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Abstract: The mass in Einstein’s energy-mass equivalencatexuhas two possible interpretations,
whether it is limited to the rest mass, or it applio all energy. This paper argues that all oktiergy (kg
m2 s—2) has a mass (kg: a degree of weight antlahersistance). The inertial mass is a masswiaat
further scaled the gravitational mass to be in@@agth kinetic energy. The inertial mass of eletagn
particle in an atomic system also varies similégyscaling. Thereby the scalable inertial masses of
elementary particles constituting the atomic addgtavitation that cannot be ignored as comparéu tive
Coulomb force. We call this effect “Short-rangewgi to distinguish it from universal gravitatiaof the
universal gravitational constant. Using these meigmas, we explain the proton radius puzzle and the
statistical error found with the muon anomalous n&dig moment. This paper demonstrates a new way of
integrating general relativity and quantum theoyysbparating the scalable inertial mass and the
gravitational mass.

Introduction

Muon anomaly and predictions of new physics:

The proton radius (0.84185 fm) obtained from treene Lamb shift experiment of muonic hydrogen EL] i
4% smaller than the accepted value (0.8751 fm)TRis discrepancy is referred to as the protonusadi
puzzle. Similar measurements (0.84087 fm) have bemorted [3] but to date this puzzle has as yet no
been resolved. The muon is much heavier havingss @7 times that of an electron. Therefore, stadte
experiments that are currently underway using nubwpdrogen is expected to provide a precise
measurement of the proton radius [4]. Also, inE821 experiment of US Brookhaven National Labosator
in 2001, the anomalous magnetic moment of the muasmeasured with accuracy in (g — 2)/2) 0.54
ppm [5]. The experimental values have attractezhtitin because the predicted value is shifted
approximately 3.2 from the Standard Model, hence offering new phaisstues. In the background of these
discrepancies and with the improvements in accuiragylving experiments with muons, there is a
possibility that hints lurk within the physical ptamena unexplained by the Standard Model, whithds
current accepted framework of particle physics [6].

Unknown relationship between gravity and mass:

Indeed, no one has succeeded in observing gravitdtphenomenon below 1n. Therefore, they say that
even the existence of gravity has not yet beeniroaél at microscopic scales [7]. The Arkani-Hamed--
Dimopoulos--Dvali model [8] argues that extra dirsienms might have spread to near 1 mm. Gravity
follows the inverse-square law down to distancen, fout a two-dimensional effect from the extra
dimensions contributes to the force at distancésab® mm. Below these distances, the force follauws
inverse-fourth law. In contrast, the mass in thergp-mass equivalence equation [9] has two
interpretations [10]. Interpretation 1 is that eyyeand mass are not exactly the same; the eneray of
object changes depending on velocity whereas traiamt mass does not change in any way. Intetjpvata
2 is that, apart from the constaft energy and mass are exactly the same; the eneeggnoving object is
larger than that at rest. That is, when in motampbject’s relativistic mass is greater than wétationary.
The majority of particle physicists have adopteipretation 1 [11]. We have here adopted Integpict

2 with the equivalence principle of the momentuntgtit. Furthermore, we assume that short-rangeityra



which cannot be ignored between interacting eleargrgarticles, acts on the inertial mass and irsggan
the micro-scale In regard to the muon, quantumityré part of a hierarchical structure in which it
approaches classical gravity in its dependenceassm

Methods

Relationships among rest, (relativistic,) gravitatonal, and inertial mass:

The relativistic masa) of a moving object [12] can be calculated usimg ltorentz factor from the rest
mass ). However, Einstein has stated that, apart frenhdrentz factor connection, the “physical
meaning of this mass is not known; it thereforleaer not to use anything other than rest mags§], [

m = ymo = my/(1 —V#c?) Y2 1)
The total energy of the object increases with thditeon of kinetic energy [12],

E = [(moc®)” + (pc)]™ 2
Usingp = vE/c?andM = E/c?[9], Eq. (2) is

E = Mc? = ymoc® = mec?/(1 —VA/cA)M2, (3)

