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Abstract

The experimental indication that the universe expands may allow to use its expansion velocity to fix a unique
and absolute reference frame in which an absolute position for a particle may be defined. The absolute position
may include the particle's external information but also all its internal information. This was first discussed in
[Brodet, 2017], [Brodet, 2018], [Brodet 2019] and is updated and developed further in this paper. The absolute
position suggested here is built on the space-time structure of special relativity and the absolute reference frame
fix. It includes the particle's mass and information related to the particle's charge and spin. Defining the particle's
absolute position may subsequently allow to also define its absolute energy and momentum. Furthermore, we
shall show that by adopting a deterministic approach to the decay time of a particle we may get novel absolute
expressions for the particle's internal energy and for its mass, charge and magnetic moment. The absolute
expressions we get for the energy, momentum, charge, mass and magnetic moment are all related to the running
of the coupling constant and to the absolute reference fix. The absolute quantities discussed above are defined for
a particle and for its anti-particle. In this context, the relationship between a particle and its anti-particle are
discussed as well. Experimental ways to investigate the suggested additional information related to the
fundamental quantities and to the relationship of a particle and its anti-particle are discussed.
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1. Introduction

In this paper we will discuss the concept of an absolute position for a particle and its anti-particle. The concept
was first introduced in [Brodet 2017], [Brodet 2018], [Brodet 2019]. In this paper we will update and develop
this concept further and will consider it as a parent quantity for all the particle's other quantities. It will be argued
that the particle's absolute position summarizes all the external and internal information of the particle in a
unique and absolute manner. The experimental indication that the universe expands may be used to fix an
absolute reference frame which allows to define the absolute position of a particle in the universe. The absolute
position is built on the space-time structure of special relativity but ads the absolute reference frame fix and also
includes the particle's mass and information related to the particle's charge and spin. Defining the particle's
absolute position may subsequently allow to also define its absolute energy and momentum. Furthermore, we
shall show that by adopting a deterministic approach to the decay time of a particle we may get novel absolute
expressions for the particle's internal energy and for its mass, charge and magnetic moment. The absolute
expressions we get for the energy, momentum, charge, mass and magnetic moment are all related to the running
of the coupling constant and to the absolute reference fix. The absolute quantities discussed above are defined for
a particle and its anti-particle. In this context, the relationship between a particle and its anti-particle are
discussed as well. Relative energy and momentum may be defined using relative velocity while keeping all the
internal quantities in their absolute form as will be described in the text. Experimental ways to investigate the
suggested additional information related to the fundamental quantities and to the relationship of a particle and its
anti-particle are discussed.

The paper is divided into four sections. Section 2 describes the concept of an absolute position for a particle.
This section describes how the absolute position is built and how it is related to the particle's absolute energy and
momentum. Furthermore, it describes a novel expression for the particle's internal energy and also detailed
expressions for mass, charge and magnetic moment. Section 3 describes the absolute position of a particle and its
anti-particle. Moreover, it discusses the relationship between the quantities of a particle and its anti-particle.
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Section 4 describes how it may be possible to experimentally test the suggestions made in sections 2 and 3.
2. The Particle's Absolute Position and Energy
2.1 Absolute Position

In previous works [Brodet 2017], [Brodet 2018], [Brodet 2019] we have introduced the possibility of an absolute

reference frame that may be related to the universe expansion velocity Vexp- Therefore, it was argued that we

may define particle's i distance with respect to the above absolute frame in terms of its internal distance and
external distance such:

2 2 2 .
Di(abs) = Di(int) + Di(ext) Equation 1

Let us first consider the internal contribution Di(im). As the general expression for distance is described using

the formula X =V -t , we may use the particle's i internal time and internal velocity, such:
Di(int) = Ci(roy) 'ti(O) Equation 1a
The particle's internal time may be its decay time for unstable particles or its internal time for stable particles as

was discussed in the context of the hidden variable in time possibility that was first introduced in [Brodet 2010].
The value of G, may be related to two known internal quantities namely charge and spin such:

(Ci(Tot)ti(O))2 = (Citi(o))2 + (Viti(O))Z Equation 1b

where C; isrelated to the particle's charge and V; to the particle's spin.
Based on special relativity 4-Vector in space structure, we may define particle's i absolute distance by:

2 2 2 .
(r i(abs)ci(Tot)ti(O)) :(Ci(Tot)ti(O)) +(7, i(abs)Vabsti(O)) Equation 2

where

Vibsy = Equation 2a

The distance in equation 2 is with respect to an absolute reference frame. If we define V,, . to be particle’s i

S

velocity with respect to the center of the universe, then the distance in equation 2 descries a particle's i absolute

distance with respect to the center of the universe.

