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ABSTRACT

The (extremely efficient) standard model of the elementary particles and fields makes several assumptions, which call
for explanations. Any theory offering next step beyond the standard model must explain at least the existence and prop-
erties of families and their members and correspondingly the existence of the scalar Higgs and the Yukawa couplings,
which in this model take care of masses of fermions and weak bosons and influence the decaying properties of families.
The spin-charge-family theory [1-11] is offering a possible explanation for the assumptions of the standard model—for
the appearance of families and their members (for the charges of a family members), for the gauge fields, for the scalar
fields—interpreting the standard model as its low energy effective manifestation. The spin-charge-family theory pre-
dicts at the low energy regime two decoupled groups of four families of quarks and leptons. The predicted fourth family
waits to be observed, while the stable fifth family is the candidate to form the dark matter. In this paper properties of
families are analysed. The appearance of several scalar fields, all in the bosonic (adjoint) representations with respect to
the family groups, while they are doublets with respect to the weak charge, is presented, their properties discussed, it is
explained how these scalar fields can effectively be interpreted as the standard model Higgs and the Yukawa couplings.
The spin-charge-family theory predicts that there are no supersymmetric partners of the observed fermions and bosons.

Keywords: Unifying Theories; Beyond the Standard Model; Origin of Families; Origin of Mass Matrices of Leptons
and Quarks; Flavour Symmetry; The Fourth Family; Origin and Properties of Scalar Fields; Origin of Dark
Matter; Origin and Properties of Gauge Bosons; Kaluza-Klein-Like Theories

properties of the left handed partners. The Higgs takes
care at the same time of the masses of fermions and of
the weak gauge fields Z, and W, ; 4) There exist the
families of fermions; 5) There exist the Yukawa cou-
plings, distinguishing among family members (U and
d quarks, e and v leptons) to ensure right properties
of families of fermions, that is of their masses and decay
properties (mixing matrices).

The properties of fermions and bosons as assumed by

1. Introduction

When the standard model of the elementary particles and
fields was proposed more than 35 years ago, it offered an
elegant new step in understanding the origin of fermion
and boson fields and the interactions among them.

It is built on several assumptions, chosen to be in
agreement with the data: 1) There exist before the elec-
troweak break massless family members—the coloured

quarks and the colourless leptons, both “left” and “right
handed”, the left handed members distinguishing from
the right handed ones in the weak and hyper charges; 2)
There exist the gauge fields to the observed charges of
the family members; 3) There exists a boson, the Higgs,
with a “non zero vacuum expectation value” after the
electroweak break, a scalar with the charges of a fermion.
Its properties are chosen to “dress” successfully the
“right handed” family members with the weak and the
appropriate “hyper” charge so that they manifest the
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the standard model before the electroweak break are pre-
sented in Tables 1-3.

While all the so far observed fermions are spinors with
the charges in the fundamental representations of the
charge groups and all the so far observed bosons are
vectors in the adjoint representations with respect to the
charge groups, the Higgs field and its anti-Higgs are
scalars with the weak charges in the fundamental repre-
sentations of the (weak) charge group. Therefore, quite a
strange object, which reminds us of a supersymmetric
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824 N. S. M. BORSTNIK

Table 1. The standard model assumes that there are before the electroweak phase transition three (i =1,2,3) so far ob-
served massless families of quarks and leptons. Each family contains the left handed weak charged and the right handed
weak chargeless quarks, belonging to the colour triplet (1/2,1/(2\/5)) s (—1/2,1/(2x/§)) , (0,—1/(\/5)) and the colourless

left handed weak charged and the right handed weak chargeless leptons, if in this tiny extension of the standard model the
right handed v is added. Originally v, were excluded since no mass of v was measured and in the standard model as-

sumption all the quantum numbers of v, are zero. 7" defines the third component of the weak charge, ¥ the hyper

charge, Q=Y +7" is the electromagnetic charge.

a Handedness Weak charge Hyper charge Colour charge Elm charge
Name —-4iS”s" " Y Q
i 1 1 . 2
ul left handed (-1) 5 3 colour triplet 3
i 1 1 . 1
d/ left handed (-1) -3 5 colour triplet -3
v, left handed (-1) % —% colourless 0
i 1 1
e left handed (-1) -3 - colourless -1
i . 2 . 2
Uy right handed (1) weakless 3 colour triplet 3
i . 1 . 1
d; right handed (1) weakless 3 colour triplet -3
Ve right handed (1) weakless 0 colourless 0
ey right handed (1) weakless -1 colourless -1

Table 2. The standard model assumes that there are before the electroweak phase transition three massless vector fields, the
gauge fields of the three charges—the hyper charge (Y ) , the weak charge (f‘) and the colour charge (z"'3 ) , respectively.

They all are vectors in d = (1 + 3) , carrying the corresponding charges in the adjoint representations. Q=7"+Y.

Name Handedness Weak charge Hyper charge Colour charge Elm charge
Hyper photon 0 0 0 colourless 0
Weak bosons 0 triplet 0 colourless triplet

Gluons 0 0 0 colour octet 0

Table 3. The standard model assumes that there is before the electroweak phase transition the scalar field Higgs, a boson,
which carries the hyper charge (Y ) and the weak charge (f') in the fundamental (spinor) representations of the charge
groups. It contributes to the phase transition by gaining a non zero “vacuum expectation value” of that component which has
the electromagnetic charge (Q =7 +Y ) equal to zero. Correspondingly it changes properties of the vacuum. And there is

the “anti-Higgs”. The Higgs “dresses” the right handed d; (d;(o) and e}, (e;(p) with the weak and the appropriate hy-

per charge, the anti-Higgs “dresses” correspondingly u; (u;anti—(o) and V;( (V;anti—q)). Higgs takes care of the

masses of the superposition of the weak and hyper charge gauge bosons, leaving the electromagnetic field massless. To take
care of the masses and mixing matrices of fermions in agreement with the experimental data the standard model postulates
the existence of Yukawa couplings, which are different for different family members.

Name Handedness Weak charge Hyper charge Colour charge Elm charge
Higgs 0 1 1 colourless 1

225y 5 5
Higgs 0 L 1 colourless 0

£88d 5 5

Copyright © 2013 SciRes. JMP
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particle (but it is not because it does not fit the so called

R parity requirement for a supersymmetric particle).

The standard model never had the ambition to explain
its own assumptions, leaving the explanation of the open
questions to the next step of the theory. Yet it is, without
any doubt, a very efficient effective theory: There is so
far no experiment which would help to show the next
step beyond it, no new fermions or bosons, no super-
symmetric particles, but (finally seems to be) proven
Higgs.

There are many proposals in the literature [12-20] ex-
tending the standard model. Not one explains, to my
knowledge, the origin of families. Many of them just
extend the ideas of the standard model. 1) A tiny exten-
sion is the inclusion of the right handed neutrinos into the
family (like it is already done in Table 1); 2) Supersym-
metric theories assume the existence of partners to the so
far observed fermions and bosons, with charges in the
opposite representations, adjoint for fermions and fun-
damental for bosons, offering no explanation for the ap-
pearance of families; 3) The Kaluza-Klein-like [21,22]
theories offer the unification of spin and charges, but do
not offer the explanation for the appearance of families; 4)
The SU(3) group is assumed to describe—not explain
—the existence of three families [23-27]; 5) String theo-
ries [20] have possibilities to explain the origin of fami-
lies but again by assuming appropriate groups in scenar-
ios leading to an acceptable low energy regime.

Any new successful proposal, model, theory, offering
a step beyond the standard model, must, to my under-
standing, offer:

e The explanation for the appearance of families of
fermions and correspondingly of their mass matrices,
predicting the number of families.

e The explanation for the origin of scalar fields—of the
Higgs and of the Yukawa couplings, explaining cor-
respondingly the origin of the fermion masses and
their mixing matrices.

e The explanation for the dark matter.

There are also several other questions which may not
be so urgently answered, like: Where does the dark en-
ergy originate? What is the origin of charges, and corre-
spondingly of the gauge fields? What does cause the mat-
ter-antimatter asymmetry? And (many) others.

The theory unifying spin and charges and predicting
families [1-11,28,33,34,37], to be called the spin-charge-
family theory, seems promising in answering these, and
several other questions, which the standard model leaves
unanswered.

The spin-charge-family theory assumes in
d= ((d —1)+1) , d=14 (or larger), a simple starting
action for spinors and the gauge fields: Spinors carry
only two kinds of the spins (no charges), namely the one
postulated by Dirac 80 years ago and the second kind
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proposed by the author of this paper. The first kind of the
spin manifests in the low energy regime as the ordinary
spin and all the charges, like it is in the Kaluza-Klein-like
theories. The second kind, since forming the equivalent
representations with respect to the first one, is corre-
spondingly responsible for generating families'. There is
no third kind of a spin. Spinors interact with only vielbe-
ins and the two kinds of the corresponding spin connec-
tion fields.

After the breaks of the starting symmetry, chosen so
that they lead at the low energy regime to the observed
properties of fermions and bosons’, the simple starting
action (Equation (4)) manifests two decoupled groups of
four families of quarks and leptons, with only the left
handed (with respect to d =(3+1)) members of each
family carrying the weak charge while the right handed
ones are weak chargeless. The fourth family is predicted
[8,10,11] to be possibly observed at the LHC or at some-
what higher energies, while the stable fifth family mem-
bers, forming neutral (with respect to the colour and
electromagnetic charge) baryons and the fifth family
neutrinos are predicted to explain the origin of the dark
matter [11].

The spin connections, associated with the two kinds of
spins, together with vielbeins, all behaving as scalar
fields with respect to d =(3+1), are with their vacuum
expectation values at the last two SU (2) breaks (that is
after the electroweak break) responsible for the nonzero
mass matrices of the lower four families of fermions and
also for the masses of the weak gauge fields. The spin
connections together with the vielbeins, with the indices
of vector fields with respect to d =(3+1), manifest af-
ter the electroweak break of symmetry as the known
gauge fields.

Although the properties of the scalar fields, that is
their vacuum expectation values, coupling constants and
masses, can not be calculated without the detailed know-
ledge of the mechanism of breaking the symmetries, and
have been so far only roughly estimated, yet one can see,
assuming breaks which lead to observable phenomena at
the low energy regime, how properties of the scalar fields
determine the fermion mass matrices, manifesting effec-
tively as the standard model Higgs and its Yukawa
couplings.

'Since there are two kinds of the spin, the second kind must either
manifest, and it does, since we do have families, or we should prove
that it does not manifest at the low energy regime.

?Although there are not a lot of possibilities how to break the starting
symmetry, it is still a lot of open problems to be solved to come to the
low energy regime. I made, together with the collaborators, a lot of
efforts, to prove that in noncompact spaces there are after the break of
symmetries massless fermions [29,30], which is not the case for com-
pact spaces [31]. Each break of symmetry is a complicated many body
problem, simulated, for example, in the standard model for the elec-
troweak one, with the assumed vacuum expectation value of the Higgs
field.
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In this paper a short introduction into the spin-charge-
family theory is made in Section 2, the appearance of
mass matrices of the two decoupled four families of fer-
mions, as predicted by the theory, are discussed in 2.1.
Their mass matrices are presented in 3, leading to the
observed properties of quarks and leptons. The role of
the scalar fields in breaking symmetries and in contrib-
uting to mass matrices of quarks and leptons and to masses
of the gauge fields are presented in Section 4. The fact is
that there are four predicted families rather than the so
far observed three and the influence of this fact on prop-
erties of quarks and leptons is discussed and some esti-
mation of the fourth family properties is made. A possi-
ble observation of more than the so far observed scalar
field, the Higgs of the standard model, is discussed. In
conclusion (5) the standard model is presented as a pos-
sible low energy manifestation of the spin-charge-family
theory, with open problems pointed out.