Compared with the speed of light in the rest systemwave speed (Hamaji's light equivalence pgleci
[14]) in another inertial system is

w=fl=cly=(-A" (4)

If this increased kinetic energgd) is by interpretation 2 [11] a gravitational méssn the mass associated
with the total energy is also a gravitational mlsS he inertial masm is the mass of the combined action
of the change in gravitational mass with the enénggease (physical action), and the change inivedtic
mass by scale conversion (mathematical action),

m=M(c/w) =)M = y’m. (5)
Hence, the inertial mass reverts to @q (Ih # yM = ymy (see Appendix for details). This frees up the
limitation that inertial mass = gravitational malsst retains the essential equivalence principlengfrgy
and momentum. This enables the mass and speedtbiamertial system to be given without the nted
perform a coordinate transformation,

Eo = moc® = mw? = y°mo(cly)?. (6)

This preserves the relationship that energy is riaegEs the square of the speed.

The ratio of the nuclear force and gravity, the rehtionship to the gravitational constant:



FIG. 1: Ratios among quantum size, nuclear force, and

_ 1E+40 +lk%/*((r@;k9)’ %) gravity. The pink solid line is the surface density line of 1 kg of

2 LE+35 \ I —1kg ! substance. The pink dotted line is the line, obtained by dividing

2 1E+30 X\ \“\ - U’ . 1 the pink solid line with the gravitational constant. The red

> 1E+25 N RN r +Pr$8?:gn)kg ) horizontal dotted line is the proton line, scaled to a proton

% LE+20 U Muonic hydrogen mass of 1 kg at one meter. This line represents the strength of

8 1E+15 X \\ I 1ap,’ the proton force relative to gravity. The proton force is 1 x 10%

é 1E+10 )4 E'i?mcz hydrogen times higher than gravity, of which 1 x 10™° is contributed by

& LE+05 1 | i —Protzﬁf the gravitational constant (G,), and 1 x 10%**? is contributed
1E+00 st 18 15 1‘2 ; ;3 3 . 1Ky by the spin radius. The solid red line is the surface density line

Radivs < 10° (m) *Col‘;":‘c'oevg‘t radius (x)fz)proton, of which 1 x 10" is contributed by G, and 1 x 101°

is contributed by the covalent radius (blue solid line).

As indicated in Fing, the squared ratio of therage covalent radii (1 A = 100 pm) or the Bohnutter

of the electronic hydrogen to the charge radil®7®1 fm) of the proton almost equals the gravitetlo
constant. The material density of the average eowahdii or the Bohr diameter of the electronidiogen
may have been scaled by the gravitational conbecduse the mass of the nucleons approximatesase m
at the average covalent radius or the Bohr dianuétitre electronic hydrogen. That is,

Gl (1mkg's?) = (ry/reov)? = (rp/2a)>. ()

The ratio of the gravitational and nuclear foraelich relates the proton radius to the averageleava
radius or the Bohr diameter of electronic hydrogemjiven by

Iy Go/(Amkg's?) = rpIreo = r,l(2a)%. (8)
Short-range gravity acting between fermions insteadniversal gravitation:

The universal gravitation acting between proton @ledtron (or muon) constituting the electronic (or
muonic) hydrogen atom is negligibly small when cangal with the Coulomb force,

(€°l4meo + GrMopMox)/a0” [ Moyl ap. (9)

Using Eq. ) and the coordinate system at reshi®proton iy, = mgp), the inertial mass of the electron
(muon) orbiting is

my = VxMx = sznbx = mOXCZ/(C2 _sz)- (10)
For the Yukawa meson theory with scalar potemntgir/x]/r, massive particles mediate the force acting
between particles. This force, which falls off wittstance and also inversely proportional to mablsws
from a scalar interaction field of relativistic quam theory. We learn that the chiral condensatepies

about 2/3 of the vacuum centered on the nucleuls Tt confinement radius for the inertial masgiigen
by the condition

= (2/3)= (23)N(mic) = AI([1m] cpy). (11)

Substituting the inertial mass for thecoefficient of the Yukawa-type potential, the sddé inertial mass to
be differentially coupled to the scalar 1(nGn) is

