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Abstract

In this paper we will the discuss possible hidden symmetry in time and the possible asymmetry in mass and velocity

between a particle and its anti-particle. Possible hidden symmetry in time between a particle and its anti-particle
manifested in their corresponding possible hidden variables in time, f, and - f, was first discussed in Brodet

(2017b). In this paper we will extend the discussion and discuss how the above possible hidden symmetry in time
and its corresponding possible symmetry in absolute position, energy and momentum, may yield an asymmetry in
mass and velocity of a particle and its corresponding anti-particle. We will deconstruct the particle’s and anti-
particle’s absolute position, into three complex number describing the particle/anti-particle time, velocity and mass.
The particle/anti-particle symmetry and asymmetry of the above complex numbers will be discussed in the context
of parity violation and the known asymmetry in angular production of particles and anti-particles. Moreover, the
possible mass asymmetry will be used to explain the CP violation in the neutral kaon system. Finally, experimental

ways to investigate and test the above are presented.
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1. Introduction

In this paper we will discuss the possible hidden symmetry in time and the possible asymmetry in mass and velocity

between a particle and its anti-particle. A central concept in the discussion of this paper is the possibility of a

hidden variable in time, f, , that was first introduced in Brodet (2010). As discussed in Brodet (2010), fr(l.) was

a value connected to each decay time value ,#;, that was suggested to govern particle’s i decay time. i.e. the idea
was to replace the random explanation of the decay time process by a deterministic explanation in which, a group
of muon particles for example, are not identical but have a range of f, values that explain the observed muons

decay time distribution. Following the above, possible hidden symmetry in time was first discussed in Brodet

(2017b), where it was suggested that there may be a symmetry between the particle/anti-particle hidden variable
intime, f, and — f, . The idea was to first attempt to link deterministically between the particle’s decay time
distribution and its corresponding Breit-Wigner distribution by using the particle possible hidden variable in time

f,, . Next, to suggest a symmetry between a particle and its anti-particle, by the division of the decay time
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distribution and its corresponding Breit-Wigner distribution into two parts, which correspond to positive f, and

negative— f, . This is where for each decay time 7, there are f, ) and — f . that correspond to the same

()
decay time, ,, but to different values of masses, M1 and M2 in the Breit-Wigner distribution as shown in figure

1. Moreover, it was suggested, that f, among other variables, may be used to define the particle’s absolute

position, and be a part of a symmetry in a particle/anti-particle absolute position. Therefore, the suggested
symmetry in time may be a part of a larger suggested symmetry between the particle/anti-particle absolute position
(Brodet, 2018), which also yields a symmetry in energy and momentum. Note that the particle/anti-particle
absolute position is defined as a point in the angular momentum dimension which is regarded here to be the most
suitable dimension as it allows the inclusion of all the relevant variables. The discussion in this paper will be based
on the above symmetries but will extend the discussion into the possible asymmetry that is yielded from the above
symmetry requirements. More specifically, we will discuss how the above symmetry requirements may yield an

asymmetry between particle/anti-particle in mass and velocity. We will show how one may deconstruct the absolute

position, Pi(abs) of a particle/anti-particle into three complex numbers namely time, mean lifetime and velocity

complex numbers. This is where there is a symmetry at rest in the time complex number and asymmetry in the

mean lifetime and velocity complex numbers between a particle and its anti-particle. Moreover, using the time
complex number, we may identify an alternative expression for the particle’s hidden variable, f., which may

provide a constraint on the particle/anti particle existence time as defined in Brodet (2010). Next, we will discuss

how the asymmetry properties of the mean lifetime and velocity complex numbers, may help to explain the parity
violation results as manifested in particle/anti-particle angular production as observed in e'e” —> U i 7

process at LEP. Moreover, the possible mass asymmetry (shown in the mean lifetime complex number) will be
used to explain the CP violation in the neutral kaon system. Finally, experimental ways to test and investigate the

above are presented.

This paper is divided into four sections. Section 2.1 describes the absolute position of a particle/anti-particle and

its symmetric characteristics. Section 2.2 describes the possible deconstruction of Pl.(abs), into three complex

numbers, its symmetric and asymmetric nature and its possible implication on parity and CP violation. Section 2.3
discusses the particle’s existence time. Section 3 discusses possible experimental ways to investigate and test the

possible asymmetric nature of mass and velocity. Section 4 presents the conclusions.