2. The Spin-Charge-Family Theory from the
Starting Action to the Standard Model
Action

The theory assumes that the spinor carries in

d (: (13+l)) -dimensional space two kinds of the spin,
no charges [1-8]: 1) The Dirac spin, described by »?’s,
defines the spinor representations in d = (13+1)
(SO(13,1)) , and correspondingly in the low energy re-
gime, after several breaks of symmetries and before the
electroweak break, the spin (80(3,1)) and all the
charges (the colour SU (3), the weak SU (2), the hy-
per charge Y and before the electroweak break the non
conserved hyper charge Y') of quarks and leptons, the
left handed weak charged and the right handed weak
chargeless, the left and the right handedness determined
by the spin properties in d =(3+1), in agreement with
the standard model. 2) The second kind of the spin [32],

described by 7*’s ({fa,fb}+ :277ab) and

anticommuting with the Dirac * ( { 77 }+ = 0) ,

defines the families of spinors, which at the symmetries
of SO(3,1)xSU (2), xSU(2), xU (1), xSU (3)
manifests two decoupled groups of four massless fami-
lies, each belonging to different SU (2)xSU (2) sym-
metry, namely:

(8U(2), %80 (2), )<(8U (2), x8U (2), ).

the first one determining the symmetries of the upper
four families and the second one determining the sym-
metries of the lower four families.

There is no third kind of the Clifford algebra objects.
The appearance of the two kinds of the Clifford algebra
objects can be understood as follows: If the Dirac one

Copyright © 2013 SciRes.

corresponds to the multiplication of any spinor object B
(any product of the Dirac »*’s, which represents a spi-
nor state when being applied on a spinor vacuum state
|l//0>) from the left hand side, the second kind of the
Clifford objects can be understood (up to a factor, deter-
mining the Clifford evenness (n; =2k) or oddness
(ng =2k +1) of the object B as the multiplication of
the object from the right hand side

7Blw)=i(=)" By*|w,), )

with |l//0> determining the spinor vacuum state. Ac-
cordingly we have

{ya’yb}+:2nab:{7a’ b}+’ {}/a’yb}Jr:O’
) 2)

The technique is explained in more details in Appen-
dix. The spin-charge-family theory proposes in
d =(13+1) a simple action for a Weyl spinor and for
the corresponding gauge fields

S =[d'XEL +[d'XE(aR+aR), (3)

L, = %(@/a pOal//) +hc,

pOa = faa pOa +%{ pa’ Efaa}_ >

aba

Pos = Pe —%Saba)aba _%gabé«)
R :%{ fe [a f ﬁb:l(a)aba,ﬂ _a)caaa)cbﬂ )} + h.C.,

FE :% r |iafﬂb:|(a~)aba,ﬁ - ~caaa~)gﬂ)+ h.c.. (4)

Here® f“[afﬂbJ: foaff _febfh  To see that
the action (Equation (4)) manifests after the break of
symmetries [1-8,10,28,33,37] all the known gauge fields
and the scalar fields and the mass matrices of the ob-
served families, let us rewrite formally the action for a

> are inverted vielbeins to € with the properties ef/ =57,
e f/ =6
a - a a *

space (a flat index), while Greek indices «,f,-:-, 1V, +,0,7,

Latin indices a,b,---,m,n,---,s,t,--- denote a tangent

denote an Einstein index (a curved index). Letters from the beginning
of both the alphabets indicate a general index ( a,b,c,--- and

a,p,7, - ), from the middle of both the alphabets the observed di-
mensions 0,1,2,3 (m,n,--- and g,v,---), indices from the bottom
of the alphabets indicate the compactified dimensions ( S,t,--- and

0,7,++). We assume the signature 7™ =diag{l,—-1,—1,---,—1} .
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Weyl spinor of (Equation(4)) as follows

L, =V77n(pn _ZgATAiA]AiJW

Al
+{ >yt pOSy/} + the rest, %)
s=7.8
j 1 g~

Pos = Ps _E s" Dy _E Saba)abs >
where n=0,1,2,3 with

A 3 chige,

ab

Ai Bj - oAB £ Aijk__Ak
{Z",Z’J} =jg" f AR,

Q)

All the charges (7*, Equations (6), (15), (16)) and the
spin (Equation (14)) operators are expressible with S*,
which determine all the internal degrees of freedom of
one family. Families, quantum numbers of which are
expressible with S®, gain masses through the interact-

tion with the scalar fields %S: 5., the gauge fields of

abs >

the family charges (SU (2)R xSU (2)“ the higher four

families and SU (2), xSU (2), the lower four families),
where we assume that after the breaks we end up with
(a,b)e{n,s}, n=(0,1,2,3) and s=(7,8). At the
electroweak break also the scalar fields which are the
gauge fields of Q,Q’ and Y' contribute.

Index A enumerates all possible spinor charges and
g” is the coupling constant to a particular gauge vector

field A .Before the break from
SO(3,1)xSU (2), xSU (2), xU (1), xSU (3)
to
SO(3,1)xSU (2), xU (1), xSU (3),
¥ describe the colour charge (SU (3)),1” the weak
charge (SU (2), ) ,7% the second SU (2), charge and

, Charge. After the break of
SU(2),xU(1), to U(1), stays A=2 forthe U(1),
hyper charge Y and after the second break of
SU(2),xU(1), to U(1) stays A=2 for the electro-
magnetic charge Q, while instead of the weak charge
Q' and 7 (I use the notation 7'*) of the standard
model manifest.

The breaks of the starting symmetry from SO(13,1)
to the symmetry SO(7,1)xSU (3)xU (1), and further
to SO(3,1)xSU (2), xSU(2), xU (1), xSU (3) are as-
28/271

7" determines the U (1)

sumed to leave the low lying eight ( families of
spinors massless’, all left handed with respect to

*We proved that it is possible to have massless fermions after a (par-
ticular) break if we start with massless fermions and assume particular
boundary conditions after the break or the "effective two dimensional-
ity" cases [29,30].

Copyright © 2013 SciRes.

SO(13,1).

Accordingly the first line of the action in Equation (5)
manifests the dynamical fermion part of the action, while
the second part manifests, when (superposition of) @,
and (superposition of) @, (o <(7.8)) fields gain
nonzero vacuum expectation values, the mass matrices of
fermions on the tree level. Scalar fields contribute also to
masses of those gauge fields, which at a particular break
lose symmetries. It is assumed that the symmetries in the
S*@,, and in the S®wm,  part break in a correlated
way, triggered by particular superposition of scalar viel-
beins and spin connections of both kinds (@y,,S=7,8;
superposition of S" determine Q,Q’,Y' and d@,,,5=7,8;
superposition of S® determine the family quantum
numbers). | comment this part in sections 2.2, 3. The rest
in the second line in Equation (5) stays for all, which is
expected to be at low energies negligible or influence the
mass matrices beyond the tree level.

The generators S® (Equations (14), (15), (16)) trans-
form each member of one family into the same family
member of another family, due to the fact that
{S""b,S~ “l =0 (Equation (2, A18)). Let me tell that
although ‘we (that is together with collaborators, in par-
ticular H.B.F. Nielsen) have started with studies which
should justify the assumptions and which look so far
promising, I can not yet offer the justification for the
above assumed breaks. With collaborators we have pub-
lished several papers [29,30], in which we present for a
toy model the justification for some of these assump-
tions.

At the low energy regime, after the breaks of the start-
ing symmetry, the part of the action with the vielbeins
and the spin connections, the gauge fields of S (with
the Lagrange density «ER ), manifests as the known
vector gauge fields -- the gauge fields of U (1),SU (2),
SU (3), the ordinary gravity and scalar fields, while the
part @ER manifests the scalar fields responsible for
breaking symmetries (to breaking also the gauge fields of
S® contribute) and correspondingly also for mass ma-
trices of the fermion members and masses of the gauge
fields. Beyond the tree level all the massive fields, sca-
lars and vectors, contribute coherently to the mass matri-
ces of fermions and to massive vector bosons [33].

In the break

SO(3,1)xSU (2), xSU (2), xU (1), xSU(3)
into
SO(3,1)xSU (2), xU (1), xSU (3),
to which the scalar fields - the gauge fields of SU (2),
and SU(2), - which gain nonzero vacuum expectation
values contribute, the four upper families gain masses.

The weak doublets manifest at this break the same mass,
keeping the (weak) SU(2), symmetry unbroken.
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After the electroweak break ( SO(3,1)xSU(2),
xU (1), xSU (3) breaks into SO(3,1)xU (1)xSU (3))
the effective Lagrange density for fermions (spinors)
looks like

’Cf :l/7(ym pom -M )V/’

Dy, = {eQAn+g Qz9 + gf( W W)
vy . 90 (o

+9 YA, +=—=(77"A;

g YA, /—2( }

FMy =y° oy

+ "N A" + §YGAY 7

+eQA +99QZY +9 YA}, se{7.8}.

The term My determines the tree level mass ma-
trices of quarks and leptons. The contributions to the
mass matrices appear at two very different energy scales
due to two separate breaks. Before the break of
SU(2),, xU(1), to U(1), the vacuum expectation
values of the scalar fields appearing in p,, are all zero.
The corresponding dynamical scalar fields are massless.
All the eight families are massless and the vector gauge
fields AY,A=2; in Equation (5) are massless as well.
To the break of SU(2), xU (1), to U(1), the scalar
fields from the first and the second line in the covariant
momentum Py, that is the two triplets with respect to
the family charges NR and 72, A'® and A? (are
assumed to) contribute, gaining non zero vacuum expec-
tation values. Both scalars are doublets (S = (7,8)) with
respect to the weak charge. It is, namely, —2iS”,s=7.8,
which transforms the right handed weak chargeless
quarks and leptons into the corresponding left handed
weak charged partners, transforming at the same time the
hyper charge Y , what in the standard model the scalar
Higgs with the appropriate hyper charge (for d -quarks
and e-leptons) and its “anti-Higgs” (for u -quarks and
v -leptons) do. The upper four families, which are dou-
blets with respect to the infinitesimal generators of the
corresponding groups, namely N, and 72, become
massive. No scalar fields of the kind @, is assumed to

abs
contribute in this break. Therefore, the lower four fami-

lies, which are singlets with respect to N, and 77,
stay massless. Due to the break of SU(2), xU (1),

Copyright © 2013 SciRes.

symmetries in the space of S® and S®, the gauge
fields An become massive. The gauge vector fields
A}n and An stay massless at this break.

