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What are so-called elementary particles?

Elementary particles are a physical idea used Pgipists to specify all non-reducible mathematical
representations of all always-valid symmetry grodpee S(pecial)R(elativity) Poincaré group gives thost
general continuous symmetry group after inclusibgravitational effects like curvature and the miagportant
discrete symmetry group is charge inversion orchtglflip in case of uncharged fermions. All basanstituents
of our universe are given completely with the neducible mathematical representations of all alweafil
symmetry groups. l.e. particles with other chanasties then all characteristics resulting fronmsthbn-reducible
complete symmetry analysis, must be fictitiouse liar example the very massive scalar (spinlesgy$iboson!

To start-off with, a relativistic 4D-spacetime degtion will be used. In [3] a simple proof is givéo show that
any non-3D-space description of any possible eaibogus, i.e. cannot be used to describe CAénerd
fermions.

The only possible exact description of elementanyigles must use a linear algebra, i.e. use aenadtical
description in linear space, such that differentéid integrals analyzed with summed infinitesisteps are
possible.

The used description must be relativistic. Eactenles has only one possible maximum speed withyawize
same constant value, called the lightspeed, indp#rof the motion of the observer with respecrig
possible inertial frame. In S(pecial)R(elativity)eonly analyzes relativistic space-time in soethMinkowski-
space and first order time derivatives of 4-vectorether words accelerations are not actuallyyerea. In
G(eneral)R(elativity) one first shows that inertssds equivalent to heavy mass, i.e. that accaberaf
observers is identical to experiencing weight ré@sglfrom earth gravity. In the end the descriptisadapted,
such that the description is valid for any possd#scriptive frame, instead of just the inertialnfies used in the
theory of SR. In the used explanation [1] is usedughout. The mathematical solution of the equatiof
motion of GR shows curvature of space-time. Thea#qos of motion must be invariant after coordinate
transformations. This demands all derivatives eaQjuations of motion to be so-called covarianivdéves,

given by “".

For example, the covariant derivative of a 4-veétpis given by:
0A,

Ap=E—— - A=A - %A, with Christoffel symbol ™y, = o™l o = & {Y2(Jopy — Qwa + Gaw)} (1)
ox’

Ordinary derivatives always commute, covariant\@gives do in general not commute!
Besides (1) all matrices, must be so-called tensersransform according to:

TOP, =X, X X, T, (2)

According to Einstein’s C(omprehensive)A(ction)R¢iple), [1] chapter 30, every description of plegsinust
include the gravitational action, because all otietions depend on the gravitational action. Tleetfzat
covariant derivatives don’t commute results in satigtion, outside always-possible singularitiesrgiinating
points of black holes and the so-called Big Bamgff) degrees of freedom doubled. The gravitaticaetion
alone is given with the symmetrical Ricci tensod #ime curvature scalar R multiplied by the fundataktensor
(metric) g.:

Ry—*q,R=0 (3)

The Ricci tensor follows from the Riemann-Christbtensor, i.e. the so-called curvature-tensor Withdices
and given by:

RuvaB = ruvriu - ruvu,B + FVVBruva - ryvaruvﬁ (4)

This tensor complies with the Bianchi symmetrytielas and as a result of that only has 20 indepsndiegrees
of freedom. Exactly the degrees of freedom of tieeiRensor doubled, which follows from the curvattensor
contracting two indices, such that the result igeito. Outside singularities curvature can be desdrin a so-
called linear Riemannspace with degrees of freedoubled, see [1] equation (6.1) and [3]. All Rieman
degrees of freedom, which can’t be interpretedyameoved from all resulting expressions in GR wiité so-
called Christoffel symbol. This is why the curvauensor given in (4) is given completely with Glwifel
symbols.



Symmetry groups are transformation groups, whishlténto invariant equations of motion. Such
transformations are either continuous or discrete.

The complete continuous symmetry group of GR isefttended Poincaré-group, i.e. the 6D-Lorentz-group
together with all 4D-spacetime translations, togethith the spin2 gravitational field induced synires, i.e.
curvature of space-time.

