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within the ”spin-charge-family-theory”, predicting twice four
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Abstract

This contribution is an attempt to try to understand the matter-antimatter asymmetry in the
universe within the spin-charge-family-theory [1l, 2] if assuming that transitions in non equilibrium
processes among instanton vacua and complex phases in mixing matrices are the sources of the
matter-antimatter asymmetry, as studied in the literature [3H6] for several proposed theories. The
spin-charge-family-theory is, namely, very promising in showing the right way beyond the standard
model. It predicts families and their mass matrices, explaining the origin of the charges and of
the gauge fields. It predicts that there are, after the universe passes through two SU(2) x U(1)
phase transitions, in which the symmetry breaks from SO(1,3) x SU(2) x SU(2) x U(1) x SU(3)
first to SO(1,3) x SU(2) x U(1) x SU(3) and then to SO(1,3) x U(1) x SU(3), twice decoupled
four families. The upper four families gain masses in the first phase transition, while the second
four families gain masses at the electroweak break. To these two breaks of symmetries the scalar
non Abelian fields, the (superposition of the) gauge fields of the operators generating families,
contribute. The lightest of the upper four families is stable (in comparison with the life of the
universe) and is therefore a candidate for constituting the dark matter. The heaviest of the lower

four families should be seen at the LHC or at somewhat higher energies.
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I. INTRODUCTION

The theory unifying spin and charges and predicting families (spin-charge-family-theory)
assumes that spinors carry in d > 4 (d = 1 + 13 is studied) only two kinds of the spin.
The Dirac kind v* manifests after several appropriate breaks of the starting symmetry
as the spin and all the charges. The second kind called {y* ({7, 7’} = 0) generates
families. Accordingly there are in d > 4, besides the vielbeins, also the two kinds of the spin
connection fields, which are the gauge fields of the corresponding operators S® and S,
Those connected with S® manifest in d = (1 4 3) as the vector gauge fields, while those
connected with S% manifest as the scalar fields and determine on the tree level the mass
matrices.

Let me make a short review of the so far made predictions of the spin-charge-family-

theory:

e The spin-charge-family-theory has the explanation for the appearance of the internal
degrees of freedom — the spin and the charges while unifying them under the assump-
tion that the universe went through several phase transitions which cause the appro-
priate breaks of the starting symmetry. Then the fact that the right handed (with
respect to SO(1,3)) fermions are weak chargeless, while the left handed ones carry the
weak charge emerges, as well as that there exist leptons (singlets with respect to the

colour charge) and quarks (triplets with respect to the colour charge) [I], 2].

e The theory explains the appearance of massless families at the low energy regime
under the assumption that there are breaks which leave the massless fermions of only
one handedness [7]. Assuming that breaks of symmetries affect the whole internal
space — the space defined by both kinds of the Clifford algebra objects — it predicts
in the energy regime close below 106 GeV eight massless families. The manifested
symmetry is (assumed to be) at this stage SO(1,3) x SO(4) x U(1) x SU(3). The
next break of the symmetry of the universe to SO(1,3) x SU(2) x U(1) x SU(3) leaves

four families massless [2], while the vacuum expectation values of superposition of the



starting fields which manifest in (1 4 3) as scalar fields, make the upper four families
and the corresponding gauge fields massive. After the electroweak break also the lower
four families become massive due to the vacuum expectation values of superposition

of the starting fields, together with the weak bosons.

The theory predicts the fourth family, which will be observed at the LHC or at some-
what higher energies [§], and the fifth stable family (with no mixing matrix elements
couplings to the lower four families in comparison with the age of the universe), the

baryons and neutrinos of which are the candidates to form the dark matter.

The masses of this fifth family members are according to the so far made rough esti-
mations [2, §] larger than a few TeV and smaller than 10'° TeV. The members of the

family have approximately the same mass, at least on the tree level [9].

The studies [10] of the history of the stable fifth family members in the evolution of
the universe and of their interactions with the ordinary matter in the DAMAs and
the CDMSs experiments done so far lead to the prediction that the masses of the
fiftth family members, if they constitute the dark matter, are a few hundred TeV,
independent of the fifth family fermion-antifermion asymmetry. The Xe experiment
looks like to be in disagreement, but careful analyses show that one should wait for

further data [LI] to make the final conclusion.

The lightest fifth family baryon is, in the case that all the quarks have approximately
(within a hundred GeV) the same mass [10], the fifth family neutron, due to the
attractive electromagnetic interaction. The difference in the weak interaction can be

for large enough masses neglected.
The fermion asymmetry in the approach has not yet really been studied.

