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The use of spin in SR OM and Q(uantum)F(ield)T(heaes)

In all well-known quantum theories spin, i.e. infic angular momentum, is used in a not understoaaher. In
all quantum mechanical analyses, elementary pestiate described as point-particles, which are enadtically
described on a linear S(pecial)R(elativistic) sbechworldline. Angular momentum implies extendesie
because momentum in space outside the worldlig# issassumed. In all QM models, including QFThéb-
called second quantisation with creation and afatibh operators, spin is explained using a mathiealsstate-
function in complex Hilbert-space, which descrities possible mathematical position of the quantantigle
using quantum statistics.

All QM analyses are relativistic only analyzed SfpdR(elativistic). A G(eneral)R(elativistic), i.ecluding a
mathematical analysis of curvature of 4D-spacetione to gravitation (interaction between alwaysaating
masses), analysis has never been taken into adooamy QM analysis. In the past ten years muctrést has
been focused on so-called string theories, bubupday, 2D-, or so-called Super-, String theohiage never
been tested experimentally. Instead, the so-c&taddard Model of QFT {QED (photon) and the wea&lear
forces (Z and Wgauge bosons) mixed via the Weinberg angle appdaaeiU(1)xSU(2) gauge symmetry and all
hadrons which follow from the last possible gaugmmetry group SU(3) of the only possible 4D-spdneet
universe, together with all elementary fermions, ieptons, as last possible sources of all bosainish
mathematically describe all force-fields betwedmalssive, and possibly also electric chargedjgest(all
fermions and all bosons, except the spin2 gravatwhthe spinl photon)}, is the most trustworthycdigsion of
physics today.

Instead of including (the up to now still not unstend) gravitational field in the standard modehsses of so-
called elementary point-particles are taken intmaat in the SR QM analysis through the introductba so-
called Higgs field. In all currently analyzed styitheories (2D-Super String theories) it is alssuased that an
elementary spinless Higgs boson exists, togethiéritgi Super Partner, the so-called Higgsino!

This Higgs-field exists according to the Super-Syetnin SM out of extremely heavy (> 170 Geléccording
to the last measurements at the Tevatron Collglgnless elementary particles.

Einstein solved gravitation, i.e. curvature of 4hasetime, using the mathematical work of Bernah®inn. In
this work curved, i.e. not-linear, mathematicallgesns are solved in a linear so-called RiemannespBlgis is
the curved space described in a higher dimensioattiematical, i.e. linear, space such that thedarahmethod
of mathematics can be used again. Einstein caileémount of needed degrees of freedom in thiadine
Riemann-space N > 4. Also see [1], chapter 6.

A simple linear mathematical analysis of curvatirgpace-time induces N = 2 x 4 = 8, also see ais|g].

According to Einstein his C(omprehensive)A(ctiomyR{iple), see [1] chapter 30, every mathematical
description of our reality must always also includevature of space-time. None of the currentlydu9M
models, including the SM of QFT, complies with E@is's CAP. The five 2D-SuperString theories complth
the CAP, however these theories require a 9D-space, 10D-spacetime. This space does not allomifas
and as a direct result of that is not valid to déscour, or in fact any possible, universe! Evdrew 6 spacelike
degrees of freedom are contracted into a so-c@l&dbi-Yau space, these degrees of freedom remaitable
and as a result of that mathematical fact do Hotved mathematical description of fermions with gibke knots
in their paths.

The main question now is, how should QFT be rewrittn, such that this mathematical description is in
compliance with the CAP?

First of all a more thorough understanding of sliedaelementary particles will appear very useful:

As David Hilbert in 1900 on the international Matfegical congress at Paris proposed in problemtsathen
offered 23 problems in math- and physics, alsd3gé would mathematical be beautiful if all claateristics of
everything we experience every day could be demaathematically from a geometrical symmetry analysi
Such an analysis appears to be possible.

