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Abstract. One Weyl representation of SO(13 + 1) contains [1-7], if analysed with respect to
the charge and the spin groups of the standard model, left handed weak (SU(2)1) charged and
SU(2)11 chargeless colour triplet quarks and colourless leptons, and right handed weakless
and SU(2)1; charged quarks and leptons (neutrinos and electrons). In the spin-charge-family
theory [1-12] spinors carry also the family quantum numbers, explaining the origin of
families and correspondingly the masses of fermions and weak bosons and the origin of
the scalar Higgs and Yukawa couplings. I am demonstrating in this paper that all the fields
appearing in the simple starting action of the spin-charge-family theory in d = (13 + 1) with
the scalar index with respect to d = (3 + 1) and determining masses of quarks and leptons
(and correspondingly also of the weak boson fields) carry the weak and the hyper charge
required by the standard model for the scalar Higgs.

Povzetek. Ena Weylova upodobitev SO(13 + 1) vsebuje [1-7], ¢e jo analiziramo glede
na grupe nabojev in spinov standardnega modela, levoroéne kvarke z barvnim tripletnim
nabojem in brezbarvne leptone s $ibkim nabojem (SU(2)1), ki nimajo naboja SU(2)1; ter
desnoro¢ne barvne triplete kvarkov in brezbarvnih leptonov, ki ne nosijo sibkega naboja,
nosijo pa naboj SU(2)11. V teoriji spinov-nabojev-druZin [1-12] nosijo spinorji tudi kvantna
Stevila druZin, kar pojasni izvor druZin in tudi mase fermionov in sibkih bozonov ter izvor
Higgsovega skalarja in Yukawinih sklopitev. V tem prispevku pokaZem, da nosijo vsa polja
s skalarnim indeksom gledena d = (34 1) s = (7, 8), ki nastopajo v enostavni zacetni akciji
teorije spinov-nabojev-druzin v .d = (13 + 1) in dolo¢ajo mase kvarkov in leptonov, s tem
pa tudi mase $ibkih bozonov, sibki in hiper naboj tak, kot ju zahteva standardni model za
skalarno Higgsovo polje. Teorija tako ponudi razlago za izmerjene lastnosti Higgsovega
skalarja ter Yukawinih sklopitev.

10.1 Introduction

The standard model assumed and the LHC confirmed the existence of the Higgs
scalar - the only so far observed bosons with the charge in the fundamental
representation.

I am demonstrating in this paper that the spin-charge-family theory explains
the appearance of the scalar fields with the charges of the Higgs scalar fields. There
are, namely, in this theory, in its simple starting action in d = (13 + 1), the fields
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with the scalar index with respect to d = (3 4+ 1), which have the properties of
the higgs and explain masses of quarks and leptons together with the Yukawa
couplings, and correspondingly also the masses of the weak vector boson fields.

Let me add that all the scalars, that is all the gauge fields of this theory with
the space index > 5, have in the starting action the corresponding charges with
respect to the scalar index in the fundamental representations: They are either
doublets with respect to the two SU(2) groups (the weak SU(2); and the second
SU(2)11, which correspondingly result in the properties of the Higgs scalars with
respect to the weak and the hyper charge) or they are colour triplets (the properties
of these triplets are discussed in a separate paper [13]). All these scalar fields carry
the additional charges (the charges not originating in the space index - the family
charges, for example) in adjoint representations.

The referee of this paper stated that it is not at all remarkable that there are
the scalar fields which are doublets with respect to the weak charge after starting
with so many independent fields.

It is, of course, true that a large enough orthogonal group can contain any
desired subgroups. But this is not what the spin-charge-family theory proposes: It
starts with an (very simple) action for spinors and the corresponding gauge fields,
manifesting very limited properties, and it is not at all self-evident that some of
these fields manifest the desired properties in the low energy regime while all the
other spinors and vector and scalar gauge fields - unobserved in the low energy
regime - get high masses through the interaction with only one scalar condensate,
what is happening in the spin-charge-family theory.

On the contrary, it is an extremely encouraging fact that one scalar condensate
makes all the vector and the scalar gauge fields appearing in the spin-charge-family
theory, except those which are observable at the low energy regime (the gravity, the
colour vector gauge field, the weak and the hyper charge vector gauge fields, and
the eight families of quarks and leptons, decoupled into two times four families),
very massive with respect to the weak scale and correspondingly unobservable in
the low energy regime. Several scalar gauge fields, however, which when gaining
nonzero vacuum expectation values (changing in this case also their masses) cause
the electroweak break, have the weak charge equal to £ and the hyper charge
correspondingly ¥ 73, as the scalar Higgs in the standard model, while they have
all the other quantum numbers in the adjoint representations. All the rest of the
scalar fields are colour triplets with respect to the scalar space index.

Those who are proposing unifying theories, must offer for the chosen groups
and the chosen representations of these groups also the Lagrange densities, de-
signed for those groups and representations, what calls for the theory beyond
those effective actions. I am proposing a simple starting action, out of which - after
the breaks of symmetries triggered by boundary conditions in a complicated many
body problem - manifests in the low energy regime the observable phenomena.

Let me make in this introduction make a short overview of the spin-charge-
family theory [1,2,7,6,3-5,8-12], pointing out that this theory is offering the expla-
nation for the assumptions of the standard model: For the properties of quarks and
leptons (right handed neutrinos are in this theory the regular members of a family)
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and antiquarks and antileptons, and for the existence of the gauge vector fields !
of the charges. It is offering also the explanation for the existence of the families
of quarks and leptons and correspondingly for the scalar gauge fields, which are
responsible for masses of quarks and leptons and of weak gauge fields and for
Yukawa couplings.

There are, namely, (only) two kinds [3-5,7,16-18] of the Clifford algebra
objects (connected by the left and the right multiplication of any Clifford object):
the Dirac y%’s and the second ¥’s, respectively. These two Clifford algebra objects
(Eq. (9.35)) anticommute, forming the equivalent representations with respect to
each other. If using the Dirac y*’sin d = (13 4 1) to describe in d = (3 + 1) the
spin and all the charges, then ¥’s describe families.

