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Abstract

Considering the Newtonian gravitational constant as a quantized constant of microscopic quantum gravity, an attempt is made to fit its
value in a verifiable approach with reference to three large atomic gravitational constants pertaining to weak, strong and electromagnetic
interactions linked with a quantum relation. Estimated value seems to be 865 ppm higher than the recommended value.
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1. Introduction

Quantum gravity models [1,2] like string theory and loop quantum gravity seem to deal with generation of cosmic space-time, formation
and properties of black holes, detection of gravitons, detection of tachyons and detection of extra dimensions via energy leakage. As Planck
length is extremely small compared to nuclear and electroweak scales, role of quantum gravity models in understanding elementary particle
physics seems to be practically insignificant.

As of now, as no model is serving to implement gravity in microscopic physics, we would like to stress the point that, the main reason for
the failure of any modern unified theory is — “implementing the Newtonian gravitational constant(GN)as-it-is”‘ Clearly speaking, without

understanding the origin of G, itis impossible to construct a workable model of final unification. Our basic idea is that, G, is a quantized
constant.

2. Three large gravitational coupling constants

When mass of any elementary is extremely small/negligible compared to macroscopic bodies, highly curved microscopic space-time can
be addressed with large gravitational constants and magnitude of elementary gravitational constant seems to increase with decreasing mass
and increasing interaction range. Based on this logic and assuming G,m’ ~ ic, we consider the possibility of existence of three large

gravitational constants assumed to be associated with the electromagnetic, strong and weak interactions [3-6]. If so, in analogy with Planck
length, it seems possible to have three different lengths corresponding to electromagnetic, strong and weak interactions.

3. Our four basic assumptions

We propose the following three assumptions. For details, readers are encouraged to see our old and recent papers [6-14] and references
therein.

1) Each atomic interaction is associated with a characteristic gravitational constant.
2) There exists a characteristic electroweak fermion of rest energy, M c® =584.725 GeV. It can be considered as the zygote of all

elementary particles.
3) There exists a strong interaction elementary charge (e) in such a way that, its squared ratio with normal elementary charge is close

to reciprocal of the strong coupling constant.
4) Quark fermion-boson mass ratio is close to 2.27 [12-14].
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4. To estimate the magnitude of the Newtonian gravitational constant
Based on the above assumptions, G, can be estimated in a theoretical approach with the following relations.
G M2 = e )

Where, G, and M,, represent the assumed weak interaction gravitational constant and rest mass of weak interaction fermion.

&)
Where, m, and m, represent the proton and electron rest masses respectively and o represents the fine structure ratio.
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This relation seems to be satisfied at only one value of Gy . Obtained value is G = 6.679855429x10™* mkgsec? and its CODATA

2014 recommended value [15], [16] is Gy, = 6.67408x10™* m°kg™sec?. Error is around 865 ppm. It needs further study with respect to
ongoing experiments [17-20]. Another interesting relation is,

S ®)

Gy = GS?’O

G, = 2.909745179x10% mkg™sec”
where | 6~ 3329560557 x10%m3kg “sec™?
G, = 2.374335306x10%" m®kgsec™

where subscripts (w, s and e) refer to weak, strong and
electromagnetic interactions.

5. To validate the recommended value of the Newtonian gravitational constant

Considering the recommended value of Gy,
1) Based on relation (3), value of G, can be estimated.
2) By inserting the value of G,, in relation (1), value of M,, can be estimated.

3) By inserting the value of M, in relation (2), value of m, can be estimated.

4) By comparing the estimated value of M, with its recommended value, given value of Gy can be validated.

5) With reference to the recommended value of Gy = 6.67408x10% mskg'lsec'z, estimated value of M, seems to be 144 ppm
higher than the recommended value of m,.

6) In this way, recommended value of Gy can be validated.

6. About the Fermi’s weak coupling constant

Based on relation (1), it is natural to expect a relation for estimating the Fermi’s weak coupling constant G . We noticed that,

’Gi = |G .2GuMu (6)
e \GMZ T c? "
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This value is around 3000 ppm higher than the recommended value of G =1.43589x107%? J.m®. It needs further study [15], [16].

7. A new definition for the strong coupling constant

Based on our assumption-3, strong coupling constant can be defined as,
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Where, € and e represent the strong nuclear charge and elementary charge respectively and o represents the strong coupling constant.
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Based on this concept,

1) Proton magnetic moment can be addressed with, , ~ &7 _ eG,m, ~1.48x10% JfTesla

"2m, 2c
2) Nuclear binding energy can be understood with three simple terms having a common energy coefficient[7-10],
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3) For medium and heavy atomic nuclides, nuclear charge radii can be addressed with, R.., ;(Z+m)§(G;’:‘pjwhere Z, Arep-

resent proton number and mass number respectively.

8. Phase transition points of elementary particles

With reference to Hawking’s black hole temperature formula [3], [21] and based on the three atomic gravitational constants, phase transi-
tion points (Tm) of elementary particles can be addressed with,

3
P (10)
87kg (G,m,)

where, G, and m, represent the interaction based characteristic gravitational constant and mass respectively. If so, for electrons,
Ty = 3.79x10° °k, for protons, Tot ~1.47x10" °Kk and for the new weak fermion of rest energy 584.725 GeV, Tp = 2.70x10% °k. Keeping the

family of particles in view, above relation can be expressed as,

m he
Ty = 2| — (11)
m, )8rkg (G,m,)

Where, m, and m,, represent the interaction based characteristic mass of ground state and excited state respectively. For leptons,
m, =meandm, =m, or m,.
9. Characteristic elementary forces and their corresponding potentials and amplitudes

‘String tension’ is a practical aspect of String theory. Considering the proposed three atomic gravitational constants and following the
universal applicability of ‘speed of light’, approximate tensions [22] associated with weak, strong, electromagnetic and gravitational inter-
actions can be represented by,
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Following the universal applicability of ‘elementary charge’, approximate (operating) energy potentials associated with above string ten-
sions can be represented by,

=25.0 GeV

[C—) =233 MeV (13)

47[6

III

III

C |=g74ev
4G,

=8.355x10"J

47[8

These estimated weak, strong and electromagnetic energy potentials seem to be close to experimental values. Corresponding string ampli-
tudes can be expressed as follows.

