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Abstract

Ten years ago the approach unifying all the internal degrees of freedom - that is the
spin and all the charges into only the spin - was proposed' '°. In this approach spinors,
living in d (= 1 + 13)—dimensional space, carry only the spin and interact with only
the gravity through spin connections and vielbeins. After assuming appropriate breaks
of symmetries a spin manifests in d = (1 + 3) ”physical” space as the spin and all the
known charges, while the covariant derivative of a spinor in d(= 1 + 13)— manifests as
the observable covariant derivative in d = 1+ 3 and as the mass terms, leading to masses
of four families of quarks and leptons and to the corresponding mixing matrices.

INTRODUCTION

The Standard model of the electroweak and strong interactions (extended by the inclusion of the
massive neutrinos) fits well all the existing experimental data. It assumes around 25 parameters and
requests, the origins of which is not yet understood.

The advantage of the approach unifying spins and charges' ' is, that it might offer possible an-
swers to the open questions of the Standard electroweak model. We demonstrated in references®® 10 that
a left handed SO(1,13) Weyl spinor multiplet includes, if the representation is interpreted in terms of the
subgroups SO(1, 3), SU(2), SU(3) and the sum of the two U(1)’s, all the spinors of the Standard model
- that is the left handed SU(2) doublets and the right handed SU(2) singlets of (with the group SU(3)
charged) quarks and (chargeless) leptons. Right handed neutrinos - weak and hyper chargeless - are also
included. In the gauge theory of gravity (in our case in d = (1 + 13)-dimensional space), the Poincaré
group is gauged, leading to spin connections and vielbeins, which determine the gravitational field?2.
There are the spin connection and vielbein fields, which manifest - after the appropriate compactification
(or some other kind of making the rest of d-4 space unobservable at low energies) - in the four dimensional
space as all the gauge fields of the known charges, as well as determine the mass matrices of quarks and
leptons, that is the Yukawa couplings of the Standard model.

The approach seems to have, like all the Kaluza-Klein-like theories, a very serious disadvantage,
namely that there might not exist any massless, mass protected spinors, which are, after the break of

symmetries, chirally coupled to the desired (Kaluza-Klein) gauge fields'!. This would mean that there
are no observable spinors at low energies. In the reference!? we present a toy model, which leads to
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massless, mass protected spinors, chirally coupled to the Kaluza-Klein gauge fields, observable at low
energies. Although not yet realistic, the toy model looks promising.

In refs.?10:17:18 it was shown, that the approach unifying spins and charges might explain the
Yukawa couplings within one family, as well as among families, if extended on two types of the Clifford
algebra objects. For the appearance of families, namely, the second kind of the Clifford algebra objects iA
responsible. an even number of families was predicted, in particular, four families of quarks and leptons.
In this talk the approach of unifying spins and charges is briefly presented nd the mass matrices are
derived from the starting Lagrange density and presented in terms of the spin connection fields of two
types, after making several assumptions to simplify the results and make them calculable.

I. WEYL SPINORS IN D = (1 + 13) MANIFESTING FAMILIES OF QUARKS AND LEPTONS
IN D= (1+3)

We start with a left handed Weyl spinor in (1 + 13)-dimensional space. A spinor carries only
the spin (no charges) and interacts accordingly with only the gauge gravitational fields - with their spin
connections and vielbeins. We allow families of left handed spinors, since we assume indeed two kinds of
the gauge fields' !°. One kind is the ordinary gauge field (gauging the Poincaré symmetry in d = 1+ 13).
The corresponding spin connection field appears for spinors as a gauge field of $%° = 1(y2yb — 4by2),
where v® are the ordinary Dirac operators in d-dimensional space. It contributes to all known gauge
fields and to the diagonal elements of mass matrices (connecting right handed weak chargeless quarks or

leptons with left handed weak charged partners within one family of spinors).