All predictions of the spin-charge-family theory in the low energy regime
(after the break of the starting symmetry) follow from the simple starting ac-
tion (Eq.(10.1)) in d = (13 + 1) for spinors carrying two kinds of a spin (no charges)
and for the vielbeins and the two kinds of spin connection fields, with which
spinors interact.

Let us first tell that one Weyl representation of SO(13, 1) contains [1,2,7,6,14],
if analysed with respect to the subgroups SO(3,1)x SU(2)1x SU(2)11 x SU(3)
xU(1), all the family members, required by the standard model, with the right
handed neutrinos in addition: It contains the left handed weak (SU(2)1) charged
and SU(2)1; chargeless colour triplet quarks and colourless leptons (neutrinos and
electrons), and right handed weakless and SU(2)1; charged quarks and leptons,
as well as right handed weak charged and SU(2)1; chargeless colour antitriplet
antiquarks and (anti)colourless antileptons, and left handed weakless and SU(2)y
charged antiquarks and antileptons. The antifermions are reachable from the
fermions by the application of the discrete symmetry operator Cxr Pys, presented
in ref. [14].

The theory accordingly explains how and why is the weak charge connected
with the handedness determined by the spin degrees of freedomin d = (3+1). One
Weyl (one family) representation of spinors of the group SO(13, 1) is presented in
table 9.3. Each state is written as a product of nilpotents and projectors defined in
the “technique” [4,16,18,17], short version of which can be found in appendix 9.9.
Quantum numbers of each of the family members, all are presented in table 9.3
together with the quantum numbers, are defined in Eqs. (10.8, 10.9, 10.10).

The symmetry of both kinds of groups, SO(13,1) and SO(13,1) (are assumed
to) break simultaneously, influencing family members and families of spinors, as
well as the gauge fields. After the break of symmetries from the manifold M(13+1)

to M7+1) x M(6), which makes all the families, except the 22"~ ones deter-

2

mined by the group SO(7,1), massive 2, carries each family member the family

! In this sense the spin-charge-family is the Kaluza-Klein like theory [15].
? In this paper the break of symmetries in the way that only 2 3T families stay massless,

while all the others get high masses of the order above the unifying scale, is just assumed.
This assumption, however, is supported by several works on the toy model with the
same starting action (Eq. (10.1)) but with d = (5 + 1), ref. [20,23], while the preliminary
work on this more complex case is in progress.
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quantum numbers, belonging in §E)(7, 1) to two times ST[(Z) X SNU(Z) groups,
originating in §E)(3, 1) and in 576(4), respectively (where §E)(n) represent the sub-
groups the generators of which are expressed by ¥¢). The families correspondingly
decouple to two times four families.

The generators of the corresponding subgroups of the family group SO(7,1),
are defined in Egs. (10.11, 10.12). To each family member of each family the
antimember corresponds, accessible from the member by the discrete symmetry
operator Cnr Py, which does not depend on ¥’s, as explained in the ref. [14,25].

Let us add that since all the charges, with the family charge included, emerge
from the spins, correspondingly all the charges are quantized.

Quarks and leptons have the “spinor” quantum number (t#, originating
in SO(6), Eq. (10.10)) £ and —7, respectively *, with the sum of both equal to
3xit+(-H=o0.

The spin-charge-family theory therefore predicts that there are two decoupled
groups of four families: The fourth [1,7,6,9] to the already observed three families
of quarks and leptons should (sooner or later) be measured at the LHC [11], while
the lowest of the upper four families constitute the dark matter [10].

Let me summarize this first part of the introduction with the statement: The
spin-charge-family theory is offering the explanation for the assumptions of the standard
model, having correspondingly a chance to be the right step beyond the standard
model.

This paper presents in section 10.2 that the properties of the scalar field, the
weak and the hyper charge of the scalar Higgs, which are in the standard model
just assumed to properly “dress” the right handed members by the weak and the
hyper charge, appear in the spin-charge-family naturally, offering the explanation for
the appearance of the scalar fields, observed so far as the scalar Higgs.

In the subsection of this introductory section the simple starting action of
the spin-charge-family theory is presented, as well as all the assumptions made to
achieve that the theory manifests at low energies the observed phenomena.

In section 10.3 the resume and conclusions are presented. In the first ap-
pendix 9.9 a short review of the technique, used in this paper to manifest properties
of the spinor states, as well as the expressions for the two kinds of spin connection
fields, in terms of vielbeins and the spinor sources, are added.

In section 10.3 the resume and conclusions are presented. In appendix a short
review of the technique, used in this paper to manifest properties of the spinor
states, as well as the expressions for the two kinds of spin connection fields, in
terms of vielbeins and the spinor sources, are added.

10.1.1 The action of the spin-charge-family theory and the assumptions

Let me present the assumptions on which the theory is built, starting with the
(simple) actionin d = (13 + 1):

% In the Pati-Salam model [21] this ”spinor” quantum number is named 374 quantum
number and is twice the “spinor” quantum number, for quarks equal to § and for leptons
to—1.
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i. In the simple action [7,1] fermions 1 carry in d = (13 + 1) as the internal
degrees of freedom only two kinds of spins, no charges, and interact correspondingly with
only the two kinds of the spin connection gauge fields, w qv« and @ qv«, and the vielbeins,

%
S = J A% E L+
J d E («a R+ &R),
Ls= % (W Y“poah) + h.c.,

1
Poa = f(xapOcc + E {ch» Eftxa}*)

1 | I
Poax = Pa — Esabwaboc - Esabwabou

1
R = 3 {flagBP] (Waba,p — Weaa Wpp )} + hec.

1

R= 3 PP (@ gpap — Deaa®bp) + hec. . (10.1)

Here 4 fxlafBbl — fxafBb _ fabfBa gab and §ab are generators of the groups
SO(13,1) and SO(13,1), respectively, expressible by y* and y°©.

ii. The manifold M"3+") breaks first into M7+1) times M(®) (which man-
ifests as SU(3) x (1)), affecting both internal degrees of freedom - the one rep-
resented by y® and the one represented by ¥¢, leading to 2((7*1)/2=1) massless
families, all the rest families get heavy masses °. Both internal degrees of free-
dom, the ordinary SO(13 + 1) one (where vy determine spins and charges of
spinors) and the §E)(13 + 1) (where ¥¢ determine family quantum numbers),
break simultaneously with the manifolds.

iii. There are additional breaks of symmetry: The manifold M(7*!) breaks
further into M3+ x M%),

iv.  There is a scalar condensate of two right handed neutrinos with the
family quantum numbers of the upper four families, bringing masses of the scale
above the unification scale, to all the vector and scalar gauge fields, which interact
with the condensate.

