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More than 50 years ago the electroweak (and colour) standard
model offered an elegant new step in understanding the
origin of fermions and bosons by postulating:

A.

» The existence of massless family members with the
charges in the fundamental representation of the groups -
o the coloured triplet quarks and colourless leptons,
o the left handed members as the weak charged doublets,
o the right handed weak chargeless members,
o the left handed quarks distinguishing in the hyper
charge from the left handed leptons,
o each right handed member having a different hyper
charge.

> The existence of massless families to each of a family
member.



@ hand- weak hyper colour elm
edness charge charge charge charge

name  —4is%3s1? 13 Y Q
uiL —1 % % colour triplet %
dy -1 - % % colour triplet — %
v -1 % - % colourless 0
e, -1 — % — % colourless -1
ul 1 Kl 2 I ipl 2
R weakless 3 colour triplet 5
diR 1 weakless — % colour triplet — %
VR 1 weakless 0 colourless 0
eiR 1 weakless —1 colourless —1

Members of each of the i = 1, 2, 3 families, / = 1, 2, 3 massless before the electroweak break. Each family
contains the left handed weak charged quarks and the right handed weak chargeless quarks, belonging to the
colour triplet (1/2,1/(2v/3)), (—1/2,1/(2v/3)), (0, —1/(+/3)).

And the anti-fermions to each family and family member.



B.

> The existence of massless vector gauge fields to the
observed charges of the family members,
carrying charges in the adjoint representation of the
charge groups.

Masslessness needed for gauge invariance.



Gauge fields before the electroweak break

» Three massless vector fields, the gauge fields of the

three charges.

name | hand- weak hyper colour elm
edness | charge | charge charge | charge
hyper photon 0 0 0 colourless 0
weak bosons 0 triplet 0 colourless | triplet
gluons 0 0 0 | colour octet 0

They all are vectors in d = (3 + 1), in the adjoint

representations with respect to the weak, colour and

hyper charges.




C.

» The existence of a massive ,

o carrying the weak charge j:% and the hyper charge x% (as
it would be in the fundamental representation of the groups.)

0 gaining at some step the imaginary mass and consequently
the constant value , breaking the weak and the hyper charge
and correspondingly breaking the mass protection.

» The existence of the , taking care of
o the properties of fermions and

0 the masses of the



» The Higgs’s field, the scalar in d = (3+ 1), a doublet
with respect to the weak charge.

name | hand- weak | hyper colour elm
edness | charge | charge charge | charge
| 4
0- Higgs, 0 % % colourless 1
< Higgsq > 0 —% % colourless 0
name | hand- weak | hyper colour elm
edness | charge | charge charge | charge
>
< Higgs, > 0 % —% colourless 0
0- Higgsy 0 —% —% colourless -1




D.
» There is the gravitational field in d=(3+1).



» The standard model assumptions have been confirmed
without offering surprises.

» The last unobserved field as a field, the Higgs's scalar,
detected in June 2012, was confirmed in March 2013.

» The waves of the gravitational field were detected in
February 2016 and again 2017.



There remain not understood phenomena:

» The Standard model assumptions need explanation.

> There are several cosmological observations which do
not look to be explainable within the standard model, like

o The existence of the dark matter
o The matter/antimatter asymmetry in the universe

o The need for the dark energy

» the observed dimension of space time,

v

the quantization of the gravitational field,



» The Standard model assumptions have in the literature
several explanations, but with many new not explained
assumptions.

» | am proposing the Spin-Charge-Family theory, which
offers the explanation for

i. all the assumptions of the standard model,

ii. for many observed phenomena:

ii.a. the dark matter,

ii.b. the matter-antimatter asymmetry,

ii.c. others observed phenomena,

iii. explaining the Dirac’s postulates for the second
quantized fermion and second quantized boson
fields,

iv. making several predictions.

Is the Spin-Charge-Family theory the right next step
beyond both standard models?



» Work done so far on the spin-charge-family theory is
promising.



** We try to understand:

> What are elementary constituents and interactions
among constituents in our Universe, in any universe?

» Can the elementary constituent be of only one kind?
Are the four observed interactions — gravitational,
elektromagnetic, weak and colour — of the common
origin?

> Can the postulated second quantized fermions and
second quantized bosons be understood trough the
algebra, like it is the quantization of the coordinates?
Can fermions and bosons be second quantized in an
equivalent way?