At this stage, in special relativity, equation 2 transforms into an energy-momentum equation by dividing all the
. 2 R 2.2 [
terms by the time t;,, and multiplying all the terms by M; Ci(rory togive:

2.2 2 2.2 2 2.2 2 .
M Citron (7ians Cicron )™ = Mi Cigron (Cicron )™ + My Citraty (7i(abs Vans) Equation 2b
However, in this paper, we choose to recognize that the invariant quantity in equation 2 is Ci(Tot)ti(o) and not
just C;roy - Accordingly, we choose to build the energy-momentum equation on  C;ioyti) and not just C;qoy -

We also recognize that according to electricity and magnetism the external velocity, V. of a charge particle is

S
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known to be associated with a magnetic field. Therefore, since the shape of the magnetic field and magnetic
force is circular, it would mean that a moving charged particle defines external and therefore also internal
angular momentum. Therefore, it is suggested that equation 2 may transform to an angular momentum equation
such:

Mi I\/Ii

M, .
Pi(abs) = t_ (7i(abs)ci(T0t)ti(0))2 = t_ (Ci(Tot)ti(O))2 + t_ (yi(abs)vabsti(o))z Equation 3

min min min

where Pi(abs) is defined as the particle’s absolute position. This is where

M is the particle's mass and t_;, is the minimum internal time defined in the particle's exponential

distribution as will be explained in section 2.4.

The absolute position of a particle is given in the dimensions of angular momentum and it may reflect a point on
the circumference of a circle centering the universe.

2.2 Absolute Energy and Momentum

One may identify the absolute energy, Ei(abs), absolute momentum, PPi(abs), and absolute internal energy,
Einy in equation 3 such:

Ei(abs)7 i(abs)ti(O) = Ei(int)ti(O) +7 i(abs)Vabsti(O) PPi(abs) Equation 3a

where

M : 2 .
Eiaby = Yicansy) t__lci(Tot)ti(O) Eqation 3b
min

M. Equation 3c
PPi(abs) = Yi(abs i : Vabsti(o)
min
M. Equation 3d
Ei(int) = _ICiZ(Tot)ti(O) |
tmin
Which leads to the energy-momentum relationship of:
E _ Ei(int) V. PP .
i(abs) — * Vabs™ Fi(abs) Equation 4
i(abs)
Which is consistent with special relativity energy momentum of:
2 2 2 2 .
Eiaby = Einy T+ Cicron PPiaby) Equation 4a

The value of V,, . may be given by special relativity velocity law such:
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Vexp + Vprod

abs —
1+ Vexpvprod

2
Citot)

Where

Vexp is the universe expansion velocity at the production position of the particle, V., is the velocity of the

pro

particle relative to its production position, CiTon) is the total internal velocity of the particle with a value
around the speed of light c.
Relative energy and momentum may be defined using relative velocity while keeping Citor) and M, in their

absolute form.
2.3 The Particle's Internal Energy, Ei(im)

The possibility of a hidden variable in time was first introduced in [Brodet 2010]. The idea was that may be a

hidden frequency, ff(i), within the particle that is related to its decay time or internal time for stable particles.
Subsequently, ff(i) was also related to the particle's Briet-Wigner distribution (The expression here includes a
normalization addition with respect to [Brodet 2016], [Brodet 2017]). Finally, if ff(i) indeed describes a
hidden frequency within a particle then its period would naturally be ti(o). Therefore we may get three

expressions for fy ;) such:

i)

feoy = fi(Ae * Equation 5
2 2
feoy = fi(A) Eneanl 5 5 K 3 Equation 5a
k (Ei(int) - Emean) + Emeanr
1 :
fegy =— Equation 5b
t.
i(0)
where
K is given by:
2N2E, . T
k= \/_— /Zany with Y= \/Eriean(Enz'lean + Fz)
7 Emean + 7
And the expression for  f,(A) may be given by:
1 i)
—="f(Ae *

i(0)
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Yo
e’ .
f.(A)=—- Equation 5¢c

i(0)
Using equation 5 and 5a we may get an expression for Ei(im) such:

ti(o) 2 2
- E. T
f(Ae = =1 (A mean
I( ) I( ) (Eiz(int) - EZ )2 + Erieaml—‘2

mean

o
Ei(im):\/E2 +\/E2 e+ —E* TI? Equation 6

mean — mean mean

and using equation 3d we may get the expression for the particle’s mass M, such:

tio)
t.\/E2 J_r\/EZ ‘e s —EX,I°
Mii — min mean mean mean Equation 68.

