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Abstract 
Our assumptions in this paper are for a more traditional cosmological con-
stant, not varying over time, which has the result of forming a much simpler 
entropy expression. But in doing so, we have to make note of how a quartic 
phase transition initially may impose a level of precision in parameters im-
possible to verify with present experimental equipment. We also have the con-
undrum of how this may be linked to macroscopic interpretation of pressure 
in the initial phases of the universe, using black hole physics in Pre Planckian to 
Planckian physics domains. 
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1. Working with an Invariant Cosmological Constant 

Beginning first with the case where there is just one value for the cosmological 
constant, this involves [1]-[7]. We acknowledge that Glinka, in [3] pursued this 
idea in 2007. Our approach is different from his, as we specify the mass of a gravi-
ton as 10−62 grams as given in [8]. Ng “infinite quantum statistics” as given by [8] 
allows, S (entropy) as ~N (counting number), and we specify N, via first of all an 
inflation mass of m given by the following formula and giving 

( )

Planck Planck graviton graviton3

graviton Planck Planck gravi

2 5
50 323 2

2 5
50 323

t n
2

o3

~ ~
2

~ Initial entropy ~
2

m T t N m

N S T t m

λ

λ

 
⋅  

 

 
⇒   

 

π

π

    (1) 

How to cite this paper: Beckwith, A.W. 
(2023) Does a Fine Tuning of a Quartic 
Potential Allow for an Invariant Cosmo-
logical Constant? How This Supposition 
Could Lead to a Macro Model of Pressure 
in the Start of Inflation? Journal of High 
Energy Physics, Gravitation and Cosmolo-
gy, 9, 552-560. 
https://doi.org/10.4236/jhepgc.2023.92046 
 
Received: February 13, 2023 
Accepted: April 24, 2023 
Published: April 27, 2023 
 
Copyright © 2023 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jhepgc
https://doi.org/10.4236/jhepgc.2023.92046
https://www.scirp.org/
https://doi.org/10.4236/jhepgc.2023.92046
http://creativecommons.org/licenses/by/4.0/


A. W. Beckwith 
 

 

DOI: 10.4236/jhepgc.2023.92046 553 Journal of High Energy Physics, Gravitation and Cosmology 
 

What we find is that we have a much simpler entropy expression, which is 
commensurate with say the formation of many massive gravitons being emitted 
initially and forming micro sized black holes. There is though a problem that the 
approach may require fine tuning of λ . In doing this, we are making use of [4] 
as a non quintessent model of a cosmological constant in [4]. In addition [5] [6] 
allow for a bose Einstein condensate for early universe black holes. If so, by No-
vello [7] 
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As well as verifying [5] [6] 
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And by [2] 

( )( ) ( ) ( ) ( )~ 50 32 lnPlr t t m tφ φ ≈ ⋅ ⋅                (4) 

Then according to [3], we should look at the spontaneous symmetry breaking 
potential, given by 

( ) 2 2 4~U mφ φ λφ− +                        (5) 

Setting the temperature, T, and the time, t and specifying we are adhering to 
Equation (4) leads to a spontaneous symmetry breaking potential of the form 
with λ  
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This is in tandem with mass of a black hole given by 
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And a cosmological black hole generation given by (Table 1) 
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Table 1. From [9] assuming penrose recycling of the Universe as stated in that document. 

End of Prior 
Universe time frame 

Mass (black hole): 
super massive end of time BH 

1.98910^+41 to about 
10^44 grams 

Number (black holes) 
10^6 to 10^9 of them 

usually from 
center of galaxies 

Planck era Black hole 
formation 

Assuming start of merging 
of micro black hole pairs 

Mass (black hole) 
10^−5 to 10^−4 grams 

Number (black holes) 
10^22 to about 10^21, 

Post Planck era black 
holes just before the 

CMBR formation 

Mass (black hole) 
Up to 10^6 grams 

per black hole 

Number (black holes) 
10^18 to at most 10^20 

 
As well as [10] 
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This means reducing the upper limit of the integral in Equation (8) by 10−30 to 
obtain the observed value of the cosmological constant. And this ties into obser-
vational inflation as seen below: 

[11] was the basis of [1] and possibly [12]. 
“The standard inflationary cosmology involves a scalar field φ which obeys a 

standard wave equation. The potential is this function which I diagram ‘above’. 
The scalar field starts and rolls down the slope until it reaches a value of φ where 
the potential is V(φ) ~ φ2.”  

