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Abstract

It is shown that the fine structure constant at Planck times ¢, tends to one
as well as those of the weak and strong interactions. This results by con-
straining them at the Planck force. That seems to provide interesting new re-
sults which confirm that at the beginning of space time (Planck scale) all fun-
damental forces converge to the same unit value.
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1. Introduction

It is well known that the smaller the energy into play, the more the interactions
involved diversify. Undisputed examples are the electric and magnetic forces,
seemingly two unrelated phenomena in the electron- and magneto-static do-
main, but successfully unified in higher energy electromagnetism. The same ap-
plies to electroweak interactions at the 100 GeV scale.

Thus conversely the higher the energy the more all interactions seem to unify.

The aim of the present note is to show that also electromagnetism determined
by the fine structure « turns out to be one at the Planck scale as all other inte-

ractions as opposed to their present values' (Table 1).

2. GUT for Pedestrians

Planck units [1] are thought to represent the limits of our present theoretical

"The above numbers should be taken just as an indication, except for ¢, determined from QED.

All the other ones are determined from their ratio to the Coulomb potential. Thus for instance the
strength of strong interactions is assumed to be given by the one pion Yukawa potential and there-
fore by «, =14 leaving open the problem of the treatment of the shorter ranged heavier mesons.

Analogous comments about the weak interaction.
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Table 1. Coupling constants of the fundamental interactions at present.

Interaction Symbol Value
strong ay >1
electromagnetic (o288 1/137
weak [ 1078
gravitational Ay 107%

treatment ie. the origin of space time. As well known the units of mass, length
and time where originally derived by Planck, whereas electromagnetism was not
considered. This can probably be explained by the fact that mechanical quanti-
ties can be derived in two alternative ways: as the smallest quantum black hole
and by explicitly re-scaling ordinary units. Thus the derivation of the Planck
charge seems to be more questionable than that of the previous three mechanical
units also because of the value of the Planck charge, which turns out to differ
considerably from the elementary one.
Indeed [2]

g, =11.7e (1)

where e stands for the electric charge =1.6x10™"°C.
The implications of this result seem to have been however overlooked.
The Planck charge is derived by equating gravitational Planck force to the
electric one
GMZ 1 ¢}
R dme, RE

2)

Notice that the result does not depend on the Planck length which implies that

the same holds true also for the corresponding potentials.

However from the explicit form of the Planck mass (M, = ,/% ) one imme-

diately obtains

o
hc=1=_—1P_ (3)

4ne,
Thus the result of Equation (1) is not at all fortuitous but just tell us that the
fine structure constant at Planck scales is also unity as it can also trivially ob-

tained by squaring Equation (1).
a, =137 =1 (4)

So, in a sense, GM? plays the role of a Planck coupling constant which de-
termines the fine structure one. This provides interesting results also for the
weak and strong coupling constants at the Planck scale. As a matter of fact the

relevant quantity being
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2 2
9 1 9
-— —>=—exp-M/r 5

4t q2 —-M? an P / )
where M stands both the pion and for the weak boson mass, it is obvious that by
the same considerations which led to Equation (2) (this time for the potential)
one straightforwardly obtains

GM?2 ¢?

==_exp—-M/r 6
Re 47 P / ©

where at the Planck radius the exponential can be safely approximated to 1 so
that

2

oMz =L
an
Thus
2
he=1= ?Tn 7)
and
l=ay, =a, =, (8)

Thus gravitation, electromagnetism and strong interactions unify at the Planck
scale. It is remarkable how the effect works respectively to increase and decrease
the present values of the coupling constants.

The statement [2] “that at the Planck length scale it has been theorised that all
the fundamental forces are unified but the exact mechanism of this unification

remains unknown” gets here a partial rebuttal (Figure 1).

t=10"s Ag T=3 K

t=10"s T=10"K

ts10%s T=10"K
10% 10" 1

Figure 1. Time and temperature dependence of the different interactions. Not in scale.
This shows how from the present very different values, the coupling constants tend to one
at the Planck origin of space-time.

Needless to say the above results, as well as the description of a black hole,
depend on the assumption of the validity of the Coulomb and Newton equations.

This is anyhow in line with the theoretical instruments used in the derivation of
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Planck units.

Similar conclusions have also been explicitly obtained in a description of gra-
vitation below CMB as a QED black body [3] thus unifying gravitation and elec-
tromagnetism whose combined effect is a strong interaction one.

A related problem has been addressed by Pellis [4] with a different approach.

3. Conclusion

Therefore in addition to the unit Planck coupling constants G,7%,¢c =1 also the
coupling constants of the different interactions « appear in their own right

with the same value.

Acknowledgements

I want to thank Luca Bonci for a careful reading of the manuscript and for help
with the figure.

Conflicts of Interest

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

per.

References

[1] Planck, M. (1899) Sitzungsberichte der Koeniglich Preussischen Akademie der Wis-
senschaften zu Berlin, 5, 440-480.
[2] Wikipedia (2023) Planck Units. https://en.wikipedia.org/wiki/Planck units

[3] Christillin, P. (2023) Journal of Modern Physics, 14, 18-30.
https://doi.org/10.4236/jmp.2023.141002

[4] Pellis, S. (2023) Journal of High Energy Physics, Gravitation and Cosmology, 9, 245-
294. https://doi.org/10.4236/jhepgc.2023.91021

DOI: 10.4236/jmp.2023.145037

669 Journal of Modern Physics


https://doi.org/10.4236/jmp.2023.145037
https://en.wikipedia.org/wiki/Planck_units
https://doi.org/10.4236/jmp.2023.141002
https://doi.org/10.4236/jhepgc.2023.91021

	On the Fine Structure and the Other Coupling Constants at the Planck Scale
	Abstract
	Keywords
	1. Introduction
	2. GUT for Pedestrians
	3. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

