
Curvature-Regulated Infrared Gravity without New

Degrees of Freedom

Ajay Kumar

Independent Researcher, India

ajaysanskriti3379@gmail.com

Abstract

We present a conservative infrared extension of General Relativity in which late-time

cosmic acceleration emerges from a curvature-regulated modification of gravitational time

dilation. The framework introduces no additional propagating degrees of freedom and re-

mains fully covariant at the action level. Exponential suppression ensures agreement with

all laboratory, solar-system, and strong-field tests of gravity. We provide a detailed mathe-

matical formulation, analyze background and perturbative dynamics, compare with existing

observational constraints, and study the theory across solar, galactic, and cosmological cur-

vature scales. The model reproduces ΛCDM behavior at late times while yielding distinct,

testable predictions in ultra-low curvature environments.

1 Introduction

General Relativity (GR) has been confirmed with remarkable accuracy in a wide variety of

experimental and observational settings, ranging from gravitational redshift experiments and

atomic clock measurements to gravitational-wave detections from compact binaries [2]. Despite

this success, cosmological observations indicate that the universe is currently undergoing ac-

celerated expansion [6, 7]. Within the standard GR framework, this requires the introduction

of a cosmological constant or a dark energy component, whose physical origin remains poorly

understood.

This situation motivates the exploration of infrared modifications of gravity that become

relevant only at extremely low curvature scales. The central idea of this work is that gravity’s

temporal response may exhibit a small curvature-dependent correction in the deep infrared,

while remaining indistinguishable from GR in all tested regimes.

2 Physical Motivation from Time Dilation

In the weak-field limit of GR, gravitational time dilation is given by

dt

dτ
=

(
1 +

2Φ

c2

)−1/2

. (1)

This relation has been tested through experiments such as the Pound–Rebka experiment,

satellite-based atomic clock comparisons, and the Global Positioning System. All such tests
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probe environments where spacetime curvature is many orders of magnitude larger than the

cosmic mean.

It is therefore logically consistent to consider the possibility that time dilation acquires a tiny

correction only in ultra-low curvature environments, without violating any existing experimental

constraints. In this work, this idea is implemented through an effective gravitational action

rather than a direct modification of the metric.

3 Curvature Scalars and Infrared Sensitivity

Possible curvature invariants include the Ricci scalar R, the Ricci contraction RµνR
µν , and the

Kretschmann invariant RµνρσR
µνρσ. The Ricci scalar vanishes during radiation domination,

while the Kretschmann invariant diverges rapidly near compact objects.

We therefore adopt the intermediate scalar

A =
c2

6
(RµνR

µν)1/4 , (2)

which remains finite in cosmological backgrounds and avoids pathological ultraviolet behavior.

3.1 Hierarchy of Curvature Scales

• Solar-system scale: A ≫ cH0 (exact GR recovery)

• Galactic scale: A ≳ cH0 (negligible deviations)

• Cosmological scale: A ≪ cH0 (IR modification active)

4 Fully Covariant Effective Action

The theory is defined by the covariant effective action

S =
1

16πG

∫
d4x

√
−g

[
R+ 2ϵcH0e

−A/(cH0)
]
+ Smatter, (3)

where ϵ is a dimensionless coupling constant.

No new fields are introduced, and no higher-order kinetic terms appear beyond those already

present in GR. The theory should be interpreted as an effective infrared completion rather than

a fundamental ultraviolet modification.

5 Field Equations and Mathematical Consistency

Varying the action with respect to the metric yields

Gµν = 8πGTµν + gµνϵcH0e
−A/(cH0) − ϵe−A/(cH0) δA

δgµν
. (4)
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The final term scales linearly with curvature and is further suppressed by the exponential

factor. As a result, it does not introduce higher-than-second-order time derivatives at the

background or linear perturbative level.

6 Cosmological Background Evolution

For a spatially flat FLRW spacetime,

RµνR
µν = 12

(
H4 +H2Ḣ + Ḣ2

)
. (5)

The modified Friedmann equation becomes

H2 =
8πG

3
ρ+

ϵcH0

3
e−A/(cH0). (6)

At late times, the exponential term approaches a constant, effectively reproducing a cosmo-

logical constant without introducing vacuum energy.

7 Linear Perturbations and Stability

We consider scalar perturbations in Newtonian gauge,

ds2 = −(1 + 2Ψ)dt2 + a2(t)(1− 2Φ)dx⃗2. (7)

To first order, the evolution equation for Ψ becomes

Ψ̈ + 3HΨ̇ +
k2

a2
Ψ = O

(
ϵe−A/(cH0)

)
. (8)

Thus, structure formation proceeds almost identically to ΛCDM.

8 Comparison with Observations

8.1 Expansion History

The effective dark-energy density is

ρeff =
ϵcH0

8πG
. (9)

For ϵ ≈ 0.05–0.1, the expansion history matches Planck constraints while allowing a mild

upward shift in H0.

8.2 Hubble Evolution Graph

9 Benefits of the Framework

The present theory offers several advantages:

• No additional degrees of freedom
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Figure 1: Illustrative Hubble expansion history. Deviations appear only at late times (z ≲ 1),
while early-time behavior matches ΛCDM.

• Automatic screening in high-curvature regimes

• No fine-tuned vacuum energy

• Clear physical interpretation

• Direct observational falsifiability

10 Future Predictions and Experimental Tests

A distinctive prediction of the model is a cumulative proper-time drift in ultra-low curvature

environments,

∆τ(t) ≃ ϵ t e−A/(cH0). (10)

Future deep-space atomic clock missions and interplanetary probes may be sensitive to this

effect over long mission durations.

11 Problems Addressed by the Model

The framework addresses:

• The cosmological constant problem (no vacuum energy)

• The coincidence problem (late-time activation)

• Tension between local and global measurements of H0

12 Conclusion

We have presented a fully covariant, conservative infrared extension of General Relativity based

on curvature-regulated time dilation. The theory preserves all known tests of gravity, reproduces
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late-time cosmic acceleration, and yields concrete predictions. It provides a viable alternative

perspective on cosmic acceleration without invoking dark energy or new fields.
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