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Abstract

In this paper we will develop further the absolute position of a particle defined in Brodet (2017a, b) which
involves the particle's decay time or when relevant internal time and the particle's velocity with respect to the
expanding universe. We will refine the previous definition to give two separate absolute position definitions, one
termed the absolute position at rest and the other termed the absolute position which includes also a contribution
of the particle's velocity with respect to the velocity of the expanding universe. Next we will discuss how we may
define the particle's absolute energy from the particle's absolute position definition. We will show, how the absolute
energy definition may help us to identify a dependence between the particle's decay time, as measured in its rest
frame, and its velocity with respect to the expanding universe. Consequently, we will relate the above to the
particle's mean lifetime and discuss the affect and relationship of the running coupling constant and the possible
mean lifetime dependence on velocity. Finally, experimental ways by which one may investigate and test the above
are presented.
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1. Introduction

In this paper we will develop further the absolute position definition given in Brodet (2017a, b) which uses the
particle's decay time or when relevant internal time and the particle's velocity with respect to the expanding
universe. We will refine the previous definition and get two separate definitions for the particle's absolute position:
the first an absolute position that depends only on the particle internal properties and doesn’t depend on velocity,
and the second an absolute position that additionally includes a contribution from the particle's velocity with
respect to the velocity of the expanding universe. Next, we will show how one may obtain the particle's absolute
energy from the particle's absolute position definition. We will also show, how the absolute energy expression
may help us identify a dependence between the particle's decay time at its rest frame and the particle's velocity
with respect to the expanding universe. Consequently, we will relate the above to the particle's mean lifetime and
discuss the affect and relationship of the running coupling constant and the possible mean lifetime dependence on
velocity. Finally, experimental ways to investigate and test the above are presented.

This paper is divided into six sections. Section 2 discusses the absolute position of the particle that doesn’t depend
on velocity. Section 3 discusses the absolute position of the particle that depends on velocity and the possible
consequence of the particle absolute energy. Section 4 discusses the particle's absolute energy at rest and section
5 discusses the experimental implications. Section 6 contains the conclusions.

2. Absolute Position that does not Depend on Velocity
The absolute position, Pj(gps), is defined in Brodet (2017a) as:
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Where £, is particle's i decay time(or internal time in the case of a stable particle), C;.(V ) is the particle's internal

velocity defined in Brodet (2017b), VVU)(T) is the particle's velocity with respect to the expanding universe,
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Vi(r Vo) is the total particle's velocity, Xjrp) i the particle's position in some arbitrary frame of reference

and ty = hl(m—eaz") as defined in Brodet (2018).

i(mean) Mitmean)Ciimean)

Choosing a frame in which X;,p) = 0 gives:
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Figure 1. The absolute position , P, , and the restl absolute position, Pjcrest) (abs)

Turning into the geometric picture of Fig. 1 in which we insist that VI.(T(V_(T))) or the radius rl in triangle A,

wouldn't depend on Vr(i)m ,such Vi = cf(g) » (and temporarily removing the S factor) we get:

Mi(mean)
-(V2cjyt)* = AWVrymyti)? = B(Ciqw gy )’ (2a)
Where ¢;and c;y may be given by Brodet (2017b, 2018):
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Itis unclear yet if c;, ¢j(g) should take the form of equations 3a,3b or 3¢,3d. It is possible that one set of equations
is suitable for particles and the other to anti-particles. This should be determined experimentally as will be
discussed in section 5 and in Brodet (2016, 2017a, 2017b, 2018).
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Try if it can be solved assuming that A=B
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i.e. where VA could be equal to:
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Where cfq) = 2¢fy)

Finally, based on equations 1a,4a,b, we may define an absolute position for particle i that doesn’t depend on its
velocity and external position and depends only on its internal properties. Therefore, the above may be termed
internal absolute position or rest absolute position, Pjyest) (abs)» given by (choosing X;(arp) = 0):
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Equation 5a will be modified further later on in section 4. Notwithstanding, we may define from the above, an
absolute four-vector:

Pi(rest)_(abs) =

M. ,X, M. . .t.
P4i(rest)_(abs) = <\/CM - %; : }/,\% l) (5b)
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Which has a constant length of: \/L (¢ioyti)?

Mi(mean)

M; c?
—lmeamTitmean) , ), | (assuming ¢; = h; = 1), we may modify Equation 5b to

Since [—t— = /M, X
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be consistent with special relativity arbitrary position four-vector( by changing X; to an arbitrary
position X;4rpy and using c¢;(y, that depends on Vi, instead of Vi¢yry ) such:

Paiarpy (sr) = (MiYiXiarny Mivicity) (6)

Which defines an arbitrary but invariant length of /PP 4rp)_,,, While temporarily removing the mass factor, M;,
and considering its position with respect to a frame in which y; = 1, we get a consisted expression to special
relativity, such:

P4i(arb)_(sr1) = Xiz(arb) - Ciz tiz (6a)
The values of X;(4rp), t; may be viewed by a frame of reference traveling in velocity V. with respect to the frame
of Xj(arp) ti by using special relativity modified Lorentz transformation based on Brodet (2016):
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Similarly, the transformation of the absolute position vector P4 est) (apsy may be performed by:
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A more complete transformation of a position four-vector as defined above will be discussed later on in the text.
3. Absolute Position that Depends on Velocity
The total absolute position of the particle should depend on its internal properties but also on the particle's velocity

and therefore describes the sum of the space and time contributions. The above is related to the discussion in

Brodet (2017) where initially the absolute of the complex number z =X +ict is given by |z |=4/X I,Z + cl_zt,,2 .