Is the space-time (3 + 1)? If yes why (3+1)?
If not (3 + 1) may it be that the space-time is infinite?
How has the space-time of our universe started?

What is the matter and what the anti-matter?

vvyyy



Obviously it is the time to make the next step beyond both
standard models.



What questions should one ask to be able to find next steps
beyond the standard models and to understand not yet
understood phenomena?

> o Where do family members originate?
o Where do charges of family members originate?
o Why are the charges of family members so different?
o Why have the left handed family members so different
charges from the right handed ones?

» o Where do families of family members originate?
o How many different families exist?
o Why do family members — quarks and leptons —
manifest so different properties if they all start as
massless?



» o How is the origin of the scalar field (the Higgs's
scalar) and the Yukawa couplings connected with the
origin of families?

o How many scalar fields determine properties of the so
far (and others possibly be) observed fermions and masses
of weak bosons? (The Yukawa couplings certainly speak for
the existence of several scalar fields with the properties of
Higgs's scalar.)

» Why is the Higgs’s scalar, or are all scalar fields, if there
are several, doublets with respect to the weak and the
hyper charge?

» Do exist also scalar fields with the colour charge in the
fundamental representation and where, if they are, do
they manifest?



Where do the charges and correspondingly the so far (and
others possibly be) observed vector gauge fields originate?

Where does the dark matter originate?

Where does the ”ordinary” matter-antimatter asymmetry
originate?

Where does the dark energy originate?

What is the dimension of space? (3+1)?, ((d —1)+1)7, co?

What is the role of the symmetries— discrete, continuous,
global and gauge — in our universe, in Nature?

And many others.



My statement:

> An elegant trustworthy next step must offer answers to
several open questions, explaining:
o The origin of the family members and the charges.
o The origin of the families and their properties.
o The origin of the scalar fields and their properties.
o The origin of the vector fields and their properties.
o The origin of the internal space of fermions and
bosons and of their properties.
o The origin of the dark matter.
o The origin of the ”ordinary” matter-antimatter
asymmetry.



My statement continues:

> There exist not yet observed families, gauge vector and
gauge scalar fields.
» Dimension of space is larger than 4 (very probably infinite).

> Inventing a next step which covers one of the open
questions, might be of a help but can hardly show the
right next step in understanding nature.



In the literature NO explanation for the existence of the
families can be found, which would not just assume the
family groups.

Several extensions of the standard model are, however,

proposed, like:

» The SU(3) group is assumed to describe — not explain —
the existence of three families.
Like the Higgs's scalar charges are in the fundamental
representations of the groups, also the Yukawas are
assumed to emerge from the scalar fields, in the
fundamental representation of the SU(3) group.



» SU(5) and SO(10) grand unified theories are proposed,
unifying all the charges. But the spin (the handedness) is
obviously connected with the (weak and the hyper) charges,
what these theories do "by hand” as it does the standard
model, and the appearance of families is not explained.

» Supersymmetric theories, assuming the existence of
bosons with the charges of quarks and leptons and
fermions with the charges of the gauge vector fields,
although having several nice properties but not
explaining the appearance of families (except again by
assuming larger groups), are not, to my understanding,
the right next step beyond the standard model.



o The Spin-Charge-Family theory does offer the explanation
for all the assumptions of the standard model,
answering up to now several of the above cited open
guestions!

o The more effort is put into this theory,
the more answers to the open questions in elementary
particle physics and cosmology is the theory offering.



o | shall first make a short introduction into the
Spin-Charge-Family theory.

o | shall report on how does the odd Clifford algebra explain
the second quantization postulates of Dirac.
Rev. article in JPPNP -2021 Progress in Particle and
Nuclear Physics http://doi.org/10.1016.j.ppnp.2021.103890

o | shall report on how does the even Clifford algebra explain
the second quantization of boson fields. [arXiv:2108.05718]

o | shall make an overview of achievements so far of the
Spin-Charge-Family theory.



» A brief introduction into the spin-charge-family theory.



» There are two kinds of the Clifford algebra objects
in any d . | recognized that in Grassmann space.

J. of Math. Phys. 34 (1993) 3731
62’s and p’’s, p? = 8‘32
with the property

T 0
(93)| _ 7]aa%.

i. The Dirac 7 (recognized 90 years ago in d = (3 +1)).
ii. The second one: 77,

,ya:(ga_iPGa)’ ;)'/a:i(ea_i_iPGa)’

References can be found in
Progress in Particle and Nuclear Physics,
http://doi.org/10.1016.j.ppnp.2021.103890 .