To the break of SU(2), xU (1), to U(1) the scalar
fields from last three lines in the covariant momentum
Pys » that is the triplets & t and Al with respect to the
family charges NL and 7' and the singlet f\ as well
as the ones from the last line originating in @, , that is
(A ,Z2,A"), are assumed to contribute, by gaining non
zero vacuum expectation values. All these fields are
doublets with respect to the weak charge due to the fact
that the operators —2iS%,s= (7,8) , transform the right
handed weak chargeless quarks and leptons into the cor-
responding left handed weak charged partners.

The electroweak break causes non zero mass matrices
of the lower four families. Also the gauge fields Z9,
W, and W, , m=(0,1,2,3) gain masses. The elec-
troweak break influences slightly the mass matrices of
the upper four families, due to the contribution of A,
z9, A" and A'.

To loops corrections of both groups of families the
massive vector gauge fields contribute. The dynamical
massive scalar fields contribute only to families of the
group to which they couple.

The detailed explanation of the two phase transitions
which manifest in Equation (7) is presented in what
follows.

2.1. Spinor Action through Breaks

In this subsection properties of quarks, u and d, and
leptons, v and e, of two groups of four families are
presented at the stage of

SO(3,l)y X 80(3’1)i x SU (2)
xSU (2)

1y X SU (Z)W
<SU(2),, xU (1), xU (1), xsU(3),,

Iy

when eight families are massless, and then when in the
two successive breaks, in which first four and then the
last four families gain masses. The two indices y and
7 are to point out that there are two kinds of subgroups
of SO(7,1), those in the S* (taking care of the spin
and charges) sector and those in the S$® (taking care of
the families) sector. We shall in what follows omit these
two indices, keeping in mind that there are two kinds of
groups and subgroups. Half of the eight massless families
are doublets with respect to the subgroup SU (2 ).R of
SO(3, 1) and with respect to SU (2)”_ and singlets
with respect to the SU( );L subgroup of SO(3 l)
and with respect to SU (2 )I , the rest four families are
singlets with respect to the subgroup SU ( )iR and with
respect to SU(2), . while they are doublets with re-
spect to the SU (2)., and with respect to SU (2)W.
At the break of
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SO(3,1)xSU (2), xSU (2), xU (1), xSU (3)

to
SO(3,1)xSU (2), xU (1), xSU (3)

the four families coupled to the scalar fields which gain
at this break nonzero vacuum expectation values become
massive, while the four families which do not couple to
these scalar fields stay massless, representing four mass-
less families of left handed weak charged colour triplet
quarks (u,, d,), right handed weak chargeless colour
triplet quarks (U, , dg), left handed weak charged col-
our singlet leptons (v, , € ) and right handed weak
chargeless colour singlet leptons (vy, €g). After the
second break the members of the lowest of the upper four
families, decoupled from the lower four families, are
candidates to form the dark matter.
After the second break from

SO(3,1)>< SU (2)| xU (1)I x SU (3)
to
SO(3,1)xU (l)xSU (3)

the last four families become massive due to the nonzero
vacuum expectation values of the rest of scalar fields.
Three of the families represent the observed families of
quarks and leptons, so far included into the standard
model, except the right handed v ’s (which carry the
additional charge Y', not assumed in the standard model,
as also all the other members do).

The technique [32], which offers an easy way to keep
a track of the symmetry properties of spinors, is used as a
tool to clearly demonstrate properties of spinors. This
technique is explained in more details in Appendix. In
this subsection only a short introduction, needed to fol-
low the explanation, is presented. Mass matrices of each
groups of four families, on the tree and below the tree
level, originated in the scalar gauge fields, which at each
of the two breaks gain a nonzero vacuum expectation
values, will be discussed in Section 3.

Following the ref. [29] we define nilpotents

[{(?)T:o} and projectors [{[Tf]}z:[?f]] (Equations

(A6, A10) in Appendix)
b ] b
(il)::E( a¢}/b),[il]::5(li}/a}/b),
for n%n™ =—1,
o ©)

(i)::%(ﬂfa +iy’), [;b] ?:%(livayb)’
for naanbb — 1’

as eigenvectors of S® as well as of S (Equation

Copyright © 2013 SciRes.
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(A4)) in Appendix)
ab k ab ab k ab
% (k) =2 (k). 8 [k] =S [k],
2 2 (10)
5% (k) =X (i), §2 (k] =X [k
(€)=4 k). 52 [k1=-X[k).
ab
One can easily verify that »* transform (k) into

ab ab ab
[-k], while 7* transform (k) into [k] (Equation

(A8) in Appendix )
ab ab ab ab
a(k)=n*[-k], »* (k) =—ik [-k],
y (ab) ﬂab[ ]a7b (k)=-i [ab] a1
7* [K]=(=k). °[k]=-ikn™ (),
ab ab ab ab
72 (k) =—in®[k], 7° (k) = -k [k
7 (k) ==in*[k]. 7" (k) =—k[k], 12)

ab ab ab ab
7 [K]=ik), 7°[k] =—kn™ (k).

Correspondingly, s generate the equivalent repre-
sentations to representations of S®, and opposite. De-
fining the basis vectors in the internal space of spin de-
grees of freedom in d =(13+1) as products of projec-
tors and nilpotents from Equation (9) on the spinor vac-
uum state |(//0>, the representation of one Weyl spinor
with respect to S® manifests after the breaks the spin
and all the charges of one family members, and the gauge
fields of S® manifest as all the observed gauge fields.
$%® determine families and correspondingly the family
quantum numbers, while scalar gauge fields of S®
determine, together with particular scalar gauge fields of
S®, mass matrices, manifesting effectively as Yukawa
fields and Higgs.

Expressing the operators »’ and »* in terms of the
78
nilpotents (%), the mass term in Equations (5, 7) can be

rewritten as follows
_ _ c o 78 78
gMy =" wy*pow =v'y ((—) Po_ +(+) p0+jw,
s=7.8

78

(i):%(ﬁii)/g), (13)

Po- =( Po7 ¥ ipOS)'

After the breaks of the starting symmetry (from
SO(13,1) through SO(7,1)xU (1), xSU (3)) to
SO(3,1)xSU(2), xSU(2), xU (1), xSU (3) there are

8
20
eight (22 massless families of spinors. (Some sup-

port for this assumption is made when studying toy mod-
els [29,30].)

Family members o e(u,d,v,e) are massless and
carry the U (1), charge (the generator of the infini-
tesimal transformations of the group is z*, presented in
Equation (16)), the SU (3) charge (the generators are
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77, presented in Equation (16)) and the two SU(2)
charges, SU(2), and SU(2) (the generators are

presented in Equation (15) as 7> and 7', respectively).
They appear in the representations in which the left
handed (with respect to SO(3,1)) carry the SU( )

(weak) charge (with the corresponding generators 7'),
while the right handed carry the SU (2), charge (with
the corresponding generators 7).

Each family member carries also the family quantum
number, which concerns S$® and is determined by the
quantum numbers of the two SU(2) from SO(3,1)
(with the generators N, R Equation (14)) and the two
SU(2) from SO(4) (with the generators 702
Equation (15)).

Properties of families of spinors can transparently be
analysed if using our technique. We arrange products of
nilpotents and projectors to be eigenvectors of the Cartan
subalgebra S%,S'*,5° S78 §%19 g!12 g1 and, at the
same time, they are also the eigenvectors of the corre-
sponding S®, that is of §%,§'2,§% §7 §910 G112 gi314

The generators of the infinitesimal transformations of
the subgroups of the group SO(13,1) in the S* and
S® sectors, responsible for the properties of spinors in
the low energy regime, are presented as follows:

Ni (= N(L,R)) =

Ni (: N~(|_ R))

They determine representations of the two SU (2)
subgroups of SO(3,1), while

(57 4is", 87 +i8™, 5" +is"),
2 (14)
1(823 iS"01 §31+i§02 S"12+iS"03)

7! 21(558_867’SS7+S68,SS6 8)

2
;2 =l(858+567’557_8689856 578)

2 (15)
=1 :l(§58_§67’§57+§68’§56 )

2

: )

~2 :_(§58+§67 §57 868 SS6+S78
2 b
determine representations of SU(2), xSU(2), of
SO(4) and
-3 :%{8912 _81011,8911 +81012,5910 _81112,

8914—810]3,89]3 +

1
gl giz14 _(S9lo+81112_231314)
!‘\/g b

1014 1114 1213
gloi gl _giais,

4= _1(8910 Lgle +Sl314)’
: (16)

7 _l(S~910+S~1112 +§1314),
3

Copyright © 2013 SciRes.

determine representations of SU (3)xU (1), originating
in SO(6).

It is assumed that at the break of SO(13,1) to
SO(7,1)xU (1), xSU(3) all spinors but one become
massive, which then manifests eight massless families
generated by those generators of the infinitesimal trans-
formations S® which belong to the subgroup SO(7,1).
Some justification for such an assumption can be found
in the refs. [29,30].

At the stage of the symmetry, which is

S0(3.1)xSU (2), xSU (2), xU (1), x5U (3).

each member of a family appears in eight massless fami-
lies. Each family manifests at this symmetry, if analysed
with respect to 7' and 7> presented in Equation (15)
and 7° presented in Equation (16), as eightplets of u
and d quarks, left handed weak charged and right

handed weak chargeless (of spin (i%)) in three colours,

and the colourless eightplet of v and e leptons, left
handed weak charged and right handed weak chargeless

. 1
(of spin (izj ).

In Table 4 the eightplet of quarks of a particular
colour charge (77 =1/2,7* =1 (2[)) and the U (1 )
charge (z' =1/ 6) is presented in our technique [32], a:
products of nilpotents and projectors.

In Table 5 the eightplet of the colourless leptons of the
U(l)II charge (14 :—1/2) is presented in the same
technique.

In both tables the vectors are chosen to be the eigen-
vectors of the operators of handedness T'" and T\,
the generators 7' (the member of the weak SU (2),
generators), 7 (the member of SU(2), generators),

7% and 7 (the members of SU (3)), Y(:z’4+r23)

and Q(:Y +713). They are also eigenvectors of the
corresponding $*, 7" A=12,4 and Y and Q.
The tables for the two additional choices of the colour
charge of quarks follow from Table 4 by changing the
colour part of the states [28], that is by applying 7'
which are not members of the Cartan subalgebra, on the
states of Table 4.

