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Abstract: Here we propose a modification of the gravitational field on large scales as an 

alternate explanation for the discrepancy in the value of the Hubble constant as implied by 

Planck observations of the CMBR in the early Universe and that deduced from other distance 
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1. Introduction 

Recently much controversy has been raised about the cosmological conundrum 

involving the discrepancy in the value of the Hubble constant as implied by Planck satellite 

observations of the CMBR in the early Universe and that deduced from other distance 

indicators (standard candles like SN, tip of RG branch, etc.) in the present epoch. The Planck 

estimate is about 67݇݉/[1] ܿ݌ܯ/ݏ, while that deduced from distance indicators at the present 

epoch is around 73 −  and the independent determination of the local value ,[2] ܿ݌ܯ/ݏ/74݇݉

of the Hubble constant based on a calibration of the Tip of the Red Giant Branch (TRGB) 

applied to Type Ia supernovae found a value of  69.8݇݉/[3] ܿ݌ܯ/ݏ. The Hubble constant 

measures the rate of expansion of the Universe so that the above values suggest that the 

Universe is expanding faster at present than at the time of the CMBR epoch. 

It is implied by Reiss and others [4] that this is a real discrepancy and not due to 

observational uncertainties. The difference amounts to about ten per cent in the value of the 

expansion rate, well above the errors and uncertainties. Several suggestions have been made as 

to the cause of such a discrepancy. Perhaps a new kind of matter or unknown particle has now 

become more dominant, adding to the ‘push’ in the expansion rate. For instance, a recent 

suggestion [5] involves a calculation of the amount of change in the quantum fields, needed to 

account for the dark energy (DE) change. This quantum field causing a change in the DE 

implies the existence of a new particle with a mass roughly that of the axion (about 10ିଷܸ݁), 

already predicted earlier. As the background density decreases this particle is now more 

dominant. 

 

2. Change in Hubble constant 

In general we can write for a change in Hubble constant (݀ܪ) relating it to a change in 

density ݀ߩ as: 

ܪ݀ܪ2 = ଼గீ
ଷ
 (1)           ߩ݀

Here, ܪ = ,ܿ݌ܯ/ݏ/70݇݉ ܪ݀ = ܪ݀ܪThis gives, 2 .ܿ݌ܯ/ݏ/5݇݉ = 10ିଷ଺ܿ݉ଶ/ݏଶ/ܿ݉ଶ, 

which from equation (1) gives: 

ߩ݀ ≈ 2 × 10ିଷ଴݃/ܿܿ           (2) 

This is the change in density that gives the change in Hubble constant. The quantum field 

energy density is given as ௠
(ℏ ௠௖⁄ )య, i.e. a pair of particles separated by Compton length, where 

the mass causing the change in the quantum field energy density is ݉. Hence we have: 
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ߩ݀ = ௠ర௖య

ℏయ
            (3) 

Equations (1) – (3) imply: 

݉ ≈ 10ିଷ଺݃ = 10ିସܸ݁           (4) 

 Equation (1) also implies that a change in ܪ could be due to a change in the gravitational 

constant, rather than a change in density. This would require an increase in ܩ by about 10 per 

cent over a few billion years. This would contradict solar system measurements, i.e. from radar 

ranging of interplanetary spacecraft putting limits on varying ܩ theories [6]. However if not 

connected with dark energy, change in ܩ can still affect ܪ as in equation (1), if there is just 

matter density dominating at higher ݖ. This would however require increase in ܩ rather than 

decrease as in the usual theory. A decrease of ܩ with epoch could increase the DE density 

since: 

ஃߩ =
ஃ௖మ

଼గீ
            (5) 

However as on the RHS of equation (1) we have ܩ multiplying ߩ, this would cancel out the ܩ 

variation, i.e. ߩܩஃ = constant.  