The second kind of gauge fields is in our approach responsible for the Yukawa couplings among
families of spinors and might explain the origin of the families of quarks and leptons. The corresponding
spin connection field appears for spinors as a gauge field of $® (5% = 1(525° — 4°5%)) with 5, which
are the Clifford algebra objects'?, like v%, but anti commute with °.

Accordingly we write the action for a Weyl (massless) spinor in d(= 1 + 13) - dimensional space
as follows!

S = / iz %(ew‘pww) +he, (1.1)

with poq = f®aPoa and pog = Po — %S“bwaba - %S"’b&aba. Here f%, are vielbeins (inverted to the gauge
field of the generators of translations e, €% f% = 82, €% fP, = 6,°), with e = det(e?,), while wWypa
and Qgpq are the two kinds of the spin connection fields, the gauge fields of % and S, respectively,
corresponding to the two kinds of the Clifford algebra objects!31% namely 4* and 5° ({y2,7°}; = 0,
{Seb Sed} = 0). To see that one Weyl spinor in d = (1 + 13) with the spin as the only internal de-
gree of freedom, can manifest in our-dimensional ” physical” space as the ordinary (SO(1, 3)) spinor with
all the known charges of one family of quarks and leptons of the Standard model, one has to analyze
one Weyl spinor (we make a choice of the left handed one) representation in terms of the subgroups
S0O(1,3) x U(1) x SU(2) x SU(3) (the reader can see this analyses in several references, like the one'®.)

To see that the Yukawa couplings are the part of the starting Lagrangian of eq.(1.1), we rewrite
the Lagrangian in eq.(1.1) as follows'®

Natin indices a,b,..,m,n, .., s,t,.. denote a tangent space (a flat index), while greek indices a, 8, .., u, 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 a, 8,7, .. ), from the middle of both the alphabets the observed dimensions 0,1,2,3 (m,n, ..
and p,v,..), indices from the bottom of the alphabets indicate the compactified dimensions (s,t,.. and o, 7,..).
we assume the signature °® = diag{1,-1,—1,---,—1}.
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L=9y"(pu— > g m Adi )y +
A

2t SO S wyprg1p + 2ip+ S0 S @y 1) + the rest. (1.2)

index A determines the charge groups (SU(3), SU(2) and the two U(1)’s), index i determines the gener-
ators within one charge group. 74% denote the generators of the charge groups (expressible® in terms of
Sst, s,t €5,6,..,14), while A,, u = 0,1,2,3, denote the corresponding gauge fields (expressible in terms
of wety,).

The second and the third term look like mass terms, since wiys (= flwp,) and @us, S,t €
5,6,7,8, o € (5),(6),(7),(8)), behave in d(= 1+ 3)— dimensional space like scalar fields, while the oper-
ator S%%, s = 7,8, for example, transforms a right handed weak chargeless spinor (for example upg) into a
left handed weak charged spinor (in this case to ur), without changing the spin in d = 1 + 3 - just what
the Yukawa couplings with the Higgs doublet included do in the Standard model formulation. It should
be pointed out that no Higgs weak charge doublet is needed here, as $°%, s = 7,8 does his job.

There are several ways of breaking the group SO(1,13) down to subgroups of the Standard model.
(One of) the most probable breaks, suggested by the approach unifying spins and charges, is the following
one

S0(1,13)
1
SO(1,7) ® SU(3) ® U(1)

~ /
~~

d
SO(1,3) ® SU(2) ® U(1) ® SU(3)
We start from a massless left handed Weyl spinor in d = 1 + 13. we assume that the first break of

symmetry leads again to massless spinors in d = 1+ 7, chirally coupled with the SU(3) and U(1) charge
to the corresponding fields, which follow from the spin connection and vielbein fields in d = 1 + 13.