Discrete symmetry transformations are for exampbkrge-inversion or parity transformation (parityénsion).
All symmetry transformations of the extended Poigegroup can be given with the sum of an anti-sytniced
transformation tensor Aand a symmetrical transformation tensgr: S

Tw=Aw + Sv, with A, =- A, and §,= S, )

This representation in principle has 16 degredseeflom, but all extended Poincaré group transfooms are
either symmetrical, or anti-symmetrical, such i@y arbitrary extended Poincaré transformationatamys be
represented by (5). This analysis gradually shoove & mathematical description of all elementaryiplas
comes to life.

All possible particles with all their characteristifollow uniquely from a non-reducible descriptimithe most
general symmetry group analysis. In our 4D-spacetimiverse the most general symmetry groups are the
continuous extended Poincaré-group (5) and alfeliscsymmetries, which can be analyzed independentl
The gravitational field given by (3), obviouslydssymmetrical action.

The gravitational field has mass as primary soultleother actions, either bose- or fermi-like, d#pend on the
gravitational action and give contributions in etipra (3), i.e. the zero must be replaced by allbast which
interact with the gravitational field. All contribians of these actions are symmetrical too.

Einstein derived the following equations of motafiter including all possible actions. This equatioliows
from an Euler-Lagrange description in which thestant multiplied with infinitesimal deltdg,, must be zero:

Ruv_ (%Ry\)guv - 8T[(quVV + Euv) =0+~ Ruv_ ]/ZgwR = &-(pvuvv + Euv) + )\guv (6)

Also see [1], equation (29.7) with added the freead the cosmological constant.

0Xy
With p the mass density and , ¥ — the speed 4-vector of mass density at pgint x

ot
Constant\ is the so-called Cosmological constant, which dbssra spin 0 action, i.e. a spinless action, which
isn’'t possible because it doesn’t comply to the Ca&lBo see [3]!
E,is the stress-energy tensor of the EM-field anelsted to the anti-symmetrical tensgy t5uild from the
spacelike electrical fiel& (fat notation represents spacelike 3D-vectors)raagnetic fieldB:

Fo (Ex By ) DFz= B, OFyi= B, OF,,= B, "

Also see [2], tensor (5.1).
Tensor F, is anti-symmetrical, so the Maxwell equations asilg given invariant by:

Fapyt Fayat Fap= Fapyt Fapa+ Fop= 0 (8)

The stress-energy tensor of the electromagnetitiegiven by the anti-symmetrical tensaqs,R.e. the EM-
fields according to:
-1 1
Euv = Fuu':av"' - g,lvFuBFaB (9)
It 161
The EM-fields follow uniquely after applying Lorengauge symmetry from the vector-potentiabEgv, A) of
the EM-field:

Fuv = Au,v_ Av,u = Au:v_ Av:u (10)
ThedAuterm gives: B = 41, (11)
Here the current density is given hyJov,V, with vV = V(-det(gy)) 12)

With o the charge density in Einstein’s mathematical catusly analyzed description.
Equations (10) and (11) represent the Maxwell éqoatGR, which give the EM-field completely after
imposing the SR Lorentz-gauge symmetry.



All in experiments observed charge always has nidss mass-sources of the gravitational field cagiben
with mass current density, i.e. momentum-densitst fike (12):

Py = pvuV (13)

The last delta-contributiodix, shows that charged mass experiences the so-callettz-force and as a result
follows a path different from the GR geodesic path:

va:qu+ Fuv‘]v =0 (14)

On one hand Einstein analyzed everything with aehadth continuous space-time and continuous divide
mass and charge densities, on the other handdedgidrew the conclusion in 1905 that all photars a
elementary particles with energy proportional t® filrequency of the carried EM-field. So why he smad
everything in his GR with continuous densities regmea mystery to me!?!

Photons are the elementary particles, which togedpresent the EM-field. In other words the phasnothing
but the mathematical non-reducible representatidheoEM-field, i.e. the 4D-spacetime vector-poiaint

A, = (V, A). This particle appears to be a spin 1 partiaiél, ia necessary to describe the anti-symmetrical
symmetry group of the extended Poincaré-group edngible. In this way the so-called extended Paica
group is rewritten in compliance with both SR andskein’'s CAP.

Up to now the relativistic analysis is describethgsontinuous densities.

In this description mass (13) and charge (12) aadyaed exactly the same.