2.1 The Particle/Anti-Particle Absolute Position

There may be two definitions for the particle/anti-particle absolute position as previously discussed in Brodet
(2018). The first , Pi(m,t) (abs)* is the absolute position that doesn’t depend on velocity:

M, Vi
2

2
Vicabs) 2
— (ci[r(O)) )

(I/r(r)]'ti((]))z - P
(1)

M
— i 2 2 —
B _ay = 7 (Ciotico) =

i(mean) i(mean)

and a particle’s absolute position that depends on its velocity:
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2 2
Mi 2 2 2 M,‘ }/[(abs) 2 yi(abs) 2
Pi(ab.s') = 7i(ah,v)Vi(T(V,))ti(O) = ( 5 (l/i(r)Tti(O)) + (Citi(O)) )
ti(mean) ti(mwm) (1b)
Where M . is the particle’s mass Bimeam t is the particle’s decay time at rest or internal time
i p ) > Loy p y

i(mean)= 2
Mi(mean)ci(o)(mean)

unit for stable particles, Vl.(r)T is the particle’s velocity with respect to the expanding universe(or with respect to

the end of the universe frame), and

al
ct——
Citgabs) = Al
e bl(Mi(mcan) > Vi(r)T, > Ai(O)) (Za)
al
c+——
o= S
i1(0) [jl(Ml.(mwn) , Ai(())) (2b)
And for anti-particles:
ct+a2f,,
CiZ(abs) =
bl(Mi(mean) s Vi(r)T, s Ai())) (20)
; ct+alf,.
Chypy =———————
o bl(Mf(mmn) ’ Ai(O)) (2d)
and, f, asdefined in Brodet (2017b):
fr(,') =g(M)e* (26)
and
oy
f‘r(i)(O) = g(M,)e T = g(Mz)Al(O) (2f)

where e(M,) =k, (M, +k,(M, - %)) , k,, k3 ,al and a2 are constants, bl a function with yet unknown values

and
y B 1
iabs) =TS o
iavsy = Bitans) (3a)
Where
) 2
_ Cito(abs) _ Vi(r)T
Ciarsy =5 s Piabrsy =5
Cioy,2 Citoy.2 (3b)

In order to better fit current experimental results and better describe the link of a given particle i to its mass group,

we may introduce here some changes in the values given above for Citabs)i,2> c;(o)l’z(abs) andin ¢ and get

i(mean)

P

' (abs) such:

modified expressions for Pi(mt_abs) R
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2 2
M,‘ 2 2 Ml' }/i(ah.s') 2 %(abs) 2
i(rest_abs) — Ciolioy = ( > (Vi(r)Tti(O)) - > (Citi(())) )
Ti(mwn) i(mean) (4a)
and
2 2
. M, ¥ iz
_ i 2 2 2 _ i i(abs) 2 i(abs) 2
E(abs) - %(abs) i(T(V,.))ti(O) - ( 2 (I/i(r)Tti(O)) + 2 (citi(O)) )

i(mean) i(mean) (4b)

Where T, meam) is the mean lifetime or internal time unit of particle i and the values of Citabs)1,2 c;(o)l’z(abs) are

given by:
al
c+——
c _ fr(f)
il(abs) —
bl(Mi’Ti(mean)’I/i(r)T,’Ai(o)) (Sa)
al
C +‘7
cfl 0 = -
MO DM Ty Aie)) (5b)
and for anti-particles:
c+alf,,
Cizabs) =
bl(MA > Ti(mean) H Vi(r)T, H Ai(o) ) (SC)
; ct+af,,
Ciry =
bl(Mi’Ti(mean)’Ai(O)) (Sd)

Consequentially, the values of Vicabsy» Xicabs)» ,Bi(abs) changes accordingly in equations 4a,b.