4 % are inverted vielbeins to e“, with the properties e® %% = 5%, e Py =68 E =
det(e“). Latin indices a, b, .., m,n, .., s, t, .. denote a tangent space (a flat index), while
Greek indices «, 3, .., |1, v, ..0, T, .. denote an Einstein index (a curved index). Letters from
the beginning of both the alphabets indicate a general index (a, b, c,.. and «, ,7v,..),
from the middle of both the alphabets the observed dimensions 0, 1,2,3 (m,n,.. and
I, v, ..), indices from the bottom of the alphabets indicate the compactified dimensions
(syt,.. and 0, T, ..). We assume the signature n®® = diag{1,—1,~1,--- , -1}

SA toy model [23,24,14] was studied in d = (5 + 1) with the same action as in Eq.’(10.1).
For a particular choice of vielbeins and for a class of spin connection fields the manifold
M>*! breaks into M®*™") times an almost S?, while 2!3*1/271) families stay massless
and mass protected. Equivalent assumption, although not yet proved that it really works,
is made also in the case that M"3*") breaks first into M'7*") x M(®). The study is in
progress.
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v. There are nonzero vacuum expectation values of the scalar fields with
the scalar indices (7, 8), which cause the electroweak break and bring masses to
the fermions and weak gauge bosons, conserving the electromagnetic and colour

charge.
Comments on the assumptions:
i..  This starting action enables to represent the standard model as the ef-

fective low energy manifestation of the spin-charge-family theory, explaining all
the standard model assumptions, with the families included. There are (before the
electroweak break all massless) observable gauge fields: gravity, colour (SU(3),
from SO(6)) octet vector gauge fields, weak (SU(2); from SO(4)) triplet vector
gauge field and "hyper” (U(1) from SO(6)) singlet vector gauge fields. All are
superposition of f*; wqp«. And there are (before the electroweak break all mass-
less) observable (eight rather than observed three) families of quarks and leptons.
(There are indeed two decoupled groups of four families, in the fundamental
representations of twice SU(Z) X SU( ) groups, the subgroups of SO(3 1) x SO( ).
There are correspondingly the scalar fields with the weak and the hyper charge
of the scalar Higgs and with either two kinds of the family quantum numbers
in the adjoint representations - they are two times two triplets, emerging from
the superposition of f°s@qps with s € (7, 8) in accordance with twice SU( ) x
( ) groups, the subgroups of 50(3 1) % SO( ) - or with the quantum num-
bers (Q,Q’,Y’) emerging from the superposition of f7 5@ qps. Both determine the
Yukawa couplings.) The starting action contains also the additional SU(2)1; (from
O(4)) vector gauge field and the scalar fields with the space index s € (5, 6) and
t € (9,10,11,12), as well as the auxiliary vector gauge fields expressible with viel-
beins, which are the superposition of f*,, @ qp,.. They all remain either auxiliary
or become massive after the appearance of the condensate.

ii., iii.. The assumed breaks explain why the weak and the hyper charge are
connected with the handedness of spinors, manifesting the observed properties of
the family members - the quarks and the leptons, left and right handed - and of
the observed vector gauge fields. Since the left handed members are weak charged
while the right handed are weak chargeless, the family members stay massless
and mass protected up to the electroweak break. Antiparticles are accessible from
particles by the Cxr and Py, as explained in refs. [14,25]. This discrete symmetry
operator does not contain ¥¢’s degrees of freedom. To each family member there
corresponds the antimember, with the same family quantum number.

iv.. It is the condensate of two right handed neutrinos with the quantum
numbers of the upper four families, which makes all the scalar gauge fields (with
the index (5,6,7,8), as well as those with the index (9,...,14)) and the vector
gauge fields, manifesting nonzero t*, 23, Q Y, ¥, ¥23, Q ,Y,N3 (Egs. (10.8, 10.9,
10.10, 10.11, 10.12, 10.13)) massive [13].

V.. At the electroweak break the scalar fields with the space index s = (7, 8),
originating in @ qps, as well as some superposition of w5, those which conserve
the electromagnetic charge, get nonzero vacuum expectation values, what changes
also their masses. They determine mass matrices of twice the four families, as well
as the masses of the weak bosons. All the rest scalar fields keep masses of the
condensate scale and are correspondingly (so far) unobservable in the low energy
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regime °. The fourth family to the observed three ones will (sooner or later) be
observed at the LHC. Its properties are under the consideration [11], while the
stable of the upper four families is the candidate for the dark matter.

The above assumptions enable that the starting action (Eq. (10.1)) manifests
effectively in d = (3 4 1) in the low energy regime by the standard model required
degrees of freedom of fermions and bosons [1,2,7,6,3-5,8-12], that is the quarks
and the leptons, left and right handed, the families of quarks and leptons and all
the known gauge fields, with (several, explaining the Yukawa couplings) scalar
fields included.

To see this let us rewrite formally the action for the Weyl spinor of (Eq.(10.1))
as follows

Li =Py (pm— ) g*MARID +

ALl
{ Z J)YSPOS P+
s=7,8
{ > Pv'por b},
t=5,6,9,...,14
T i 1.
Pos = Ps — ESS s Wsrs's — Esaba)abs )
| 1.
Pot = Pt — ESt ¢ Wergt — isabd)abt y (10.2)

where m € (0,1,2,3),s € 7,8, (s/,s") € (5,6,7,8), (a,b) (appearing in $¢°) run
within (0,1,2,3) and (5,6,7,8),t € (5,6,9,...,13,14).