However, there’s a big difference between the symirmetrical EM-field and the symmetrical gravitatb
field.

A coordinates transformation x x’ can be described vector-like adxd Jd'x (15)
With J the Jacobian, i.e. the determinant*of.x

The metric transforms as;gg X o X" Oy (16)
This equality is also valid for the determinants: &g’, with g = det(g,) <0 a7
The square-root of (17), with definition (12), givier the changel = V' (18)

All equations of motion must be invariant afterittedry coordinate transformations.
A scalar S = S, only has the following invariapase-time integral:

[SvVd*x =[SV ad*x = [S'V'd*X’ (19)

This is why ¥ is called a scalar density. This is also why théasg root of the absolute value of the determinant
of the metric is very important in GR.

Tensors with one or more indices are analogousieéfas a tensor-densities after multiplication with

Integrated tensor densities are in principle noiseoved quantities, because a tensor integratedadaeger
space-time area doesn't transform linearly afteadnitrary coordinates transformation due to cumet

Only the self-contracted covariant divergence éhactor always results in the GR Gauss theorem:

VE = VH - TRV = V-V VY = VR Y = (VW) (20)

l.e. W, is a scalar, just like S = S"in (19).

The covariant derivative of a tensor with 2 or mimidices doesn’t result in an integrated scalariargeneral
can't be analyzed with the Gauss theorem (20).

There is one exception, the anti-symmetrical tefSorP"., = PV, + TH,FV + Y F o = PV, + VYV P (21)
So, just as in the case of the scalar S in (19)v= (P*V), (22)
When F',, = 0, one yields a conservation law of a continugector density Fv. If no net-current passes a
selected area covering the integrated spaceEHdfux is a constant.

The 2 indices symmetrical tensor in (5) resultariradditional contribution:

SLIV:V = SJV,V + \/-l\/’asua _rauvsav (23)
S"is symmetrical, so the last term can be writtenYa§:,,, + MNyay) = Y20 (24)
l.e. the symmetrical 2 indices tensor compliesS{;V = (S,"V) v~ Y205, SV (25)

Also see [1], equation (21.4).



The spin 1 EM-field is described with an anti-syntncal field tensor (10). The equations of motionda
conservation laws are solved relatively easy ia tlise. In the case of the gravitational field igiwéth the
symmetrical metric (fundamental tensor), via digfere-terms of derivatives (like given in (1)), sticht the
complete expression is a covariant derivative,ghasnlinear character due to curvature and asuét ifghat
can't be analyzed with Gauss’s theorem. Also com22) with (25).

According to (5) the CAP adapted Poincaré grougvien completely with the sum of a symmetrical and
anti-symmetrical transformation tensor, with regpwety 10 and 6 degrees of freedom.

From these non-reducible degrees of freedom atbdled elementary particles come to life togethih il
their characteristics in a mathematical description

From QM it is well known that all elementary paldf have intrinsic angular momentum, the so-caf&d.
Via [3] | came to the conclusion that all elementparticles must be described extended in the 2Depl
orthogonal to the observed direction of motion. Ay extended elementary particle can only be erSR
wordline, so it can’t have any wavelike characf@dified by a frequency and doesn’t comply to Eimss
CAP! The CAP imposed extendedness in the 2D-plath@gonal to the observed direction of motion
(worldline) has in the description from the indrframe with origin at the average position of teeillating
point constants of motion. The constant timelikenponent just is the total energy, which must beaktputhe
detected frequency of the oscillating point muiddiby Planck’s constant. The spacelike 3D-veaist s the
constant angular momentum, which of course jutégarticle’s spin given by the half integer spimultiplied
by Dirac’s constant, i.e. Planck’s constant dividy®2r .

Both the 10 and 6 degrees of freedom of the synicadtind anti-symmetrical transformation sets ningst
represented by a half-integer spin, which represing source, and an integer spin that represemtesulting
force field.

I.e. the complete continuous CAP extended Poingarép must be represented as:

spin¥20 spin20 spin¥2[] spinl (26)

N.B. a spinless particle with one degree of freedsealar) is not used, because an elementary spipkrticle
never leaves its average SR worldline and as é &fsihat doesn’t comply with the CAP [3].

The symmetrical set describes the stable spinz makiplied by the resulting spin2 gravitationadlfi.