Since, in this case, we are interested in including the contribution of the particle's velocity to its absolute position

definition, we adopt the plus sign for the time contribution such:

Pi(abs) =
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The geometric meaning of Py, is shown in Figure 1 with respect to the geometrical meaning of Pjresry_(abs)-

Choosing X4 = 0 gives:

2
2 (o iti
(Vry(myviti) < i(V i) l)

(L@ | 2 Rhom) Ly (8a)

M; M;

Pi(aps) = Vr@,mptd)® =
i(abs) tMi(mean) (( T(l)(T))) tMi(mean)

One can see that we actually get the time and position components at the end of the universe frame of reference
(i.e. a frame resting on the edge of the expanding universe), which could be used as an absolute frame of reference.
Therefore, we may define:

titans) = Yiti (%a)
Xicabs) = Ve ticaps) (9b)
Where
1

Ny

Which allows us to express Pjaps) in terms of t;(aps), Xi(ans):
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Taking the total derivative may give the absolute angular momentum of particle i such:
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Where Ejapsy » Picabs) are the total absolute energy and momentum of particle i.

Therefore:
M; M;
AP;(apsy = Liaps) = miniAXi(abs) + myiciz(vr(i)m tiAti(abs) (12a)
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Which may be used to define particle's i absolute energy by:
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Which should be equal to our former expression for particle's i absolute energy given in Equation 11c:
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Therefore, in continuation to the discussion in Brodet (2017) about the effect of the running coupling constant on
the particle's decay time:

V32
( )(T)
Yiti = Vi ( i) +—— 1(0)) = Yitico) (1 + ﬁiz(vi(r)m))
1(0)
Yili = Yimew)ti(o)
Where
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Connecting t;) to the hidden variable in time f,. (Brodet, 2010) and considering a particle atrest (i.e. Vioryry =

Vexp Where V,,,, describes the Velocity of the particle with respect to the expanding universe), gives:

tico) + tio) = tl(O)(l + :Bz(exp)) = TML n (%) (17a)
£(My)
(70
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Including the possible effect of particle's i potential energy, according to Brodet (2012, 2013, 2018) gives a
possible expression for particle's i decay time,t; such:

crouin(70) 1 17
t; = +
' (1+Bt(exp)) ( ﬁl ) t otential fpotenttal ( C)
Where fpotentiar fOr the electric potential may be given by Brodet (2012):
kQ;Q;

fpotentlal(elec) - |
Tij

Where Q; and Q; are the electric charges of particle's i and j, and 7;; is the distance between particle's i and j,

Vexp

and ﬂexp = P~
As discussed in Brodet (2017b), it may be possible to get the general charge of particle i by deriving the expression
for the particle's general angular momentum with respect to f,. . Therefore, we may derive our new expression for
the particle's absolute angular momentum, L;qps) , and get particle's i absolute total charge, Q;ry_(abs) -such:

. n f(ML)) (f(ML))
. =y (——L _y _t \Jr L Y _Lt \NJr J
Licapsy = Vi (fMi(mean r(l)(r)((l B )) (1+B8D+3 Ml(mm) L(Vr(i)m((n ﬁl(exp))) 1+8%)) (18a)
And,
dL;
% = Qi(r)_(abs) (18b)

The resulted derivative is trivial but as it is a long expression so it will not be shown here. It is suggested that the

U % . . .
derivative —222 of the absolute angular momentum shown in equation 18b, gives a more accurate value for

T

particle's i absolute total charge Q;ry_(aps) » than the expression given earlier in Brodet (2017b). The value of
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Qi(r)_(abs) given here, describes the dependence of the particle's charge on the value of the particle's velocity VF(T)

and therefore may give the complete dependency of the charge on the velocity (and hence the energy), which may
contain and explain the already known dependency of the charge on velocity through the running coupling constant
effect (Halzen & Martin, 1984). In particular, the dependence of ¢; on V,.r) which is included in the expression
for Qicry_(aps)y may be related to the running constant effect as will be discussed in section 5.

Therefore, applying the Lorentz transformation of equation 7c¢, to the absolute four-vector, P4;crest) (abs)> We get:
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and yj,a;,B; are given in equation 7d, P4{qs¢) (qps) 15 how the absolute vector, P4;(est) (abs)» 18 viewed if it

is moving with velocity V' with respect to an observer:
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The absolute position four-vector, P4 est) (abs), €an be turned into an arbitrary relativistic four vector by

changing X;(o) into an arbitrary position,X; o) (arpy such:

Citi(o) M; Xi(0)_(arb)
Pairpy = (1 + B; (VL(T)(T)))( /tMl(mean) imean V2 ) (21)

and P4;4rpy should transform similarly to P4;(yest) (aps) according to equation 19, only V() is exchanged in

V. in the expression for y;jand f; in the transformation matrix. Therefore, the decay time t;), of a particle

moving at velocity V,. from the lab, should be measured at the lab as, ti'(o) , such:

, +Biy, ))
tio) = W&Vﬂim) (22)
Wiy
Where y; is given in equation 7b.