First of all | want to mention that all GR trangfmations on infinitesimal level can be analyzeddiné.e. SR.

Curvature of space-time now implies two consecuieps instead of the one dimensional step indiggace-
time. Also see [2]. Curvature of space-time imphedoubling of degrees of freedom.



Let us first of all analyze all possible infinite®l, i.e. linear, transformations of a 4D-spaceetivector. From
this mathematical analysis it follows that the opbssible space in which fermions can be desciigedr well-
known 4D-space-time universe. l.e. any descripdibour, and any possible other universe, must use a
mathematical 4D-space-time description with theréleg of freedom doubled.

All possible infinitesimal transformations of a éetor are given with the most general 4 x 4 temstir 16
degrees of freedom. This tensor must for all pdsdiansformations comply to the maximum speed afstess
particles. This is an easy applied demand. Thissfoamation tensor | can be represented in only one way as
the sum of a symmetric and an anti-symmetric tensor

Tuv = SJV S Ayv (1)

In the search of non-reducible representationdl gioasible infinitesimal (i.e. linear) relativistiransformations
of a 4-vector the symmetrical and anti-symmetricahsformation groups can also be represented enucible
with {boson® fermion} groups:

S» ® A, is 1to 1 representable as: {spi®pinYs2}d{spinl ® spin’s} (2)

The symmetrical transformation group is represefitemll by spin’z masses and their resulting spin 2
gravitational field, which describes the alwaysaattive mass-interaction.

The anti-symmetrical transformation group is repnésd 1 to 1 by spin% charges and their resulfiig 5 EM-
field, which describes the EM-charge-interacti@presented non-reducible by the spin 1 photon.

As is generally well-known the EM-field equatiorfdaxwell describe the EM-field completely aftendying
the U(1) Lorentz-gauge symmetry. The maximum allb@auge symmetry in any 4D-spacetime universegust
the above described gauge symmetry: U(1)xSU(2)xSU(3) 3)

In this mathematical symmetry analysis all elemnparticles with all their characteristics sloviggin to
appear in a linear mathematical analysis.

How should all QFT, with all used point-particles,be adapted such that at infinitesimal (local linealSR)
level the mathematical description complies to Einsin's CAP!?!

For each described degree of freedom, the onhjildesmathematical doubling of degrees of freedoraun4D-
spacetime universe (reality) is a mathematicalrede@eness in the 2D-plane orthogonal to the analgiegdee of
freedom. In the most general case one is abledorithe curvature using a SR analysis, because tcuevaf
space-time can be analyzed SR at infinitesimalll&¥eoose the direction of motion, i.e. the wordliof a
particle, as the z-axis. As long as the particistext will now, described as an exact mathemapoant-
particle, oscillate harmonically in the 2D-plan¢hoigonal to the z-axis. The harmonic oscillationhia 2D-
(x,y)-plane, or in polar coordinates 2pyf)-plane, can be solved exactly with two consecutiaigen-)time
derivatives. The bracketed eigen-time is the tireasnred by the observator at rest at the averagjgopoof the
orthogonal extended particle, just as the wordreiae is always used in QFT. The solution spacediiathe
characteristics of the Hilbert space of QFT. Therage extendedness of a CAP orthogonal extendeslanas
particle is:

sc

2<p> = (3/2yPhi— (4)

w
With: Phi = 144/5 + 1) the golden ratio, s the spin (conservectligliof the (massless) elementary particle, ¢
the speed of light andv the angular frequency.

Expression (4) shows the following characteristics:
1. A spinless elementary particle is only allowed tovemalong its 1D-worldline.
2. As the frequency becomes zergn><—oo, SO just as characteristic 1 the mathematicaltpoin

particle again moves along a straight line, i.esihét carry any energy or just is fiction.

In the case of a massive particle®(p,d0.,0,¢.0) < ¢ A Phi— constant C > Phi, such that the characteristics
found for massless particles remain valid for agible massive particles.