Adding in a quartic potential may be necessary if we wish to have a derivation 
of an invariant cosmological constant!  

Equation (9) may rely upon fine tuning as seen here 
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2. My Simple Quantum Pressure Model 

[13] on page 109 has a simple model based on GR for a change in “mass” leading 
to pressure It is 

( ) ( ) ( )22 4Mc p t r t r t= − π ×   

                  (10) 

Here we are assuming as a simplification that ( ) 0initial conditionsp t P→  for 
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pressure. This is going to lead us to re interpret the mass term M  Now using 
[13] we can assume if the surviving effective “mass” is represented in Table 1, 
with surviving mass in the Pre Planckian to Planckian regime massive gravitons 
that according to [13], there would be an effective velocity of if 1c= =  on 
page 89 of [13] 

( )
2

21 mv ω
ω

= −                        (11) 

In terms of gravitons if they have a mass of 10−65 grams, and a frequency of say 
109 Ghz this means we can write [13] [14] 
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+= − ≈ −                    (11a)  

Now make the following substitution 
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Use a minimum uncertainty principle of  
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Then to first order we can write a minimum uncertainty (QM) as 
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The radius would be, r(t) approximately Planck length, whereas the change in 
ΔM would be a decrease from the mass, M of the black holes, Pre Planck (very 
large) as seen in Table 1, to the tiny micro sized black holes of the order of 
Planck mass, i.e. a down grading of mass from about 1060 grams to say 105 grams 
with millions of micro black holes, Plank mass or above. 

The details of the change in ΔM would be a decrease from the mass, M of the 
black holes, Pre Planck (very large) as seen in Table 1, to the tiny micro sized 
black holes of the order of Planck mass, await further investigation. We should 
before ending state that we do not expect r in Equation (10) to ever go to zero, 
Point of fact, if there is, no conservation of energy due to Table 1 I then do not 
see a Penrose singularity [15] [16]. Also we argue that this may imply very sig-
nificant fine tuning in the quartic potential for inflation physics which is in Equ-
ation (5). After stating this we should note that. 

Whereas there is an inflaton mass m 
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Dolgov, in [17] has an emergent value of the vacuum energy density which he 
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gives as follows with our subsequent valuation. 
Our next idea will reference the inspiration given in [18]. I.e. of a “quantum 

pressure”. 
Here we will NOT make a linkage between pressure P0 and temperature T via 

applying treatment of a “graviton gas” as an ideal gas law. I.e. we state emphati-
cally  

0
volume

n TP
V
ℜ

≠                         (17) 

But in doing this, we first of all need to consider how to obtain the vacuum 
energy which is of the order of 10−30. We will derive arguments for an enormous 
pressure value, but this is commensurate if we wish to isolate out a vacuum 
energy scaled to a value of about 10−30 or so, to isolate out the value of the cos-
mological constant which is of the order of 10−120 or so, which is fine tuning on 
steroids. Doing this means looking at: initially  
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If we do this with the fine-tuned version of the λ  value with its incredibly 
small value we will then look at [17] with a partition function as rendered below. 
And right during the Planck era we also can look at an effective temperature. 
Starting with the  
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Then, if T is a temperature, and z is the fugacity, and m is the inflaton mass, 
which we will decompose: 
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The key element which we will be working with is, a particle density expres-
sion of [17] as [18]  

( ) ( )( )2 1 expeffr T rρ µ φ−= ⋅                  (21) 

If we use the following from Padmanabhan, [19], using the approximation of 
( ) na t t≈ , then  
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We will be utilizing these five equations from Equation (3), next. See Equation 
(3) as to the Mass of a black hole, and its entropy. And use only the following for 
the production of initial black holes, I.e. the Mass and the Entropy for BHs in 
Equation (3). 