Based on the experimental symmetry between particle/anti-particle momentum and spin we may deduce a

symmetry between particle/anti-particle energy and consequently a symmetry in Py Press avnsy Which have the

units of angular momentum. Therefore, we may write for specific particle/anti-particle il and i2:

M, , , M, ,
|})il(rest7abs) = })iz(restiabs) =l : Ciolio =l l Comlio) ‘
i(mean) i(mean) (63)

Where Pl(re.rtiab,v) = —Pl,z(mtiahx) and the particle A/, and its anti-particle M, are defined using the Breit-

1

Wigner distribution as discussed in Brodet (2016b) and shown in Figure 1.
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|Fr|

|Fr; |

Figure 1. The possible distribution of the particles absolute value of its hidden variable £, as a function of its
corresponding Breit-Wigner mass distribution. This is where M1 and M2 describe a particle with mass M1 and

its anti-particle with mass M2 which have the same absolute value for their hidden variable, f, (i) and the same

absolute energy

Slmllarly, for i(abs) :

M, 2 2 2 M, 2 2 2
|Pil(abs) |:| Piz(abs) |:| = 7,'1(abs)Vi1(T)ti(0) |:| 2 7,'2(abs)ViZ(T)ti(0) |
i(mean) i(mean) (6b)

—P,

i2(abs) *

Where P,

I(abs) —

Therefore, as shown in Brodet (2018), we may take the total derivative based on equation 4b and identify the
absolute energy and momentum:

t
i(0)
Ei(abs) = 7/i2(abs)Mici2
(7)
2 L
PDians) = }/i(abs)M[I/i(r)T -
T (7b)
Note thatboth p P are defined as positions in the angular dimension which is regarded here to be the

i(abs),” i(rest_abs)

most suitable for such absolute position definitions as it may include the relevant variables in a fundamental way.

2.2 Deconstruction of P,

abs)” Parity and CP Violation

The expressions for B v in equations 4a,b uses four independent variables to minimally describe the particle’s

absolute position and absolute position at rest. These four variables are the hidden variable in time fr( 0> the

particle’s velocity with respect to the expanding universe V.(r)T , the particle’s mean lifetime 7 that

i i(mean)
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indicate which mass group the particle’s belongs to and Ai(O) , the particle’s exponential phase at 7, defined

in equation 2f.

As discussed in Brodet (2017a), the particle’s absolute position may originate from a complex number in space

and time and then may be extended to a complex number in angular momentum. Therefore, the expression for

P, ., may be expressed as the absolute value of the complex number:

d Ml (1,7
27 (8a)

| z

Mi}/izas
tao Vit —ZT‘“(KW,W)2+

M,
= IJi(abs) = o7 Vicas)” icnlicoy =

Viyr = /Vrii)r +C} where Viyr 18 the total velocity given by:

M. .M,
Z=,FJK%WmeﬂmQ+ﬁF_*%wmcﬁ®)
27 2t (8b)

Therefore, we may get:

Which is equal to:
Z, = (ace —bde — adf — bcf) +i(acf — bdf + ade + bce) (8¢)
Where
zl=a—ib
z2=c+id
Z3=e+if
Therefore, we may deconstruct into three complex number such:
zl= Vicabs)tico) /\/5 — 1Y staps)ico) /\/E (92)
z2= LM, +i LM,
L2\ 2t N2V 2r (9b)
23 =V, G, (%)
Which gives:
Mi
P 32 21227 1123 2 22 2 it
(10)

Therefore, we can see that at the end of the universe frame (i.e. a frame which placed at the edge of the expanding

universe where y, (absy =1 ), the complex number of time, z1, is symmetric between particle il and anti-particle i2
in the operation f, to — f,

| 211'21 ’:‘ 21?2 (11a)

and
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2,2 42
| ) =l Y0 =l Lioy | (11b)

Also in the above frame, the mean lifetime and the velocity complex numbers are asymmetric where

|22} I 223, | (11c)

Mil MIZ

lic bl
2t 2 (11d)

and

2 2
| 235 1# 237, (11e)
Vi, V2 | (119

The above possible asymmetry may have interesting implications on parity violation results as experimentally
known for example in the process e'e” —> 4’4~ at LEP. Therefore, if we consider the e'e” initial
conditions at the LEP experiment, the e€"e” are assumed to have the same initial energy as they are accelerated
to the same velocity before they interact. However, if we assume the energy and momentum expressions given in
equations 7a,7b are correct, then in order for the initial ee” pair to have the same momentum:

|ppi(e*)(abs) = ppt(e’)(abs) | (12a)