The first line of Eq. (10.2) determines the kinematics and dynamics of spinor
fieldsin d = (3 + 1), coupled to the vector gauge fields. The generators t! of the
charge groups are expressible in terms of $° through the complex coefficients
cMap, as presented in Egs. (10.9, 10.10, 10.13)

= Z Mgy SO0 (10.3)
a,b

and the commutation relations
(AL B = {gAB AT AR (10.4)

The corresponding vector gauge fields A/\! are expressible with the spin connec-
tion fields ws¢m, with (s, t) either € (5,6,7,8) or € (9,10,...,13,14), in agreement
with the assumptions ii. and iii.. Before the electroweak break the vector gauge
fields appearing in the first line of Eq. (10.2) are all massless: A3, carries the colour
charge SU(3) (originating in SO(6)), /Kln carries the weak charge SU(2); (SU(2);
and SU(2);; are the subgroups of SO(4)) and AY, = sin9,A23 + cos9,A%, (Y is
defined in Eq. (10.13), t* in Eq. (10.10), the corresponding U(1) group originates
in SO(6)), A¥, is defined in Eq. (10.15), if the scalar space index s is replaced by

® Correspondingly d = (13 + 1) manifests in d = (3 + 1) spins and charges as if one would
start with d = (9 + 1) instead of with d = (13 + 1), since the plane (5, 6) and the plane in
which the vector t* lies, are unobservable at low energies.
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the space vector index m, A23 is the third component of the second SU(2); field

A2 . The corresponding charges (72, Tl ,Y) are the conserved charges.

Before the appearance of the condensate of the two right handed neutrinos
with the quantum numbers of the upper four families (properties of the condensate
are presented in table 10.1) at the scale far about the electroweak scale, all the three
components of the field /i%n are massless. The condensate gives the mass of the or-
der of the scale of the appearance of the condensate to AY, = cos9,A23 —sin9,A%,
and to all the scalar gauge fields, presented in the second and the third line of
Eq. (10.2), leading to A2l s € (5,6,...,13,14) and ADE, t € (5,6,...,13,14).

Vector gauge fields AY, Al and A3, do not couple to the condensate (ta-
ble 10.1).

In Egs. (10.15, 10.14) the expressions for the scalars with the scalar index (7, 8)
in terms of both kinds of the spin connection fields are presented. These scalar
fields (the second line in Eq. (10.2)) determine after the electroweak break the mass
matrices of the two decoupled groups of four families. Getting nonzero vacuum
expectation values they cause the electroweak break, changing also their own
masses. These scalar fields determine also the masses of the gauge bosons.

state SB ST A B 2Ty Qe &2 & Y Q N{ Nj
(WIS, i)l o 0 0 1 =10 0[0 1T =100 0 1
(VETE >l >)l0 o0 0 0 - 1110 1 =100 0 1
eVl >1leYi >0 0 0 —1—=1-2-2(0 1 =100 0 1

Table 10.1. The condensate of the two right handed neutrinos v, with the VITI*™" family
quantum numbers, coupled to spin zero and belonging to a triplet with respect to the
generators 7t is presented, together with its two partners. The right handed neutrino has
Q = 0 = Y. The triplet carries ' = —1,%> =Tand N3 =1,N} =0,V =0, Q = 0. The
family quantum numbers are presented in table 9.4, taken from the ref. [13].

Among the vector gauge fields A3, and A3, and the corresponding vielbeins
only one of these three vector gauge fields is the propagating one, while the rest
two are the auxiliary fields as one can learn from Egs. (9.55, 9.56) of the second
appendix section 9.10, if taking into account that there is no spinor (fermion)
sources with the corresponding quantum numbers. Equivalently, also only one

of the three vector gauge fields A! , Al and the corresponding vielbein field is
the propagating field, the other two are the auxiliary fields, as well as only one of

the three vector gauge fields ANt, AN and the corresponding vielbein field is the
propagating field, while AN® is massive due to the interaction with the condensate

of the two right handed neutrinos through quantum numbers Ng, presented in
Egs. (10.8, 10.11).

Let me summarize this subsection: The starting action (Eq.(10.1)) of the spin-
charge-family theory manifests under the assumptions i.-v. in the low energy regime
properties of the standard model, explaining the standard model assumptions: Before
the electroweak break all the scalar gauge fields and the vector gauge fields -
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except the colour, the weak and the hyper vector fields (and the gravity), which
stay massless - are massive, due to the interaction with the scalar condensate of
the two right handed neutrinos with the family quantum numbers of the upper
four families. There are also the two decoupled massless groups of four families.

At the electroweak break the scalar gauge fields, carrying the scalar space
index and keeping the electromagnetic charge conserved and changing their own
masses, bring masses to all the fermions and all the gauge fields, except to the
gavity, electromagnetic and the colour ones.

Let me comment that in the presence of the spinor fields (as it is the con-
densate, for example) all three gauge fields - the vielbeins and the two kinds of
the spin connection fields - are in general the propagating fields. If there are no
spinors present, only one of the three fields is the propagating field, the other
two are expressible with the propagating one (as it is well known). In the second
appendix 9.10 the expressions for the spin connection fields of both kinds in terms
of the vielbeins and the spinor sources are presented, taken from the ref. [20].

The assumed breaks should occur spontaneously, determined by the starting
action and the boundary conditions. To prove that this really can happen is a
very difficult (many body) problem. Although several studies made so far, for
either a toy model in d = (5 + 1) or for the d = (13 + 1) case, support these
assumptions, yet several additional studies are needed to justify the assumptions
and to clarify further the properties of the scalar and vector gauge fields and of
the spinor families, appearing in the starting action. Also the comparison with
all the other works made on the unifying theories are needed to see to which
extend predictions of this theory coincide with the other theories in the literature,
in which sense and what one can learn out of them.