The studies [10] of the evolution of this stable fifth family members rely on my rough
estimations [10] of the behaviour of the coloured fifth family objects (single quarks and
antiquarks or coloured pairs of quarks or of antiquarks) during the colour phase tran-
sition. These estimations namely suggest that the coloured objects either annihilate
with the anti-objects or they form colourless neutrons and antineutrons and corre-

spondingly decouple from the plasma soon after the colour phase transition starts,



due to the very strong binding energy of the fifth family baryons (with respect to
the first family baryons) long enough before the first family quarks start to form the

baryons. These estimations should be followed by more accurate studies.

e The so far done studiessuggest strongly that the number density of the fifth family
neutrinos (of approximately the same mass as the fifth family quarks and leptons),
which also contribute to the dark matter, is pretty much reduced due to the neutrino-
antineutrino annihilation closed below the electroweak break. The weak annihilation
cross section is expected to play much stronger role for neutrinos than for strongly
bound fifth family quarks in the fifth family neutron (due to the huge binding energy

of the fifth family quarks), what also remains to be proved.

e The estimations [§] of the properties of the lower four families on the tree level call
for the calculations beyond the tree level, which should hopefully demonstrate, that
the loop corrections (in all orders) bring the main differences in the properties of the

family members. These calculations are in progress [12].

Although we can say that the spin-charge-family-theory looks very promising as the right
way to explain where do the assumptions of the standard model originate, there are obviously
many not yet studied, or at least far from being carefully enough studied open problems.
Many a problem is common to all the theories, like the first family baryon asymmetry,
which I am going to discuss within the spin-charge-family-theory in this contribution. Some
of the problems are common to all the theories assuming more than so far observed (1 + 3)
dimensions, in particular the spin-charge-family-theory shares some problems with all the
Kaluza-Klein-like theories. We are trying to solve them first on toy models [7].

The main new step in the spin-charge-family-theory — the explanation of the appearance
of families by assuming that both existing kinds of the Clifford algebra objects should be
used to treat correctly the fermion degrees of freedom — limits very much the properties of
families and their members. The simple starting action in d = (1 + 13), which in d = (1+3)
demonstrates the mass matrices, namely fixes to high extent the fermion properties after
the breaks of symmetries. Therefore this proposal might soon be studied accurately enough
to show whether it is the right theory or not.

This contribution is an attempt to try to understand what can the spin-charge-family-

theory say about the fermion-antifermion asymmetry when taking into account the proposals
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of the references [4H6] (and of the works cited therein). These works study the soliton so-
lutions of non Abelian gauge fields with many different vacua and evaluate fermion number
nonconservation due to possible transitions among different vacua in non equilibrium pro-
cesses during the phase transitions through which the universe passed. In such processes
fermion (and also antifermion) currents are not conserved since C'P is not nonconserved.
To the C'P nonconservation also the complex matrix elements determining the transitions
among families contribute and consequently influence the first family fermion-antifermion
asymmetry.

Since the spin-charge-family-theory predicts below the unification scale of all the charges
two kinds of phase transitions (first from SO(1,3) x SU(2) x SU(2) x U(1) x SU(3) to
SO(1,3) x SU(2) x U(1) x SU(3), in which the upper four families gain masses and so
do the corresponding vector gauge fields, and then from SO(1,3) x SU(2) x U(1) x SU(3)
to SO(1,3) x U(1) x SU(3), in which the lower four families and the corresponding gauge
fields gain masses), in which besides the vector gauge fields also the scalar gauge fields (the
gauge fields of 5% and also of S with the scalar index with respect to (1 4+ 3)) contribute,
the fermion-antifermion asymmetry might very probably have for the stable fifth family an
opposite sign than for the first family.

It might therefore be that the existence of two kinds of four families, together with two
kinds of the vector gauge fields and two kinds of the scalar fields help to easier understanding
the first family fermion-antifermion asymmetry.

Although I am studying the fermion asymmetry, together with the discrete symmetries, in
the spin-charge-family-theory for quite some time (not really intensively), this contribution
is stimulated by the question of M.Y. Khlopov [I3], since he is proposing the scenario, in
which my stable fifth family members should manifest an opposite fermion asymmetry than
the first family members, that is antifermion-fermion asymmetry. While in the case that the
fiftth family members have masses around 100 TeV or higher and the neutron is the lightest
baryon and neutrino the lightest lepton [10] the fifth family baryon asymmetry plays no
role (since in this case the fifth family neutrons and neutrinos as well as their antiparticles
interact weakly enough among themselves and with the ordinary matter that the assumption
that they constitute the dark matter is in agreement with the observations). Maxim [14]
claims that the fifth family members with the quark masses not higher than 10 TeV are also
the candidates for the dark matter, provided that ususus is the lightest antibaryon and that



there is an excess of antibaryons over the baryons in the fifth family case.

II. A SHORT OVERVIEW OF THE THEORY UNIFYING SPIN AND CHARGES
AND EXPLAINING FAMILIES

In this section I briefly repeat the main ideas of the spin-charge-family-theory. 1 kindly
ask the reader to learn more about this theory in the references [1l, 2] as well as in my talk
presented in this proceedings and in the references therein.

[ am proposing a simple action in d = (1 + 13)-dimensional space. Spinors carry two
kinds of the spin (no charges).

i. The Dirac spin, described by 4*’s, defines the spinor representation in d = (1 + 13). After
the break of the starting symmetry SO(1,13) (through SO(1,7) x SO(6)) to the symmetry
of the standard modelin d = (1+3) (SO(1,3) x U(1) x SU(2) x SU(3)) it defines the hyper
charge (U(1)), the weak charge (SU(2), with the left handed representation of SO(1,3)
manifesting naturally the weak charge and the right handed ones appearing as the weak
singlets) and the colour charge (SU(3)).

ii. The second kind of the spin [1], described by ¥%’s ({7¢,7%}+ = 27%) and anticommuting
with the Dirac v* ({7%,7%};+ = 0), defines the families of spinors.

