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Abstract:

We present a model that modifies general relativity on cosmological scales, specifically by having a 'glitch' in the gravitational
constant between the cosmological (super-horizon) and Newtonian (sub-horizon) regimes. This gives a single-parameter
extension to the standard ACDM model, which is equivalent to adding a dark energy component, but where the energy density
of this component can have either sign. Fitting to data from the Planck satellite, we find that negative contributions are, in fact,
preferred. Additionally, we find that roughly one percent weaker superhorizon gravity can somewhat ease the Hubble and
clustering tensions in a range of cosmological observations. Therefore, the extra parametric freedom offered by our model
deserves further exploration, and we discuss how future observations may elucidate this potential cosmic glitch in gravity,
through a four-fold reduction in statistical uncertainties.
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A Simple Phenomenological Model

Minimal deviations from GR on cosmological scales
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Similar to the early dark energy Model proposed by Doran and Robbers 2006
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Allowing Qg <0, named as the cosmic glitch in gravity (CGG)
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Cosmological Probes

3 Weeks Supernova
Before Discovery

Difference

Weak Lensing/Cosmic Shear Supernovae (SNe)

Pirsa: 24070070 Page 4/13



Impacts on Cosmology
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A Cosmic Glitch : Preference for Negative (),

ﬁ I | |
eDeRE SRS ' « 1 | Current constraint
Planck18+SNe - : o : Qg — —0.0087 + 0.0046
Planck18+DES | | * : Future CMB surveys constrain
Planck18+SDSS BAO | | s : I a(Qg) ~ 0.001
I
Planck PR4 : Future CMB and Euclid-like LSS
Planck PR4+DESI BAO{ L — I SUVEYSienpstiain
~0.015  -0.010  -0.005  0.000 o(2g) < 0.001
Qq

The evidence for the glitch ranges from 1.3 o to 2.8 o for the current data
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Alleviating Cosmological Tensions
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Reduces the Hubble tension from 4.10 to 3.00
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Non-constant Glitch?

Hubble radius [Planck units]
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Redshift z
BBN measurement comes from helium abundance in low metallicity galaxies
(Kohri and Maeda 2022)
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Summary

* A cosmic glitch in gravity (CGG), i.e. a model in which
gravity is different for super-horizon and sub-horizon scales

« Equivalent to an additional dark energy component tracking
the critical density of the Universe

« Current data favors the super-horizon gravity to be ~1%
weaker at around 2 o

« Alleviates both the Hubble tension and the clustering tension

* Future cosmological data will significantly tighten the
constraint on CGG
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Non-constant Glitch?

Hubble radius [Planck units]
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Alleviating Cosmological Tensions

72 1
70 1

68 1

66

P

-0.02 -0.01 0.00
Qg

0.01

Reduces the Hubble tension from 4.10 to 3.00

Pirsa: 24070070

80 F T xp I I B —
SH,ES ]
AP - SHOESCHP ]
2 75 : +% SH(,ES_-
= i i
o[ 4 LT E
£ 70 - | 4 Awwmapo
= U WMAP3 L ]
pes WMAPS | )}
T . WMAPT fBlA' i
L WMAP1 P.wpwsi 0
65 [ : .
L _1_ , I?mtfmcle Lzllddler .Al'\CJ;DN? e
2000 2005 2010 2015
Publication Year
Freedman 17
Bl SHOES
B Planck18 [CGG]
B Planck18+BAO [CGG]
Planck18+DES [CGG]
B Planckl1l8 [ACDM]
Page 11/13



A Cosmic Glitch : Preference for Negative (),
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Non-constant Glitch?
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