Myx = Mi(1 — e[+/xx])/r. (12)

This is a function of wavelengthand radial coordinate



m(r, 1) =h(1 — e[-3/24])/(rch). (13)
Replacing the gravitational constant of E@ (7¢, direct gravitational constant is
Gy= 2~ 8Gna Ity (m’kg™s™). (14)
Introducing short-range gravity instead of the ensal theory of gravitation, Ecﬂ (9) becomes
[€7 (o) + GaMpxMpl/aox” = MVl aox. (15)

From Eqs.0)6), we can derive the inertialsmasthe orbital velocityy, and the orbital radius,a

i = myyaox. (16)
Theeffectivefine-structure constant is
ax = Vi/C. (17)

Results and Discussion

Fig.@ depicts the model of the ground state ferltiidrogen atom and the relational expressionadi e
physical quantity when considering short-range ityav

Hydrogen atom in the ground state Complex notation Real part Imaginary part
~Particle szpeed: Boson Wave speed Gravitational
Vi = (€°/41TEy + 2MpMyp)/P Speed of light Exchange
—~Speed of light: ¢ 2 Fermion Particle speed | Gravitational [ Wave speed

A | ~Wave speed: w, = (c% - v,2)
' Lorentz factor: yy = c/wy
Fine-structure constant: ay = v,/c

FIG. 2: Model of the internal relationships among the
structures of a ground-state hydrogen atom. The blue area
Bohr radius: ao. = A/(M,Vy) denotes the region occupied by the hydrogen atom model in
Rydberg constant: Rux = a,’/(2A) its ground state. The red area indicates the protons residing at

\ the center, where they spin at the speed of light. The

(+) Proton quantum
Rest mass: mg,
Inertial mass: m, = mgp
Compton wavelength:
Ao = hi(myc)
Confinement radius:
Kp = (213)A,
Scalable inertial mass:
Mpx = My(1 — e[-aox/Kp])/aox

Rest mass: mgy
Inertial Mass: My = y, Moy
Compton wavelength:

A =hl(myc)
Confinement radius:

Kx = (2/3)A«
Scalable inertial mass:

Myp = My(1 — e[-aox/Kx])/a0x

(electron or muon) moving
around the proton at the Bohr radius. The orbital angular
velocity (particle speed) and spin angular velocity (wave
speed) move at light speed at right angles to each other (so a
complex representation is appropriate). The real and
imaginary parts of the complex wave deflection represent the
bosons and fermions, respectively.

TabIeD provides values of the specific calculatiesults.

TABLE I: Physical parameters of a ground-state hydogen atom.

1. Blue quantitiessuch as fermion masses and physical constanéagapg in Fig[]Z, are documented.
2. Red quantitiegire newly derived in this paper.

Mag. constant 4 pi: uo/4r (N A7)

1.000000000E-01

Elementary chargee (C)

1.602176621E-1

Planck constanit2 pi: / (m? kg $7)

1.054571800E-34

Speed of light in vacuunt (m s%)

2.997924580E+04

Constant CODATA-2014 [2]

Rest massam, (kg)

1.672621898E-2]

9.109383560E-31

1.883531594E-2

Quantum

Proton

Electron-Proton

Muon-Proton

Particle speeds, (m s%)

2.187691273E+0

2.287436455E+0

Inertial massm, (kg)

1.672621898E-2]

9.109868673E-3]

1.883641256E-2




Bohr radius: g (m)

5.291772107E-1]

5.291490285E-1]

2.447535061E-1

Compton wavelengtht, (m)

1.321409854E-11

2.426181031E-11

1.173375796E-14

Confinement radiuse, (m)

8.809399024E-1(

1.617454021E-11

7.822505305E-11

(+)Proton inertial massn, (kg)

3.160965641E-1]

6.833903729E-1f1

(-)Charge inertial massy,;, (kg)

1.721607370E-2

7.696074658E-1

Short-range gravity: ,,m, /2o, (N)

3.887119370E-1

1.755942461E-04

Coulomb forcer?/(4rzo)lag (N)