From these characteristics it appears obviousgtbaientary spinless particles, like the assumed elementary
spinless Higgs boson, are fiction!

The observer moving with the elementary particlé describing it in simple mathematical, i.e. lindanguage
from the inertial frame with origin at the averggmsition of the 2D-extended particle seems in $higle
mathematical analysis much larger compared todkheaed Planck-length. However, keeping in minatt8R
Lorentz-contraction of a particle moving with thmeed of light (spinl photon and only other massieas2
graviton) which cannot be observed extended bytirean eye because a particle moving with the speed
light always as a result of that results in a noteyvable extended particle, easily sees thaeigsession is
experimentally completely acceptable.

The described extendedness in the 2D-plane ortlabgothe observed direction of motion explainsisgid
energy of the described elementary particle:

The harmonic oscillating point, which describesdgample a photon, has conserved quantities
enforced by symmetry laws. The time-component appteabe the energy Hhww, with h Dirac’s
constant (Planck’s-constant divided by) 2ndw the angular frequency. On the other hand the space
like constant appears to be the conserved anguwanentum in the direction of motion of the
harmonically oscillating photon and this is the @j& conserved helicityhsN.B. the time- and space-
like-constants in this case of course do not form a relativistic 4-vector!

In all QFT the photon is described by a point, mgwvalong its, linear SR or curved GR worldline, émd point
describes all characteristics of this 1D-movingnpaoising mathematical vectors fields which represdirihe
well-known characteristics of this photon, like t-field and the spin (with observed 2 degrees of
polarization). A description of the QM photon ionspliance with Einstein’s CAP implies that the phoas
exact described mathematical point (-particle) &hbe described as an harmonic oscillating poimtigla in
the 2D-plane orthogonal to the observed directiomation specified by the so-called relativisticnahine.
According to the D(ifferential)E(quations) of tt&R oscillation, any possible elementary particleaser
present on the average position on the worldtiselfi but harmonically oscillates around it in &i@-plane
orthogonal to the worldline.
To be mathematically exact a minimum distance efftbint describing the harmonic oscillating photol all
its characteristics has a minimal distance witlpeesto its worldline given by:
3 sc
Pmin= Yomax=— Phi — =% times the average extendedness gived)n ( (5)
4 w

The two consecutive first order DE from which tlaronically oscillating motion in this 2D-planederived
require 2 B(oundary)C(onditions) to be able to edlve mathematical solution completely.
These BC are either open, or closed. In the casséd BC interactions in the 2D-plane of osdiflatare not
possible. Such particles as a result of that fecthle to be on exactly the same space-time twcatith exactly
the same quantum state. Besides, of such partinlgone type related to every possible symmetougr
following from the symmetry groups (2) and (3) ¢xisThis shows that all bosons, i.e. force particéhould be
described with closed BC.
The same mathematical analysis shows that all jplesigrmions must be solved with open BC. Thesetiuois
have one additional quantum number in the fornnofhéeger number > 0. This quantum number spedifies
so-called particle family of all the allowed fermmfollowing from GR symmetry laws. The open BC iymp
mathematically also that fermions interact in @gible spacelike directions. As a result all femmsi comply
with Pauli’s exclusion principle.
The fact that fermions interact in all directiortiscaimplies why they always have masses > 0. Bediuk,
fermions are always also allowed to have charggeaélto the anti-symmetrical symmetry-group of £ylirect
consequence of this conclusion is that all chapggeticles must have mass.

The fact that fermions are massive implies thatrip arbitrary SR analysis knots are possible in the
harmonically oscillating path of the vibrating ppparticle. As Grisha Perelman proved in 2004 krao&sonly
possible in 3D-space, i.e. 4D-space-time, alsd4je&Vith this result, I'll return to the first agmption, that first
of all, easy imaginable 4D-space-time would beyed, in the end it now automatically appears, 4t
space-time in which any possible universe can kerded using simple mathematics are the only
(mathematical described) universes possible.