It means the e and e~ will have different velocities as they may have slightly different masses such:

> Loy _ . » Loy

yz’(e*)(ubs)Mi(e+)I/i(e+)(r)T T - i(e’)(ubs)Mi(e’)I/i(e’)(r)T

(12b)
In practice, the e'e  resonance is very narrow, which means that the possible mass difference between the e
and € can be very small and therefore their velocity difference may be very small as well. However, even a very

small velocity difference may have a non-negligible effect on the Y, (¢ Yabs) and Y, (e Yabs) factors of the e"and

e~ and therefore on the ¢ and e~ initial momentum. Therefore, in the case of the LEP experiment, where
the ¢ and e’ velocities are the same, there may be a small energy and momentum difference between the

incoming e and e’ pair. Moreover, the asymmetric incoming € and e” momentum may define

asymmetric initial angular momentum li(e+) = ppi(6+)(abs)Xi(e+) and li(e,) = ppi(e,)(abs)X i) where

describes the position of the € and e in the Gaussian shape of the

Xl_(e+) :Xi(e’) and Xi(e+)and Xl,(e,

)
incoming beams of e and e as was discussed in Brodet (2016a) and schematically shown in Figure 2.

Therefore, as the total angular momentum should be conserved, li(e+6,) =Zi(e+) +li(e,), the above small
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asymmetry difference between e and e should give some small, non-zero ll_ (") that should be translated

to the outgoing ,Ll+ M. Thus, the momentum of the ,Ll+ M may be equal and opposite but there may be an

asymmetry in their sum of angular momentum, /. ( which would be expressed in their position in the

i)’

outgoing hypothetical Gaussian beams, X and X ) These possible differences between X i and

(") )

X i) My be expressed in a forward-backward asymmetry in the ,u* M~ angular production as observed in

LEP. It is suggested that in case the momentum difference between the initial e"e” is large, the outgoing muons

may be then boosted in the direction of the initial e’e” momentum difference because the muons X i) and

X i) values may not be able to fully absorb the initial e'e large angular momentum value li (

ete™)’
7 1st Beam direction

ATV
1Pl

X2

o P2

Y2

2nd Beam direction

Figure 2. Possible 2-Dimentional description of e'e” interaction, where the beam of e’ are described by
beam | and the beam of € are described by beam 2. This is where particle 1 in beam 1 has a location X1 and
particle 2 in beam 2 has location X2 in the beams Gaussian shape. P1 and p2 describes the momentum. Note that
in section 2.2 it was suggested that X1=X2 for the initial e’e” in an annihilation process

The possible particle/anti-particle asymmetry discussed above, may be used to explain not only parity violation

processes but may also be a part of a possible explanation for the CP violation observation such as seen in the

neutral Kaon system. Therefore, instead of suggesting a K 0-K0 superposition we may alternitevly suggest

that the K0 and the 1? 0 are in fact different mesons with different rest mass and different mean lifetime’s. This

is where the Breit-Wigner of the s and d quarks may be interpreted to give an asymmetric value for the sand §

masses and similarly for the d andd masses as first suggested in Brodet (2017b). Therefore, these different
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quark masses would give a different rest mass for the K0 and KO0 In this context, if we let K Os = K short

and KO, =K long, weget M, , #M, 7o, Which may yield the two different mean lifetimes, 7, and
Tiong - Therefore, the absolute energy at rest
of KO, and I?O, is not equal such:
Ei(kov) # E[(/?o,) (13a)
Where,
E 22 M 2 ti(hOS)
ik0,) = Yicko,abs)M i(k0,)Ci(r0)
short (13b)
E 9 M > Loy
i(k0,) 7/i(1€o,)(abs) i(léo,)ci(kol) r
tong (13¢)

and if K0= K long and KO0 =K short, then the E[(ko_) and E. in equations 13b, 13¢ should be

i(k0))
replaced. The assignment of KO, KO0 , K short and K long may have to be done according to the experimental
data. Therefore, the different decay times of KO, and KO , may affect their different absolute rest energies of