A. Spin and charges of one left handed fundamental representation in SO(1,13)

The group SO(1,13) of the rank 7 has as possible subgroups the groups SO(1,3), SU(2),SU(3)
and the two U(1)’s, with the sum of the ranks of all these subgroups equal to 7. These subgroups
are candidates for describing the spin, the weak charge, the colour charge and the two hyper charges,
respectively (only one is needed in the Standard model). The generators of these groups can be written
in terms of the generators S as follows

AL Z Ay §ab (AL pBiY_ = j§AB pAijh Ak, (1.3)
a,b

The weak charge (SU(2) with the generators 7'%) and one U(1) charge (with the generator 72!) content
of the compact group SO(4) (a subgroup of SO(1,13)) can be demonstrated when expressing

1. 1o cer 12._ L osr 68 13._ 1 oos6  or8
T = 2(3 SN, %= 2(8 +8%), 7= 2(8 S
= %(856 +8™). (1.4)

To see the colour charge and one additional U(1) content in the group SO, (1,13) we write 73! and 74!,
respectively in terms of the generators S

,7_31 - = %(89 12 _810 11)7 T32 = %(89 11 +810 12)7 ,7_33 = %(89 10 —811 12)7
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3. %(39 1 _ 51013y 85 . %(89 13, g1014) 36 . %(811 14 _ g1213)
1 . 1
37 1113 | ¢l214 38 910 | Ql112 13 14
0 =—(S +S , 1% = STV +S —28
2( ) o )
Al _%(59 10 §1112 4 g1314). (1.5)

To reproduce the Standard model groups one must introduce the two superpositions of the two Y (1)’s
generators as follows

Y =il p 2yt = A2 (1.6)

B. Spinor representation in terms of Clifford algebra objects

We start by defining two kinds of the Clifford algebra objects, v and v2, with the properties

{7a77b}+ = 277ab = {;)'/ay;)'/b}_’_, {,ya,;)'/b}_’_ =0. (17)

The operators 4% are introduced formally as operating on any Clifford algebra object B from the left
hand side, but they also can be expressed in terms of the ordinary v* as operating from the right hand
side as follows 7B := i(—)" By’ with (=)™ = +1 or —1, when the object B has a Clifford even or
odd character, respectively. accordingly two kinds of generators of the Lorentz transformations follow,
namely S = i/4(y%y® — 4P4%) and S = i/4(724® — 4°4%), with the property {S?¢, S} = 0.

We define spinor representations as eigen states of the chosen Cartan sub algebra of the Lorentz
algebra SO(1,13), with the operators S? and S in the two Cartan sub algebra sets, with the same
indices in both cases. By introducing the notation

ab. 1 a b ab. 1 a b aa, bb

(F): =50 F7),  [Fi]= 50 £9%), forn*n™ = -1,

ab 1 a - b ab 1 - a b aa, bb

(F): =50 i), [Fl=5A£0y"), fory*n” =1, (1.8)

it can be shown that

ab ab ab ab
5 (k) = (), s fi= 1 (k]

ab ab

5o (b = £ (). 5 (k=% i, (19)

The above binomials are all ”eigenvectors” of the generators S°, as well as of $%°. We shall make use of
the relations

ab ab ab ab ab ab ab ab ab ab
(k) (k) =0, (k) (=k)=n"* [k], [K][k]=[K], [k][—k]= 0,
ab ab ab ab ab ab ab ab ab ab
(k)[k] =0, [kl(k)=(k),  (k)[-K]=(k),  [k](=k)=0. (1.10)
ab ab

The reader should notice that y*’s transform the binomial (k) into the binomial [—k], whose eigen value

ab ab
with respect to S° change sign, while 4%’s transform the binomial (k) into [k] with unchanged ”eigen
value” with respect to S.