Looking at Tables 4 and 5 and taking into account the

78 718 78
relation (—)(+)=—[-] from Equation (A10) in Appendix
03 03
and the relation y°(+i)=[-i] from Equation (11) one

notices that the operator y ( ) (Equation(13)) trans-

forms the right handed uf' from the first row of Table 4
into the left handed uS' of the same spin and the same
colour charge from the seventh row of the same table,
and that it transforms the right handed v, from the first
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Table 4. The 8-plet of quarks—the members of SO(7,1) subgroup of the group SO(13,1), belonging to one Weyl left
handed (F(m) =-1=1" xl"“)) spinor representation of S0(13,1) is presented in the technique [32]. It contains the left
handed weak charged quarks and the right handed weak chargeless quarks of particular colour (1/2 ,1/ (2@) ). Here
'™ defines the handedness in (3 + 1) space, S'* defines the ordinary spin (which can also be read directly from the basic
vector, both vector with both spins, :I:% , are presented), 73 defines the third component of the weak charge, 7> the third

component of the SU(2);; charge, 7* (the U(1) charge) defines together with z** the hyper charge (¥ = 7* + %), 0 = ¥ +¢"* is the
electromagnetic charge. The vacuum state ‘1//0> , on which the nilpotents and projectors operate, is not shown. The basis is

the massless one. The reader can find the whole Weyl representation in the ref. [28].

a > F(3,1) S\Z r(4) TU TZ} Y Q

i

Octet, T7 =1, T = —1, of quarks

o GoEIOOIALE T R -
2w IO I N S
S EEIEEEEN ! O R S S
¢ I I I S S
s [] IEEIEL ST T O S
o SN ST T T O S
7o [fi](i>|<3f>[f]\w<°i°>i31iii S T S S -
s EIRIE SRS T A

Table 5. The 8-plet of leptons—the members of SO(7,1) subgroup of the group S0(13,1), belonging to one Weyl left

handed (1"('3") =-1=1"™ xl"(ﬁ)) spinor representation of S0(13,1) is presented in the massless basis. It contains the col-

our chargeless left handed weak charged leptons and the right handed weak chargeless leptons. The rest of notation is the
same as in Table 4.

a

v,) e s" e " : Y Q

N

Octet, T =1, T = —1, of quarks

Lo EEIGEI MO I S R ST
S S GOIEGE I I
S COOIEENO) L R B
s SN G L T B
s e IO S T e S
o - EEICIOIEHE S S T S R S
7o FIE)EEIEEE) S S B
5w COEIOENE) S T S A T
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row of Table S into the left handed v, presented in the
seventh row of the same table, just what the Higgs and
7’ do in the standard model. Equivalently one finds
78

that the operator y°(+) transforms the right handed
d¢'-quark from the third row into the left handed one (of
the same spin and colour) presented in the fifth row of
Table 4 and that it transforms the right handed e; from
the third row of Table 5 into the left handed one (of the
same spin) presented in the fifth row of Table 5.

The superposition of generators S®, forming ge-
nerators N~,§,L and 7 , presented in Appendix,
Equation (A 19), generate families, transforming each
member of one family into the same member of another
family, due to the fact that ‘{Sab,SNCd} =0 (Equation
(2)). The eight families of the first member of the eight-
plet of quarks from Table 4, for example, that is of the

right handed ug'-quark with spin %, are presented in

the left column of Table 6. The generators I\NlFf’L and
F20 , Equation (A 19), transform the first member of
the eightplet from Table 5, that is the right handed neu-

trino vy with spin %, into the eight-plet of right

handed neutrinos with spin up, belonging to eight differ-
ent families. These families are presented in the right
column of the same table. All the other members of any
of the eight families of quarks or leptons follow from any
member of a particular family by the application of the

operators N, and 7% on this particular member.
Let me point out that the break of SO(7,1) into
SO(3,1)xSU(2),, xSU(2),, assumed to leave all the
eight families massless, allows to divide eight families
into two groups of four families. One group of families

contains doublets with respect to Np and 72, these

Ano-

ther group of families contains doublets with respect to
NL and r , these families are singlets with respect to
N, and _7%. The scalar fields which are the gauge sca-
lars of N, and 72 couple only to the four families
which are doublets with respect to these two groups.
When gaining non zero vacuum expectation values, these
scalar fields cause nonzero mass matrices of the four fami-
lies to which they couple. These happens at some scale
(assumed to be) much higher than the electroweak scale.

The group of four famllles which are singlets with re-
spect to Ng and 72, stay massless unless the gauge
scalar fields of N, and 7', together with the gauge
scalars of Q,Q" and Y', gain a nonzero vacuum ex-
pectation values at the electroweak break. Correspond-
ingly the decoupled twice four families (the matrix ele-
ments between these two groups of four families are
equal to zero) appear at two different scales determined
by two different breaks.

To have an overview over the properties of the mem-
bers of one (any one of the eight) family let us present in
Table 7 quantum numbers of particular members of any

families are singlets with respect to NL and 7'.

Table 6. Eight families of the right handed u; quark with spin % , the colour charge ("': (733 =1/2,7% = 1/(2\/5))) , and

1
of the colourless right handed neutrino v, of spin > are presented in the left and in the right column, respectively. All the

families follow from the starting one by the application of the operators ( N RL? A

1
(N ,f’L , A ) (Equation (A19)) transform u; of spin 3 and the chosen colour

~(2,1)%

) from Equation (A19). The generators

' to all the members of one family of the

1
same colour. The same generators transform equivalently the right handed neutrino v, of spin 3 to all the colourless

members of the same family.

910 1112 1314

} u; OGN
I, e [0 ) 1 (I
i, w ORI
W, w IO
v, u; I
vi, w (+i)(+ )[][+]u<1°>[””][”‘]
Vil e IR GO IOE
v, u; ENEIOEIOE

03 910 1112 1314

e FHIIEIOIHEE)
Ve EEIOEIEEE)
Ve GO IR
Ve [fi]<”) )
i I ()
g DI
Ve IO 1)
g (O IEEE)
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Table 7. The quantum numbers of the members—quarks and leptons, left and right handed -- of any of the eight families

(ie{l,---,

VIII}) from Table 4 are presented: The handedness T'*)=_4is"§", §¥ g2 g% g1z = 8

of the weak

SU(2),, 7" of the second SU(2),, the hyper charge Y(= 7 +r”) , the electromagnetic charge Q(= Y+r“) , the
SU(3) status, that is, whether the member is a triplet—the quark with the one of the charges determined by z* and 7%
1 1 1 1 1
that is one of {| —,— |,| =—,—~= |,| 0,——= |} —or a singlet, and the charge Y'(=7" —7*tan’g,)).
r(m '(.,3 iz Ssz SF:E 13 P Y Q SU (3) Y!
i 1 1 1 2 . 1
u, -1 ig iE 0 0 5 0 5 3 triplet —gtan2 o,
i 1 1 1 1 . 1
d, .| ig iE 0 0 =) 0 5 -3 triplet —gtan2 o,
i 1 1 1 . 1 2
Vi -1 ?5 iE 0 0 > 0 3 0 singlet Etan‘ A
i 1 1 1 . 1
€, -1 ii iE 0 0 -5 0 -5 -1 singlet EtemZ 6,
i 1 1 2 2 1 1
u 1 0 0 +— +— 0 — — — triplet —|1-—tan’ @
§ 2 2 2 3 3 ripie z( 3 Zj
i 1 1 1 1 1 1
d 1 0 0 +! + 0 - — — friplet -~ 1+7tan16'j
§ 2 2 2 3 3 i 2( 3o
i 1 1 . 1 )
Vei 1 0 0 +— +— 0 — 0 0 singlet 7(1+tan H,)
2 2 2 2 N
€ 1 0 0 ii il 0 L -1 -1 singlet —1(1— tan* 0, )
2 2 2 2

of the eight families: The handedness T*") (: —4is”s" ),
(of the weak SU(2) ), z (of SU(2),), the

hyper charge Y =7*+7%, the electromagnetic charge
Q, the SU (3) status, that is, whether the member is a
member of a triplet (the quark with the one of the charges

{%,%),(—%,%}(0,—%)}) or the colourless

lepton, we present also S”,S/*, S2°,SY, and, after the

break of SU(2), xU (1), into U(1) ,also Y'.
Before the break of SU(2), xU(1), into U (1),

the members of one family from Tables 4 and 5 share the

family quantum numbers presented in Table 8: The
“tilde handedness” of the families f(3’1)(: —4i§°3§12),

803 8'2 , SNQB,SN,L2 (the diagonal matrices of 50(3,1) ),
* (of one of the two SU(2), ), 7 (of the second
sU (2)|| )-

We see in Table 8 that the first four of the eight fami-
lies are smglets with respect to subgroups determined by
N, and 7, and doublets with respectto N, and 7'
while the rest four families are doublets with respect to
NR and 77, and singlets with respect to NI_ and 7'

When the break from SU(2), xSU (2), xU (1), to
xSU (2), xU (1), appears, the scalar fields, the super-
position of @,,,, which are triplets with respect to N,

g abs °
and 7> (are assumed to) gain a nonzero vacuum ex-

Copyright © 2013 SciRes.

pectation values. As one can read from Equation (5)
these scalar fields cause nonzero mass matrices of the
families which are doublets with respectto N and 7°
and correspondingly couple to these scalar fields with
nonzero vacuum expectation values. The four families
which do not couple to these scalar fields stay massless.
The vacuum expectation value of Ai =0 (is assumed to)
stays zero at the first break. In this break also the vector
(with respect to (3 + 1)) gauge fields of 7> (the genera-
tors of SU (2),, ) become massive.

In the successive (electroweak) break the scalar gauge
fields of N, and Z', coupled to the rest of eight fami-
lies, gain nonzero vacuum expectation values. Together
with them also the scalar gauge fields A", A? and
AQ (the superposition of @, spin connection fields)
gain nonzero, vacuum expectation Values The scalar
fields A!, ASNL A2, AY and A" determine mass
matrices of the last four massless families. At this break
also the vector gauge fields of 7' become massive.

The second break, which (is assumed to) occurs at
much lower energy scale, influences slightly also proper-
ties of the upper four families.

Let us end this subsection by admitting that it is as-
sumed (not yet showed or proved) that there is no con-
tributions to the mass matrices from y"y°p,wg, Wwith
s=(5,6). Such a contribution to the mass term would
namely mix states with different electromagnetic charges
(vg and e , Uy and d,), in disagreement with what
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Table 8. The quantum numbers of a member of the eight families from Table 6, the same for all the members of one family,
are presented: The “tilde handedness” of the families I'*)=-4iS"S", the left and right handed SO(3,1) quantum

numbers (Equation (14), S*,S?,S%, 82 of SO(3,1) group in the S™ sector), " of SU(2),, 7 of the second

SU(2),, # (Equation (16)), ¥'(=7" - f‘tanéz) ,taking 6,=0, ¥(=¢#'+7"), 0= (f4 +5%).

i e St” Se S~;” S~;Z ™ & 7 & Y Q
| 1 1 L 0 0 L 0 L 0 . 1
2 2 2 2 2
I - L L 0 0 L 0 L 0 L -
2 2 2 2 2
m -1 1 1 0 0 1 0 1 0 L 0
2 2 2 2 2
v -1 L 1 0 0 1 0 . 0 . 0
2 2 2 2 2
v 1 0 0 L L 0 1 . . -1 -1
2 2 2 2 2
Vi 1 0 0 1 1 0 1 1 1 1 -1
2 2 2 2 2
Vil 1 0 0 L 1 0 Z - ! 0 0
2 2 2 2 2
Vil 1 0 0 1 1 0 1 L 1 0 0
2 2 2 2 2

is observed. The choice that scalars A and f‘{“ with
only s=(7,8) manifest makes all the scalar fields be-
having as weak doublets.