From this completely relativistic symmetry analyallsexperimentally detected elementary particléh ail
their characteristics can be described and undetstompletely based on mathematical (linear) symmet



analysis. Besides this beautiful characteristithigf symmetry analysis, using a non-reducible dgson, it also
becomes clear at once that other not yet detettetkatary particles are not possible on non-redeicib

mathematical grounds.

From the short described explanation of all used QHilbert-space, spin, energy, mass, charge, etal3o
appeared that the SU(3) quarks must be descritthddvdegrees of freedom. From this mathematicalifac
appeared to me in 1998 that quarks are NOT elemyespén’~ fermions with additional so-called isosgint
must be elementary spin3/2 particles without stedakospin. Just remember that all possible clheriatics of
all possible elementary particles should follownfrthe complete non-reducible relativistic symmeinglysis.
From the most general infinitesimal set of symmetigups (2) it appears that only the spins {2, L até stable
identities/particles in any possible universe.His tvay it is shown at once that quarks, as (relethentary
spinlY2 fermions cannot be observed on their owthowt a surrounding combined quarks-sea surrounding
them. To me, this is the main reason why protomsreutrons of our 3 family’s universe are very EaBuch
combined so-called baryon-particles are always tasther by the strong nuclear force, which isesented
by a so-called gluon sea, which keep the threekguafra baryon together as combined spin%z fermigosof
combined gluons and mesons more different familfdsosons are possible, but the only real reastheisact
that these bosons are build out of more partictglfas of fermions (quarks), of which always mogetrle

families are possible.

Taking everything together, only the following elemary particles are possible in our 3-fermion fgimi

universe, as specified in table 1:

All possible elementary particles in our 3-fermidamnilies universe:

Fermions: 3 different families

Bosons:

Leptons: electron, muon and tauon + anti-particles

raviBon, the spin 2 elementary massless boson

Leptons: massive uncharged neutrino’s + anti-pagic

Photon, the spin 1 elementary massless boson

st
Quarks 1 family: up-quark and down-quark

+
\Weak nuclear forces: spinl massive elementary ghugens W , Z

nd
Quarks 2 family: charm-quark and strange -quark

Strong nuclear forces: spinl colored quark+antirkjgéuons

rd
Quarks 3 family: top-quark and bottom-quark

Mesons: all non-gluon boson-quark combinations

All fermions have so-callednti-particles with sign inverted charge of chargedipiag and sign inverted helicity of uncharged ées.
All elementary leptons are sptparticles and all elementary quarks are Spiparticles.

Tabel 1 All possible elementary particles, as derived from a non-reducible infinitesimal GR

geometrical symmetry analysis.

The total amount of elementary fermion familieoaf universe is 3. Using the given GR
analysis below, other universes with different antewf elementary fermions are of-course

also possible:

The total amount of energy absorbed in a black bbkecertain different universe (different physica
constants, which imply they can't interact, or sdlex “see” one another), until a by these natural
constants determined GR mathematical singularityis; determines mathematically the amount of
energy available to the Big Bang of the new (foairaple our) universe (with new physical constants).
The total amount of energy, together with the disg¢he start of the Big Bang created new physical
constants, determine the amount of possible elemeférmion families of the new, for example our,
universe. The same mathematical process of a Big Bathe only mathematical explanation of any
possible 4D-space-time universe. Constants of Matuprinciple have arbitrary values, and this
implies that any two different universes will alveayave no chance at all to interact, i.e. feelghoar
see one-another. In this mathematical analysifoll@ving sequence occurs: energy consuming Black
Hole —» Big Bang at the moment of first mathematical siagty - A Big Bang, with energy of the
singularity of the Black Hole available as all #wergy of this new universe.

The amount of elementary particles families willridg the complete time of existence of any possibiliverse,

be a constant number.