L, = Gah =3.375x10" m
c
L= Gfl =3.61x10™ m (14)
c
L= Gsh =9.64x10% m
c
L= 2" ~1617x10% m
c

10.  Astrophysical applications of electromagnetic, strong and weak gravitational constants

10.1.0bserving 3.5 keV galactic photon

Recent galactic X-ray studies [23] strongly confirmed the existence of a new photon of energy 3.5 keV. So far, its origin is unknown and
unclear. In this context, we proposed [9] the following alternative mechanism for understanding the origin of 3.5 keV photon.

eZ

1) At higher temperatures, astrophysical objects generate charged leptons of rest mass (m, ) = =1.75 keV/c? -
Xl - -
47e,G,
2) With pair annihilation mechanism, (M, ) generates a photon of rest energy 3.5 keV.
3) Based on 1.75 keV lepton, muon and tau rest masses can be fitted with a formula [9],

1
(ZNH 4re,G,m;
M0 = { 7+ (np) [ g j } 175 keV/ | = (106.5,178L5) Mev Where, 7 = ";7 =292.187 andn=1and 2.

N

10.2. Observing TeV galactic photons

If one is willing to consider any massive astrophysical object as a blending of M c* = 584.725 GeV fermions, at higher temperatures, there
is scope for observing photons of energy 1.17 TeV with pair annihilation mechanism of (m,)*.Proceeding further, (like electrons) consid-
ering inverse Compton effect associated with v ¢, photons of energy of the order TeV can also be understood easily [24].

10.3.Stellar black hole mass limit

Astrophysics point of view, by considering the combination of nuclear gravitational constant and Newtonian gravitational constant, i.e.
(G..G,), there is a scope for understanding stellar black hole mass limit [9], [25].Assuming a stellar black hole of mass density equals to
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nuclear density, it is possible to show that, G m,
G,m,

[g where(MB,m )represent black hole and nucleon mass respectively and nuclear
G,’

radius, o =M 120 1m.
C

Thus characteristic mass limit of a stellar black hole can be estimated to be, M N[G
*~lG

—j (m, ) =9.37 solar masses.

N

Point to be noted is that, mass of stellar black hole increases with decreasing density. Clearly speaking,

1) If density of stellar black hole is less than the nuclear density, its mass seems to be higher than 9.37 solar masses.
2) If density of stellar black hole is greater than the nuclear density, its mass seems to be smaller than 9.37 solar masses.
3) Nuclear density can be considered as a characteristic reference of stellar black hole density.

4) In asimplified view, Black hole surface area _( G,
Nuclear surface area (G, )’

N

10.4. Stellar magnetic dipole moments

With reference to strong and weak gravitational constants, stellar magnetic dipole moments can be understood [9], [26]. Considering
relatively strong and relatively weak structural bonding of stellar objects of mass M,

i) If any stellar object is relatively strongly bound, then it can have a maximum dipole magnetic moment and can be expressed

by [eGsij
2 )

i) If any stellar object is relatively weakly bound, then it can have a minimum dipole magnetic moment and can be expressed
by (eGWMx]
2 )
iii) To a very rough approximation, mean magnetic dipole moment can be approximated with a relation of the form, [e GGM, ] .
2c

iv)  Earth’s estimated mean magnetic dipole moment is 4.986x10% A.m? and actual value 8x10% A.m?.
v)  Sun’s, estimated mean magnetic dipole moment is 1.65x10*® A.m? and actual value 3.5x10* A.m’.
vi) With reference to other stellar compact objects and black holes, further study can be carried out.

11. Discussion and conclusion

1) Between 1971 - 1995, Tennakone, Abdus Salam, Sivaram and other physicists proposed the existence of a large nuclear gravitational
constant [3,4]. In 2013, Roberto Onofrio proposed the existence of a large gravitational constant pertaining to weak interactions [5].
Authors’ proposed model is first of its kind with a simultaneous existence of four gravitational constants pertaining to the four basic
physical interactions and needs a careful study at fundamental level. Its success seems to depend on the following three points.

a) Experimental verification of weak fermion of rest energy m c? =584.725 GeV.

b)  Experimental verification of strong nuclear charge, e, = 2.9463591e.

¢) Logical confirmation of the three atomic gravitational constants.

2) Scientists strongly believe that, many of the open questions to be addressed in any theory of quantum gravity are connected with the
temperature and the entropy of black holes. Here we would like to highlight the point that, by considering the three atomic gravita-
tional constants,

a) With reference to Hawking’s black hole temperature formula, it is possible to study the phase transition temperatures
of all elementary particles which in turn may help in understanding their cosmological origin.

b) With reference to Planck length formula, it is possible to study the working lengths of the three atomic interactions.

¢) Testable and verifiable predictions, astrophysical observations, and particle and nuclear experiments can be carried out
for all interactions in an understandable approach.

3) Point to be noted is that, either with reference to string theory or with reference to loop quantum gravity, magnitude of G, cannot be
estimated. It was clearly mentioned by senior scientists that, as of now, there exists no relation between atomic physical constants
and the Newtonian gravitational constant. In this context, our proposed method helps in understanding the basic interactions in terms

of “gravity’ and also helps in estimating the magnitude of G .
4) Proceeding further, an in-depth research can be carried out at fundamental level.
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