2.2. Scalar and Gauge Fieldsin d =(3+1)
through Breaks

In the spin-charge-family theory there are the vielbeins
S

e
o0 0
70 €

in a strong correlation with the spin connection fields of
both kinds, @, ((a,b)e{0,:+-,3,5,.-,8},0¢{7.8})
((s,t)e{5.6,7.8},0 €{5,6,7,8}), which

manifestin d = (3 + 1)—dimensiona1 space as scalar fields
after particular breaks of a starting symmetry. Phase
transitions are (assumed to be) triggered by the nonzero
vacuum expectation values of the fields f@,,, and
fsawaba N

The gauge fields then correspondingly appear as

m
ot = o, 0
a T s s Ai s |°
e, =€ EZA’ e

o

and with o,

with E°* =7%x", where A} are the gauge fields,
corresponding to (all possible) Kaluza-Klein charges
7™, manifesting in d =(3+1). Since the space symme-
tries include only S (M e s Sab) and not S$®,

there are no vector gauge fields of the type e’ E,‘ji Aﬁi ,

Copyright © 2013 SciRes.

with EZ =7,x°. The gauge fields of S, manifest in
d=(3+1) only as scalar fields.
The vielbeins and spin connection fields from

Equation (4) (Idde(aR+d§)) are manifesting in

d =(3+1) in the effective action, if no gravity is as-
sumed in d =(3+1) (e;'l1 =5;)

A
S, = Jd(3+1)x{_%FAimn FmAni +%(mAi )2 AT/-]\i AAM
17)

+ contributions of scalar ﬁelds}.

Masses of gauge fields of the charges 7", which
symmetries are unbroken, are zero, nonzero masses cor-
respond to the broken symmetries.

In the breaking procedures, when

SO(7,1)xU (1), xSU (3)
breaks into

SO(3,1)xSU (2), xSU (2), xU (1), xSU (3),

1

there are massless gauge fields
SU(2),,8U(2), .U (1),

and SU (3) (and eight massless families of quarks and

leptons, as discussed above).
In the break from

S0(3.1)x5U (2), xSU (2), xU (1), xSU (3)

to
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SO(3,1)xSU (2), xU

(1), xSU (3)

the scalar fields originating in @, , =@, gain non-
Zero vacuum expectation Values causing the break of
symmetries, which manifests on the tree level in masses
of the superposition of gauge fields Ai and A, as
well as in mass matrices of the upper four families.

To the break from SO(3,1)xSU (2), xU (1), xSU (3)
to SO(3,1)xU (1)xSU (3) both kinds of scalar fields,

superposition of @, 6 =d,, and of flw, =w

aba — “Yabs sta s'ts
with (a,b)={0,---,8}, (s, )—{(5,6),(7,8)}; and
s=e{7,8}, as well as A’ contribute, which manifests
in the masses of W;,Z = and in mass matrices of the
lower four families.

Detailed studies of the appearance of breaks of sym-
metries as they follow from the starting action, the cor-
responding manifestation of masses of the gauge fields
involved in these breaks, as well as the appearance of
nonzero vacuum expectation values of the scalar fields
which manifest in mass matrices of the families involved
in particular breaks are under consideration. We have
studied successfully so far [29,30] a toy model where the
break appears from M’ to M’"'x an infinite disc,
curled by the vielbein into an almost S*, and with a spin
connection on this infinite disc, which enables massless
fermions after the break.

Although the symmetries of the vacuum expectation
values of the scalar fields are known when once the way
of breaking symmetries is assumed, yet their values
(numbers) are not known. Masses and interactions de-
termining the dynamics of these scalar fields are also not
known.

But knowing the number of with mixing matrices re-
lated families, which is four in the spin-charge-family
theory, the symmetry of the 4x4 mass matrices, which
is in the spin-charge-family theory the same for all the
family members and the experimental values for the so
far measured masses and mixing matrices, we are able to
comment about properties of the fourth family members
[34] and about the vector and scalar fields.

Let us repeat that the gauge fields originating in w,,,
are after the breaks in the adjoint representations with
respect to all the charges, while the scalar fields are as
well in the adjoint representations with respect to the
family charges, while they form doublets as the “gauge
fields” of S%, s=(7,8) with respect to the weak
charge.

2.2.1. Scalar and Gauge Fields after the Break from
SU(2),xU(1) to U(1),

Before the break of
SO(3,1)xSU (2), xSU (2), xU (1), xSU (3)

Copyright © 2013 SciRes.

¢ SO(3,1)xSU (2), xU (1), xSU (3)

the gauge fields A] (A = oy, + Ogrn »
2 2 it
An = Qs = Qg s Ay = Osy + O3 ), A,

(A = Oy = O s AY = Oy + Oy s
AY =@, —w,,)and Al are all massless.

After this break the gauge fields A>", as well as one
superposition of A> and A}, become massive, while
another superposition (A;) and the gauge fields Al
stay massless.

The fields A" and A, manifesting as massive
fields, and A; which stay massless, are defined as the

superposition of the old ones as follows

A” = Alsing, +Aﬂ cos6,,

Al = A cos@, — Al'sin6,, (18)
1

Aii :f(AiliiAiz)’

for m=0,1,2,3 and a particular value of 6, . The
scalar fields A, A™, A’ which do not gain in this
break any vacuum expectation values, stay massless.
This assumption guarantees that they do not contribute to
masses of the lower four families on the tree level.
The corresponding operators for the new charges
which couple these new gauge fields to fermions are
Y =t + 7%,
Y'=7r"-r*tan’ @, (19)
2 2 i
The new coupling constants become g' =g*cosé,,
9" =g°cosh,, while A2 have a coupling constant
9
V2

To this break the scalar fields originating in @,

contribute so that the symmetries in both sectors, S
and S*®, are broken simultaneously. The scalar fields
A>  (which are the superposition of @y , ﬁ\“
= Oz, + D Aszz = W57 — Wy » '%3 = (g, + (g, ) gain
a nonzero vacuum expectation values.

We have for the scalar fields correspondingly

AP = ASY sin @, + f‘g cosd,,

A;‘:Ajcoséz—:&fsinéz, (20)

- 1 [~ o~

2+ 21 — 22
= FI >

A= (A =iR?)
for s=7,8 and a particular value of éz. These scalar
fields, having a nonzero vacuum expectation values, de-
fine according to Equation (7) mass matrices of the upper

four families, which are doublets with respect to 7> and
Np.
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To this break and correspondingly to the mass ma-
trices of the upper four families the scalar fields which
couple to the upper four families

N ~ .~ ~ .~ ~ -~
AR = (C‘)z}s =Wy g, W15 — 1Dy, Dy55 — Ia)O}s) 21
contribute. The lower four families, which are singlets
with respect to both groups, stay correspondingly mass-
less.
The corresponding new operators are then
Y=+ Y =% - tan 0,,
(22)

2t =21 22 NS
T =77 i, Np.

New couphng constants are correspondlngly
g =§"cos :92 , § =d"cos 62 , AS have a coupling

constant g—, and &NR the coupling constant QNR

V2

To assure masslessness of the lower four families 6,
must be equal to zero.

2.2.2. Scalar and Gauge Fields after the Break from
SU(2),xU(1) to U(1),
To the electroweak break, when
SO(3,1)>< SU (2)I xU (1)I x SU (3)
breaks into
SO(3,1)xU (1)xSU (3),

both kinds of the scalar spin connection fields contribute.
That means that a superposition of @, (which is or-
thogonal to the one trigging the first break)

A® = A sind +Z_ cosh,
A = A cosf, —Z sin6, (23)

i :%( R FiA?),
and
A 24)
and a superposition of @,
AR =sin 6 A” +cos O A,
AY =cosG A’ —sing A, (25)
A" =cos§,A” —sin6,A},
s€(7,8) contribute. While the superposition of Equa-
tions (23, 24) couple to the lower four families only, smce

the lower four families are doublets with respect to 7'
and N™ , and the upper four families are singlets with

respect to 7' and N™ , the scalar fields A®, A® and
&Y' (they are a superposition of ;S te(S ,14);

sts' >

s'=7,8) couple to all the eight families, distinguishing
among the family members.

Copyright © 2013 SciRes.

_ Correspondingly a superposition of the vector fields
Al and A,

AY = A sin@ +Z, cosé,

A=A, cosb —Z, sinb, (26)

+ 1 11 —;p12
W = (A FiAY).

thatis W and Z,, become massive, while A, stays
with m=0. The new operators for charges are
Q=7"+Y =8"+7¢%,
Q' =-Ytan* 6 +7", 27)

1+ 11 s 12
T =7 *It°,

and the new coupling constants are correspondingly
Y

e=9"cosd, g'=g'cosf and tand ==—, in agree-
ment with the standard model. It will be assumed, for
simplicity, that in the scalar sector of superposition of
oy , Equation (25), the same ¢, determines properties
of the coupling constants as it does in the vector sector of
g, » Equation (26).
In the sector of the superposition of @,
corresponding new operators are

Q=73+Y =8%4+7
Q' =-Y tan® 51 +7°, (28)

~1+ ~11 i ~12
To=7 xIT",

scalars the

with the new coupling constants & = §" cos@1 ,
<Y
§'=G'cosf and tané, =g~—1
To this break and correspondingly to the mass matri-
ces of the lower four families besides fields of Equation
(23), orthogonal to As2 also the scalar fields A%NL (they

are orthogonal to ASNR ) contribute.

All the scalar fields presented in this and the previous
subsection are after the particular break massive dy-
namical fields, coupled to fermions and governed by the
corresponding scalar potentials, for which we assume
that they behave as normalizable ones (at least up to
some reasonable accuracy).

3. Mass Matrices on the Tree Level and
Beyond in the Spin-Charge-Family
Theory

The starting fermion action (Equation (5)) manifests after
the two successive breaks of symmetries the effective
low energy action presented in Equation (7). The mass
term (Equation (13)) manifests correspondingly the fer-
mion mass matrices.

The first break leaves the lower four families, which
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are singlets with respect to the groups (7 and NR )
involved in the break, massless. At the electroweak break
all the families become massive. While the scalar fields
which are the gauge fields of 7' and N, couple only
to fermions of the lower four families, the scalars which
are the gauge fields of Q, Q' and Y’ influence the
mass matrices of all the eight families.

The scalar fields, originating in @,,,, determine on
the tree level with their vacuum expectation values di-
agonal and off diagonal matrix elements of mass matri-
ces. These fields do not distinguish among the family
members. The scalar fields &A,A: Q,Q"Y', contribute
only to diagonal matrix element - the same value for all
the families - distinguishing among the family members.
The two SU 21 groups (for the upper four families are
the generators 7> and Ny, for the lower four families

are the generators 7' and NL) determine symmetries

of mass matrices, valid also in all loop corrections.

Table 9 represents the mass matrix elements on the
tree level for the upper four families after the first break.
Loop corrections change the values, also the four zeros,
keeping the symmetries of mass matrices unchanged.
The notation &~ =—g*~AN is used. The sign (F) dis-

tinguishes between the values of the two pairs (U -quarks,

v -lepton) and (d -quark, e-lepton), respectively. The
lower four families, which are singlets with respect to the
two groups (7> and N g )» as can be seen in Tables 4
and 5, stay massless after the first break.

In loop corrections the symmetry of mass matrices
stays unchanged, zeros are replaced by values.

Masses of the lowest of the higher four families were
evaluated in the ref. [11] from the cosmological and di-
rect measurements, when assuming that baryons of this
stable family (with no mixing matrix to the lower four

families) constitute the dark matter.

The lower four families obtain masses when the elec-
troweak break (SU(2),xU (1), into U(1)) occurs,
manifesting in nonzero vacuum expectation values of the
two triplet scalar fields Al, A, and of the U (1)
scalar fields A!, as well as of A%, AY and A''. The
scalar fields bring masses also to the gauge fields W,
and Z_ . All the scalar fields are doublets with respect to
the weak charge: ;/OySASA,S = (7,8) transform the right
handed weak chargeless quarks and leptons (of the ap-
propriate hyper charges) to the left handed partners.