Accordingly spinors interact with the two kinds of the spin connection fields and the viel-

beins.
We have
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manifests (foloff = faafBb _ fabfBa) after the break of symmetries all the known gauge
fields and the scalar fields, and the mass matrices. To see the manifestation of the covariant

momentum and the mass matrices we rewrite formally the action for a Weyl spinor in

d = (14 13) as follows

L= 0y (pm — Y g ALY +

Ay
{ Z 1;751905 77b} +
s=7,8
the rest, (4)

where m = 0,1, 2, 3 with

7_Ai _ Z CAiab Sab,
a,b
{TAi, 7_Bj}_ — itsABfAijkTAk. (5)

All the charges and the spin of one family are determined by S, with S% as the only
internal degree of freedom of one family (besides the family quantum number, determined
by 5"“’), manifesting after the breaks at the low energy regime as the generators of the
observed groups (Eq. (5))) U(1), SU(2) and SU(3), for A = 1,2, 3, respectively.

The breaks of the starting symmetry from SO(1, 13) to the symmetry SO(1,7) x SU(3) x
U(1) and further to SO(1,3) x SU(2) x SU(2) x U(1) x SU(3) are assumed to leave all the
low lying families of spinors massless. There are eight such massless families (2%/27!) before
further breaks.

Accordingly the first row of the action in Eq. manifests the effective standard model
fermions part of the action before the weak break, while the second part manifests, after
the appropriate breaks of symmetries (when wgp, and @u, 0 € (5,6,7,8), fields gain the
nonzero vacuum expectation values on the tree level) the mass matrices.

The generators S take care of the families, transforming each member of one family into

the corresponding member of another family, due to the fact that {S®, S°}_ = 0 (Eq.(1)).



i |awi > F(1’3) S12 1‘\(4) F131 2230y Q
Octet, T =1, T76) = 1,
of quarks
o3 1256 910 1112 1314 . . N
1ugt | () () | (+ ()H()[] SRR R
|08 T2 56 910 1112 1314 . . N
2lust | (SO ] | 1 |- 1 o] ] 2] 2
03 1256 T8 T 910 T2 131 | 1
slait] o EIE G H T 1 4] o |44
031256 910 1112 1314 . N
4|dy [—ZH]I[H]H()[] |l 1 =3 1]0|-z|-3/—3
|03 T2 56 T8 T 9T 1112 1314 | . 1
51dgt | (=i (0) | [F1 @ 11+ = = 1 [ 2] -4 o &-3
03 12756 T8 T 910 1112 131 ) . 1
6|dgt|| (+) =] | 1D 11 (+) (=) =] | -1 (=3 1 |=3 o | &]-3
|03 12756 78T 910 1112 13 1d ! . 1
T | = H T E I D H - g2 z]0] 5 3
|03 12756 T8 T 910 T2 13 . ! 1
Blug | (+0) [ (D[ (+) [=] =] | -1 |=5||-1|z]|0| 5 3

TABLE I: The 8-plet of quarks - the members of SO(1,7) subgroup of the group SO(1,13),
belonging to one Weyl left handed (I'113) = —1 = (L7 x 7)) spinor representation of SO(1,13).
It contains the left handed weak charged quarks and the right handed weak chargeless quarks
of a particular colour (1/2,1/(2v/3)). Here I'"3) defines the handedness in (1 + 3) space, S'2
defines the ordinary spin (which can also be read directly from the basic vector, both vectors with
both spins, i%, are presented), 713 defines the third component of the weak charge, 72% the third
component of the SU(2);; charge, 7¢ (the U(1) charge) defines together with the 723 the hyper
charge (Y = 74 4+ 72%), Q = Y + 713 is the electromagnetic charge. The reader can find the whole

Weyl representation in the ref. [16].

Using the technique [I5] and analysing the vectors as the eigenvectors of the standard
model groups we present vectors in the space of charges and spins in terms of projectors and
nilpotents as can be learned in Appendix, in the references [1, 2] and also in my talk in the
Proceedings of Bled workshop 2010.

I present in Table [[| the eightplet (the representation of SO(1,7) of quarks of a particular
colour charge (732 = 1/2, 7% = 1/(2V/3)), and U(1) charge (r* = 1/6) and on Table [[I| the
eightplet of the corresponding (colour chargeless) leptons.

In both tables the vectors are chosen to be the eigenvectors of the operators of handedness
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TABLE II: The 8-plet of leptons - the members of SO(1,7) subgroup of the group SO(1,13),
belonging to one Weyl left handed (I'113) = —1 = (L7 x 7)) spinor representation of SO(1,13).
It contains the colour chargeless left handed weak charged leptons and the right handed weak

chargeless leptons. The rest of notation is the same as in Table [[I}

'™ the generators 73, 723, 733 738 YV = 74 4+ 7% and Q = Y + 7%, They are also
eigenvectors of the corresponding S, 74 A = 1,2,3 and Y, Q. One easily sees that the
right handed vectors (with respect to SO(1,3) ) are weak (SU(2);) chargeless and are
doublets with respect to the second SU(2);, while the left handed are weak charged and
singlets with respect to SU(2) ;s

The generators S transform each member of a family into the same member of other

251 families. The eight families of the first member of the eightplet of quarks from Table

1
27

for example, that is of the right handed wu-quark of the spin =, are presented in the left
column of Table [[TT} The corresponding right handed neutrinos, belonging to eight different
families, are presented in the right column of the same table. The u-quark member of
the eight families and the v members of the same eight families are generated by S,
c,d €{0,1,2,3,5,6,7,8} from any starting family.