We shall next come up with a value for the number of Gravitons initially 
where we set T in our initial configuration as set equal to Planck temperature. 

3. Existence of Graviton Gas? Non Zero Initial Entropy? and  
Our Concluding Comparisons  

We need to refer to [20] following up upon the Ng “infinite quantum statistics” 
as we then write, S (entropy) as ~N (counting number), and we specify N, via 
Equation (1) we have that we get a massive graviton factored in.  

The value of the initial graviton mass is specified as of being 10−62 grams. We 
hope that, if this is conclusively non zero, then it will enable CMBR style studies 
as well as looking at non zero vacuum energy as given by non linear electrody-
namics as in [21] and also the issue of the nature of gravity as up by Corda [22], 
as far as future studies and investigations. Further developments should specifi-
cally investigate the symmetry breaking potential as written up as enabling the 
metric tensor approach given in [23]. 
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For black holes, we would write Equation (9) as given earlier, and we assume 
that we have micro sized black holes as given in Equation (7). If so and use 
Planck units as given in [24] [25] [26] 

Plank unit renormalization3
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We also write 

Plank unit renormalization 1P
cm

G
= →

                 (25) 

We can normalize all these to be 1 for which then we have Equation (7) again 
so then as noted in Equation (9) this has 3 305 22 10λ −≈ π × , which means that 
we have for the existence of a Planck regime quartic potential a level of fine tun-
ing for the quartic potential term which in turn leads to an incredibly small val-
ue, and bespeaks of an almost insane level of fine tuning for the effective poten-
tial in Equation (5) which is the symmetry breaking value. I.e. it is almost chao-
tic potential. 
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Meanwhile if the following holds for vacuum density which is to the 1/4 pow-
er of the Cosmological constant 
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It means in this situation for a time interval that there is expansion to an al-
most infinite degree, which is commensurate with pressure due to black holes 
from the prior universe of about 1061 grams being cut to about 106 grams, so as 
to make the resulting pressure P0 almost inconceivably large. Also [2] [27] 
should be considered as well as the simpler approaches given in [28] [29]. 

Finally we need to refer to [30] to do more refinements on the crude pressure 
argument rendered and note the similarities of this work with the ideas pre-
sented in [31]. 

Acknowledgements 

This work is supported in part by National Nature Science Foundation of China 
grant No. 11075224.  

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Crowell, L. (2010, October 24) In Email to A.W. Beckwith. 

[2] Beckwith, A. (2023) Using “Particle Density” of “Graviton Gas”, to Obtain Value of 
Cosmological Constant. Journal of High Energy Physics, Gravitation and Cosmol-
ogy, 9, 168-173. 

[3] Glinka, L. (2007) Quantum Information from a Graviton-Matter Gas. Proceedings 
of the 7th International Conference “Symmetry in Nonlinear Mathematical Phys-
ics”, Kyiv, 24-30 June 2007, 1-13. http://arxiv.org/pdf/0707.3341.pdf  

[4] Beckwith, A. (2022) New Conservation Law as to Hubble Parameter, Squared Di-
vided by Time Derivative of Inflaton in Early and Late Universe, Compared with 
Discussion of HUP in Pre Planckian to Planckian Physics, and Relevance of Fifth 
Force Analysis to Gravitons and GW. In: Frajuca, C., Ed., Gravitational Waves— 
Theory and Observations, IntechOpen, London, 1-18.  
https://www.intechopen.com/online-first/1125889  

[5] Nathan, R. (1993) Quantum Mechanics of a Mini-Universe. International Journal of 
Theoretical Physics, 32, 1435-1440. https://doi.org/10.1007/BF00675204 

[6] Chavis, P.H. (2015) Self Gravitating Bose Einstein Condensates. In: Calmet, X., Ed., 
Quantum Aspects of Black Holes, Springer Nature, Cham, 151-104.  
https://doi.org/10.1007/978-3-319-10852-0_6 

https://doi.org/10.4236/jhepgc.2023.92046
http://arxiv.org/pdf/0707.3341.pdf
https://www.intechopen.com/online-first/1125889
https://doi.org/10.1007/BF00675204
https://doi.org/10.1007/978-3-319-10852-0_6