The anti-symmetrical set gives the stable spinvsggsamultiplied by the resulting spinl EM-field.

The EM-field is described with the 4D-vector potah#\,,.

A representation with spin s has (2s+1) degredé®eflom. The spin-representation of the extendeadcBre
group (26) shows that elementary particles witim sp? are not allowed in our 4D-spacetime univevgih [4]

I have shown that knots are only possible in 3Desphowever Grisha Perelman has proven this in 20(&,
[6], [7] with a short résumé of this work descrikiad8].

The mathematical solution of the extendednessl @l@ientary particles in the 2D-plane orthogonahe
average direction of motion, described by the nakatc worldline is a solution of SR D(ifferent)&(quations).
To give this solution completely one must imposeudary)C(onditions). The searched for solution have
2 possible independent BC, open BC and closed BC.

Open BC describe elementary particles which are tbinteract with other particles in all direction

Closed BC describe elementary particles which artract in the direction of motion, i.e. head omiat
coincides with the traveled SR worldline. But thvgridline now can only be described linear at itéisimal
scale, so curvature of space and time apparentlysitself on two different grounds. And any vaig
description still has to comply with the CAP, ias all non-reducible mathematical representafioas
elementary particles) described as extended hamuscillating points in the 2D-plane orthogonathe
worldline.

Open BC have a positive integer as degree of freesldra. This must be the quantum number of theribesi
particles family. The higher this number the marteiaction with the gravitational field, so the lnég the mass.
This is why open BC describe fermions that appéreivays have mass. The closed BC consequentbyritdes
bosons, of which only one fundamental specie egitdl possible symmetry groups. Only bosons argsibly
massless. The fundamental force particles, whiptesent the EM-field and the gravitational fielchno
reducible, are the spinl photon and the spin2 gmavespectively. Consequently these are the evdypossible
massless patrticles!

In a SR analysis a path of an harmonic oscillagiomt is traceable in the 2D-plane orthogonal ®dkierage
position given by the worldline. Fermions, alwayvé mass, i.e. can always be described with kndtsei
traveled harmonic oscillating path. I'm not sayitij actually happen, only perhaps near singulast however



mathematical it's always possible! This fact madedraw the conclusion that fermions are only pdssib4D-
spacetime, in which Albert Einstein developed heories of relativity.
Without fermions also no bosons, i.e. nothing kt al

This is why all possible universes must have 4Dzepme!

According to representation (26) only the followiglgmentary spins are possiblél §¥2, 1, 1%, 2} (27)
The given spin 1% particles cannot exist on thein,decause this representation is not given iresgmtation
(26) of the CAP extended Poincaré group. Fromfausl concluded that all quarks aren’t spin¥2 péet with
so-called isospin¥z, but all quarks are just eleargrgpinlyz particles. All possible hadrons are doetb
quarks, of which 3 elementary particle familiesséx our universe. All elementary quarks have bo#ss and
charge.

The charge always is a fraction of the electrorrgb@: e {-%e, %e, ke, %e} (28)

The elementary spinz particles are the so-callgrddres, of which also 3 families exist in our unselnd are
elementary particles with integer electron-chatrgeor chargeless and called neutrino’s. The olylst
particles have integer values of the electron aharg

All neutrinos always have rest mass > 0 becauserthest be described with open BC.

The bosons of (27) are not only the elementarylsphoton and the elementary spin2 graviton, but alls
possible gauge bosons available in a non-redunibbhematical analysis of any possible relatividfic
spacetime universe.

The Maxwell equations don’t specify the EM-fieldnapletely. The EM-field is only specified completelfter
enforcing a so-called gauge-symmetry. The gaugermtny which specifies the EM-field (photon) complgt
SR, is the so-called Lorentz-gauge symmetry. Thasone dimensional unitary transformation symmaejisen
by U(1). In the only possible 4D-spacetime the maxn possible gauge symmetry is given by the
U(1)xU(2)xU(3) gauge symmetry group.

The gauge symmetry group used in the standard Q@uaR(ield)T(heories) is: U(1)xSU(2)xSU(3) (29)
The ‘S’ before the U of unitary stands for the Sakcharacteristic: det(SU(a)) = +1 (30)
In a 4D-spacetime higher dimensional gauge symese#ien’t possible: {U(a)| 0 <[aintegerda < 4} (31)
Other not already mentioned particles are not ptessdbecause this representation is non-reducible.

