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Abstract: By considering three virtual gravitational constants assumed to be associated with gravitational,
electromagnetic and strong interactions, Fermi’s weak coupling constant can be shown to be a natural manifestation
of microscopic quantum gravity. As our approach is heuristic and completely different from the current methods of
estimating the Newtonian gravitational constant, with reference to the call of ‘Ideas lab 2016’ organized by NSF, we
appeal for inclusion of this theoretical work as a project under unification scheme.
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1. Introduction

The most desirable cases of any unified description are:

a) To implement gravity in microscopic physics and to
estimate the magnitude of Newtonian gravitational
constant.

b) To develop a model of microscopic quantum gravity.

¢) To simplify the complicated issues of known physics.

d) To predict new effects, arising from a combination of the
fields inherent in the unified description.

In this context, in our earlier publication [1] and references

therein, we suggested the role of two new gravitational

constants associated with strong and electromagnetic
interactions. In this paper, we make a bold attempt to inter-
relate the Fermi’s weak coupling constant [2,3] and

Newtonian gravitational constant [4,5,6] via the two

proposed electromagnetic and nuclear gravitational

constants. We would like to appeal that, with respect to

String theory models, Quantum gravity models [7] and

proposed assumptions, it is possible to show that, weak

interaction is a natural manifestation of microscopic

quantum gravity [3].

2. Nomenclature and magnitudes

1) e=1.602176565x10""" C = Elementary charge
2) m,= 1.672621777x107*7 kg = Rest mass of proton

3) m,=09. 10938291107 kg = Rest mass of electron

4) h=1.054571726x10>* J.sec. = Reduced Planck’s
constant

5)  ¢=2.99792458x10° m.sec™.

6) G, =3.32956081x10" m’kg'sec”? = Estimated virtual

gravitational constant associated with nuclear or strong
interaction

7) G, =2374335472x10"" m’kg'sec? =

virtual ~ gravitational  constant
electromagnetic interaction

8) Gy =(6.619386 to 6.679856)x107"" m’kg'sec? =
Estimated (virtual) gravitational constant associated
with gravitational interaction

9) G =144021x10" Jm® = Estimated Fermi’s weak
coupling constant

10) Ry =(2G,m, [c*)=1.239291x10"" m = Estimated

Estimated
associated  with

nuclear charge radius
3. Two basic assumptions of final unification

In our earlier publication, we proposed the following two
assumptions [1].

Assumption-1:  Magnitude of the virtual gravitational
constant associated with the electromagnetic interaction is,

G, =2.374335472x10°7 m’kg'sec”® where,

m 2
(—"] =27 —4”8"?6’"‘? (1)
m, e
Assumption-2: Magnitude of the virtual gravitational
constant associated with the strong interaction [8,9] is,
G, =3.32956081x10** m’kg'sec” where,
he=,||G,m,m, Geme2
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4. Important and interesting relations

A) Ratio of rest mass of proton to electron:

1
mp _ Gs 7
H[—H] ©

B) Nuclear charge radius:

2G.m
R, = :2 P =1.239291x107"° m 4)

C) Root mean square radius of proton:

\/EG m
R,=———F"=08763111x10"" m (3)
Cc

This can be compared with the recommended value [2] of
(0.8751£0.0061)x107" 4

D) Ground state potential
Hydrogen atom:

energy of electron in

a, being the Bohr radius, energy conservation point of

Gemf _ { 6‘2 [Gsmp ]_IJ
a - 4re c2
0 0 (6)

4reyay
2 2 (Gm, Y
| —— | | 52| |z-272ev
4re,G,m; )| 47ey | ¢

Note: Considering (z%j as a probability of finding
n

view,

n

Epor)
( pot ground

(M

electron in any orbit labeled with n=1,2,3,.. further
research can be carried out.

E) Characteristic atomic radius of Hydrogen atom:

2 V (GsGe )matom

Ryyirogen = — 5 = 33 picometers ®)

¢
where  m,,, is the unified atomic mass,
1.66054x1077 kg. This can be compared with radius of
hydrogen atom associated with covalent bond.

(https://en.wikipedia.org/wiki/Covalent radius)

F) Neutron star mass and radius

1) If (M Ns,m,,)represent the masses of neutron star
[10] and neutron, then,

GyM G
Nh—NSmnz / S My =3.175M ©)
c Gy

Dy h
Note: By considering (Ej , mass of neutron star can be

estimated to be 1.5875M , .This is just greater than the

famous Chandrasekhar mass limit of 1.4M .