E (k0. ) and El_ . Thus, this may mean that the length of time necessary to measure these particles energy and

(ko)

momentum may also be different. This aspect will be discussed in section 3. Also, as the energies Ei( ko, and

E

i(ko,y Ay not be equal, the process of KO -KO0 oscillation may not occur between F 1(k0,) and Ei (F0,) -

It is possible however, that instead an oscillation may occur between k0O , and k 0, which may have different

rest masses but the same mean lifetime and the same absolute rest energy. Similarly, an oscillation may occur

between k0 , and kO,. Note that the mass of k 0, may be different then the mass of k0 , and similarly the

mass of k0, may be different then the mass of k0 . i.e. there may be four different mean rest masses associated

with the neutral kaon system. The above four different masses may emerge from the possible different d and d

(and s and § ) masses discussed previously and from possible different fr(i) distribution of the s and d quarks

containing the k 0,, k 0, particles and the kO /s k0 , particles. Possible experimental evidence for the above

will be discussed in section 3.
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2.3 The Particle Existence Time

Let us consider the time complex number, z1, defined in section 2.2. The absolute value of z1 is given by:

yi(abs)ti(o) 2 }/i(abs)ti(O) 2
zl= \/( )+ ( ) = Vicabs)tico)
\/E \/E (14a)

As | z1? | is a part of R(abs) , we may identify it as the absolute particle’s decay time or absolute particle internal

time unit and draw from it the particle’s internal frequency, i , which we may identify as a quantity that is equal
zl

to the previously define hidden variable in time f, . Therefore:

;oo 1
Jrey —
}/i(abs)ti(O) (14b)

The expression for f, given in equation 14b above, should be equal to the previous expression for f. given in
equation 2f and in Brodet (2010), LEP of:

4
. =o(M. z
Jriy = &M )e (14¢)
Where from Brodet (2010),
_ /2
L=t I+ ﬂ; ) (144d)
Where 5 _ Vior
f="¢
Therefore:
1 _zl((,)(w/z,fl)
| ——H fiy HeMDe 7 |
Yicars)tico) (15)
Therefore:
7i(abs)fr(i)ti(0) =1 (16)

Which describes the sum of the particle’s internal changes or the particle’s existence time as defined in Brodet
(2018). Therefore, from equation 16, we may draw the interesting conclusion that the particles existence time is
constant for all the fundamental particles. Also we see that:

_ )
}/i(abs) =1+ ﬁz (17)

3. Possible Experimental Investigation

If the above is correct, there may be other experimental manifestations for it. Therefore, let us consider again the

process e e —> f" i~ in the LEP experiment. As was discussed in section 2.2, there may be an angular

momentum asymmetry in but the outgoing ,u+ M may have the same momentum,

/
(W)

| ppi(/fr) |:| ppi(,ui) | N
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Therefore, the outgoing velocities of the muon anti-muon pair, V. . and V. _ may be different and
> utgoing v u uon paitr, i(uH(r)T i(u™ )T Y
satisfy:
72 M v ti(O)(ﬂ*) A2 M 14 ti(O)(ﬂ’)
i(u*)(abs ity i(utHr T Li(u ) (abs () (e )(r
(u)abs) ™ i) i (u™)abs)™ iy iuOT (18a)

Equation 18a describes the possible absolute momentum of the £ 4 . In an experiment like Delphi
Collaboration (1988) at LEP, the ,u+ M~ are measured with respect to the lab center of mass frame. Therefore,
the 44" 1~ absolute momentum should be transformed into the lab center of mass frame which changes equation
18a into:

t t _
2 i(0)u") 2 i(0)(u)
M .V — = M _ V —
%(u*)}/i(ﬂ*)(abs) i(ut) i(uH(T T i(ﬂ’)}/i(ﬂ’)(abx) Wy it
H “ (18b)
Where
_ 1
Yiwrary = 2 3
() it 100) (180)
"2 2
o — Ci(ﬂ*,ﬂ’) ,B — Vi(r)(ﬂ*,ﬂ’)
it ) 2 Pt 1) 2
i) a0 O ) (18d)

Where Vl (u and Vl ) e the ' 4~ velocities with respect to the lab center of mass frame and

)

+ ., - .. . . .
V[ KT and Vl o A€ the {4 1 velocities with respect to the end of the universe frame as defined in

section 2.1 and C l is a different function then C,.