» The two kinds of the Clifford algebra objects

anticommute
(72" = 27 = {775},
{*,7"}+ = o
> the postulate
("B = i(=)"™B"?) [vo >,

(B = ao+ 33'73 + aabfya’yb +o 331"'3d’7al s Vad)‘wo >

with (—)"8 = 41, —1, if B has a Clifford even or odd
character, respectively, 1), > is a vacuum state on which the
operators v? apply, reduces the Clifford space for
fermions for the factor of two, while the operators

FaAb = —2i5% define the family quantum numbers.



> |t is convenient to write all the " basis vectors” describing
the internal space of either fermion fields or boson fields
as products of nilpotents and projectors, which are
eigenvectors of the chosen Cartan subalgebra

503 512 556 Sdfld
5”*03’ 512’ 5567 . ’gdfl d ,
Sab — Sab + gab.

nilpotents
1 naa k1 naa ab ,qaa
ab~(.a b — 2 (A2 b k) := = (~? b
S50+ 207 5572 (k) =507+ 1),
projectors
SOOI Iy = KDt = St )
2 k 22 k ’ 2 k ’
ab
(k) =0, ([k])2 =[k],
ab]L ab abT ab

(k) = 7™ (=k), [k =K.



ab

7* (k)
. ab
72 (k)
(k)
ab ab
(k)[k]

ab

—~—— ab

(—k)(k)

ab

(k) (k)

ab k ab ab k ab

ab ab
. ab k ab . ab ab
S*k) = > (K), S%[k] = —frack2[k] .
ab b ab ) ab ab ab bab . ab
n*[=k], 7 (k) = —ik[—k], 7*[k] = (=k) , ¥°[k] = —ikn*(—k),
. ab ~ ab ab . ab _ab ~ ab ab
—in*[k], 7* (k) = —k[k], v2[k] = i(k), 7*[k] = —kn**(k),
ab ab ab ab ab ab ab

n*[k], [k](k) = (k), (k)[-k] = (k),
ab ab ab ab
0,[k](=k) =0, [k][-k] =0,
ab ab ap ab ab . ab JELIP ab

—in[k], [k](k) = (k), (k)[k] = i(k), [~k][k] = [K],

/a\b,ab

ab ap ab ap
0, [-kl(k)=0, (k)[-k] =0, [k][k] =0.



ab ab ab
+? transforms (k) into [—k]|, never to [].

" ab ab ab
~? transforms (k) into [k], never to [—K].

There are the Clifford odd " basis vector”, that is the
" basis vector” with an odd number of nilpotents, at
least one, the rest are projectors, such " basis vectors”
anti commute among themselves.

There are the Clifford even " basis vector”, that is the
" basis vector” with an even number of nilpotents, the
rest are projectors, such ”basis vectors” commute
among themselves.



» Let us see how does one family of the Clifford odd
”basis vector” in d = (13 + 1) look like, if spins in
d = (13 + 1) are analysed with respect to the Standard
Model groups.

» One irreducible representation of one family contains
B R 64 members which include all the family
members, quarks and leptons with the right handed
neutrinos included, as well as all the antimembers,
antiquarks and antileptons, reachable by either 5?° (or

by Cnr Py on a family member).

Jour. of High Energy Phys. 04 (2014) 165

J. of Math. Phys. 34, 3731 (1993),

Int. J. of Modern Phys. A 9, 1731 (1994),

J. of Math. Phys. 44 4817 (2003), hep-th/030322.



53 generate all the members of one family. The eightplet
(represent. of SO(7,1)) of quarks of a particular colour charge.
All are Clifford odd " basis vectors”