We define the operators of handedness of the group SO(1,13) and of the subgroups
S0(1,3),S0(1,7) and SO(4) as follows: T(1:13) = j27 §03g12856  g1314 (1.3) — _92503§12 T(1,7) —
—324503512,656578 T(4) — 22656678 In order to represent one Weyl left handed spinor as products of
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ab ab
binomials (k) and [k], one must make a choice of the operators belonging to the Cartan sub algebra of
7 elements of SO(1,13). We make the following choice $%3,5'2,8%6 ... S1314 We make a choice of
a starting state of one Weyl representation of the group SO(1,13), which is the eigen state of all the
members of the Cartan sub algebra and is left handed (I'(13) = —1)

91011 1213 14

(+ )(j)|()()||()()()|¢)=
(P =P+ + i)+ )G + iy )M =iy (R —iy)|w).
(1.11)

One easily finds that the eigen values of the chosen Cartan sub algebra elements are
+i/2,1/2,1/2,1/2,1/2,—-1/2,—1/2, respectively. This state is a right handed spinor with respect to
S0(1,3) (T(13) = 1), with spin up (S = 1/2), it is SU(2) singlet (7'* = 0, eq.(1.3)), and it is the
member of the SU(3) triplet with (733 = 1/2,7%% = 1/(2v/3)), it has 72! = 1/2 and 7*' = 1/6, while
Y =2/3 and Y’ = —1/3. The starting state (eq.(1.11)) can be recognized in terms of the Standard model
subgroups as the right handed weak chargeless u-quark carrying one of the three colours.

To obtain all the states of one Weyl spinor, one only has to apply on the starting state of eq.(1.11)
the generators S%. All the quarks and the leptons of one family of the Standard model appear in
this multiplet. We present in Table I all the quarks of one particular colour (the right handed weak
chargeless ug,dr and left handed weak charged ur,dr, with the colour (1/2,1/(2v/3)) in the Standard
model notation). They all are members of one SO(1,7) multiplet (and belong to one Weyl left handed
representation in d = 1 + 13).

HI i > [TEI] S [TO [ [ 2 [72] % [1] V] ¥

octet, I(L7 =1, T6) = _1

of quarks

03 12 56 91011 1213 14
1ug (ﬂ;;')(;g) | (56)(78) “9(10)1$ 12)12 12 1 |1/2)) 1| 0 |1/2)1/2]1/(2v/3)|1/6|| 2/3|-1/3
2|ug [;;'][—1]2| (ﬁg(j;) I gtgl(l—l)n(?)—& 1 |-1/2| 1] 0 [1/2]1/2)1/(2v3)[1/6|| 2/3|-1/3
3|dg (03)(12) | £6][78] “9(10)15 1315 12 1 [1/2| 1] 0 |-1/2]1/2|1/(2v/3)|1/6|]-1/3| 2/3
4ldy [0321[12] | = ][ ]|| (9 1)0(11 22(13 24 1 |-1/2|) 1| 0 |-1/2)|1/2]1/(2v/3)|1/6|-1/3] 2/3
5/dg [03](3) | [56]( )|| 5131(11)21(31)4 -1 |1/2) -1 |-1/2) 0 ||1/2|1/(2v3)|1/6] 1/6| 1/6
6dCl (+)[=] 1 [-1(H) || () (=) (- )4 -1 |-1/2| -1 |-1/2] 0 ||1/2 1/(2\/?;) 1/6|| 1/6| 1/6

03 12 56 91011 12131
7ug [33](12) | (56)[78] I glgl(l 1)21(3 1)4 -1 |1/2 -1 ]1/2) 0 |[1/2]1/(2v3)|1/6]| 1/6| 1/6
8lug | ()= (DN (D) (=) (=) || -1 |-1/2) -1 [1/2] 0 [[1/2]1/(2v/3)]1/6]| 1/6] 1/6

Table I. The 8-plet of quarks - the members of SO(1,7) subgroup, belonging to one Weyl left handed
(T13) = —1 = (17 x T(®)) spinor representation of SO(1,13). It contains left handed weak charged

quarks and right handed weak chargeless quarks of a particular colour ((1/2,1/(2v/3))). The reader can
find the whole Weyl representation in the ref.'°.