2) If Ry represents the neutron star radius [11], then,

R /i—ue,vs ~8.06 km (10)
(W/Gsh/c3) Gy

5. Fitting Fermi’s weak coupling constant and
electron rest mass

Fitting the gravitational constant with elementary physical
constants is a very challenging issue. According to G. Rosi
et al [3]: “There is no definitive relationship

between Gp and the other fundamental constants, and

there is no theoretical prediction for its value, against which
to test experimental results. Improving the precision with
which we know G, has not only a pure metrological

interest, but is also important because of the key role
that Gy has in theories of gravitation, cosmology, particle

physics and astrophysics and in geophysical models”.

In this context, we would like to stress that, by
considering the Fermi’s weak coupling constant, in a
verifiable approach, it is certainly possible to explore the
back ground physics of the role of the Newtonian
gravitational constant in microscopic physics. It may be
noted that, according to Roberto Onoftio [3],

1) Weak interactions are peculiar manifestations of
quantum gravity at the Fermi scale.

2) Fermi’s weak coupling constant is related with the
Newtonian constant of gravitation.

3) At atto-meter scale, Newtonian gravitational constant

seems to 8.205x10%

m’kg'sec?.

reach a magnitude of

With reference to the proposed assumptions and based on
the above points, quantitatively, we noticed that,
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1 2
Gy =| (63 (Gym3) | (26;#] (in

Based on this relation,

G3 012
Gy=—7~1—— (12)
¥ 64G2G0m?
Gr
o [Gzaf] )

If, recommended G, =1.435850984x10™ J.m®, obtained
Gy =6.619386x10™"" m’kg'sec™.

With reference to proposed assumptions, G, can be
expressed with,

9
Z| M | [ Co || he
Gy Z{mJ (G][m;} (14)

=6.679856x107"" m*kg'sec™

Based on relations (11) and (14),

If, G, =3.32956081x10%* m’kg'sec”

4hGEm?
3

G ¢ =1.44021x107% J.m? (15)

n

c

If, G, =1.435850984x107%% J.m*,

3
_ Grc

R 2

=3.3245183x10%® m’kg'sec™ (16)
4hm,

Electron rest mass can be fitted with,
3 3
Gpc - 1 / Gpe (17
4hG;  2G,\ h

6. Nuclear Planck mass and its Schwarzschild radius

n

m,

With reference to Planck mass, nuclear Planck mass can be
expressed with:

m,, = /g =546.62 MeV/c? (18)

With reference to Schwarzschild radius of a black hole,
Schwarzschild radius of nuclear Planck mass can be
expressed with:

2G;m, 2G G,h
Ry =—5"="0 he 5 |SM 0722 fm (19)
(,’2 (,’2 Gs c3

Based on relations (15, 16 and 17),

=— |2£ (20)

7. To understand proton’s melting point

With reference to Hawking black hole temperature formula
[12], melting point of proton [13,14] can be understood
with:

he?

T = =——  =0.15x10? K 21
proton 87Z'kB Gsmp ( )

Based on this relation and with reference to up quark, other
quark melting points can be expressed with the following
kind of relation.

m hed
Tk =| — |——— 22)
m,, )8xkyGym,,

m
where (—q] represents the ratio of mass of any quark to
m,,
mass of up quark. Based on this relation, for up quark of rest
energy 2 MeV, its corresponding 7, =69 Tera K and

87kgT,, =236 MeV. This energy can be compared with

the currently believed QCD energy scale, (170 to 270) MeV
[14].

8. To fit neutron’s life time

Neutron life time [15] can be fitted with:

e [
[ (e

(23)
Gs GeGS ml%
= =7 5 |=89%6.8sec
G, )e
where, m,, = Rest mass of neutron,
G
o= 5.9645176x10* = Avogadro number, N, [16]
N
By considering the unified atomic mass unit,
M, =1.66054x107* kg,
Gv GeGS mgtom
L= |- 7T 5 |=88L5sec 24)
Gy (mn —my )c

This value can be compared with the recommended value
[2] and results of bottle experiments [16].
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9. Understanding nuclear stability and binding energy

a) Proton-Neutron stability:

Let,

G.m m
= MM | ey 604637101x107  (25)
hc Geme2

Using this ratio, proton-neutron stability relation can be
fitted directly in the following way [17].