2
ti(O)Ci(Tot)

2.4 The Value of ;.
In order to define t;, letus first define t.,, . The value of t_, may be defined as the value of ;) when

the value of the amplitude of the particles exponential distribution is 0.5% from its maximum value. After we

have t_, we may evaluate t by dividing t ., by the elementary particle discreetness which defined in
[Brodet 2013] to be 5.9x10", such:

tmax

t L= Equation 7
mn = 5 9% 10 a

2.5 The Particle's Decay Time

Special relativity describes the particle's decay time as measured in the lab in experiments such as LEP[Large
Electron Positron] such:

tigany = Zisntio) Equation 8
where
B 1
Vier) = NE
1 prod
-

According to section 2.1 and 2.2, ;g should also include the effect of external velocity med on the

particle internal velocity C;,, and also the effect of the expansion of the universe. Therefore, t;,,;, should
change to:

tian) @by = Yicabylico) Equation 8a
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where

Viabsy =

2.6 The Value of Cjqy
In section 2.1 we defined:

CiZ(Tot) = Ci2 +Vi2 Equation 9
Therefore, in order to get a more detailed expression for G, we need to get expressions for C; and V;. let

us first consider C;. As discussed in section 2.1, C; may be related to the particle's electric charge. Now, the

units of an electric field in SI units is Volts per meter which is equivalent to Newton times length, which is equal
to Joule. Therefore, the electric field has the units of energy. Now let us look at the expression for the Lorentz
force given by:

F =(E +qVB Equation 9a

Lorentz

Where E is the electric field, B is the magnetic field and (| is the electric charge.
If the electric field has the units of energy then we may identify the units of the charge ( as 1/meter.
If we assume the electric charge is indeed related to C; then we may define (], as:

1

q = Equation 9b
Cilio)

The question is now what may be the expression for C;?. We can recall that in equation 6a we have got a

relationship between C;j 1., and M., . Another useful relationship in this context may be obtained from placing

an electron in an equilibrium under the forces of gravity and electricity such:
— GMearthM i—

i- 2

q;. E
"

Equation 10

where E; is the balancing electric field, Q;_ is the electric charge, M, is the mass of the electron and

is the distance of the electron from the center of earth.
Using equation 9 for the electron's electric charge we get:

E _ GM,M

earth” " i—

- 2
Cilio) r

Equation 10a

which gives:
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E r?

Equation 10c
M i—ti(O)

C =
GM

earth

Note that the expression for the gravitational force is non-relativistic. In the relativistic case the gravitational
force expression would indeed change but so would the value of the balancing electric field. Therefore, the value

of C; wouldn’t change by the relativistic change in the gravitational field. However C; would indeed change

by particle's i absolute velocity, V,, as will be discussed later on in this section.

S

Before we continue let us first recall the suggested relationship between C; and Citrory May be given by

equation 9:

2 2,2
Cicron =G TV

Therefore, we now need to find out the expression for V;. In section 2.1 it was suggested that V, may be
related to the particle's spin. Subsequently, let us consider the Stern-Gerlich experiment[ W. Gerlach and O. Stern,

1924] and try to evaluate V; from it. In Stern-Gerlich experiment the particles are deflected a distance h, asa
result of a varying magnetic field along the h, direction. Therefore, if we measure the time, '[hi it gets the

particle to travel from the point it passes the magnet until it gets deflected in the screen at point hi , We may get

h.
its transverse velocity such: VT_ = t—' Therefore, in case of a non-relativistic electron, its transverse kinetic
I
h.

energy may be given by:

1 ) .
Ei(kinetic) = E M _VTi Equation 11
Now, the electron's magnetic moment may be given by:
Qi :
=—L Equation 11a
M=o b
M.
where L, may be given by: ;Viztiz(o)
tmin
which gives:
2
vt
M = 10 Equation 11b
2tmin Ci

Therefore, the energy that is given to the electron by the external magnetic field may be given by:
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Ei(magnetic) ::uiB Equation 11c

where B is the external magnetic field.
We may equate equation 11 and 11c for electrons and positrons such:

2
vt 1
1O B==M,V.? Equation 11d
2t...C, 2
which gives:
tminCi M iJrVT2
Vi - |— =
Bt

i(0)
Note that we assume here that VTi+v- =VTi while this may not be necessarily the case and may depend on the

sign of the magnetic moment.
We may substitute for C; from equation 10c to give:

tmin Eii r 2VT,2

Vi = | Equation 11le
G M earth Bti(O)
Therefore, using equation 10d we get Ciz(m) such:
g2
E2r* tin Bl VY
Clioy =555+ = v Equation 11f
G I\/Iearthl\/liiti(O) GIvlearthBti(O)

and using equation 6a we get:

b
M. = tmin \/Eriean * \/Erieanrze To- Erieanr‘2

[E

2
ti(O)Ci(Tot)
Therefore, substituting for M, :

2 4.4 /2
c2 _ Eiir Ci(rot) n toin Eiirr VTi Equation 12
i(Tot) t.(ﬁo) GM Bt-2
2002 42 2 2 2 . earth 24i(0)
G Ivlearthtmin (Emean - Emeanr (e _1))
Eir'c i Epu P2V
i+ i(Tot) _Ciz(TOt) 4 min =i+ T; _ O Equation 12a
ti(0) GM Bt-z
2 2 2 2 \/ 2 2 (r earth —"i(0)
G Mearthtmin (Emean - Emeanr (e _1))
A2
Let X = Cirop
E_2 r4X2 t . E. r2V2
L - X+ m'n'—izT =0 Equation 12b
2 2 2 2 \/ 2 2 t'(% GM earth Bti (0)
G Mearthtmin (Emean - Emeanr (e _1))
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which gives:

1+1-4ac

L2 2a
) 2 4 t E rAV?
(GZMezarthtrain (Enz1ean i\/Enzweanr2 (e ! _"]')))(:I'i 1-4 Elir T sz )
2002 2 2 2 2 t'ﬂ GMearthBti(O)
X = G Mearthtmin (Emeami uEmeanr (e ! _1)) Equation 12¢
1,2 2EI2tr2
and

ti)
t.\/E2 J_r\/EZ ‘e —E2, I
Mii — min mean mean mean Equation 12d

ti(0) Xy 5

We can see from equation 10d, 10h that C;,, depends on t; . However, if C; is indeed related to the

electric charge it should also depend on the particle's velocity. We know this from the running of the coupling
constant [Aitchison and A. Hey, 1982], [R.D. Field, 1989]. This dependence may be expressed in the value of the
particle's width, T".We know that in the units h=c =1 we get:

d =1
The effect of the running coupling may be included by replacing c by CA where

A= C
abs
Therefore, if we keep the units h=c =1 we get:
1
d—=1
V 2
abs
which gives:
[ 2 t . E. .rVv?
(Gszamti.n(Erieani\/ B 4% © _1)))(1+\/1_4 = ; Gm& IirBtzT'
RIOR eartl i
cz — GZMezarmtriin(E:\eani\/EnieanrzAz(e ‘ _1)) ' © Equatlon 126
i(Tot)y 2 — 2Ei2tl‘z
and
tic0)
t \E2. +\E2 T°A(" -1
Mii — min mean mean Equation 12f

ti(0) X2
Note that in equation 11, Ciz(m) and therefore also ¢? is equal for a particle and its anti-particle. This may not

be necessarily the case and should be investigated experimentally by analyzing the distribution of a negatively

charge particle and its corresponding positive charge distribution.
3. The Absolute Position, Energy, Momentum and Time of a Particle and Its Anti-particle

In section 2.1, equation 3 we have defined particle's i absolute position such:
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M, 2 M, 2 M, 2
Pi(abs) =—* (yi(abs)ci(Tot)ti(O)) =— (Ci(Tot)ti(O)) +— (7i(abs)vabsti(0))
tmin tmin tmin
Which could also be written such:
Pi(abs) = Ei(int)ti(o) + Ppi(abs)xi(o) Equation 13
where
Eiimand PP,y are defined in section 2.2 and
and
Xi0) = YicabyVabslio) Equation 13a
Therefore, the total derivative of P, (abs 1S givenby:
oP OE. oP OPP.
AP, e = i(abs ~idng Aty o) + i(abs) D) AXio Equation 13b
aEi(int) ati(O) appi(abbs) aXi(O)
where
oP
9 =t Equation 13c
OE. .
i(int)
and from deriving equation 6 we get:
4 t;
V i(0)
2 2 Vexp 7,
6E Emeanr 4 €
i@int+) Vabs )
= Equation 13d
8ti(0) 2 2 v, o 2 2 2 Ve, o
expn T expn
At Emeanr V4 (e _1) Emean + Emeanr 4 (e ’ _1)
abs abs
4 t;
V i(0)
2 2 ‘exp
8E Emeanr 4 e’
i(int-) V.bs .
= Equation 13e
&i(o) 2 2 v, o 2 2 2 v, o
expn expn
4r Emeanr 4 (e ! _1) Emean - Emeanr V4 (e ! _1)
abs abs
oP
A Equation 13f