C. Appearance of families

While the generators of the Lorentz group S, with a pair of (ab), which does not belong to the Cartan
sub algebra, transform one vector of one Weyl representation into another, transform the generators S
(again if the pair (ab) does not belong to the Cartan set) a member of one family into the same member
of another family, leaving all the other quantum numbers (determined by S?°) unchanged!2:487%10, The

ab ab ab ab
operator 4% changes (4) (or (+1)) into [+] (or into [+1], respectively), without changing the ”eigen values”
of the Cartan sub algebra set of the operators S% as one can see bellow
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@O 1O ESS
56 78 910 11121314

[+@][j] [ HEH N F) (=) - (1.12)

One can easily see that both states of (1.12) describe a right handed u-quark of the same colour. They
are equivalent with respect to the operators S2°.

II. MASS MATRICES IN THE APPROACH UNIFYING SPINS AND CHARGES

Let us look at the Lagrange density in d = 1+ 7 for one Weyl spinor of the left handedness and of
all possible SU(3) x U(1) charges. The Lagrange density manifests the coupling of a spinor to the colour,
the weak and the hyper charge gauge fields, as well as the masses. We recognize, that the terms with
7%47, for example, transform a right handed Weak chargeless spinors with the spin 1/2 (like the quark ug
from the first row in Table I) into a left handed weak charged spinors with the spin 1/2 (in our example
into the quark uy, from the seventh’s row in Table I )

Ly =07 (pm — Y THAN) O+
+p 0% (ps — Z 74T A4 b + terms with S0 (2.1)
a,i
We can rearrange the first term in the Lagrangian of eq.(2.1), with 4 =€ {0,1,2,3}, to manifest the
— — 2 !
Standard model structure £; = Yy*{p, — (-t W+, + 7 W ,) + \/_ggﬁQ,Z” + +\/—g%g+—g—,2QA,L +

Z gcTSiABi +AY’H},¢, WithQ_T13+Y_S56+T41 Q =113 - ( ’)2y_ 1( —( ’)2)556 ;( +

(% 1)2) 578 _ (g Y2741 In order to be in agreement with the observations, we assume that the term AY u s

negligible at low energies. If we define the following superposition of the operators (y7 +iv%) = 2 (i) and
the fields AY = —i(Ay7 F AY), with y = Y,Y’, we end up with a simple expression for the contribution
of the operators S to the mass matrices

78 78 _
L=19¢T° Z {(+) yAf’|r + (=) yAY o) + terms with S°°. (2.2)
y=Y, Y’

We notice, after reading also Table I, that the term with the fields AY, y = Y,Y", contributes only to
masses of d—quarks (and electrons), while AY_, y =Y, Y", contributes only to masses of u—quarks (and
neutrinos).

Let us now rearrange in a similar way all the contributions to the mass matrices by introduc-

78 78

ing L, = VY% pos = ¥ AH{(+) po+ + (=) po—}e, with por = (pr Fi ps) — %Sabwgbi -
550 abt, Wabs = Wabt F § Wabss Dot = Wabr F § Waps. We first rearrange the contribution of Seb to
the diagonal terms by introducing the appropriate superposition of S : Njf := 1(S!2 £i8%%), 713 :=
%(556 _ 578)7}7 — 741 +7~_21,1}, — 41 _ 7~_2177~_21 = %(356 +‘§78),7:41~:: _%(591? :|_~‘§1112j_:§~1314)_
Taking into account that 3S%wsy = YAY L + YV/AY | + 713418, 1G8stG,, = YAY L + VAV | +
%13A13i7 %gmna}mni = N+3A+3i + N_3A_3i; with the pairs (man) = (07 3)7 (17 2); (S7t) = (57 6)7 (77 8)7
belonging to the Cartan sub algebra and wy = Q7 F iQlg, where Q7,Qg stay for any of the above
fields, correspondingly, we find A, = L(wses — w73i) A 4+ = 5(1441:]: + H(wsex + wrst)), AY 4 =
%(A“i — 2 (wsex + wrst)), A_13 = %(wsei — Wrse), Ay = F(A* 1 (@s6+ + Wrsa)), AV L =