Let us present also the quantum numbers of the families from Table [[TI} In Table [V] the

handedness of the families T'0+3) (= —44893512) 593 §12 G93 G12 (the diagonal matrices of



03 12 56 78 910 1112 1314 0312 56 78 910 1112 1314

Ig|jug | [+ (H) | (H) () ] =] v [+i} H O () )
031256 78 910 1112 1314 12 56 78 910 1112 1314

Hp|ug || [+ () [ H () () ] =] |vr ( )[ ) HTE) (1) ()
03 12 56 78 910 1112 1314 03 12 56 78 910 1112 1314

HIg|ug || (+3) [+ 1 (D) [H T (+) =] =] |ve|| (+ )[]l[]()l\()(ﬂ (+)
03 12 56 78 910 1112 1314 0312 56 112 1314

IVp|ug || (+0) [+] | [+] (+ )H( ) =1 =] |vr| [ () | [+ ]( )H( ) (+) (+)
03 12 56 910 1112 1314 0312 56 78 010 1112 1314
Vi||uf||(+1) (+) | (+ )( )H( ) =1 Hr|(H) () T (H ) () (+) (+)
03 12 56 78 910 1112 1314 03 12 56 78 910 1112 1314

VIg|uf|| (+9) (+) | [+ H H\( ) =1 [ | () (H) | [+ H ]H( ) (+) (+)
03_ 12 56 910 1112 1314 03_ 12 56 910 1112 1314

VIIg|uf|| [+i] [+] | (+ ()H() (=1 =] ve|| [+ ] ] (+ ()H()() (+)
03 12 56 78 910 1112 1314 03 12 56 78 910 1112 1314

VIIIg||lug|| [+i [+ | [FI () (=] (=] sl () (B) ()

TABLE III: Eight families of the right handed ugr quark with the spin %, the colour charge
3 = 1/2, 8 = 1/(2V/3) and of the colourless right handed neutrino vg of the spin % are
presented in the left and in the right column, respectively. S a,b € {0,1,2,3,5,6,7,8} transform
uch of the spin % and the chosen colour ¢l to all the members of the same colour: to the right
handed u$ of the spin —%, to the left u$* of both spins (:l:%), to the right handed d% of both spins
(:l:%) and to the left handed d$' of both spins (:I:%) They transform equivalently the right handed
neutrino vg of the spin % to the right handed vg of the spin (—%), to vz, of both spins, to eg of

both spins and to ej, of both spins. Sab g b e {0,1,2,3,5,6,7,8} transform a chosen member of

one family into the same member of all the eight families.

SO(1,3) ), 73 (of one of the two SU(2)r), 72* (of the second SU(2);;) are presented.

We see in Table [[V] that four of the eight families are singlets with respect to one of
the two SU(2) (SU(2);) groups determined by 5% and doublets with respect to the second
SU(2) (SU(2);r), while the remaining four families are doublets with respect to the first
SU(2); and singlets with respect to the second SU(2);;. When the first break appears,
to which besides the vielbeins also the spin connections contribute, we expect that if only
one of the two SU(2) subgroups of SO(1,7) x U(1) breaking into SO(1,3) x SU(2) x U(1)
contributes in the break [9], namely that of the charges 7%, together with N, there will be
four families massless and mass protected after this break, namely those, which are singlets
with respect to 7?2 and with respect to N* (Table , while for the other four families the
vacuum expectation values of the scalars (particular combinations of vielbeins f7, and spin

connections Wups, s € {5, 8}) will take care of the mass matrices on the tree level and beyond
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i||[D(+3)| 89315121 S93| S12| 713|728 74\ V' V| Q
1 -1/—% 4| o] o] 3| o/-3| o-% o
2| —1|-%| i of o|-3| o|-3| o|-3|-1
3| -1 £|-4 o] o] 3| o|-3| o-3| 0
4| -1| %|-3| ol o|-3| o|-3| o|-3|-1
5 1 0/ o % i o i-% %] o] 0
6 1l of of % 3| o]—-3|-3[-3|-1]-1
7 1 0] o—%[-3 o i-% %] o] 0
8 1 o] o—-%-3| o-%-%-i|-1]-1

TABLE 1V: The quantum numbers of each member of the eight families presented in Table [[II] are
presented: The handedness of the families [(113) = —44593 812 the left and right handed S 0(1,3)
quantum numbers 5%, 512 §93 S12 (of SO(1,3) group in the S™ sector), 713 of SU(2);, 72* of
the second SU(2)7, 74, V' = 72 — 74 tan 0y, taking 62 =0, Y = 74 + 723, Q = 74 + §%6. See also

the ref. [9].

the tree level.