The symmetrical symmetry set describes all charatites of source type mass resulting in the gediahal
field.

The force-particle just is the elementary massiegs? graviton.

The anti-symmetrical symmetry set describes alfattaristics of source type charge resulting inEMefield.
This is just the elementary U(1)-gauge masslesslgphoton.

The other gauge symmetries also imply particledy @re anti-symmetrical actions allow gauge sympyletr
The combined U(1)xSU(2) gauge symmetry group diessrimixed by the so-called Weinberg angle the spinl
photon and the massive, but also uncharged, elamezfitgauge boson, which together with the chailged
massive) W-gauge bosons represent the weak nuclear forceslules by elementary particles.

The SU(3) gauge symmetry group describes all spigi&tks, which combine in sets of 3 stable quaggt k
together by gluons into stable spin’z so-called Basy Again 3 different particle-families exist iarauniverse
with in the first family the +e charged proton ghd uncharged, massive, neutron. Quarks can atsbioe into
bosons, and are called gluons and mesons. Gluerarbined quark and anti-quark pairs with a déffer(anti-
) color. This characteristic allows gluons to kegjarks of a baryon together through color-exchampes
describes the so-called strong nuclear force. Meaos the remaining combined quark bosons, whielalso
possible besides the color-carrying gluons.

In principle it's possible that fermions build fromore then 3 odd numbers of quarks exist, howavgeneral
such baryons are very unstable. In principle its® gossible that bosons build from more then Zxeueanbers
of quarks exist, however in general such mesonaga very unstable.

So, all possible elementary particles with all tlediaracteristics follow from a non-reducible coeipl
symmetry analysis.

Charge is a constant value for all stable partjctetependent of the particle family. It's given tiye well-
known electron chargee for an electron and positron respectively. Alestparticles have identical constant
electron charges. The reason for this constantrid@harge is the exact conservation law (22) ik G

Quarks have non-integer electron charges giver28ydnd the fact that quarks can’t exist on theinobecause
spinlz particles have too many degrees of freedaompresent a certain CAP extended Poincaré-syryroetr
their own, always results into combined quarks lmdrons having integer electron charge €1, 0, 1}.

For the masses of all elementary particles and omdtstable particles this characteristic is nditvéNon-
validity of conservation of mass is not valid doehe extra term YaguSasV in (25). Still it remains obvious that
mass of particles with higher particle-family quantnumber, i.e. the amount of complete circles addhe



worldline before the wavelike character repeatdfiis higher and as a result more interaction it
gravitational field, yielding a higher rest mass.

A mass-conservation law is non-sense, becausemastsbe observed as part of total energy of thmbaic
oscillating wavelike particle, and only conservatiaf total 4D-energy-momentum is always valid iBzxspace
embedded by a surface through which no net floengfrgy-momentum occurs.

The CAP extended Poincaré symmetry group (5) ha8 2xix6 = 26 degrees of freedom instead of thg bl
degrees of freedom of the SR Poincaré symmetrypgBesides this complete continuous symmetry gtbap
complete gauge symmetry group (29) must also bentako account to end up with all possible elemegnt
particles in any possible 4Dspacetime universe:

All possible elementary particles in our 3-partifdenilies universe:

i . i il Bosons:The elementary spinl and spin2 bosons, see (26), and the
Fermions: 3 different families UCD) % SU2) % S(B) ceoe bosons

leptons: electron, muon and tauon + anti-particlesavigpn, a spin2 elementary massless boson

leptons: massive but chargeless neutrino’s photspijrdal elementary massless boson

quarks 1st family: up-quark and down-quark | weak-nuclear forces: spinl elementary massive ghugens W,Z

guarks 2nd family: charm-quark and strange-gquarlonginuclear forces: spinl colored quark+anti-quaulons

quarks 3rd family: top-quark and bottom-quark| mesalision-gluon bose-quark combinations

All fermions have so-callednti-particles with changed charge sign of charged geastiand opposite helicity in case of chargelestcfes.
All leptons are spitt particles and all non-separable quarks arelsparticles.
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