On the tree level the mass matrices gain contribution
from nonzero vacuum expectation values of scalar fields,
the same for U -quarks and v -leptons and the same for
d -quarks and e -leptons. (1) distinguishes between
values of the U -quarks and d -quarks and correspond-
ingly between the leptons v and e . The contributions
from A, AY and A’ to mass matrices are different
for different family members and the same for all the
families of a particular family member.

Beyond the tree level all mass matrix elements of a
family member become dependent on the family member
quantum number, through coherent contributions of the
vector and all the scalar dynamical fields, keeping sym-
metry, which is determined by the two SU (2) groups
(7' and N L)

Table 10 represents the contribution of g"z"A and

g NLAQ'L to the mass matrix elements on the tree level

for the lower four families after the electroweak break.
The contribution from eQA°, g?QAY and g"YA',
which are diagonal and equal for all the families, but dis-
tinguish among the members of one family, are not pre-
sented. The notation éf' =g~ AA' is used, 74 stays

for 7' and NL, the correspondlng notation for the

Table 9. The mass matrix on the tree level for the eight families of quarks and leptons after the break of

S0(3,1)xSU(2),x8U(2), x

U(1),xSU(3) to SO(3,1)xSU(2),x

U(1),xSU(3). The notation & stays for —g* 4",

(F) distinguishes u, from d, and v, from e,,index i determines families.

I I I v v VI Vil Vil
[ 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0 0
% 0 0 0 0 71( 3+ g% ) —g"% —a 0
SlE+E .
VI 0 0 0 0 —g% —1( ar-alt) 0 —a
) & -a
5 1 523, 5N} Ng
viI 0 0 0 0 & 0 (e e -a]
VIl 0 0 0 0 0 -a —g% l(aﬁ + a)
+ + 2 + +

Copyright © 2013 SciRes.

JMP



838 N. S. M. BORSTNIK

coupling constants and the triplet scalar fields is used.
The absolute values of the vacuum expectation values

of the scalar fields contributing to the first break are ex-

pected to be much larger than those contributing to the

/:\S” <<1).

A2 |
The mass matrices of the lower four families were
studied and evaluated in the ref. [10] under the assumption
that if going beyond the tree level the differences in the
mass matrices of different family members start to mani-
fest. In that ref. the symmetry properties of the mass ma-
trices from Table 10 were assumed and the explicit val-
ues for matrix elements fitted to the experimental data
within the experimental accuracy. Taking the fourth fam-
ily masses as parameters within the experimental data we
were able to calculate matrix elements of mass matrices,
predicting mixing matrices for all the members of the

four lowest families.
In Table 11 we present quantum numbers of all mem-

second break {

3.1. Mass Matrices beyond the Tree Level

To the vacuum expectation values of the scalars pre-
sented in Tables 9, the diagonal matrices a,, the con-
tributions of eQA?, gQ'Q'ASQ' and g"Y 'ASY', have to be
added on the tree level. They are the same, after the elec-
troweak break, for all eight families and different for
each of the family member (a = (u,d,v,e)) , (é¢ = a;‘)

4, =eQA, +7'cosfQ'Z% +g>cosO,Y A" (29)

While the mass matrices of (U and v) and (d and
e) have on the tree level the same off diagonal elements

Table 10. The mass matrix on the tree level for the lower
four families of quarks and leptons after the electroweak
break. Only the contributions coming from the terms
S @, in p, in Equation (7) are presented. The notation
@l stays for —gA), where (F) distinguishes between
the values of the (u -quarks and d -quarks) and between
the values of (v and e).

bers of a family, any one, after the electroweak break. I Il 1l v
~13Table 133 presents Fhe quantum numbers 72, N;., | _1(~? +al) &% & 0
77 and N, for all eight families. The first four fami- 2
lies are singlets with respect to #*' and N, , while they I 3 _7(513 a[“f) 0 a
are doublets with respect to 7' and N, (all before the
break of symmetries). The upper four families are corre- I ay 0 —%(—éﬁ +§ft) ar
spondingly doublets with respect to 7' and Nj and |
are singlets with respectto 7" and N . v 0 a &t 5(";‘11 +a)
Table 11. The quantum numbers Y,¥’,0,0" of the members of one family.
Y \& Q Q' Y Y’ Q Q
2 1 1 2 2 ., 1 1., 2 1 1
u = —| I1-=tan" 0, = ——tan’6 u - ——tan’ 6, = —| 1-—tan6,
* 3 [ 3 J 3 3o L 6 6 3 2[ 3”‘"‘)
1 1 1, ., 1 1 1 1 1 1 1
d — ——| I+—tan” @, — —tan’ @ d — ——tan’ 0, — ——| I+—tanf,
* 3 ( 3 J 3 3ol L 6 6 3 2( 3 )
Ve 0 l[lJr%tanZ HZ) 0 0 v, 7% %tanzﬁZ 0 %(lﬂanz@l)
1 | ) 1 1., 1 2
e, -1 7(—1+§tan‘6’lj -1 tan 6, e ~3 Etan‘@ -1 *5(1*tan‘9|)

Table 12. The quantum numbers 72, N3, #° and

N ? for the two groups of four families are presented.

T=1/i 7 N 7" N; =i 7 N; 7" N;
1 0 0 . . 1 . . 0 0
2 2 2 2
1 1 1 1
2 0 0 — - 2 — - 0 0
2 2 2 2
3 0 0 ! . 3 ! L 0 0
2 2 2 2
4 0 0 1 1 4 1 L 0 0
2 2 2 2

Copyright © 2013 SciRes.
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and differ only in diagonal elements, loop corrections, to
which massive gauge fields and dynamical scalar fields
of both origins (@,,, and ) contribute coherently,
change mass matrices of the lower four families drasti-
cally, but not the symmetry. For the upper four families,
for which the diagonal terms from eQA?, g¥Q'AY
and g"YA" are small, since they are the same for all
eight families, loop corrections are not expected to bring
drastic changes in mass matrices between different fam-
ily members. The mass matrices with loop corrections in
all orders demonstrate twice four by diagonal matrices

" Mall 0
M _( . Ma'} (30)
where M“" and M* have the structure
-a,—a e d b,
M = e -a,—-a b, 31
d b, a-a e [
b, d e a-a

the same for all the family members « €{u,d,v,e} . The
values a,,a,,b,b, and c are different for the upper
(Z=1) and the lower (£=1) four families, due to
two different scales of two different breaks. Correspond-
ingly the two tree level mass matrices M have very
little in common, besides the symmetries and the contri-
butions from Equation (29).

Let us introduce the notation, which would help to
make clear the loop corrections contributions [33]. We
have before the two breaks two times (Ze{ll,l}, 1
denoting the upper four and | the lower four families)
four massless vectors g, 5 for each member of a
family « e{u,d,v,e}. Let i, ie {1,2,3,4}, denotes one
of the four family members of each of the two groups of
massless families

l//g(L,R) :('//zala‘//gzv‘//gs"//g)(L’R . (32)

)
Let LI’g(L‘R be the final massive four vectors for each
of the two groups of families, with all loop corrections

included
l//Ea(L,R) =Vy"¥5

v 63)
Vs :VZ(U)VZ(l) ” 'Vz(k)
Then ‘I’;(L’R), which include loops corrections in all

orders, read

\Pg(L,R) :Vza_l'//g(L,R)' (34)
Correspondingly we have
a a a a a? at\ja a(k
<'//2L 7'M V/2R>:<V/2L|70V2 M zvz Txé)>

(35)

:<W§‘L|y°diag<mf’,"‘:mf) \Pgé{k)>.

Copyright © 2013 SciRes.

It follows then that V“'M“V“ =®¢ determines the
superposition of the scalar dynamical fields which couple
with the coupling constants m; (in some units) to the
family member belonging to the k™ family

(@5), W = Guemi . (36)

Let us repeat that to the loop corrections two kinds of
the scalar dynamical fields contribute, those originating

N R i .2 =g f A s,
in Cbabs (QYYAY, %fZiAgZi,gNL'RNL,R NL,R’ gQQ!&Q ,

Al

g

V2
(eQA.,g'cos9QZ2 ,g" cos .Y A" ) and the gauge
fields (g°cos&YA" , g'cosdQZ2) as it follow from
Equation (7).

In the ref. [33] loop diagrams for these contributions to
loop corrections in first order are presented and numeri-
cal results discussed for both groups of four families. The
masses and coupling constants of dynamical scalar fields
and of the massive vector fields are taken as an input and
the influence of loop corrections on properties of fer-
mions is studied.

Let us arrange mass matrices, after the electroweak
break and when all the loop corrections are taken into
account, as a sum of matrices as follows

M az _ (Qa )k (Q,a )k' (Y o )k” Mgé,\(kkk,,, (37)

k=0,k’=0,k"=0

£ A*) and those originating in @,

To each family member there corresponds its own
matrix M“ . It is a hope, that the matrices M joy -
might not depend on the family member index «

(Mgé,YkW = MéQ’Ykkk") and that the eigenvalues of the

operators (Q“ )k (Q’“ )k' (\f’“)k" on the massless states

YR make the mass matrices M dependent on « .
To masses of neutrinos only the terms

(Qa )0 (Q,a )0 (Y “ )k” M gg’Ykk’k” contribute.

More about the mass matrices below the tree level can
be found in the ref. [33].

Numerical Results for the Lowest Four Families of
Quarks and Leptons

I present here a part of our study with G. Bregar [34],
which is still in progress.

In this study we take the mass matrix as presented in
Equation (31) and fit the parameters of this matrix for the
lower four families so that masses and mixing matrices
of quarks and leptons agree within the experimental ac-
curacy with the measured values.

We proceed as follows:

1) After assuming that the mass matrices M?* ,
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a=(u,d,v,e), are Hermitian, the unitary matrices S*
and T“, which we look for to diagonalize M“, differ
only in phase factors depending on phases of the right
and left handed basic vectors of each family member « ,
and manifesting in two diagonal matrices, F“° and
F°T, respectively. For Hermitian mass matrices we
therefore have: T =S“F*F“",

2) M“ are treated for all the family members & in
an equivalent way.

3) We take the diagonal matrices Mg and the mixing
matrices V,, from the available experimental data [35,
36], taking into account experimental accuracy. The
fourth family members properties are free parameters,
limited by the experimental data.

4) The mass matrices M®, with the symmetry pre-
sented in Equation (31), follow from the procedure:

M“=S*MIT*", T“=S*F*“F“, (38)

5) We proceed so that we iterate the procedure A
and B:

A:S’ =V}s”,

.Qa _ B
B.:S“=V,,S”,

RYARAY 12Xa — M7
AV S MES™ N, = M7,

. BNe_BN T _ N«
B.:V,,S"M{S NV, =M.

(39)

6) We further simplify the procedure by assuming that
M* are real and can therefore be diagonalized with or-
thogonal matrices S”.

7) We keep the symmetry of mass matrix accurate,
while fulfilling the experimental requirements as accu-
rate as they are.