8.239600967E-0%

3.851273334E-0

Inverse fine-structure constanto,l

1.370359991E+07

1.370359985E+04%

1.310604530E+0%

1.097373157E+01

1.097431608E+07

2.480787412E+04

Rydberg constan®,. (nm™)

The proton radius puzzle that appears for the muorg hydrogen atom:
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Fig.B presents a graph of the change in the rad@idinate from the center of the potential thpdears in
the model (i.e., inertial mass of each particleyl@mb force, and short-range gravity acting between
elementary particlespjt Point_A of Fig.[:B, the ratio of the Coulomb ferand the short-range gravity force
acting between proton and muon for tipeatom is

(€°/4meq + 2mp, M)/ (€°14me0) ~ 1.046. (18)

The value obtained by dividing the confinementuadf two-thirds of the Compton wavelength of proto
by this ratio is

0.881/ 1.046~ 0.842 (fm). (19)

This produces a proton radius fgu of roughly 4% smaller. However, the reason wleygloton radius is
reduced is not known, nor wip is smaller by this mechanism. Nevertheless, tieeté/e fine structure
constant is changed by short-range gravity, whidnges depending on the combination of the charge
guantum. It increases the orbital energy of themmaad leads to an increase in the Lamb-shift ergyn

Deviation of the anomalous magnetic moment of the mon from the standard theory:
From Point_B of FigDB, the ratio of short-rangawgty and Coulomb force acting between the protwh a
electron of an electronic hydrogen atom ep is

(2mpdmey)/(€74me) ~ 4.718 x 10°. (20)

The error associated with the bare fine-structorestant of only the Coulomb force and the effectine
structure constant of the ep with added short-rangeity effects in Tabl@ lis



Yo — Yoe= 0.6 (ppm). (22)

Given this error in the fine-structure constanttfor ep, the standard for this physical constaetatctual
anomalous magnetic moment is also affected, evilre iprecision of a local anomalous magnetic moment
is high. We believe an error in its standard vappears as the deviation in the anomalous magnetic
moment for the muon.

Conclusion

To summarize, the inertial mass is the degreesidtance to movement that acts the short-rangetgtay
the difference in the scale of energy. The gravital mass is determined by the strength of thearsal
gravitational force experienced by an object inltdual gravitational field. The two masses are s&iea
physical quantities. When combined with (Hamajight equivalence principle) with energy or momentum
which relates these quantities with mass, we @&edffrom restriction of using only the invariantss&ven

if the inertial and gravitational masses are ddfer It explains the interaction of short-rangevgya

between elementary particles. This is achievedowitihelying on extra dimensions, which to date haoe
been observed. All of energy tries to diffuse mlikk the attenuation of light in accordance witk thr
potential. Also, depending on the amount of enefgynions are confined within a radius determingd b
the Yukawa-type potential. When the long-range stmatt-range forces of such a vacuum mechanism act
differentially through coupling, the divergenceimfinitesimals does not occur because there ig@rala
cancellation. If this energy mechanism gives rismass and gravity in such a background field gtfieno
choice of whether to consider gravity in specidtreity and quantum theory. We have been using the
gravitational mass of a stationary object as a oreasf its rest mass. The gravitational mass i®gead
when photons are confined, and diverges to infiffitlge photons are not confined. The Compton
wavelength is a measure of the inertial mass anleo&nergy confinedill energy has a mass equal to the
vacuum expectation value generated by the gramitatimass determined from confinement. Hence, all
energy referred to in the energy-mass equivalesletion can be replaced by a rest, gravitation,iaedial
masses and Planck’s constant based energy reggenand the mass and energy unit are not equal.
Short-range gravity with scalable inertial mass esplain the anomaly of the muon. This paper preeska
new way to integrate general relativity and quantbeory by the separation of the scalable inentiass in
short-range gravity, and the gravitational massniversal gravitation.
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APPENDIX:

My previous research involved representing ener@esvitational mass, inertial mass, and Planckisstant) of different particle speeds as an
equivalence for quantunMg = Amaw = hf/c). In addition,E = Mc? (kinetic energy is changed to mass) does not itelitet the total energy
change is always proportional to particle spee@rdiore, “energy representation of a mathematict#m,” and “energy change of a physical
interaction” are not similar. The actual physicaépomenon should distinguish between these acﬂ'@tﬂe an@z show their distinction.