A, =27 +5(2Z) =27 +(45) Z*
=27 +0.006418552>

(26)

where A, is the estimated stable mass number of Z. It is
very interesting to note that, close to beta stability line,
considering (4s) =k =0.00641855, nuclear binding energy

[18,19] can be estimated very easily. One very interesting
observation is that,

m, —m, [1 \/T
exp| —— |=,[—=.,—=4x 27
xp{ m, j 4s k @7

b) Nuclear binding energy:

o, being the strong coupling constant [2], characteristic

nuclear binding energy potential can be expressed with the
following relation [19,20].

2 2.2
B, = {LJ( ¢ JE (Lj —2C  1=10.09 MeV
o, )\ 4ngyR, o, )\ 8re,G,m D

(28)
Note: With reference to ¢, , it is possible to consider,

2
G| 11 . (Gm,
=—= . Considering | —— | = 2.9464,
he o, 0.1152 hc

it is possible to define the existence of a strongly interacting

G.m>
e, = =L e
’ fic

For details, readers are encouraged to see our preprint [21].

nuclear elementary charge of magnitude,

Based on the new integrated model proposed by
N. Ghahramany et al [18] and with reference to relation

(26), forZ = (40 to 83), close to the beta stability line, we
noticed that,

2 52
N e, @

where (4, —Z)=N,.

s

= {AS —(kZ?)AS HXQS MeV

Based on this strange and simple relation and first four
terms of the semi empirical mass formula (SEMF), close to

the beta stability line, for (Z =2to 100), it is possible to
show that,

(B), = {AS —(%HXQS MeV

(30)

kAN Z

B), =4 -4 -
(B), { s 3.40

s

_1}(30 =10.09 Mev) (31)

For relation (31), see figure 1 (dashed red curve) for the
estimated binding energy per nucleon close to the beta
stability line of Z= 2 to 100 compared with first four terms
of the SEMF (Green curve) where: a, =15.77 MeV,

a, =18.34 MeV, a, =23.21 MeV and a, =0.71 MeV.

Figure 1: Binding energy per nucleon close to beta stability line
from Z=2 to 100
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10. Discussion and conclusion
We appeal that,

a) We presented a number of applications connecting
micro-macro physical systems and finally developed
arithmetic relations for understanding the role of the
Newtonian gravitational constant [22] in microscopic
physics. Following this kind of computational approach,
it is certainly possible to reproduce another set of
arithmetic relations by using which, in near future; in a
verifiable approach, it may be possible to find a set of
absolute relations and G, can be estimated. For

example, based on the recommended values of

R, =0.8751 fmand G, =1.435850984x10 I.m’,

» With reference to relations (1, 2 and 3 or 14),
Gy =6.679856x107"" m kg 'sec?.

» With reference to relations (1,
Gy = 6.6706246x107"" m kg 'sec?.

5 and 14),
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» With reference to relations (1,
Gy = 6.6697396x107"" m kg 'sec?.

14 and 16),

» With reference to relations (1, 3, and 5),
Gy =6.6660136x107"" m*kg'sec?.

» With reference to relations (1, 3 and 16),
Gy = 6.664687x107"" m*kg'sec.

» With reference to relations (1, 2 and 12),
Gy =6.619386x107"" m*kg'sec™.

» With reference to relations (1, 5 and 12),

Gy = 6.6745406x107"" mkg'sec?.

b) The ultimate aim of ‘Ideas Lab’ (16" May to 26"
October 2016) [6] organized by the Physics Division of
the Mathematical and Physical Sciences Directorate at
the National Science Foundation (NSF), was to
facilitate the development of new experiments designed

to measure Newton’s gravitational constant G with

relative uncertainties approaching or surpassing one
part in 100,000. In this context, we humbly and
sincerely request NSF to consider and encourage our
proposed method of estimating the Newtonian
gravitational constant with possible support.

¢) As it is inevitable to unite gravity and other three
atomic interactions, if one is willing to explore the
possibility of incorporating the proposed assumptions
either in String theory models or in Quantum gravity
models, certainly, background physics assumed to be
connected with proposed semi empirical relations can
be understood and in near future, a ‘workable’ or
‘practical’ model of “everything” can be developed.
Based on relations (11) to (14), Fermi’s weak coupling
constant and the three gravitational constants can be
fitted in a unified approach and finally, in a verifiable
approach, Newtonian gravitational constant can be

estimated accurately with microscopic physical
constants.
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