The velocities of the #° and g~ may not only be different but may also correlated. Therefore, it may be

possible to attempt to search for a velocity difference and a correlation between Vl ) and Vl () in

e'e” — ,Ll+ M events and test the above suggestion. This may be done, using the data of the DELPHI experiment

at LEP where there was a Cherenkov detector that measured particles velocity.

Another option to test the above expression for the particle’s momentum, would be to investigate the process
e'e” — 7T at LEP. In this process, one may attempt to search for a possible correlation between 7* and
T7in T'T events. This is where in each 7'7~ event, the momentum of the 7 " and 7~ should have an
equal absolute value such:

ti(O)(f) _ A2 M Zi(O)(f’)
r _%(r’)(abs) () T (19a)

}/lif )(abS)[Mi(T*)Vi(f+ )T

Similarly to the £~ muons case discussed earlier, in the lab frame the 77~ momentum may be measured:
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t[(o(r’)
T (19b)

t
i0)z*) _ 2
r - %(r’)%(r’)(ab.v)Mi(r’) i )T

2
7/,'(1*) yi(r* )(abs)Mi(r*)Vi(r* )T

Therefore, there may be correlation between the decay times, l‘i . and l‘i ) ofthe 7° and 7~ ineachevent.

This is where =
is is whe ti(m y t

SR S and LA N . Note that L () May not necessarily equal to

t as although ¢

i) should be equal to ¢

, their boost factors, 71‘ r may not be

i(r)(0) i(r)(0) Yats) 2D Vi yab)

equal to each other.

Such a correlation may be searched for using DELPHI or any other LEP experiment data sets, under the limitation
of the uncertainty principle as discussed in Brodet (2016a, 2016b). This is where, according to Brodet (2016a,
2016b) the longer decay times may be measured better than the short ones.

A correlation found in the searches above would support the momentum expression given in equation 7b and its
associated particle/anti-particle symmetry and asymmetry and may suggest a deterministic link between the
particle/anti-particle exponential distribution and the corresponding Breit-Wigner distribution. Such a
deterministic link may support the idea of a hidden variable in time that connects the distributions and may be
responsible for the particle/anti-particle decay.

As was discussed in section 2.2, the absolute rest energies of k short and k long may be different. Since this possible
difference is suggested to be related to the difference in the k short/k long decay times, it would be possible to
attempt to modify detectors such as NA62 to prolong the length of time of the energy and momentum
measurements. This is where the layers in the calorimeter may be extended while the blocking material (usually
iron) layers may be reduced such that the particles will loss their energy through a much longer length of time. In
the momentum measurement, one can extend the magnets size which will allow to increase the reconstruction of
the particles curvature and follow the particles over a larger length of time. Therefore, the kaons rest energy may
be reconstructed from the above energy and momentum measurements. It is suggested that such a modified detector,
may measure an energy difference at rest between k short and k long and support the suggestion described in
section 2.2 regarding the neutral kaon system.

4. Conclusions

The possible particle/anti-particle hidden symmetry in time and the possible particle/anti-particle asymmetry in
mass and velocity were discussed. Consequently, the particle/anti-particle absolute positions were deconstructed
into three complex numbers, containing three Independent characteristics of the particle/anti-particle namely,
internal time, mean lifetime and velocity. The possible particle/anti-particle hidden symmetry in time was
demonstrated in the time complex number. The possible particle/anti-particle asymmetry in mass and velocity was
demonstrated in the mean lifetime and velocity complex numbers. The implication of the above asymmetry was
discussed in the context of e*e” — Z /¥  — u* 1™ process and the parity violation observed in this process was
attempted to be explained using the suggested asymmetry in mass and velocity. Moreover, it was suggested that
the mass asymmetry may be the origin of the CP violation in the neutral Kaon system. Finally, experimental ways
to investigate and test the above were presented.
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