A. Discrete symmetries of the theory unifying spin and charges and explaining

families

Let us define the discrete operators of the parity (P) and of the charge conjugation (C).

P =" 1L,

C = H[m»ya ’)/aK. (6)

K means complex conjugation, while in our choice of matrix representation of the v* matrices

Mpmqe 7 =725y "y iy,

One can easily check that P transforms the u$ from the first row in Table [[ into the u§!

of the seventh row in the same table. The C'P transforms the fermion states of table [ll into

the corresponding states of antifermions: u$ from the first row in table [[| with the spin %,

weak chargeless and of the colour charge ((3, ﬁ)) into a right handed antiquark @}, weak
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; 4y > r(13) | §12||p@ {13723 y|
Octet, T7) = —1, 1(6) =
of antiquarks

_[ 03 12 910 1112 1314 | . e
ad| CaE @I B @ | 1 |- 1 -4 o |12
~ [ 038 12 56 78 910 1112 1314 . . 15
20ag || (+0) (H) [ [N ) B 1 5|1 (=30 |-5-3
[ 03 T2 56 78 910 1112 1314 | . N
3|dy; [—Z] H | (+ )H =1 () (0 1 =3 -1]2]0]|-§| 3
- 56 910 1112 1314 ) . 1
4de( )()I()[]H[]()(+) L1305 3
- 56 78 910 1112 13 14 ! . N
5dil( )[]I()()II[]()(+) L3 L]0 5| 3 3
- 12 56 78 010 1112 1314 | ) N
6|dg [ ])( VI SN ) () -1 5| 105 3] 3
|3 12756 78T 910 1112 1314 ! 5l
Tlag || (+) S EET =] (1) () -1 =g 1|0 |=3|—3|-3
|08 12 56 78T 910 1112 1314 . N
8lag || [—d (+) | [-I[=]I =] () (+) | -1 | 5| 1[0|-3|-3-3

TABLE V: The 8-plet of antiquarks to the quarks obtained from Table [I| by the CP (=
V2P 9y Iy B K408 1) conjugation.
charged and of the colour charge ((—3, —2—\1/5)) as presented in table .

III. THE FERMION-ANTIFERMION ASYMMETRY WITHIN THE THEORY
UNIFYING SPIN AND CHARGES AND EXPLAINING FAMILIES

As said in the abstract, I shall here follow the ideas from the references [3H6]. The
difference from the studies there in here is, as explained, in the number of families (there are
two decoupled groups of four families and consequently two stable families), in the number
of gauge fields contributing to the phase transitions and in the types of the gauge fields
contributing to phase transitions.

Let us assume that the fermion-antifermion asymmetry is zero, when the expanding
universe cools down to the temperature below the unification scale of the spin and the charges
that is to the temperature below, let say, 10'® TeV, when there are eight massless families,
manifesting the symmetry SO(1,3) x SU(2) x SU(2) x U(1) x SU(3), and distinguishing
among themselves in the quantum numbers defined by S%.

Then we must investigate, how much do the following processes contribute to the fermion-
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antifermion asymmetry in non equilibrium thermal processes in the expanding universe:

e The nonconservation of currents on the quantum level due to the triangle anomalies |4

6], which are responsible for P and C'P nonconservation

AN2
1 . .
amjAla 1) _ (g ) FAzmnFAzpr‘ (7)

- gmn T
872 2 P

Al stays for the currents of fermions (and antifermions), which carry a particular

Here 3.7
charge denoted by a charge group A, in our case A = 4 means the U(1) charge
originating in SO(6), A = 3 means the SU(3) (colour) charge, A = 2; means the weak
SU(2); charge of the left handed doublets, while A = 2;; stays for the SU(2);; charge
of the right handed singlets before the SU(2);; break, A = 1 stays for the actual
U(1) charge (the standard model like hyper charge after the SU(2);; break and the

electromagnetic one after the weak break).

In my case also the fields, which look like scalar fields in d = (1+43), Afi, s,t €5,6,---,

and to which the fermions are coupled, contribute.

All the fermions and antifermions, which are coupled to a particular gauge field A%

and in my case also flfi contribute to the current

Aza (%) _wA'LalT 0 mwAzaz (8)

(7) € {1,8} enumerates families, in my case twice four families which are distinguish-
able by the quantum numbers originating in S, namely, after the break of SU (2);

Ii

the lower four families, which are doublets with respect to N ¢ and 7% and singlets

7111 stay massless, while the upper four families are doublets

with respect to N% and 7
with respect to N' and 7/ and singlets with respect to N’ and 7%, After the elec-
troweak break all the eight families become massive, but the upper four families have
no mixing matrix elements since the way of breaking leaves all the w,,s, and @,,s,, with
m=0,1,2,3;5s =5,6, -, equal to zero. « distinguishes the multiplets in each family,
in my case of the two SU(2) gauge groups « distinguishes the SU(2); doublets, that is
one colour singlet and one colour triplet, and the SU(2);; doublets, again one colour
singlet and one colour triplet. A4 are the corresponding gauge fields, with tensors
Fi = 7mY%EY and Fai = Agt — A%+ g fAIF AL A2F - (The scalar fields Adi
define tensors FA7st = AT — Adi 4 g4 pAuk AAT Adk )
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The nonconserved currents affect the fermions and antifermions. (In the later case the
747 are replaced by 74/, both fulfilling the same commutation relations {74¢ 757} _ =
i0AB fAUk AR fAL 2B = j§AB fAUR ZAR)  One obtains 74 from 74 by the C'P

transformation P = ~°9® I, while C' = [];,,,,« 7* K (See [I1 A)).