P— i(0)
al:)Pi(abs)

aF)F)i(abs) _ M

Equation 13g
ax i(0) tmin

Using the total derivative APi(abs) we may construct particle's i+ and its anti-particle i- absolute position such:

Piir(abs): I:)(meam) x AI:>iir(abs) Equation 14

where
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I::’(mean) = Emeantmin + I:)I:)(mean)xmean Equation 14a
where
2 .
Emran = Mmeanci(Tot)_(mean) Equation 14b
I:)P(mean) = Mmeany(abs)_(mean)vabs Equation 14c
Xmean = y(abs)_(mean)vabstmin Equation 14d
1 -
Y (abs)_(mean) = > Equation 14e
1 V(abs)
R
C(Tot)_(mean)
Lo 2 .4 272
- Eir toin BTV,
(G2 M ezarthtr121in (Eriean t \/Enzweaml—‘2A2 (e ‘ _l) ))(]-i 1_ 4 - tmi Gm n Bt ZT‘
- earth min
2 GZ M e2arthtr$1in (Eriean * \/Erieanl—‘2A2 (E ‘ _1))
Ci(Tot)f(mean)LZ = 2E2 |’2

Equation 14f
Similarly, we may construct particle/anti-particle i internal energy such:

Ei(im) = E, .y T AE; (int) Equation 15
where
OE;
AE sy = —n At o) Equation 15a
;o)
, , OE, ot
Equation 14a means that if we know AE;;.), we may know At .
i)
Therefore, since we may know AEi(int 4 from:
AEi(intJ_r) = Ei(inti) - Emean

aEi(inti)

and from equation 12b,12c we may know At ., foreach t;,

i0)
Therefore, for each particle and anti-particle i we may define:

tii(true) = ti(O) T Ati(oi) Equation 15b

where 1., are the true internal times or measured decay times of particle/anti-particle i and

_ b (true) |Ati(0—) |+ti+(true) |Ati(0+) |
o =
I | Atioy |+ At |

t Equation 15c

Therefore, substituting 1, in equations 12e and 12f gives the true Ciy e Mii(true),}/ii(abs) ruey and
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allows us to obtain the true absolute positions for particle and anti-particle i such:

P _ Mi—(true) t 2 .
@by T (7 i—(abs)_(true) Ci—(true) i—(true)) Equation 15d
min
Peaby = t”(mJE) (7 i+(abs)_(true)Ci+(true)ti+(true))2 Equation 15e
min

4. Experimental Investigation

If indeed there is an additional information in the fundamental quantities of a particle, it should be expressed in
their measurements. Therefore, we may suggest to test this in an experiment such as LEP[Large Electron

Positron] or a LEP like experiment in which we may look at the process €€ —> ff and measure the basic

quantities of the outgoing fermions, mesons or hadrons produced. The suggested expressions for the particle's
energy, momentum, charge and mass given in section 2, includes the particle's decay time or internal time.
Therefore, we may measure the fermions, mesons or hadron's energy, momentum, charge and mass and search
for a possible correlation with the particle's decay time. Furthermore, in order to test the particle/anti-particle

relationship suggested in section 3, we may measure the correlation between ti(o) and Ati(o) as defined by
the fermion and anti-fermion in equations 15a and 15c. If the suggestion given in section 3 is correct there
should be a correlation between ;) and At;, . If it is not correct there shouldn’t be a correlation.

5. Conclusions

The concept of an absolute position for a particle and its anti-particle was discussed. The concept was updated
and developed further since its previous versions given in [Brodet 2017], [Brodet 2018], [Brodet 2019].
Subsequently novel expressions for energy, momentum, internal energy, mass, charge and magnetic moment
were presented. Furthermore, the relationship between a particle and its anti-particle were discussed in the
context of all the novel quantities that were developed in the text. Finally, possible experimental ways to test the
suggestions presented in the paper were discussed.
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