To finish of this simple explanation of QFT | stilant to mention the following:




At this moment, string theorists (Edward Witten, Graham Greene, R. Dijkgraaf, Jan de Boer and many other
scientists) try to include gravitation in an extended QFT. There are 5 different 10D-space-time theories, which
where shown by Edward Witten, using his proposed 11D-space-time M-theory, are mathematically equivalent in
that they can be transformed into each other using symmetry transformations. l.e. the 5 different mathematical
Super String theories describe the same reality from different viewpoints. However, the so-called “Super String”
theories appear mathematically corregcly if Super Symmetry also is valid.

Super Symmetry is a symmetry between fermiensosons. According to this symmetry every elementary

particle has a “super-partner”. The graviton is assumed to have as super-partner the spin3/2 so-called gravitino.
In this analysis it is assumed that only one type of gravitino particle exists. This implies only one kind of family

of super-symmetric fermions and not 3 families of fermions as in the case of the normal observable partners of
these assumed “super-partners”. This is easily proven mathematically to be non-sense! In the case of charged
lepton families {electron, muon, tauon} it is assumed that the super-partners are spinless and these spinless
super-partners of bosons suddenly appear in 3 families {selectron, smuon, stauon}. My simple mathematical ana
lysis of QFT shows that super-symmetry is not valid in any 4D-space-time universe. First spinless elementary
particles don’'t comply with the CAP and secondly because of all bosons only one type of elementary particle
exists, while of all possible elementary fermions we have 3 different particle families in our universe.

From this point of view, the required validity of Super Symmetry removed all trustworthiness and validity of the
world-famous, but up to this day now still not experimentally proven “Super String” theories.

Measurements at the LHC proton accelerator in the old LEP ring of CERN will decide whether the elementary
very massive spinless Higgs boson exists, and after that a search will be started to detect the lightest super-
partner(s), i.e. test validity of Super Symmetry. This is the only reason wkyttieeneexpensive LHC collider

is build!

According to the S(tandard)M(odel) and the experimentally found masses of all elementary particles during the
last Tevatron measurements the mass of the Higgs baserldi GeV/g. String theoreticians assume the

Higgs mass ;> 170 GeV/g [5], because they assume validity of super-symmetry with all Super Partners with
even higher masses compared to the heaviest top-quark. The fact that the Higgs boson is not been found up to

170 GeV/g is seen by string theorists as the first experimental sign that Super Symmetry is valid. Only if the

Higgs mass exceeds about 1 Te%//the SM with spinless Higgs boson must conflict with observations of our
universe. The observed deep-space of our universe shows a very flat universe, while the presence of a very
heavy Higgs field implies a more curved universe because the Higgs field should be everywhere to explain the
masses of all massive particles. Besides this not understood QM analysis, the only possible reason of mass must
be explained from symmetry characteristics. From this point of view, the only reason for so-called mass is
interaction with the spin2 gravitational field of all massive particles. Mass due to interaction with a véry heavy
spinless Higgs-field contradicts this complete geometric symmetry andgdialso cannot be deduced from

Einstein’s theory of GR!

In this analysis I try to explain Special Relativistic Quantum Mechanics and Quantum Field Theories of the
Standard Model on simple linear mathematical grounds. In the now assumed successor of the SM, i.e. the Super
String theories with assumed super-symmetry, QM is used not understood ad-hoc. This is why to me all usage of
the word “Super” has lost its mathematical logic validity! Quantum Mechanics, i.e. quantized elementary

particles theory, implies mathematically a complete non-reducible symmetry-group analysis. All characteristics

of these symmetry groups specify all characteristics of all possible elementary particles in every possible 4D-
space-time universe completely. In fact, QFT and SR QM are not that difficult to understand and follow
completely from Einstein’s theories of relativity (SR and GR). It's a pity to me that I've never had the

opportunity to meet Albert Einstein in person to discus this analysis with him!
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