e The nonconservation of the fermion numbers originating in the complex phases of
the mixing matrices of the two times 4 x 4 mass matrices for each member of a
family, after the two successive breaks causes two phase transitions when the symmetry
SU(2) x SU(2) x U(1) breaks first to SU(2) x U(1) and finally to U(1) and the two
types of gauge fields manifest their masses while the two groups of four with the mixing
matrices decoupled families gain nonzero mass matrices in the first break the upper

four families and in the second break the lower four families.

I am following here the references [3H6]. The nonconservation of currents may be expected
whenever the non-Abelian gauge fields manifest a non trivial structure of vacua, originating
in the instanton solutions of the Euclidean non-Abelian gauge theories in (143)—dimensional
space, that is in A% which fulfil the boundary condition lim, ., 74" A% = U~19,,U,
summed over i for a particular gauge group A (and similarly might be that the fields
lim, o FAi flfl = U '9,U, with r = /(2°)2 + 22 and p = /3, (2*)?, for a particular
A, contribute as well, where the effect of the triangle anomalies in the case of scalar gauge
fields depending on x?,0 = 5,6,7,8 and the corresponding meaning of the winding num-
bers distinguishing among the different vacua in this case might be negligible and should be

studied). The vacua distinguish among themselves in the topological quantum numbers n 4

(n ), determined by a particular choice of U

na = (gA)2 /d4«r5mn TTT(FAmnFApr> — (gA)2 /d4IamKAm (9)
1672 P 32m? ’

where K/ = 3 4emmpr (A0, AL + 2 g2 fATF AN AL AZF). (Similarly also the topological
quantum number n ; might be non negligible.)

Instanton solutions fulfilling the boundary condition lim,_,., 74 Aii = U~19,,U for a
particular gauge group A (or lim, o 74 A4 — 719, U for a particular A), each with its
own U for a particular A (or A), connect vacua |n4 > with different winding numbers [17] n.4
(and correspondingly for 7 ;). The true vacuum |6 > is for each A (let it count also A) in a

stationary situation a superposition of the vacua, determined by the time independent gauge
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transformation [3] 7, 7|04 >= "4 >, where 04 is a parameter, which weights the contri-

bution of a vacuum to the effective Lagrange density Lesp = L4304 1‘222 FA m”%emner Aipr

for a particular gauge field. T acts as the raising operator for the handedness (chirality). The
second term of the effective Lagrange density L.y violates parity P and then also CP. The
vacuum state with the definite handedness has also a definite topological quantum number.
In the presence of the massless fermions all the vacua |## >, for each A, are equivalent.
The fermion currents (Eq) are not conserved in processes, for which the gauge fields
are such that the corresponding winding number n4 of Eq. (9)) is nonzero. Correspondingly
also the fermion (and antifermion numbers), carrying the corresponding charge, are not

conserved
AN g0y = Na- (10)

The fermion number of all the fermions interacting with the same non-Abelian gauge field
with nonzero winding number, either of a vector or of a scalar type (whose contribu-
tion should be studied and hopefully understood), changes in such processes for the same
amount: Any member of a family, interacting with the particular field and therefore also
the corresponding members of each family, either a quark or a lepton member of doublets,
change for the same amount, before the breaks or after the breaks (in my case first from
SO(1,3) x SU(2) x SU(2) x U(1) x SU(3) to SO(1,3) x SU(2) x U(1) x SU(3) and finally
to SO(1,3) x U(1) x SU(3)) of the symmetries.

For a baryon three quarks are needed. It is the conservation of the colour charge which
requires that the lepton number and the baryon number ought to be conserved separately as
long as the charge group is a global symmetry. The transformations, which allow rotations
of a lepton to a quark or opposite, conserve the fermion number, but not the lepton and not
the baryon number.

Instanton solutions of the non-Abelian gauge fields, which connect different vacua (see the
refs. [0], page 481, and [4], page 6), are characterized by the highest value of the instanton
field between the two vacua, that is by the sphaleron energy.

The question arises, can the instanton solutions be responsible for the baryon asymmetry
of the universe? The authors of the papers |4, [5] discuss and evaluate the probability for
tunnelling from one vacuum to the other at low energy regime and also at the energies

of sphalerons. When once the system of gauge fields is in one vacuum the probability
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for the transition to another vacuum depends not only on the sphalerons height (energy)
but also on the temperature. If the temperature is low, then the transition is negligible.
At the temperature above the phase transition (the authors [4] discuss the electroweak
phase transition starting at around 100 GeV, while in my case there is also the SU(2),;
phase transition at around 10'® GeV or slightly below) when the fermions are massless
and the expansion rate of the universe is much slower that the rate of nonconservation of
the fermion number, and in the case of non equilibrium processes in phase transitions, the
fermion number nonconservation can be large. The authors conclude that more precise
evaluations (treating several models) of the probability that in a non thermal equilibrium
phase transition and below it the fermion number would not be conserved due to transitions
to vacua with different winding numbers in the amount as observed for the (first family)
baryon number excess in the universe are needed.