The standard model subgroups of the SO(13 + 1) and of the SO(13+1) group
and the corresponding gauge fields To calculate quantum numbers of one Weyl
representation presented in table 9.3 in terms of the generators of the standard
model groups ™' (= 3~ \, c*qp S*P) one must look for the coefficients ¢ oy,
(Eq. (10.4)). The generators t! are the generators of the charge groups. Similarly
one expresses also the spin and the family degrees of freedom.

The same coefficients ¢!y, determine operators which apply on spinors and
on vectors. The difference among the three kinds of operators - vectors and two
kinds of spinors - lies in S°b.

While S®° for spins of spinors is equal to

i
S0 = 2 (v " =y v, (10.5)

and $¢® for families of spinors is equal to

~ i, b
Seb = 20 ° —9°9%), (10.6)
one must take, when S2b apply on the spin connections wyge (= f*e Wpa) and

Dpae (= f% Dpaq), on either the space index e or the indices (b, d, b, d), the
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operator
(Sab)CeAd'"e"'g _ i(na05s _T]chg) Ad...e...g . (107)

This means that the space index (e) of wyqe transforms according to the require-
ment of Eq. (10.7), and so do b, d and b, d. I used the notation b, d to point out that
$° and $¢° (= §9P) are generators of two independent groups.

One finds [1,7,6,3-5,8,12] for the generators of the spin and the charge groups,
which are the subgroups of SO(13, 1), the expressions:

- o 1
Ni(=Nr):= 2(523 +1801 8§31 41502 §12 4 {503y (10.8)
where the generators N. determine representations of the two SU(2) subgroups
of SO(3, 1), generators T' and 2,

=

(858 o 867, 857 + 868, 556 o 578) ,

N = N =

,.E*Z - *(558 + 867, SS7 o 568’ 556 + 578)) (109)

determine representations of the SU(2);x SU(2)1; invariant subgroups of the
group SO(4), which is further the subgroup of SO(7,1) (SO(4),SO(3, 1) are sub-

groups of SO(7, 1)), and the generators >, t* and t*

,?3 — %{8912_51011 )5911 +S1O12, S?]O_Sﬂ 12’

9214 1013 213 10 14 1114 1213
§914 _gl013 g913  gl014 gl114 _ gl213

1
511 13"—81214, 3910+S1] 12_2813 14 ,
73 )}
o= _ (8910+S11 12+S13 14)

£ — (5710451112 51314y (10.10)

W = W =

determine representations of SU(3) x U(1), originating in SO(6), and of ¥* origi-
nating in SO(6).
One correspondingly finds the generators of the subgroups of SO(7,1),
Npg:= %(ﬁ” 44807 §31 44§02 §12 4 1§03 (10.11)

which determine representations of the two ﬁl(Z) invariant subgroups of SO (3,1),
while

(358 4§67 §57 _ 368 556 4 §78) (10.12)

determine representations of SNU(Z)I X SAljl(Z)H of §()(4). Both, §()(3, 1) and SNO(4)
are the subgroups of SO(7,1).
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One further finds

Y=1"+13, Y =—1"tan?9,+73, Q=n1 Q' =—Ytan?9; +1'3
Y=t 4+43, YV =—4"tan? 9, +73, Q=V+7 3 Q' =—Ytan?d; +%'3
(10.13)

The scalar fields, responsible [1,2,7] - after getting in the electroweak break
nonzero vacuum expectation values - for masses of the family members and of
the weak bosons, are presented in the second line of Eq. (10. 2) These scalar fields
are included in the covariant derivatives as — S8 Wgrgrs — S“b ®aps, S € (7,8),
(a,b), € (0,1,...,8), where &, b is again used to point out that (a,b) belong in
this case to the “tilde” space.

One finds, by taking into account Eqs. (10.11, 10.12) and Eq. (10.13), for the
choice of the @, scalar gauge fields, contributing to the electroweak break, the
expressions

abs

:’1‘ A - - - - -
Ag = (D555 — Dpzsy D575 + Dggsy Dsgs — D735) s
2N, - y 3 5 3 .
Ast = (D335 + 1 D575, D37 +1Dp3s, Dz +1Dp34) s
:‘2 o~ - - - - _
A = (D555 + Dgzs, D575 — Dggs, Dsgs + D33)
R (g, — 1y drygs — g3, G130 — L)
s = (W335 —1Wpigy W37s —1Wp3sy Wizs —1W535),
(s € (7,8)) (10.14)

Among wqps, Which contribute to the mass matrices of quarks and leptons, one
finds when using Egs. (10.9, 10.10, 10.13), the expressions

_%SS/S"ws’s"s — (gBBAB £ g3 AB gt Tt AY),
g TP AP +¢P P AL +¢" 1AL = g9 QAT + 9% QA gV VAL,
Al = —(Wo10s + WiT12s + W13145),

Al3 = (w56s - w783)) A 23 (w563 + w78s)

AR =sindy Al® + cosd A

AS/ = cos Als —sind; A

AY' = cosDy A2 —sind, A?,
(s € (7,8)). (10.15)

Scalar fields from Eq. (10.14) couple to the family quantum numbers, while
those from Eq. (10.15) distinguish among family members. In Eq. (10.15) the
coupling constants were explicitly written to see the analogy with the gauge fields
in the standard model.

Expressions for the vector gauge fields in terms of the spm connection fields
and the vielbeins, which correspond to the colour charge (A ), the SU(2) 11 charge
(A2)), the weak charge (SU(2)1) (A],) and the U(1) charge originating in SO(6)
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(Z\j‘n), can be found by taking into account Egs. (10.9, 10.10). Equivalently one finds
the vector gauge fields in the “tilde” sector. One really can use just the expressions
from Egs. (10.15, 10.14), if replacing the scalar index s with the vector index m.