The differences among family members originate in
the eigenvalues of the operators (Q,Q',Y’) which in
loop corrections in all orders contribute to all mass ma-
trix elements and distinguish among family members.
There are possible differences also in U and d quarks
andin v and e leptons due to differences in the vacuum
expectation values of _ of scalars Afi, A=1,N, and
Af, A=Q,QLY".

We obtain the mass matrices for either quarks or lep-
tons, the matrix elements of which differ among them-
selves for a factor (from 1.2 to 10) while they respect the
symmetry of Equation (31).

There are more than one solution. Solutions are
namely connected by discrete rotations of basic states.
We present one solution for each of the family member,
all fulfilling the experimental data within experimental
accuracy. Masses of the fourth family are chosen as free
parameters, although one can not fit to experimental data
either too low or too high values for the fourth family
members. For quark we found as one of the acceptable
results

Copyright © 2013 SciRes.

101630 —46077 -46154 -94733
—46077 321824 315685 —46154
MY = , (40)
—46154 315685 309681 —46077
—94733 —46154 46077 98488
36244 104497 104484 36223
Mé = 104497 315176 315198 —104484
104484 315198 315235 —104497 [
—36223 -104481 -104497 36304
which lead to quark masses
My /MeV/c2 =(1.3,620,172000,650000), Al
M /MeV/c2 =(2.9,55,2900,700000), @D
and the mixing matrix
0.9740 -0.2243 -0.0041 0.0306
0.2242 09737 —-0.0409 -0.0049
Vg = . (42)
0.0084 0.0403 0986  0.1616
—0.031 —-0.0052 -0.162  0.9864

The mass matrices for leptons again depend on the
choice of the fourth family lepton masses. The fourth
family leptons are almost decoupled from the lowest four
families.

14021 14968 14968 —14021
14968 15979 15979 —14968
MY = , (43)
14968 15979 15979 —14968
—14021 -14968 -14968 14021
28933 30057 29762 27207
ME = 30057 32009 31958 —29762
| 29762 31958 32009 —30057 |
—27207 -29762 -30057 28933
leading to masses
M} /MeV/c” =(5x107,1x10™*,5x10™,60000),
M /M(:V/c2 =(0.511,105.658,1776.82,120000),
and the mixing matrix
0.824 —-0.547 -0.1508 0.
-0.503 0.581 —-0.641 0.
ve = . (45)
-0.263 0.6033 0.753 0
0. 0. 0. 1

These very preliminary results manifest that quarks
and leptons behave similarly with respect to the scalar
and gauge fields, which determine their properties. Mass
matrices, which all obey the same symmetry, are within a
factor from 1.1 close to 7 or 8§ manifesting a democratic
matrix. The masses and mixing matrices, reproduced for
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the lower three families within experimental accuracy, do
not allow to push the fourth family masses either to low
or too high. The lepton mixing matrix with nonzero cou-
plings to the lower three families do not contradict the
experimental data if they are small enough. The very
democratic like mass matrix for neutrinos seems con-
venient to assure extremely small masses of the first
three families of neutrinos in comparison with the masses
of the charged leptons and quarks.

4. Scalar Fields of the Spin-Charge-Family
Theory Manifesting Effectively as the
Standard Model Higgs and Yukawa
Couplings

I refer here to the paper [37] (sent for publication). Let us
introduce a common notation for all the scalar fields,
which influence properties of the lower four families and
correspondingly of the weak boson fields

N =N oM :(@,@L,N',AS’,AQ),
| ¥ | +- 20 F ) J: + + (46)
cpé':(qn‘“iicbg'), A ={I,N_Y.Q.Q}.

A and AL are the gauge scalar fields of the
charges 7 and NL, respectively, while N AQ A?
are the gauge scalar fields of Y',Q" and Q, res-
pectively.

We assume a renormalizable effective potential
V(@Ai) for the real scalar fields ®* (Equation (46)),
which couple among themselves

V(o)
o g

and have the symmetry: A4% = 2BAT
Scalar fields couple to the gauge bosons at the elec-
troweak break as follows

£ =3 (") (p"0")-V (),

Pon = Pu—{0" 7 AL +Q'FALL

All the scalar fields are e1tl£er SU 2) triplets with
respect to the family charges 7' and N, and singlets
with respect to Y',Q" and Q, while they all are dou-
blets with respect to the weak charge, due to the fact that

they carry the space index s=(7,8) and couple to fer-

(48)

mions through 7°y° g*z"®!*, where 7" denotes
the operators 7%, N/, Y’,Q, and Q and g" the
corresponding coupling constants. We also can write

. . . 78
7/07/5 gAl,[_Al(I);,Al’sf8 7,8 as )/0 (-T-) g TAICDI LAI

where g"z"®"* (-) contributes to mass matrices of

Copyright © 2013 SciRes.

i . i 78
u-quarks and v leptons, while g*z*®!* (+) con-
tributes to mass matrices of d -quarks and e -leptons.

When looking for the mass eigenstates ®”

o = ZCA' o7, (49)
in which on the tree level the potential is diagonal
1 2 2 1 4
v(or)-2{-5(m.) (02 22 (02) . 60

we diagonalize the matrix of the second derivatives of
the potential V (CI)?' )

2 Ck
% o = 245 WiV (51)
From the first derivative
ov (@)
aq)?i (52)

~o {( ez o) e T a0t |

= /LA'A' we obtain the minimal values of the sca-
lar ﬁelds V. =®2 ., as functions of the parameters,

Fmin °

~( +AI) +ZB,/1¢A'BJ( +BJ) =0.

Comparing the scalar mass eigenstates @7 from
Equation (49) with the superposition of scalars to which
couple each member of each family (Equation (36)) one
notices that the second ones are superposition of the first
ones.

All the scalar doublets, which couple to the lower four
families, contribute to masses of the weak bosons, re-
producing on the tree level the expression for the masses
of the standard model. [37]

1Y s 1 Q50 -
- V| ——— 7979 Lowrw T |, (53
(2] (g ) I{(COSHI)z ©)

where v, are the contribution to the vacuum expecta-
tion value of all the scalar fields ®L" .

5. Conclusions

I discuss in this paper the possibility that the spin-
charge-family theory [1-11,28,37], proposing the mecha-
nism for generating families of quarks and leptons and
consequently predicting the number of families at low
(sooner or later observable) energies and the mass matri-
ces for each of the family member (and correspondingly
the masses and the mixing matrices of families of quarks
and leptons), is offering the right way beyond the
standard model. This paper is partly a short overview of
several other papers.
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The spin-charge-family theory predicts the fourth fam-
ily to be possibly measured at the LHC and the fifth fam-
ily which is, since it is decoupled in the mixing matrices
from the lower four families and it is correspondingly
stable, the candidate to form the dark matter [11].

The proposed theory also predicts that there are sev-
eral scalar fields, taking care of mass matrices of the two
times four families and of the masses of the weak gauge
bosons. At low energies these scalar dynamical fields
manifest effectively pretty much as the standard model
Higgs field together with the Yukawa couplings, pre-
dicting at the same time that observation of these scalar
fields is expected to deviate from what for the Higgs the
standard model predicts.

To the mass matrices of fermions two kinds of scalar
fields contribute, the one interacting with fermions
through the Dirac spin and the one interacting with fer-
mions through the second kind of the Clifford operators
(anticommuting with the Dirac ones, there is no third
kind of the Clifford algebra object). The first one distin-
guishes among the family members, taking care of the
spin and the charges of all the family members, the sec-
ond one distinguishes among the families. Beyond the
tree level these two kinds of scalar fields and the vector
massive fields start to contribute coherently, leading
hopefully to the measured properties of the so far ob-
served three families of fermions and to the measured
properties of the observed weak gauge fields.

In the ref. [8,10] we made a rough estimation of proper-
ties of quarks of the lower four families as predicted by
the spin-charge-family theory. The mass matrices of
quarks and leptons turn out to be strongly related on the
tree level. Taking into account that loop corrections
change elements of mass matrices considerably, but keep
the symmetry of mass matrices, we took mass matrix
element of the lower four families as free parameters. We
fitted the matrix elements to the existing experimental
data for the observed three families within the experi-
mental accuracy and for a chosen mass of each of the
fourth family member. We predicted then elements of the
mixing matrices for the fourth family members as well as
the weakly measured matrix elements of the three ob-
served families.

In the ref. [11] we evaluated the masses of the stable
fifth family (belonging to the upper four families) under
the assumption that neutrons and neutrinos of this stable
fifth family form the dark matter. We study the proper-
ties of the fifth family neutrons, their freezing out of the
cosmic plasma during the evolution of the universe, as
well as their interaction among themselves and with the
ordinary matter in the direct experiments.

In this paper we present studies of the properties of the
gauge vector and scalar fields and their influence on the
properties of the eight families of quarks and leptons as

Copyright © 2013 SciRes.

they follow from the spin-charge-family theory on the
tree and below the tree level after the two successive
breaks, the first one from

S0(3,1)x U (2), xSU (2), xU (1), xSU (3)
to
SO(3,1)><SU (2)I xU (1)I x SU (3)

and the second one further to SO(3,1)xU (1)xSU (3),
trying to understand better what happens during these
two breaks and after them.

In the break from

SO(3,1)xSU (2), xSU (2), U (1), xSU (3)
¢ SO(3,1)xSU (2), xU (1), xSU (3)

several scalar fields (the superposition of
f7 @y,,5=(7,8)) contribute to the break as gauge tri-

abo °
plet fields of NR and of 77, gaining nonzero vacuum

expectation values. Correspondingly they cause nonzero
mass matrices of the upper four families to which they
couple, giving the same mass to weak doublets, and
nonzero masses of vector fields, the superposition of the
gauge triplet fields of 7> and of the gauge singlet field
of 7*. Since these scalar fields do not couple to the
lower four families (they are singlets with respect to N
and 7) the lower four families stay massless at this
break.

At the electroweak break several other superposition
of f’d@,, ,the gauge triplets of N, and of ' (which
are orthogonal to the previous triplets), together with
some superposition of the scalar fields f a,, , the
gauge fields of Q,Q" and Y', gain nonzero vacuum
expectation values, and contribute correspondingly to
mass matrices of the lower four families and to masses of
the gauge fields W and Z, . The gauge scalars of
Q,Q" and Y' influence slightly, together with the vec-
tor fields, also mass matrices of the upper four families.
The weak SU (2) symmetry is definitively broken.

Although mass matrices of the family members are, in
each of the two groups of four families separately, very
much related on the tree level (U -quarks are related to
v -leptons and d -quarks to e -leptons), loop correc-
tions, in which the scalar fields of both kinds contribute,
those distinguishing among the families and those dis-
tinguishing among the family members (u,d,v,e), to-
gether with the massive vector gauge fields which dis-
tinguish only among the family members, start to hope-
fully (as so far done calculations [33] manifest) explain
why are properties of the so far observed quarks and lep-
tons so different. Numerical evaluations of the loop cor-
rections to the tree level are in preparation (the ref. [33,
34)).
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Some results [34], which were obtained by keeping the
symmetry of mass matrices, the same for all the family
members, and fitting free parameters to the experimental
data within experimental accuracy, are presented (Equa-
tions (40, 43)). The results for the lower four families
manifest that in the spin-charge-family theory quarks and
leptons behave equivalently. The fourth family masses
are limited to certain region, which can not be too low or
too high.