TABLE A1l: Differences between the energies computelly the complex notation and by conventional methad
M: Gravitational mass: Speed of lighty: Particle speedy: Wave speedy: Planck constant; Frequency,
m: Inertial massi: Wavelengthf: Dirac’s constantp: Angular velocity A4: Inverse proportion}: Increase/: Decrease.

Total energy Rest energy [1] | No energy change [2] | Increase of energy | Decrease of energy
Gravitational | Mc? Mc? (1M)c? (M)

mass Mw,” MUV + AwP) MV + Iw) UMV +1w)
Planck’s hfo hf h(1f) h(!f)

constant hawo hw h(tw) h(lw)

Inertial MeCWo (Amc(4w) (rrmc(iw) (lme(tw)

mass [3] MeClo fo (Amc(AA)f (rrmyel 1A)(1f) (L me(r 1A

In the above table, the rows show the energy reptation differences.
Gravitational massis the weight as defined by universal gravitation.
Planck’s constantis a physical constant of quantum theory.

Inertial mass quantifies the resistance of an object to the mmare.

The columns indicate whether the energy computédarcomplex notation has increased or decreaskadive to the standard computation.
No energy changalenotes an inverse proportionality between théglamand wave speeds of the physical quanti}y For example, the
particle velocity of an object in free fall incregswhile its wave speed decreases. In additiohpsop is red (blue) shifted by a change in the

gravitational field.

(#?) Increase (Decreaseof energydenotes that the particle—wave energy relatiosstiigach physical quantity increase or decrease. F
example, the kinetic energy increases (decreasei)gdacceleration (deceleration) of an objects™uenario equally applies to a motionless
object seen by a moving observer.

TABLE A2: This was represent the "Case of the totaknergy change" and "Case of the total energy no emge" of the Fermion and the
photon. 1: Inverse proportion}: Increase]: Decrease.

Fermion Total energy representation Photon Total energy representation
E = Mc? = M(2p +V? + W) E = Mc? = M(2p +W?)
Inertial motion =hf =hw Propagation =hf
= mecw = meif = mew = meAf

Acceleration by boost

(1E) = (IM)E® = IM)(2¢ + 1V* + |WP)

=h(1f) = (1)

= (rmyciw) = (1rmc() 1A)(1f)

Inverse Compton effect

(1E) = @M)c* = (IM)(2p + W)

= h(1f)

= (myow = (Fm)c(IA)(1f)

Deceleration by friction

(LE) = (IM)E® = (IM)(2¢ + |V* + 1WP)

=h(f) =r(le)

= (Limye(tw) = (Ime(11A)(Uf)

Compton effect

(LE) = UIM)c* = (IM)(2p + W)

=h(lf)

= ((mjew = (m)c(tA)(f)

Escape from Gravitationa|
source

E = Mc? = M(| 29 + |V* + W)

=hf = hw

= (tmye(tw) = (m)c(TA)f

Gravitational Red-shift

E = Mc? = M(| 29 + 1W)

= hf

= (tm)e(tw) = (m)c(TA)f

E = Mc? = M(12¢ + 1V + |WP)

Free-fall to Gravitational
source

=hf = hw

= (tm)e(iw) = (tm)cIA)f

Gravitational Blue-shift

E = Mc? = M(12¢ + [W)

= hf

= (tm)e(iw) = (tm)c(iA)f

1 The rest system is a system of the Lorentz fdgte 1) that the electromagnetic waves propagateeasame frequency at the speed of light.
2 The wavelength is inversely proportional toithertial mass. They are also proportional to tlaeewelocity and inversely proportional to

the energy.

3 The transversal Doppler Effect is determinedhgywave speed, and is independent of energy.

4 Vincludes a gravitational potentiaky2 The wave speed inversely varies withand the speed of light is constant. The grawitei field is

integral to the fermions. Graviton exchange dogshange the total energy of the quantum.