AN, — N(osen + Grs2))s AN = L(@iae — i @o3), AN 3y = %(wui + i @o34), where the fields
Ayi, y=13,41,Y,Y’ and Ai, § = +3,-3,13,41,7,y', are uniquely expressible with the corresponding
spin connection ﬁelds
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The operators, which contribute to non diagonal terms in mass matrices, are superposition of S
ab cd

and can be written in terms of nilpotents as follows (k)({), with indices (ab) and (cd) which belong to
the Cartan sub algebra indices. We may write accordingly

ac bd

> = > ® () A, ((ac), (b)), (2.3)

a,b not in Cartan (ac),(bd) in Cartan k,1

where k = =i, if (ac) = (03) and k£ = +1 in all other cases, while | = £1. The pairs (ac), (bd)
run over all the Cartan sub algebra pairs ((03),(12); (03),(56) ;(03),(78); (12),(56); (12),(78)),
while k and [ run over all possible four combinations. The fields AR ((ac), (b d)) can then be ex-
pressed by @ap+ as follows: A+t o ((ac), (bd)) = i(d)aci wbci — iQadt — lwbdi) A=~ 1 ((ac), (bd)) =
HPact + Dbt +iQaar — LDpas), A=F 1 ((ac), (bd) = (wacﬂ:+ Dpet —i@ad++ EDpaz ), A+~ 1 ((ac), (bd)) =
%((Z)aci - %Gjbci + 1Qad+ + %(Ijbdi) with r =4, if (ac) (03), othervvlse r=1. We simplify the index klin
the exponent of fields A* . ((ac), (bd)) to

We can accordingly write the Lagrange density determining the masses of fermions as follows

— ) e - Yl - > gAL) +
y=Y,Y’ §=N+3,N—3,713Y Y’

78 o
) - — 3 yAr - 3 GAT ) —

y=y,y’ §j=N+3,N—3,713,Y Y’

78 ac bd 78 ac bd

Y R A (@), (ed) — (=) (k) (1) A¥((ab), (cd))}, (24)

{(ac)(bd)},k,l {(ac)(bd)},k,l

with all possible pairs ((ac), (bd)), which are the members of the Cartan sub algebra and k = =i, if
(ac) = (03), otherwise k = +£1, 1 = +1. We omitted the term with 7'2, since being applied on the right
handed spinors it contributes zero. The mass matrix, which follows from these Lagrange density is in
general not Hermitian.

III. AN EXAMPLE OF MASS MATRICES FOR QUARKS OF FOUR FAMILIES

Let us make, for simplicity, one further assumption, that there are no terms, which would transform
56 56
(+) into [+]. We then end with four families of quarks and leptons

03 12 56 78
L (+0) () | (H) ) []--
03 12 56 78

L[+ () ) -

111, [+z]<”) DD
12 56 78
.5 1 OG- (3.1)

This leads to the mass matrices of the type

61



N. Manko¢ Borstnik African Journal Of Mathematical Physics Vol 3 No 1 (2006)55-63

| | In | IIg | ITIx | IVg |

I Alg AT+2((03),(12) [£ATH£((03), (78)) [FAT5((12), (78))
T | A= %((03),(12)) AT + A=+ 2((12), (78)) |[FA~F£((03), (78))
ITIL|£A=£((03), (78)) |[F A+~ £((12), (78)) AT A=F5((03),(12))
IV |+ A~ 4((12), (78)) | FAT~£((03), (78))| A+~ +((03), (12)) AV 4

Table II. The mass matrices for four families of quarks and leptons in the approach unifying spins
and charges, obtained under some simplifying assumptions. The values A‘_, ¢ = I,II,II,IV, and
Alm_((ac), (bd)) determine matrix elements for the u quarks and the neutrinos, the values Ai,, i =
I,II,IIT,IV, and A", ((ac),(bd)) determine the matrix elements for the d quarks and the electrons.
Diagonal matrix elements are different for quarks then for leptons and distinguish also between the u and
the d quarks and between the v and the e leptons. They also differ from family to family. Non diagonal
matrix elements distinguish among families and among (u,v) and (d, e).