A. W. Beckwith 
 

 

DOI: 10.4236/jhepgc.2023.92046 559 Journal of High Energy Physics, Gravitation and Cosmology 
 

[7] Novello, M. and Neves, R.P. (2003) The Mass of the Graviton and the Cosmological 
Constant. Classical and Quantum Gravity, 20, L67-L73.  
https://doi.org/10.1088/0264-9381/20/6/101 

[8] Ng, Y.J. (2007) Holographic Foam, Dark Energy and Infinite Statistics.  
arXiv: gr-qc/0703096v2. 

[9] Lloyd, S. (2002) Computational Capacity of the Universe. Physical Review Letters, 
88, Article ID: 237901. https://arxiv.org/abs/quant-ph/0110141  

[10] Cheng, T.P. (2010) Relativity Gravity and Cosmology, a Basic Introduction. 2nd 
Edition, Oxford Master Series in Particle Physics Astrophysics, and Cosmology, 
Oxford University Press, Oxford. 

[11] Crowell, L. (2001) Quantum Fluctuations of Space-Time. World Scientific Series in 
Contemporary Chemical Physics, Volume 25, World Scientific Publishing, Singa-
pore. 

[12] Ecker, G. (2001) Effective Field Theories. In: Pierre, J., Francoise, G.L. and Naber, 
T.S., Eds., Encyclopedia of Mathematical Physics, Volume 4, Gauge Theory, Quan-
tum Field Theory, Springer Verlag, Heidelberg, Federal Republic of Germany, 77-85. 

[13] Overduin, J. and Wesson, P. (2008) The Light Dark Universe, Light from Galaxies, 
Dark Matter and Dark Energy. World Scientific, Hackensack.  
https://doi.org/10.1142/7001 

[14] Murphey, T. (2022) Complex Analysis, a Self Study Guide. Paramount Ridge Press, 
Bellevue. 

[15] Penrose, R. (1965) Gravitational Collapse and Space-Time Singularities. Physical 
Review Letters, 14, 57-59. https://doi.org/10.1103/PhysRevLett.14.57 

[16] Garfinkle, D. and Senovilla, J.M.M. (2015) The 1965 Penrose Singularity Theorem. 
Classical and Quantum Gravity, 32, Article ID: 124008.  
https://doi.org/10.1088/0264-9381/32/12/124008 

[17] Dolgov, A. and Ejlli, D. (2011) Relic Gravitational Waves from Light Primordial 
Black Holes. Physical Review D, 84, Article ID: 024028.  
https://doi.org/10.1103/PhysRevD.84.024028 

[18] Padmanabhan, T. (2005) Understanding Our Universe: Current Status and Open 
Issues. In: Ashtekar, A., Ed., 100 Years of Relativity Space-Time Structure: Einstein 
and Beyond, World Press Scientific, Singapore, 175-204.  
http://arxiv.org/abs/gr-qc/0503107  

[19] Glinka, L. (2012) Aethereal Multiverse—A New Unifying Theoretical Approach to 
Cosmology, Particle Physics, and Quantum Gravity. Cambridge International Science 
Publishing, Cambridge. 
https://www.researchgate.net/publication/224886320  

[20] t’Hooft, G. (2006) Beyond the Quantum. World Press Scientific, Singapore. 
http://arxiv.org/PS_cache/quant-ph/pdf/0604/0604008v2.pdf  

[21] Beckwith, A. (2016) Non Linear Electrodynamics Contributing to a Minimum Va-
cuum Energy (“Cosmological Constant”) Allowed in Early Universe Cosmology. 
Journal of High Energy Physics, Gravitation and Cosmology, 2, 25-32.  
https://doi.org/10.4236/jhepgc.2016.21003 

[22] Corda, C. (2007) A Longitudinal Component in Massive Gravitational Waves Aris-
ing from a Bimetric Theory of Gravity. Astroparticle Physics, 28, 247-250.  
http://arxiv.org/abs/0811.0985  
https://doi.org/10.1016/j.astropartphys.2007.05.009 