The theory predicts several scalar fields (Equation
(46)), which couple to each family member of each fam-
ily with a different superposition (Equation (36)). These
superposition differ from the scalar mass eigenstates
(Equation (49)), while to the masses of the weak boson
fields all the scalar fields contribute equivalently (Equa-
tion (53)). All the scalar fields are triplets with respect to
the family charge groups, while they manifest as doublets
with respect to the weak charge. The theory consequently
predicts that the scalar fields measurements at the LHC
will probably observe several scalar fields, not only one
Higgs.

The standard model seems to be the low energy effec-
tive manifestation of the spin-charge-family theory,
which—by having a real chance to explain many of the
open questions of this (very efficient and elegant) model
—has offering a new step beyond the standard model.

Let me end by pointing out that the spin-charge-family
theory, very promising in offering explanation for the
appearance of spin, charges and families of fermions, and
for the appearance of gauge vector and scalar boson
fields at the low energy regime, still needs careful studies,
numerical ones and also proofs, that it is, under some
conditions, a consistent theory to demonstrate that/whe-
ther this is the right next step beyond the standard model.
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Appendix: Short Presentation of Technique
[1,2,32]

I make in this appendix a short review of the technique
[32], initiated and developed by me when proposing the
spin-charge-family theory [1-11,28,37] assuming that all
the internal degrees of freedom of spinors, with family
quantum number included, are describable in the space
of d -anticommuting (Grassmann) coordinates [32], if
the dimension of ordinary space is also d . There are
two kinds of operators in the Grassmann space, fulfilling

the Clifford algebra which anticommute with one another.

The technique was further developed in the present shape
together with H.B. Nielsen [32] by identifying one kind
of the Clifford objects with y°’s and another kind with
7%’s. In this last stage we constructed a spinor basis as
products of nilpotents and projections formed as odd and
even objects of »*’s, respectively, and chosen to be
eigenstates of a Cartan subalgebra of the Lorentz groups
defined by »®’s and 7*’s. The technique can be used
to construct a spinor basis for any dimension d and
any signature in an easy and transparent way. Equipped
with the graphic presentation of basic states, the tech-
nique offers an elegant way to see all the quantum num-
bers of states with respect to the two Lorentz groups, as
well as transformation properties of the states under any
Clifford algebra object.
The objects »* and 7* have properties (2),

{7a:7b}+ _ 277ab’

{7.7°) =™, (A1)
{r.7} =0,
for any d, even or odd. | is the unit element in the
Clifford algebra.

The Clifford algebra objects S* and S* close the
algebra of the Lorentz group

ab ::(i/4)(7/a}/b —}/b}/a),

{s*.8} =0, (AD)
{Sab’scd}7 _ i(nadsbc 4% _ preghd _nbdsac),

{ "'ab’S"'cd }7 —j (Uad §be +77bc§ad _nacs"'bd _nbd é'ac)’

a\We assume the “Hermiticity’” property for »* ‘s and
o yrEntyt, o P =g, (A3)

and 7° are compatible with (A1) and

at a_l

in order that »?®

~at a_l

formally unitary, i.e. y and 7

One finds from Equation(A3) that (S ab) =n®p™s*®,
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Recognizing from Equation (A2) that two Clifford al-
gebra objects S*,S® with all indices different com-
mute, and equivalently for S, 5% | we select the Cartan
subalgebra of the algebra of the two groups, which form
equivalent representations with respect to one another

$%,8"2,8% ...,891 if d=2n>4,

§”,8"7,..., 897 if d=(2n+1)>4, v
§9.§26% 50 if deanza, D
S®,8%,.. S92 if d=(2n+1)>4.

The choice for the Cartan subalgebra in d < 4 is straight
forward. It is useful to define one of the Casimirs of the

Lorentz group - the handedness T’ ({F,Sab}_ 20) in

any d

i) (\/—}/) if d=2n,
r .- ‘“/2 (Fy) if d=2n+1.

One can proceed equivalently for 7*’s. We under-
stand the product of »*’s in the ascending order with
respect to the index a:y°y'---»" . It follows from Equa-
tion (A3) for any choice of the signature 7* that
I'=r,I*=1. We also find that for d even the
handedness anticommutes with the Clifford algebra ob-

jects »® ({7/3,1“}+ = O), while for d odd it commutes

(AS5)

with 2 ({751,1"}7 :O).
To make the technique simple we introduce the
graphic presentation as follows (Equation (9))

° 1 a naa b . 1 i a, b
(k):z—[;f +L—y ], [k]::—(1+—7/ y j

1 2 |I_< 1 2 k (A6)
o::E(1+F), o 2(1 r),

where k” =7%n"™ . One can easily check by taking into

account the Clifford algebra relation (Equation (A1)) and
the definition of S® and S® (Equation (A2)) that if
one multiplies from the left hagd side by, $* or S
the Clifford algebra objects (k) and [k], it follows
that

ab ab
s (k)= k(). s*[k]=1k[k]
2 (A7)
ab 1 ab ab 1 ab

$ ()= k(). $*[K]=1k[}

which means that we get the same objects back multi-
. 1, . .
plied by the constant Ek in the case of S®, while

ab

~ ab
S® multiply (k) by k and [k] by (—k) rather than
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ab ab
(k). This also means that when (k) and [k] act from
the left hand side on a vacuum state |l//0> the obtained

states are the eigenvectors of S*. We further recognize
ab ab
(Equation 11,12) that »* transform (k) into [-k],

b ab b
never to [T(] , while 7* transform (k) into [T(],
ab
never to [—k]

7 (k

O)=n" [ K" (k) =ik [k},
y[k] (
-

) b[k]——nknﬁﬂ(—“’k),

o (a8)
7 (k) =-in L7 ()= [}
7 [k =i(k). 7 [€]=~r (),
From Equation (AS8) it follows
5% () (k) =L [ ][
5% (k) ()= ;naanm[akb]fkd]
5% ][] = £ () (k).
$% [(][k]= -5 (k) (k).
o e (49)
5% (k] =~ [K]( k),
% ()] =L (€] k).
5% [i]() = Lo~ (1K)

From Equations (A9) we conclude that S® generate
the equivalent representations with respect to S® and
opposite.

Let us deduce some useful relations

)=0 ,Ckb)(—a”k) [],( ><“> 7= K],

ab ab

ab ab ab ab
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We recognize in the first equation of the first line and
the first equation of the second line the demonstration of

the nilpotent and the projector character of the Clifford
ab

ab
algebra objects (k) and [k], respectively. Defining

ab ab
(#)=5(7%7). (5)=3(#17). @
one recognizes that
=0,|- =—i
R Gt )
(K)[k]=i(k). (k)[-k]=0.
Recognizing that
ab ab ab T ap
(k) =7 (k). [k] =[k]. (A13)
we define a vacuum state |l//0> so that one finds
ab T ab ab T ab
()1 187 (a8

Taking into account the above equations it is easy to
find a Weyl spinor irreducible representation for d -
dimensional space, with d even or odd.

For d even we simply make a starting,state as a
product of d/2, let us say, only nilpotents (k), one for
each S® of the Cartan subalgebra elements (Equation
(A4)), applying it on an (unimportant) vacuum state. For
d odd the basic states are products of —1 / 2 nilpo-
tents and a factor (1+T). Then the generators s,
which do not belong to the Cartan subalgebra, being ap-
plied on the starting state from the left, generate all the
members of one Weyl spinor.

od 12 35 d-1d-2

(kOd )(k )(k35)~--(kd71d72)y/0

12 35 d-1d-2
[ kOd][ klz]( )“(kd—ld—z)l//o
12 35

d-1d-2

[ kod]( 12)[ 35] : (kd—ld—z)l/lo

(A15)
od 2 35 d-1d-2
[_kod](klz)(k )"'[_kd 1d 2:|‘//0
d-1d-2

od 12

(kod)[ 12][ kzs] (d 1d—2)‘//0

All the states have the handedness I' , since
{F,Sab} =0 . States, belonging to one multiplet with re-
spect to the group SO(q,d —q), that is to one irreduci-
ble representation of spinors (one Weyl spinor), can have
any phase. We made a choice of the simplest one, taking
all phases equal to one.
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The above graphic representation demonstrates that for
d even all the states of one irreducible Weyl represen-
tation of a definite handedness follow from a starting

state, which is, for example, a product of nilpotents
ab ab mn

(ks ). by transforming all possible pairs of (kg )(Kp,)
ab mn

into [—Ky |[Kp]- There are S*",5%,S°" S which
do this. The procedure gives 20927 states. A Clifford
algebra object »® being applied from the left hand side,
transforms a Weyl spinor of one handedness into a Weyl
spinor of the opposite handedness. Both Weyl spinors
form a Dirac spinor.

For d odd a Weyl spinor has besides a product of
(d —1)/ 2 nilpotents or projectors also either the factor

l 1+I") or the factor ;::l 1-T"). As in the case
2 2

of d even, all the states of one irreducible Weyl repre-
sentation of a definite handedness follow from a starting
state, which is, for example, a product of (1+I') and

b
(d-1)/2 nilpotents (kaab), by transforming all possible

ab mn mn

ab
pairs of (K )(Kn,) into [—Ky |[-Kq,]. But 7*’s, be-

910 11121314

FHHIHOIEHEO O
2

This state is an eigen state of all S* and S$® which
are members of the Cartan subalgebra (Equation (A16)).
The operators S, which do not belong to the Cartan
subalgebra (Equation (A16)), generate families from the
starting U, quark, transforming u; quark from
Equation (A17) to the ug of another family, keeping all
the properties with respect to S® unchanged. In

03 12 56 78 910 1112 1314

S () (D)) =5[]

Below some useful relations [2] are presented
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=L (=) N ) ) i) =) (=i )

ing applied from the left hand side, do not change the
handedness of the Weyl spinor, since {F, ;/a} =0 for
d odd. A Dirac and a Weyl spinor are for d odd iden-
tical and a ““family’” has accordingly 2092 members
of basic states of a definite handedness.

We shall speak about left handedness when I'=-1
and about right handedness when I'=1 for either d
even or odd.

While S® which do not belong to the Cartan subal-
gebra (Equation (A4)) generate all the states of one rep-
resentation, generate S® which do not belong to the
Cartan subalgebra(Equation (A4)) the states of 2%
equivalent representations.

Making a choice of the Cartan subalgebra set of the
algebra S® and S

03 12 56 78 910 1112 1314
ST,87,87,87,877,8 5,87,

R (A16)
803,812,856,878,8910,51112,81314,
a left handed (T :—1) eigen state of all the mem-
bers of the Cartan subalgebra, representing a weak
chargeless Ug -quark with spin up, hyper charge (2/3)
and colour (1/2,1/ (2\/5 ) , for example, can be written
as

(A17)

particular S®' applied on a right handed Uy -quark,
weak chargeless, with spin up, hyper charge (2/ 3) and
the colour charge (1/ 2,1/(2«6 )5, from Equation (A17)
generates a state which is again a right handed
U -quark, weak chargeless, with spin up, hyper charge
(2/3) and the colour charge (1/2,1/(2\}%)

1 56 78 910 1112 1314
HIHENHE)): (A18)
78 56 (A19)
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