The explicit form of the diagonal matrix elements for the above choice of assumptions in terms of

Wabe and Wape is as follows: AIu = —%(wss_ + wrs— + %A417 + W3 + Wi2— + Wse— + Wrs— + %fi“,),
AT, = 3(w56_ + wrg— — A 4 1Wo3— + W12— + Ws6— + Wrs— + %1441_),

Alg = —3(—wseq — wrsy + 3 A4 + @034 + D124 Wse + D7y + %:[141+)7

Al = — 3 (—wsey — wrag — AMy + Qo34 + D124 D564 + Dray + 5 AL,

AL, = Ay + (i3 + @12 ), AT, =A%) + (@3 + @12,

Allg=Alg+ (i@03+ +o2y), AMe = A% + (iGozy + Dray),

AT = A%y + (iGos— + arg—), AT, = A%, 4 (i@o3— + @rs-),

ANy = A+ (iGosy + Grsy), AN, = A’e + (i@o3+ + Wrs4),

AV = Aly 4 (@1a- +ars-), A"V, = A%, + (D12- + Drs-),

AV g = Aty + (@n2y +arsy), AV, = = A’ + (@124 + @rs+). The explicit form of nondiagonal matrix
elements is as follows AT+ (( c), (bd)) (waci L Dbet —zwadi - —wbdi) A ((ac~), (bd)) = 5(Qact +
TOpet + i@aat — $@has), A i((ac), (b )) = (@Dact + Lper — i@aat + +@pax), AT 1((ac), (bd)) =
HPact — LQbet + i@aa+ + LDbat)-

IV. DISCUSSIONS AND CONCLUSION

In this paper we derive from our approach unifying spins and charges the mass matrices for the
quarks and the leptons. The approach assumes that a Weyl spinor of a chosen handedness carries in
d(= 1+ 13)— dimensional space nothing but two kinds of spin degrees of freedom. One kind belongs
to the Poincaré group in d = 1 + 13, another kind generates families. Spinors interact with only the
gravitational fields, manifested by the vielbeins and spin connections, the gauge fields of the momentum
po and the two kinds of the generators of the Lorentz group Sab and S, respectively. To come to the
Yukawa couplings, postulated by the Standard model, we made several further assumptions about the
way of breaking symmetries down to observable ones, that is from SO(1,13) to S(1,7) x SU(3) x U(1)
(which may appear in steps and must lead to massless spinors of a particular handedness, chirally coupled
to the U(1) and SU(3) gauged fields) and then further to SO(1,3) x SU(2) x SU(3) x U(1).

Our starting Weyl spinor representation of a chosen handedness manifests, if analysed in terms of

the subgroups SO(1, 3), SU(3), SU(2) and two U(1)’s of the group SO(1,13), the spin and all the charges
of one family of quarks and leptons.

62



N. Manko¢ Borstnik African Journal Of Mathematical Physics Vol 3 No 1 (2006)55-63

We use our technique!®'# to present spinor representations in a transparent way so that one easily
sees how (and why) the part of the covariant derivative of a spinor in d = 1 + 13 manifests ind =1+ 3
as Yukawa couplings of the Standard model.

We predict an even number of families. Making one further assumption, we predict four families
at low energies, rather than three and we present the mass matrices as the function of the spin connection
fields for the quarks and the leptons on the classical level. From these matrix elements we calculated, by
fitting the experimental data the masses of the two fourth quarks, predicting m,,, := 259GeV — 295GeV
and myq, := 180GeV — 390GeV, while the mixing matrix ST 45, is

0.974 0.220 0.004 0.040
0.224 0.974 0.040 0.004
0.004 0.040 0.930 0.40
0.040 0.004 0.400 0.920

Vmin

These results are preliminary and ought to be tested.
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