Let me summarize this subsubsection: The expressions for the operators T
are presented, either in terms of S° (Eq. (10.5)) or (in this case we name them
A1) in terms of $¢° (Eq. (10.6)), valid also in terms of S¢° (Eq. (10.7)), affecting
correspondingly spinors spin and charges quantum numbers, spinors families
quantum numbers and scalar or vector gauge fields, respectively. Also the expres-
sions for those scalar gauge fields, which contribute to the electroweak break by
getting nonzero vacuum expectation values, in terms of the corresponding spin
connection fields are presented (Egs.(10.15, 10.14)). When the scalar index s is
replaced by the vector index m, the expressions for the vector gauge fields in terms
of spin connection fields follow.

10.2 Scalar fields contributing to the electroweak break are
weak charge doublets

In this main part of the paper is demonstrated that all the scalar gauge fields with
the scalar index s € (7, 8), which get nonzero vacuum expectation values causing
the electroweak break, carry the weak and the hyper charge as does the scalar
Higgs of the standard model.

All the scalars (the gauge fields with the scalar index with respect to d =
(34 1)) of the action (Eq. 10.1) contribute charges in the fundamental representa-
tions: The scalars with the space indices s € (7,8) and s € (5, 6) are, with respect
to this scalar space degree of freedom, before the appearance of the condensate (ta-
ble 10.1), the weak (SU(2)1) and the second SU(2)11 doublets. After the appearance
of the condensate only the weak and the hyper charge Y remain the conserved
charges, so that it is the third component of 23, which determines the hyper
charge (Y = 3 + 1%, Eq. (10.13)) of these scalar fields, since t* applied on the
scalar index of these scalar fields gives zero, according to Egs. (10.9, 10.10, 10.7).

The scalars with the space indices s € (9, 10,...,13, 14) are, again with respect
to this scalar space degree of freedom, colour triplets [13]. There are no additional
scalar indices and therefore no additional corresponding scalars with respect to
the scalar indices in this theory.

The scalars, however, carry additional quantum numbers Ai, the states of
which belong to the adjoint representations with respect to either ¥ or T
While, to reproduce the low energy phenomena, the scalar fields of all the family
quantum numbers are allowed, only those TA" are acceptable, which conserve after
the electroweak break the electromagnetic charge. The scalar fields with nonzero
vacuum expectation values carrying nonzero weak charge also due to T! would
cause nonconservation of the electromagnetic charge (see the assumption v. and
the corresponding comments in subsection 10.1.1).

The colour triplet scalars contribute to transition from antileptons into quarks
and antiquarks into quarks and back, unless the scalar condensate of the two right
handed neutrions, presented in table 10.1, breaks matter-antimatter symmetry
[13]. This condensate breaks also the SU(2)1; symmetry, leaving massless (besides
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gravity) only the colour, weak and the hyper charge vector gauge fields. Also all
the scalar fields get masses through the interaction with the condensate.

When at the electroweak break the scalar fields with the scalar indices s €
(7, 8) originating either in 45 or in those superposition of w5 which conserve
the electromagnetic charge (Eq. (10.16)) get nonzero vacuum expectation values,
changing also their own masses, they bring masses to all the massless fermions
(spinors), breaking their mass protection, and to weak bosons.

Let us recognize, by taking into account Eq. (9.44) and table 9.3, that y°y*
appearing in {)_ =7.8 Py$pos W} in the second line of Eq. (10.2), transform for
either s = 7 or s = 8 the right handed u-quark (u$'), weak chargeless, with the
hyper charge Y = % from the first line of table 9.3 to the left handed weak charged
u-quark (uf') with the hyper charge 1 from the seventh line of the same table, or
that v y* transform the right handed v-lepton (vg), weak chargeless, with the
hyper charge Y = 0 from the 25" line of the same table 9.3 to the left handed weak
charged v-lepton (v{) with the hyper charge —1 from the 315! line of the same
table.

Now is the time to prove that the scalar fields with the scalar index s € (7, 8)
from the second line of Eq. (10.2) and with quantum numbers of Eq. (10.16) really
carry the weak and the hyper charge as required by the standard model. I introduce
in Eq. (10.16) common notation A2\ for all these scalar fields, independently of
whether they origin in wqps - in this case they do not carry the additional weak or
hyper charge due to T* - or @4, fields.

AN S (AQ AY AY AT AN A2 AN
™Mo (Q,Y, Y =—tan? 9,7 + 23, T, Ny, 22, Ng). (10.16)

—

These scalars, the gauge scalar fields of the generators Tt and ¥*' (Egs. (10.11,
10.12,10.9, 10.10)), are expressible in terms of the spin connection fields (Egs. (10.14,
10.15)).

One expects that the solutions with nonzero momentum lead to higher masses
of the fermion fields in d = (3 + 1) [23,24]. We shall correspondingly pay no
attention to the momentum ps , s € (4,8), when having in mind the lowest energy
solutions, manifesting at low energies.

Scalars, which do not get nonzero vacuum expectation values, keep masses
on the condensate scale.

Let me now, by taking into account Egs. (10.7, 10.9), calculate properties of all
scalar fields A2 of Eq. (10.13).

To do this let us first recognize

T1g = 1[(553 _567) @ 1(557_'_568)] ,T13 _ (356 _578)’

2
Y=12 41, Q=Y+1"3,

N —

and rewrite the scalar fields A2, which determine masses of fermions and weak
bosons in Eq. (10.2), appearing in the second line of Eq. (10.2), as follows (the
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momentum p; is left out)

D> by TMAl) =
s=(7,8),Ai
78 X . . 78 X . .
Iy (+) T A — 1AL + (=) (M AL 1AV,
78

(#)= 7 (0 £ iv%), (10.17)

with the summation over Ai performed, since A?i represent the scalar fields (ASQ,
AY,AY', A3, AT AZ ANk and AN1),

Application of the operators Y and t'3 on the fields (A2 F1 A1), leads after
using Eq. (10.7) for S¢* and expressions for '3 and Y (Eq. (10.17)), to

. . 1 . .
TP AZT FIAGY = £ 5 (A7 F1AGY),

C 1 s
V(A7 FIAGY) = F 5 (A7T F1AY),

Q (A2 FiAgH =0. (10.18)

Since Y and t'3 give zero, if applied on the upper indices (Q, Y, Y’) of (A, AY
and A)"), as one can read from Eq. (10.15), and since Y and '3 commute with
the family quantum numbers, one sees that the scalar fields A2t (AR, AY, AY,
AL AL, /Z_\E, iﬁ, /Z_{SN R /iSNL), rewritten as follows, A} = (A2 F1ALY), are eigen
states of '3 and Y having the quantum numbers of the standard model Higgs’
scalars.