4. Absolute Energy at Rest

The particle's absolute energy at rest may be defined from the already defined expressions for Ej,ps) and Pj(gps)-
Therefore, we may define an absolute energy-momentum four vector such:

Ei(abs

= (=, Pi(abs)) (23a)
i(Vieryr))

The length of E4;,ps) should give us particle's i absolute rest energy, Ej(rest):

E4iaps)

Eiz(abs) - Ciz(Vr(i)(T)Piz(abs) = Eiz(rest) (23b)
From equations 11 b,c we may have:
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Using equation 15 we may substitute for t;:
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In order that Ej(;csr) wouldn't depend on velocity:
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— _Cuo
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Therefore:
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The above leads us to redefine the particle's absolute position that doesn’t depend on velocity, i.€. Pirest) (abs)s
and modify equation 5a to be:

2
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Which gives for particle i, using equation 4b, an absolute position of:
M.
Pi(rest)_(abs) = 7— (i tico))? (25%)
Mi(mean)
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5. Experimental Implications
5.1 Energy Implications

If the above is correct, there should be experimental implications for it. Therefore, the modified expressions to the
energy and momentum of a particle, Ej(qps), Pi(ans) should be manifested experimentaly.

Let us focus at the energy expression, Ejqps) shown in equation 11c. As we can see, the dependence of Ej(gp5)0n
the particles velocity is different than the known expression given in special relativity:

Eitsry = YigsryMic? (26)

Figure 2. A particle moving in a cyclotron. In this setup the particle is moving against the direction of an electric
field present between the two cyclotron's plates which are held at a voltage difference, A}V . Therefore, the
particle will lose energy as it moves between points A and B and releases a photon, 7.

Therefore, we may attempt to use this possible different velocity dependence in order to attempt and reveal a more
accurate expression for the particle's energy.

To do that, let us consider the experimental setup shown in Figure 2 (Halzen & Martin, 1984), in which a particle
is initially moving in a circular motion at the larger half circle with velocity V., . As the particle reaches point
A, it is subjected to an electric field in an opposite direction to its direction of motion. Therefore, the particle will

slow down to velocity, V., , and continue to move in a smaller circular motion from point B onwards. In the

”

process of slowing down due to the electric field, the particle is expected to emit a photon ¥, with energy, £ i)

that may be detected by photon detectors surrounding the cyclotron (not shown). As we can see from equations

11c and 26, a particle with an initial and final velocities V., V,

1> V,, ,may have two possible sets of initial and final

energies. Therefore, the energy difference, which is manifested in the energy of the photon, should also be different

in the two possible energy cases. i.e. measuring the photon's energy while knowing exactly the initial and final

velocities V|, V,, , may help us determine which of the energy expressions, Ej(sry or Ej(qps) is more correct.
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The above experiment may be repeated many times with different particles and different velocities in order to

produce a distribution for the photon energy values which may allow a careful investigation of the above.
5.2 Lifetime Implications

The suggested dependence of ¢; on the particle velocity V,.ry should clearly have an effect on the particle mean
lifetime measurement. As we know from the Standard Model, the mean lifetime measurement depends on the
particle's charge. Thus it should be affected from the running coupling constant effect (Halzen & Martin, 1984).
Therefore, combining the above, we may suggest that t;’s possible dependence on V) may be a part of the
description of the running coupling constant effect. This is in fact manifested in the expression for the particle's
charge given in Brodet (2017b) and also from equation 18b where there is a dependence of Q;(ry (aps)y ON t;.
From the experimental point of view, the running coupling effect is known to be related with energy. It is suggested
here to investigate this effect more specifically and attempt to measure the running coupling constant as a function
of the particles velocity. i.e. to base the measurement of this effect on a direct measurement of the particle's velocity
rather than energy, using detectors as Cherenkov detectors (Arnold et al., 1988). This may allow us to test if the
expression given here for Q;(ry (aps) describes the running coupling constant effect correctly or not.

6. Conclusions

The absolute position of a particle was discussed in terms of two separate definitions. The first definition describes
the particle's absolute position at rest and the second describes an absolute position containing also a contribution
from the particle's velocity with respect to the expanding universe. Furthermore, a definition for the particle's
absolute energy was calculated from the particle's absolute position. Moreover, from the calculation of the
particle's absolute energy, it was possible to identify a dependence of the particle's decay time in its own rest frame
on the particle's velocity with respect to the expanding universe. Consequently, the above was related to the particle
mean lifetime and was discussed in the context of the running coupling constant and the possible mean lifetime
dependence on the particle's velocity. Finally, experimental ways to investigate and test the above were presented.
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