| Py > [ ]2 [T v][-]
S I
of quarks
cl 03 12 56 78 91011 1213 14 1 1 N 1
1] uR (+')(+) | (+)( ) ) (=) (=) 1 3 1 0 3 H H
1 9 1011 1213 14 1 1 5 1
2 | ug [ '][ ]\(+)(+)H(+)( ) (=) 1 -3 1 0 5 H :
1 9 1011 1213 14 1 1 ] 1
3 | dg (+')(+)|[ ][ ]H(+)( ) (=) 1 2 1 0 —3 3 I
1 91011 1213 14 1 1 1 1
4 | di ['][]\[][]HH)( ) (=) 1 -3 1 0 -1 -1 1
1 78 9 1011 1213 14 1 1 1 1
5149 [—']( )\[ ](+) M) (=) (=) -1 3 -1 -3 0 & :
1 91011 1213 14 1 1 1 1
6 | dt (+)[ ]\[ ](+)H( ) (=) () -1 -3 -1 -3 0 N 5
cl 91011 1213 14 1 1 1 1
7 [—-1<+ (+)[ 1 L) () (5) -1 P[] oo 1]
cl 9 1011 1213 14 1 1 1 1
8 | u (+,)[ ]\( )[ ]H =) =) -1 -3 -1 5 0 5 A
'yu’y and 'yu'ya transform ug of the 15t row into ug of the 7th row, and dg of the 4™ row into dy of the 6" row

doing what the Higgs scalars and -y do in the standard model.



52 generate all the members of one family with leptons
included. Here is The eightplet (represent. of SO(7,1)) of

leptons colour chargeless. the SO(7,1) part is identical with
the one of quarks.

Ll i > [V [sP [ [ [ v] Q]
L [ o H | | ]
of leptons
03 12 56 78 91011 1213 14
1] w (+')( ) (+)( )H( )[+] [+] 1 3 0 3 0 0
11213 14
2 | ¥R [ '][ ] \ ( )(+) Il (+) [+] [+ 1 -3 0 3 0 0
11213 14
3| er (+:)(+) | [ ][ ] Il ( )[+] [+] 1 3 0 -3 -1 ] -1
91011 1213 14
4 | er [ '][ ]\[ ][ ]H () ] ] 1 -3 0 -3 -1 ] -1
9 1011 1213 14 1 1 1
5| e [—'](+) \ [ ](+) Il (+) [+ [+] -1 2 -3 0 -3 | -1
11 1213 14
6 | e +)[ ]\[ ](+) H +) [+ [#] -1 -3 -3 0 -3 | -1
91011 1213 14 1 1 1
Tl [ .]( ) (+)[ ]H( ) 4] [+#] -1 2 2 0 -3 0
1011 1213 14
8 | v (+')[ ] \ ( )[ ] Il (+) [+ ] -1 —3 3 0 -3 0

"/0'\/7 and '\/O'yB transform vg of the 1%t line into v of the 7th line, and eg of the 47 Jine into e of the 6th line,
doing what the Higgs scalars and 'yo do in the standard model.



S?b generate also all the anti-eightplet (repres. of SO(7,1)) of
anti-quarks of the anti-colour charge bellonging to the same

family of the Clifford odd basis vectors .

il 1 P9 > [P FB]2 v] ]
’ ‘ H Antioctet, M1 — —1, 7® — 1, H ‘ H ‘ ‘ H ‘
of antiquarks
_ = 78 91011 1213 14
33 | df’ [l]()\()()H[]H][] -1 1 1 0 i 1] -1
34 | dft (+')[ ] \ (+)(+) I [ ] [+] [+] -1 -3 1 0 i 1] -1
_a 03 12 91011 1213 14 1 1 ) 1
35 | ap [—']( )\[ ][ ]H[ 1 [+] [+] -1 Z 1 0 -1 -2 | -1
_a 1011 1213 14 . . S 3
36 | G (+')[ ]\[ ][ ]H[ ][+] [+] -1 -1 1 0 -1 -2 ] -1
-a 011 1213 14 1 1 1 1
37 | dg (*)()\(4)[]\\[][][] 1 5 -1 1 0 -1 | -1
- 1011 1213 14 1 1 1 R
38 | dg [—'][ ] | (+)[ ] Il [ ] [+] [+] 1 -3 -1 i 0 -1 | -1
39 | ag (+/)( ) \ [ ](+) 1 [ ] [+] [+] 1 1 -1 -1 0 -1 |-t
_a 91011 1213 14 1 1 1 1
40 | G [ '][ ]\[ ](+) M1 ] 1 = -1 -1 0 -1 |-t
7077 and 'yo'ys transform d of the 15t row into dg of the 5t row, and i of the 4" row into aR of the 8th ro



We discuss so far the internal space of fermions
describing their internal space with Clifford odd " basis
vectors” .