What can be concluded about the fermion number asymmetry, caused by the transitions
of gauge fields to different vacua, in my case, where at energies above the SU2;; phase
transition there are eight families of massless fermions, with the charges manifesting the
symmetries first of SU(2); x SU(2);; x U(1) and correspondingly with the two kinds of the
vector gauge SU(2) fields which both might demonstrate the vacua with different winding
numbers? In addition also the scalar gauge fields might contribute with their even more
rich vacua (if they do that at all). The phase transitions caused first by the break of the
symmetry SU(2); x SU(2);; x U(1) to SU(2);; x U(1), when the upper four families gain
masses (and the corresponding gauge vector fields become massive) and then by the final
break to U(1), with the Sab gector causing the masses in both transitions and may be also
taking care of the richness of vacua with different winding numbers, might show up after
a careful study as a mechanism for generating the fermion-antifermion (or the antifermion-
fermion) asymmetry. Although I do not yet see, how do the non equilibrium processes in the
first order phase transitions decide about the excess of either fermions or of antifermions.

So, is it in my case possible that the two successive non equilibrium phase transitions
leave the excess of antifermions in the case of the upper four families and the excess of
fermions in the lower four families? Or there is a negligible excess of either fermions or
antifermions in the upper four families? We saw in the ref. [I0] that an excess of either
fermions or antifermions is not important for massive enough (few 100 TeV) stable fifth

family members. The excess of fermions over antifermions is certainly what universe made

16



a choice of for the lower four families, whatever the reason for this fact is. Can this be easier
understood within the spin-charge-family-theory? All these need a careful study.

The fermion number nonconservation originates also in the complex phases of the mass
mixing matrices of each of the two groups of four family members. It might be that the
vacua, triggered by instanton solutions of the gauge vector and scalar fields, and the mass
matrices, determined on the tree level by the vacuum expectation values of the scalar gauge
fields in the S sector, are connected (since in the instanton case also the scalar fields, the

gauge fields of charges originating in S® might exhibit the instanton solutions).

IV. CONCLUSION

In this contribution I pay attention to the origin of baryon asymmetry of our universe
within the spin-charge-family-theory under the assumption that the asymmetry is caused
i. by the instanton solutions of the non-Abelian gauge fields which determine vacua with
different winding numbers and ii. by the complex matrix elements of the mixing matrices.

The spin-charge-family-theory namely assumes besides the Dirac Clifford algebra objects
also the second ones 7 as a necessary mechanism (or better a mathematical tool) which
should be used in order that we consistently describe both: spin and charges, as well as fam-
ilies. The second kind is namely responsible for generating families, defining the equivalent
representations with respect to the Dirac one. Correspondingly there are besides the two
kinds of the vector gauge fields, the SU(2); and SU(2),;, also the scalar gauge fields, the two
SU(2) from SO(4) and the two SU(2) from SO(1,3), the superposition of the gauge fields
of S (= i‘(VbVNb — ~4b~4)), which might contribute to vacua with different winding numbers
(what has to be studied). The scalar fields, originating in the S charges, are responsible
with their vacuum expectation values (and in loop corrections) for the mass matrices of
fermions after the breaks of symmetries.

The theory predicts twice four families (which differ in the family quantum numbers in
the way that the upper four families are doublets with respect to 77¢ and N, while the
lower four families are doublets with respect to 7/, and Ni) which all are massless above
the last two phase transitions.

What should be clarified in the spin-charge-family-theory is whether the predicted twice

four families (rather than once three families of the standard model) and the fact that
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there are gauge fields belonging to two kinds of generator (S and gab) make the baryon
number asymmetry easier to be understood within these two phenomena — the instanton
responsibility for the fermion number nonconservation and the complex matrix elements of
the mixing matrices responsibility for the fermion number nonconservation.

The manifestation of the instanton gauge vector and scalar fields in the determination
of the properties of the vacuum might be correlated with the vacuum expectation values of
the scalar fields defining the mass matrices of twice the four families. Both manifestations
appear in possibly non equilibrium phase transitions of the expanding universe, which cause
breaking of particular symmetries and also the fermion number nonconservation. In this
contribution I just follow the way suggested by the ref. [4] and by the authors cited in this
reference, while taking into account the requirement of the spin-charge-family-theory. The
fermion number nonconservation obviously ended in the excess of (what we call) fermions for
the lower four families, while for the upper four families we have to see whether there is the
excess of either the stable fifth family fermions or antifermions. To answer these questions
a careful study is needed. It even might be that there was at the non equilibrium phase
transitions the same excess of antifermions for the upper four families as it is of fermions
for the lower four families, while later the complex matrix elements in the mixing matrices
change this equality drastically. But yet it must be understood the origin of both sources of

the fermion number nonconservation.

