Torsion balance 

(U. Wash)

Zoom to sub-mm distances:
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“Even-shorter” range forces
• Below 𝜇m distances, constraints on 

gravity-like forces rapidly fall off

• Best constraints arise from:

• Gravity-strength interactions are much 
smaller than experimental sensitivity

• Beyond the required sensitivity, testing 
gravity at this scale limited by
backgrounds (e.g. Casimir)

Perimeter, Sept 22, 2022D. Moore, Yale

https://doi.org/10.1088/0264-9381/32/3/033001

Comparison to collider/AMO experiments:

Regions for previous plots:

1 nm – 1 𝝁m:  
Casimir force measurements

0.1 A – 1 nm:
Atomic systems (i.e. atomic/Rydberg 
energy levels)

<0.1 A:
Colliders

Neutrons

https://doi.org/10.1088/0264-9381/32/3/033001
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Equivalence principle
• Beyond measuring the strength of gravity, we’d like to 

test if the coupling is identical for all materials
• Conceptually, the equivalence principle says that 

inertial and gravitational mass are the same:

• This is equivalent to saying all materials feel the same 
gravitational force (not true for other interactions!)

• Famously Loránd Eötvös performed the first accurate 
test with a torsion balance (1885-1909)

• Constrain Eötvös parameter:

• Note in the lab we test the “weak” equivalence 
principle
• “Strong” EP also includes gravitational self-

binding energy
Perimeter, Sept 22, 2022D. Moore, Yale https://link.springer.com/article/10.12942/lrr-2014-4

2020

MICROSCOPE
(Space 
based)

Matter wave 
(Stanford)

Are these identical?

ma = m|~g|
<latexit sha1_base64="4673beE0TgU0uRTMMOAw6P1ZMKs=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4KrtV0ItQ9OKxgv2AdinZdLYNTbJLki2Ubf+JFw+KePWfePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZhp7i7t39w6B4dN3ScKgp1GvNYtUKigTMJdcMMh1aigIiQQzMc3s/85giUZrF8MuMEAkH6kkWMEmOlrusKTPAtFpPOCGjWn066bskre3PgVeLnpIRy1LruV6cX01SANJQTrdu+l5ggI8owymFa7KQaEkKHpA9tSyURoINsfvkUn1ulh6NY2ZIGz9XfExkRWo9FaDsFMQO97M3E/7x2aqKbIGMySQ1IulgUpRybGM9iwD2mgBo+toRQxeytmA6IItTYsIo2BH/55VXSqJT9y3Ll8apUvcvjKKBTdIYukI+uURU9oBqqI4pG6Bm9ojcnc16cd+dj0brm5DMn6A+czx++n5MY</latexit>

https://link.springer.com/article/10.12942/lrr-2014-4
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Equivalence principle
• Equivalence principle violations may arise from a “5th

force” rather than gravity itself:

• In this case, searches for EP violations should be 
performed as a function of length scale

• In general, the Eötvös parameter can be written in a 
length scale dependent form, e.g. for Pt/Ti:

• Generically the charges coupling to the force, q, can 
be B, B-L, ….

Perimeter, Sept 22, 2022D. Moore, Yale

V =
Gm1m2

r

⇣
1 + ↵e�r/�

⌘

<latexit sha1_base64="eWJg44Dvmtzachg1xzCQjSKty0k="></latexit>

https://link.springer.com/article/10.12942/lrr-2014-4

Earth/moon 
distance

Earth 
radius

Lab mass Hills/bedrock 
around Seattle

Length scale dependent tests of the weak EP:

https://link.springer.com/article/10.12942/lrr-2014-4
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“Screened” forces
• Finally, there has been recent interest in searches for 5th forces that do not follow the standard “Yukawa” 

potential 
• These are typically motivated by dark energy models, in which Eot-Wash and other bounds are evaded by 

“screening mechanisms
• In the “Chameleon” model, the range of the force depends on the local mass density:

• The standard Chameleon models have now been fully ruled out by laboratory tests (Atom interferometry, 
levitated systems)
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Summary of recent experimental constraints on Chameleons:
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https://www.nature.com/articles/s41567-022-01706-9
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Summary
• Despite the fact that we’ve been studying gravity for longer than all the other fundamental forces, we have the 

weakest experimental constraints on its nature

• This is due to its extreme weakness compared to the other forces (~10-40 the E&M force in a hydrogen 
atom)

• Torsion balances provided the first laboratory measurements of gravity, and experiments like Eot-Wash remain 
at the forefront of the field

• A number of new techniques are aiming to push these measurements to shorter distances or higher precision 
(next lecture!)
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