 

3. Resolution of Hubble tension through modified gravity 

We point out that a form of modified gravity – used in recent work [7-9] as a way to 

account for flat rotation curves of galaxies without invoking DM – could in principle account 

also for the increase in ܪ. This also accounts for the DM needed in galaxy clusters [8, 9] and 

is consistent with other observations of galaxies in the early Universe (which are more 

consistent with MOND [10]). In this work we invoked a minimal acceleration in the 

gravitational field, ܽ଴, which implies a modification of gravity over a scale larger than ܴ஼, 

ቆܴ஼ = ቀீெ
௔బ
ቁ
ଵ
ଶൗ ቇ, ܯ the mass of the system – galaxy or cluster. Again the gravitational self-

energy density given by ߢ(∇߶)ଶ becomes important if ߩ drops below certain value. So that the 

modified Poisson equation is: 

∇ଶ߶ + ଶ(߶ߘ)ߢ =  (6)          ߩܩߨ4

For the self-energy term to become important the equation ∇ଶ߶ + ଶ(߶ߘ)ߢ = 0, has the 

solution [11]: 

߶ = ீெ
௥
+ ᇱߢ ln ோ

ோ಴
           (7) 

The extra term accounts for flat rotation curves and also for outer rotation velocities of 

super spiral galaxies. The extra term in the Poisson equation (equation (6)) and its solution 
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given by equation (7) could have interesting consequences for current observations of super 

spirals [12], wherein their large extent (450,000 light-years) is associated with large rotation 

velocities of up to ~450݇݉/ݏ at their periphery. Conventionally such large velocity would 

imply a large amount of DM, i.e. about ~10ଵଷܯ⨀. However, the extra term in our model would 

give a velocity given by: 

ݒ = (଴ܽܯܩ)
ଵ
ସൗ ቀln ோ

ோ಴
ቁ
ଵ
ଶൗ                  (8) 

where ܴ஼ corresponds to the radius at which acceleration approaches ܽ଴. With ܴ஼ =  ܿ݌20݇

and super spiral extant ܴௌௌ ≈  I.e., the .ݏ/this would give velocities ~450݇݉ ,ܿ݌200݇

logarithmic term makes gravity stronger above ܴ ஼ (i.e., potential going as ln ܴ, instead of 1 ܴ⁄ ), 

so that we do not need such colossal amounts of DM. 

The usual Friedmann equation now gets modified to: 
ோమ̇

ோమ
= ଼గீఘ

ଷ
+ (଴ܽܯܩ)

ଵ
ଶൗ ln ோ

ோ಴
          (9) 

where ܴ஼ is the scale factor at which modification becomes relevant.  

 The second term can be seen as a modification in potential energy due to gravitational 

self-energy density in the usual balance between kinetic energy term and potential energy term, 
଼గீఘ
ଷ

 (in the expanding Universe), i.e. the usual Newtonian analogue agreeing with the GR 

result.   

With ܽ଴ = ܴ ଶ, and the Universe having expanded at present toݏ/10ି଼ܿ݉ > ܴ௠௜௡ 

(where ܴ௠௜௡ ≈ 10ଶ଼ܿ݉) the modified term will also contribute. Putting values of ܴ ≈ 2 ×

10ଶ଼ܿ݉, ߩ ≈ 10ିଶଽ݃/ܿܿ, and the mass of the Universe, ܯ = ߩଶܴଷߨ2 ≈ 10ହ଺݃, the usual first 

term is ≈ 10ଶଵ, whereas the second term ≈ 10ଶ଴. This would suggest that this extra term now 

manifesting itself would cause an increase of the expansion rate, i.e. a change in Hubble 

constant by about five per cent. This could perhaps account for the faster expansion rate seen 

at the present epoch.  

 

4. Conclusion  

We suggest that this particular modification of the gravitational field on large scales 

(low accelerations), used earlier to account for rotation curves of galaxies and for cluster 

dynamics, could well provide an alternate explanation for the discrepancy and could perhaps 

help in relaxing the Hubble tension. We also predict that as this extra term, increases slowly 

with the logarithm of the scale, it would imply an even higher value of ܪ at later epochs.  
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