Let us make the notation

A?i;) = (A2 FiALhH), (10.19)

and let us calculate what does the operator 1@ (Eq. (10.17)) make if applied on

A7l Taking into account Egs. (10.7, 10.9) one finds that
()

1B A Al Ai s A AL . AAL
T A(ZE) = (A5 :FIAG ) . A(ij) y

TEALL = 0. (10.20)

(£)

The scalar fields A}t are all massive fields with the masses of the condensate scale
(£)

(table 10.1), while the scalar fields A%} change masses at the electroweak break.
(£)
78
Using Egs. (9.46, 9.44, 9.54) one finds that v° (—) A2l transforms the right
()
handed u§' quark from the first line of table 9.3 into the leftt handed u§' quark
from the seventh line of the same table, which can be also interpreted in the
standard model way, namely, that A1 “dress” u§' giving it the weak and the hyper
i)

charge of the left handed u§' quark, while y° changes handedness. Equivalently



10 The Spin-charge-family Theory Explains Why the Scalar Higgs Carries. .. 177

78 .
happens to vg from the 25'" line, which the action of y° (—) A%l on it transforms
(=)
into the v from the 31t" line, which again can be interpreted in the standard model
way: With the action of v° and the “dressing” of A% 78 on Vg, transforming it into

Vi.
78 )
The action of Y° (+) A%} transform d§' from the third line of the same table
(+)

into df from the fifth line of this table, or eg from the 27" line into the e; from the
29" line. One can use in this two cases, knowing the properties of the scalar fields
(Eq. (10.18)), again the standard model interpretation, in which the scalar fields A%}

(+)
take care of the weak and the hyper charges of the right handed members dg!
and eg by “dressing” them with the appropriate weak and the hyper charges,
while y° changes handedness. In the standard model there is the scalar Higgs and
the Yukawa couplings, which take care of fermion and also of the weak boson
properties.

In the spin-charge-family theory there are several scalar fields, which determine
the mass matrices of the two groups of four families.

When the scalar fields (A(g8 LAY, LAY A'78 , AN N A278 , ANfS ) from

. H ® ® ® ®m em
Eq. (10.16) get nonzero vacuum expectation values, they determine mass ma-

trices of family members - of quarks and leptons - of the lower (carrying the family
quantum numbers (¥', Np)) and the upper (carrying the family quantum numbers

(72, ﬁlR)) four families, since they carry the weak and the hyper charge (Egs. (10.9,
10.10)) which breaks the mass protection mechanism of quarks and leptons.
We clearly see that all the scalars A have the following properties:

1 .
3 ar =+ _haat (10.21)
(£) 2 2 (£)

The scalars AAQ obviously bring the right quantum numbers to the right handed

partners (ug, VR) and the scalars A2} give the right quantum numbers to (dg,
(+

eR).
The scalar fields A}t are in the spin-charge-family theory triplets with respect to
(£)

the family quantum numbers (ﬁR, ﬁlL, 27, Egs. (10.11, 10.12)) or singlets as the
gauge fieldsof Q =13+ VY, Y =12 + 1* and Y/ = —tan? 9,7* + 123
One can prove this by applying 23, '3, N3 and N7 on their eigen states. Let

us do this for AN and for A, taking into account Egs. (10.11), and recognizing
() ()
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~ N ~ ~
that A 75% = AN H 1 AN (Bq. (10.7)).
(£) (£)

(£)

~ ~NL NNL ~ ~ N
3 3 N3
NLA73EZEA73E> N{AZs” =0,
(+) (+) (+)
<N
A ={(w,, 1, (. 1, .
s {(w23<7f)+ wOH?))@ (w31(7ir8)+ wOZ@))}’

w —(w +w +w 10.22
Z8 A 56(4) ( 910(%) 111205 1314(718))’( )

with Q = §%¢ 4+ % = §56 — 1(§910 4 §1112 4 §1314) and with t* defined in
Eq. (10.10)).

To masses of the lower four families only the scalar fields, which are the
gauge fields of Ny and ©' contribute. (To masses of the upper four families only

the gauge fields of ﬁg and 72 contribute.) The three scalar fields A?S ,AY, and
(+) (£)

A%, ”see” the family members quantum numbers and contribute correspondingly
to( :11)1 the families.

The scalar fields, with the weak and the hyper charge in the fundamental
representations (Eq. (10.21)) and the family charges in the adjoint representations,
transform any family member of the lower four families into the same family
member belonging to one of the lower four families (while those with the family
charges of the upper four families transform any family member into the same
family member belonging to one of the upper four families).

In loop corrections all the scalar and vector gauge fields which couple to
fermions contribute.

The mass matrix of any family member, belonging to any of the two groups
of the four families, manifests - due to the gﬁ(Z) (L,R) X §tl(2) (1,11) (either (L, I) or

(R, 1)) structure of the scalar fields, which are the gauge fields of the Ng 1 and
721 - the symmetry presented in Eq. (10.23) 7.

[0

—a; —a e d b
—ay — b d
M = Z azb ¢ Ga e (10.23)
b d e a—a

Let us summarize this section: It is proven that all the scalar fields with the
scalar index s € (7, 8), which gain nonzero vacuum expectation values and keep
the electromagnetic charge conserved, carry the weak and the hyper charge quan-
tum numbers as required by the standard model for the scalar Higgs (Eq. (10.21)):

7 Since the upper four families interact with the condensate of the two right handed
neutrinos, which carry the family quantum numbers of the upper four families, the
symmetry of the mass matrix presented in Eq. (10.23) is the symmetry of the upper four
families.
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(t13.Y) A/Z;) =4 (f —f) A@; These are the only scalar fields in this theory with

the quantum numbers of H1ggs field.