Before we start to discuss Clifford even " basis vectors”
describing the internal space of bosons let us write down
the action.

Fermions and bosons can exist even if they do not
interact, at least mathematically.

Describing their internal space we do not pay attention
on their interactions. We treat them as free fields.

Describing the properties of fermions and bosons as we
observe, the interaction should be included: A simple
and elegant one (this is how | ”see nature”)
demonstrating at low energies all the observed
phenomena.



| use in the spin-charge-family theory a simple action.
Fermions carry in d = (13 + 1) only spins, two kinds of spins
(no charges) and interact with the

S = /ddecf+

/ di% E(aR+aR)

1 -
Le = S poat) +hec.

1
Poa = faaPOa + i {cha Efaa}—

_ 1 ab 1~ab
Poa = Pa 25 25



» The Einstein action for a free gravitational field is assumed to
be linear in the curvature

Ly = E(aR+4aR),
R = PP (Waba,s — weaawbs),
R = 08 (Gape s — GeanSos),

with E = det(e?,,)
and folafibl — faafhb _ fabfha,

» | shall first treat " basis vectors” and correspondingly the
creation operators for either the Clifford odd fermion
fields or for the Clifford even boson fields in the limit of
free fields.

> Let me discuss the Clifford even " basis vectors”, offering
the description of the internal space of bosons within a
toy model in d = (5 + 1), pointing out the difference
between the " basis vectors” of odd and ”basis vectors”
of even Clifford algebra elements.



One can learn in Progress in Particle and Nuclear
Physics, http://doi.org/10.1016.j.ppnp.2021.103890 , Eq.
(14, 16, 28), that there are 2¢ Grassmann polynomials of
62’s and 29 their Hermitian conjugated partners 8%3'
(0)F = n*55-.
One can also learn that there are 29 Clifford objects,
which are products of ?’s

= ).
half of them form Clifford odd " basis vectors” , half of
them form Clifford even " basis vectors”
There are 25! Clifford odd family members, appearing
251 irreducible representations, carrying family
quantum numbers.
And there are 25~ 1x 25! their Hermitian conjugated
partners. Together there are 291 Clifford odd " basis
vectors”.

And there are 297! Clifford even " basis vectors”.



Let us start now to learn about properties of " basis
vectors” constituting the creation operators of boson
fields on the case of d = (5+1).

In d = (5+1) there are 25~1 members in each of 22
families.
Clifford odd " basis vectors”, B}"T, have their Hermitian

conjugated partners, B’f", in the separate group not
reachable either by 5?° or by 5?° . Due to

abJr ab abJr ab
(k) = 7 (=k), k] =K.

Clifford even " basis vectors”, ’fl?ﬁ, have their Hermitian

conjugated partners, ’ftNm, within the same group
reachable by 5% or by 5%° .



basis vect. m f=1 f=2 f=3 f=4
§03’5”12H§56 — 5,7%77% 7%?7%,% 7%7%77% 57%7% 503 512 556
N 03 12 56 03 12 56 03 12 56 03 12 56 .
odd I b7 Tl EDHE | ) [+l(H)[+] (+N(H)H) i % %
2 | IO | ENEE | =D I ORIES NS :
3| [HIHIE) | (AT | (=) - | -1 ;|3
4 | (#F)E)NE) | )] [+[-1(-) (+)[-1-] s 121 -3
03 12 ¢56 ,L l 1 i1 1 i 11 _io_1 1 go3 g12 &56
STRERSTN ke | Fn | B2 | B et |00
odd 11 b’ 1| (=D | ) (=) (=N=)=) | -4 ﬁ ﬁ
2 | A | EDEE) | @D =-1-) 1 il 3
3| MG | EDHED | ) =) 3|3 :
4 | (=HE) | I H[=1(+) (=)-1=1 | -1 1 i
&03 &12 &56 Q11 i _1 1 i 1 _1 i ; 1 03 12 56
> ’S ’5 - 03 ,122756 33’ 122,526 (%37 122’562 03 172 526 ° ° s
even! AP | 1| [HI(H)() | (DI [+[+[+ (+)(+)+] i % %
2 | (=D | A | (=) | -3 | 3 :
3| (=D | =] (=DH(-) =) | -3 il 3
4 | D | GO | () (+)I=1(=) ;1 =11 -3
&03 &12 &56 i1 1 _ i _1 1 i 1 _ 1 _ i1 _1 03 12 56
° ° ° - 03211227 256 03 ‘122;6 20’3 122" 562 03‘27122’ 562 ° ° °
event AT | 1| [=A()(H) | (=) [+ (=N | 4 3 3
2 | D) | B | D -1+ 3| % H
3| (NI I (+1)+(=) [H(+)(-) 3 3|3
4 | =01 O] ] =) (=D)=l=) | == -1 ] =1