Appendix: Some useful relations

The following Cartan subalgebra set of the algebra S® (for both sectors) is chosen:

503 512 5«56 S78 SQ 10 Sll 12 513 14
SOB’ 511275156754787549 10’ gll 12’ 5113 14‘ (Al)

A left handed ("' = —1) eigen state of all the members of the Cartan subalgebra

D) 1D 1 () ) [ =
0 =)+ NP + RO+ )
(7 + iy =iy (v =iy [w). (A.2)

represent the ugr-quark with spin up and of one colour.
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S generate families from the starting uz quark In particular S (= %[(—I:Z)(—NF) + (—=i)(+)

03 12 03 12

03

03 12

+ (+9)(=) + (=i)(=)]) applied on a right handed up-quark with spin up and a particular

colour generate a state which is again a right handed u-quark of the same colour.

03 12

(=9)(=)

where

&y =

) =
(i) =

ab

03 12 910 11121314

() | ) 1 EHE)E)=

[+ () (H () ),

1 u ab 1 u )

50 ¢7b),(il)=§(v +i"),

1 a b ab 1 - a. b
£, [Fl= (A £i0"yY),

1 ) AN DU
3T, (F)=50( +i3"),

(A.3)

1 ab

] = SU ), = 075 (A4)

We present below some useful relations which are easy to derive [2].

M®) = 0, (B)(r)= e (&), (WkI=[K),
K-k = 0, (K)k=0, [}(k)=(F),

W=k = (), [K(k)=0. (A.5)

19



1]

[16]
[17]

N.S. Manko¢ Borstnik, Phys. Lett. B 292 (1992) 25-29, Int. J. Theor. Phys. 40 (2001) 315-
337, hep-ph/0711.4681, 94-113, J. Math. Phys. 34 (1993) 3731-3745, Mod. Phys. Lett. A 10
(1995) 587-595.

A. Borstnik Braci¢, N.S. Manko¢ Borstnik, hep-ph/0512062, Phys. Rev. D 74 (2006) 073013-
16.

C.G. Callan, R.F. Dashen, D.J. Gross, Phys. Lett. 63 B (1976) 334.

V.A. Rubakov, M.E. Shaposhnikov, Phys.Usp. 39 (1996) 461-502, arxiv:hep-ph/9603208v2.
M. Dine, A. Kusenko, Rev.Mod.Phys. 76 (2004) 1, arxiv:hep-ph/0303065v3.

Ta-Pei Cheng, Ling-Fong Li, Gauge theory of elementary particle physics, Clarendon Press,
Oxford (1986)

N.S. Manko¢ Borstnik, H. B. Nielsen, Phys. Lett. B 633 (2006) 771-775, hep-th/0311037,
hep-th /0509101, arXiv:1001.4679v3.

G. Bregar, M. Breskvar, D. Lukman, N.S. Manko¢ Borstnik, New J. of Phys. 10 (2008) 093002,
hep-ph/07082846.

N.S. Manko¢ Borstnik, to appear in the Proceedings to the 13" Bled workshop ” What Comes
Beyond the Standard Models”, Bled 2010.

G. Bregar, N.S. Manko¢ Borstnik, Phys. Rev. 80 (2009) 083534, arXiv:0907.0196v1.

The work in progress.

A. Hernandez-Galeana, N.S. Manko¢ Borstnik, to appear in the Proceedings to the 13" Bled
workshop ”What Comes Beyond the Standard Models”, Bled 2010.

M.Yu. Khlopov, N.S. Manko¢ Borétnik, to appear in the Proceedings to the 13" Bled workshop
"What Comes Beyond the Standard Models”, Bled 2010.

M.Yu. Khlopov et al, to appear in the Proceedings to the 13" Bled workshop ”What Comes
Beyond the Standard Models”, Bled 2010.

N.S. Manko¢ Borstnik, J. of Math. Phys. 34 (1993) 3731, N.S. Manko¢ Borstnik, H.B. Nielsen,
J. of Math. Phys. 43 (2002) 5782, hep-th/0111257, J. of Math. Phys. 44 (2003) 4817, [hep-

th/0303224.
A. Borstnik braci¢, N.S. Manko¢ Borstnik, hep-ph/0401043, p. 31-57.
In the ref. [3, 6] the instanton field 747 A4l = r2’_f)\2 U=19,,U, with U = w, r? =

20


http://arxiv.org/abs/hep-ph/0512062
http://arxiv.org/abs/hep-ph/9603208
http://arxiv.org/abs/hep-ph/0303065
http://arxiv.org/abs/hep-th/0311037
http://arxiv.org/abs/hep-th/0509101
http://arxiv.org/abs/1001.4679
http://arxiv.org/abs/hep-ph/0708284
http://arxiv.org/abs/0907.0196
http://arxiv.org/abs/hep-th/0111257
http://arxiv.org/abs/hep-th/0303224
http://arxiv.org/abs/hep-th/0303224
http://arxiv.org/abs/hep-ph/0401043

A are the three Pauli matrices, used to denote the

(2°)2 + &2, is presented. Operators &
SU(2) gauge group in this case: 74 = %, {74, 747} = kA% The corresponding ac-

. . . 2 . 0 ;2A =
tion [ d*z %smnpr FAimn pAipr 89%, while U = M#, defines the n = 1 vacuum state.
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