[23] Wilczek, F. (2005) On Absolute Units, I: Choices. Physics Today, 58, 12-13.  
https://doi.org/10.1063/1.2138392 

https://doi.org/10.4236/jhepgc.2023.92046
https://doi.org/10.1088/0264-9381/20/6/101
https://arxiv.org/abs/quant-ph/0110141
https://doi.org/10.1142/7001
https://doi.org/10.1103/PhysRevLett.14.57
https://doi.org/10.1088/0264-9381/32/12/124008
https://doi.org/10.1103/PhysRevD.84.024028
http://arxiv.org/abs/gr-qc/0503107
https://www.researchgate.net/publication/224886320
http://arxiv.org/PS_cache/quant-ph/pdf/0604/0604008v2.pdf
https://doi.org/10.4236/jhepgc.2016.21003
http://arxiv.org/abs/0811.0985
https://doi.org/10.1016/j.astropartphys.2007.05.009
https://doi.org/10.1063/1.2138392


A. W. Beckwith 
 

 

DOI: 10.4236/jhepgc.2023.92046 560 Journal of High Energy Physics, Gravitation and Cosmology 
 

[24] Misner, C.W., Thorne, K.S. and Wheeler, J.A. (1973) Gravitation. Freeman, New 
York.  

[25] Wesson, P.S. (1980) The Application of Dimensional Analysis to Cosmology. Space 
Science Reviews, 27, 117. https://doi.org/10.1007/BF00212237 

[26] Haranas, I. and Gkigkitzis, I. (2014) The Mass of Graviton and Its Relation to the 
Number of Information According to the Holographic Principle. International 
Scholarly Research Notices, 2014, Article ID: 718251.  
https://doi.org/10.1155/2014/718251 

[27] Beckwith, A. (2016) Gedanken Experiment for Refining the Unruh Metric Tensor 
Uncertainty Principle via Schwartz Shield Geometry and Planckian Space-Time 
with Initial Nonzero Entropy and Applying the Riemannian-Penrose Inequality and 
Initial Kinetic Energy for a Lower Bound to Graviton Mass (Massive Gravity). Journal 
of High Energy Physics, Gravitation and Cosmology, 2, 106-124.  
https://doi.org/10.4236/jhepgc.2016.21012 

[28] Camara, C.S., de Garcia Maia, M.R., Carvalho, J.C. and Lima, J.A.S. (2004) Nonsin-
gular FRW Cosmology and Non Linear Dynamics. Physical Review D: Particles and 
Fields, 69, Article ID: 063501. https://doi.org/10.1103/PhysRevD.69.123504 

[29] Clarkson, C. and Seahra, S.S. (2007) A Gravitational Wave Window on Extra Di-
mensions. Classical and Quantum Gravity, 24, F33.  
https://doi.org/10.1088/0264-9381/24/9/F01 

[30] Unnikrishnann, C.S. and Gillies, G.T. (2008) The Gravity of Quantum Pressure—A 
New Test of General Relativity. International Journal of Modern Physics D, 17, 
747-753. https://doi.org/10.1142/S0218271808012486 

[31] Lee, J.W. (2011) Quantum Mechanics Emerges from Information Theory Applied 
to Causal Horizons. Foundations of Physics, 41, 744-753. 

 
 

https://doi.org/10.4236/jhepgc.2023.92046
https://doi.org/10.1007/BF00212237
https://doi.org/10.1155/2014/718251
https://doi.org/10.4236/jhepgc.2016.21012
https://doi.org/10.1103/PhysRevD.69.123504
https://doi.org/10.1088/0264-9381/24/9/F01
https://doi.org/10.1142/S0218271808012486

	Does a Fine Tuning of a Quartic Potential Allow for an Invariant Cosmological Constant? How This Supposition Could Lead to a Macro Model of Pressure in the Start of Inflation?
	Abstract
	Keywords
	1. Working with an Invariant Cosmological Constant
	2. My Simple Quantum Pressure Model
	3. Existence of Graviton Gas? Non Zero Initial Entropy? and Our Concluding Comparisons 
	Acknowledgements
	Conflicts of Interest
	References