Clifford odd " basis vectors” describing the internal space of
fermions in the case of d = (5 + 1) are presented in the
table as odd / B;"T, having odd numbers of nilpotents

A,’J’ is presented in the same table as odd // B}".
The two groups are not reachable by either S or by 52°.

Clifford even " basis vectors” describing the internal space
of bosons in the case of d = (5 + 1) are presented in the
table as even/, /I ! A7 having an even numbers of
nilpotents.

Their Hermitian conjugated partner appear within the
same group of " basis vectors”, either | or Il,
demonstrating correspondingly the properties of the
internal space of the gauge fields to the fermion " basis
vectors” .



Clifford odd "basis vector” describing the internal space
o1t 56 78 910111213 14

of quark ufyl, & by = (+')[f] ) T ]

has the Hermitian conjugated partner equal to
13141112910 78 56

12 03
c 1 .
uske (by')! = [<] [] (=) [| (5)[+] | [+](i). both with
an odd number of nilpotents,
both are the Clifford odd objects, belonging to two

group.

03 12 56
Quarks " basis vectors” contain b%T =(+1)[+] | [+] from
d=(5+1).
Clifford even " basis vectors”, having an even number of
nilpotents, describe the internal space of the

corresponding boson field
56 78 910111213 14

03 12
AP =(+1)(+) [ () [ (+ )[—] =1,
it contains /A7 :(—1—3/)(12) \ [+] from d=(5+1).



Anti-commutation relations for Clifford odd " basis vectors”,
representing the internal space of fermion fields of

quarks and leptons (i = (uR LN dc’f’N7 ,';Tﬁ, e,gTLi)),
and anti-quarks and anti—leptons with the famnly quantum

number f.

{b;n, blf(‘T}*A—&-"wo S = 5”, 5mk ‘Uo >
{bM bK Yt [t > = 0|t >,
{me bf, }*AJrW)o = O'WJO >,

b" [0 > = 0-[the >,

by (1o >=Iup >
12 56 1314
M%>—FMH] =T >
define the vacuum state for quarks and leptons and
antiquarks and antileptons of the family f .

vV vyvyyvyy

[ arXiv:1802.05554v1], [arXiv:1802.05554v4], [arXiv:1902.10628]



Commutation relations for Clifford even " basis vectors”,
representing the internal space of boson fields of two kinds,
TATT i = (1,11), which are the gauge fields of the fermion

fields
>
EAmE ey T ifl?xﬁ,
FrA or0,i=(I,N).
>
'fl}"T*A“/Al;"T — 0:"/1;"T*A',fl?ﬁ.

I shall demonstrate the properties of ’A}"T as the gauge
fields of the corresponding B;"T in what follows.



Let us come back to d=(5+1) case and to the properties of
the Clifford odd and the Clifford even " basiss vectors”

Let us first treat the properties of the " basis vectors” for
fermion fields in d = (5 + 1), then we shall treat properties of
the "basis vectors” for boson fields in d = (5 + 1), as well as
their mutual interaction.

The " basis vectors” for fermion fields in d = (5 + 1), appear
in four families, each family is identical with respect to

Sab — ﬁ'(vayb — ~vb~2), distinguishing only in

§ab = L(325P — 5P53).

The nilpotents and projectors are chosen to be eigenstates of the
Cartan subalgebra of the Lorentz algebra

ab k ab ab k ab
s (k) = (), S® (k=K.
. ab k ab ab

sot) = X0, s0fd =X
2 ’ 2

2o 03, 12 56 03 12 56
ST (FNHH= =3[+ ()],
and the b,'("Jr are eigenvectors of all the Cartan subalgebra members.