These scalar fields carry additional quantum numbers: The family quantum
numbers. The nonzero vacuum expectation values of the scalars with the space
index s =€ (7, 8) determine on the tree level the mass matrices of the two groups

of four families. While the scalars with the family quantum numbers (T,Ny)
contribute to mass matricesﬂofﬂ the lower four families, contribute those with the
family quantum numbers (2, Ng) to masses of the upper four families and those
with the family members quantum numbers (Q, Y, Y’) to any of these two groups
of four families. In loop corrections in all orders the mass matrices of the two
groups of four families follow.

All the other scalar fields: A2t s € (5,6) and ALY, (t,t') € (9,...,14) have
masses of the order of the condensate scale and contribute to matter-antimatter
asymmetry.

10.3 Conclusions

The spin-charge-family [1,2,7,6,3-5,8,12,9,10] theory, a kind of the Kaluza-Klein
theories [15] with the families introduced by the second kind of gamma operators
(7¢ in addition to the Dirac y¢), is offering the explanation for the properties of
quarks and leptons (right handed neutrinos are in this theory regular members
of each family) and antiquarks and antileptons, for the appearance of the gauge
vector fields and of the scalar Higgs and Yukawa couplings. All these are in the
standard model just assumed.

The theory offers the explanation why are the weak and hyper charges of
fermions connected with their handedness (table 9.3) and where do the scalar
fields originate (Egs. (10.14, 10.15)).

It also explains why do the scalar fields carry the weak and the hyper charges
as assumed by the standard model (Eq. (10.18)): (t'3,Y) A?i;) =+(3,—7) Aj}i;) ,

where '3 denotes the third component of the weak charge, Y the hyper charge,
Aidenotes (Q, Y, Y’) (originating in the first kind y© of the Clifford algebra objects)
and all the family quantum numbers (originating in the second kind of the Clifford
algebra objects 7). While y¢, through S®°, determine all the spin and the charges
of families, determine ¥¢, through Sab the family quantum numbers.

The spin-charge-family therefore, starting with the simple action (Eq.(10.1)) in
d = (13 + 1) for spinors (carrying two kinds of gamma operators) and interacting
with the gravity only (with the vielbeins and the two kinds of the spin connection
fields), differs essentially from the unifying theories of Pati and Salam [21], Georgi
and Glashow [27] and other SO(10) and SU(n) theories [28], although all these
unifying theories are answering some of the open questions of the standard model
and accordingly have many things in common - among themselves and with the
spin-charge-family theory.

The spin-charge-family theory predicts two decoupled groups of four fami-
lies [7,6,9,10]: The fourth of the lower group of families will be measured at the
LHC [11] and the lowest of the upper four families constitute the dark matter [10].
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It also predicts that there will be several scalar fields observed sooner or later at
the LHC.

Besides the scalar fields with the space index s € (7,8), which by getting
non zero vacuum expectation values cause the electroweak break and take care of
massless of fermions and the weak bosons, all the other scalar fields get, through
the interaction with the scalar condensate of two right handed neutrinos with the
family quantum numbers of the upper four families, masses of the condensate
scale. There are also only weak, hyper and the colour vector gauge bosons which
stay massless up to the condensate scale, since they do not interact with the
condensate. The scalar fields with the scalar space index s =< (9,...,14) are
colour triplets with respect to the scalar space index and cause, after interacting
with the condensate, matter-antimatter asymmetry [13].

All the scalar fields are in the fundamental representations (Eq. ([13])) with
respect to the space index. They resemble the supersymmetry particles, although
they are not, since they do not meet all the requirements for the bosonic partners
of fermions.

Starting with few assumptions, presented in the introduction 10.1 (i.- iv.), I
show that the spin-charge-family theory is not only offering the explanation for the
so far measured phenomena, with the origin of the dark matter and the scalar
fields included, but offers also the predictions for new families (the fourth to the
observed three families will be measured at the LHC, the fifth - the lowest of the
upper four families - forming baryons [10] explains the appearance of the dark
matter) and new scalar fields (there are two triplets and three singlets: A?, AY,
AY', Al, AN, Egs. (10.14, 10.15, 10.16), which determine properties of the four
lower families - the Higgs and the Yukawa couplings of the standard model [2,1]).
The theory might be able also to answer questions about the (ordinary, mainly
made out of the first family) matter /antimatter asymmetry, which is discussed
in a separate paper [13]. The quantum numbers of the condensate, responsible
for breaking C P symmetry, are presented in this paper (table 10.1). The same
condensate makes massive scalar and vector gauge fields which would otherwise
be as massless observed at low energies.

Although the spin-charge-family theory starts in d = (13 + 1) dimensional
space with the spin connection fields of two kinds (having the origin in y* and
in ¥¢) and with the vielbeins - all these look like having a very large number of
degrees of freedom - it leads under the assumption that there is a condensate of
two right handed neutrinos carrying the quantum numbers of the upper four
families and that there are scalar fields, which obtain nonzero vacuum expectation
values causing the electroweak break, naturally (what means that all unobserved
fields of both origins get masses without additional requirements) at the low
energy regime to the observed fermion and vector gauge boson fields.

This paper presents, by explaining that in this theory there are the scalar fields,
which carry the quantum numbers of the scalar Higgs scalars and correspondingly
offering the explanation for the appearance of the scalar Higgs and the Yukawa
couplings, a further step towards understanding the properties of quarks and
leptons and in particular of those scalar fields (section 10.2), which determine
mass matrices of quarks and leptons.
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It stays to be solved, why and how does the condensate of the two right

handed neutrinos with the family quantum numbers of the upper four families
appear and why do scalars, with the weak and the hyper charge required by the
standard model, gain non zero vacuum expectation values.
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