” Basis vectors” for fermions

f [,;nf 503 12 556 3+ Nf N,3? 3 8 - 203 :
, G s sl o] 1 o] 1] o o=z il-
[3311( SET- [ I ey T T S R Y [
TRl [ IR QS R S R R i
EOIS | s - x| | -r | o] 3| 2| b i -
H e rrl I N Y S S B B R
GEnd | =5 | 2] 3| 1| o] -3 o -2 | b
S | =5 | ]| ] 8| o1 25| |-
Ea S | 4 - -] | —r | o | | b -
n TTNN Y  E  E o | 1| -5 -
S TE Ty I e N N N Y i e
(33:') [1+21 | [5—61 Y I =T T I ey
[+:]( )H ] R -1 | -1 0 1 e L] -
v GSES T o] o 2] ] o 2] o o| -1 |
[33:] [1—21 ! (iﬁ) Y Y =N T R I
H( )\[ 1 N N R Y R R iy o
eI I Y N Y




To demonstrate properties of the internal space of fermions
using the odd Clifford subalgebra let us use the superposition
of members of Cartan subalgebra for the subgroup

SO(3,1) x U(1): (N3, 7)

1 .
Ni(= NGy g)) = 5(S2i8%), 7 =5%,

what is meaningful if we understand 5% and S'? as spins of
fermions and S°° as their charge,

and for the subgroup SU(3) xU(1): (7/,73,7%)

1 1
3. L c12_ .c03 8 _ _:c03 | cl2 _ 556
7= 2( S iS°°), T 2\/§( i5°°+S 25°°),
= —%(—i503+512+556),

if we treat the colour properties for fermions to learn from
this toy model as much as we can. The number of
commuting operators is three in both cases.



We recognize twice 2 "basis vectors” with charge j:%, and with

spins up and down.

(112,1/2,1/2)

(-112,-112,112)

We recognize one colour triplet of ”basis vectors” with 7’/

one colour singlet with 7/ = —%.

al
(1/2,-1/2,-172)

(-172,1/2¥3,1/6)

(0,0,172)

Qurzarviye) 3
I T

(0,-143,1/6) O

1
= ¢ and



> Let us see the algebraic application, x4, of the Clifford
even " basis vectors” ’/Al}";, m = (1,2,3,4), presented in
the first table in the third column of even/, on B}";”,
presented as the first Clifford odd | "’ basis vector” on the

first and the second table.

> The algebraic application, x4, can easily be evaluated by
taking into account

ab ab ab ab ab ab ab ab ab
(k)(—=k) = n*[k], [k](k)=(k), (k)[-k]=(k),
ab ab ab ab ab ab
(k)[k] = 0,[k](=k) =0, [k][-k] =0,

for any m and f.



A3 (= [+:1[+1[+1>*Ab”( (FOLHEE) — B, selfadjoint

2= )( )[+1)*Ab1ub2T( - /](12>[3?1)
12 56

A=) b s B3 =),

A O Oeabl = b8 (=) ().

Looking at the eigenvalues of the BTT we see that ’.ﬁgﬁ
obviously carry the integer eigenvalues of S%3 52, S,



Let us look at the eigenvalues of (73,78, 7') of b]"'.

bi' has (73,78, 7') = (0,0, -3),

bf* has (73, 7%,7') = (0, - 7. §),
3
bIT has (73,78,7') = (-3, ﬁ, 1),
Bl has (+2,7%,7') = (4,55, 1)
The eigenvalues of (73,78 /) of 'A}' are obviously
',{@T has (73,78, 7/) = (0,0,0),
LA has (73,75, 7) = (0. 45.3),
I‘/Zth has (7—3 7—877—/) = (7%7 ﬁa %),
IflgT has (73,78,7/) = (5 ﬁ7 ).

It can be concluded: S§??=5" 4 52b Using this recognition
we find the properties of the Clifford even " basis vectors”:



S03

56

f * f T T T
03 12 56
i ke [+i] (H)(+) 0 1 1 % % % *ﬁ ,%
03 12 56 i 1 . . 3
AL (=) [=1() —i 0 1 1] -1 1] -5 0
03‘ 12 56 i
| (=) [-) —i 1 0 1 0| —1 0 0
03 12 56
@) [+ =111 0 0 0 0 0 0 0 0
03 12 56
n . (+) [+ (+) i 0 1] -3 1 1 _ﬁ -2
03‘ 12 56 1 ) . 3
® | [=i(=)=#) 0| -1 1| -1 | -1 1] -2 0
03 12 56
@] [=i[+][=] 0 0 0 0 0 0 0 0
03. 12 56 i
| () (=) [=] i -1 0| —1 0 1 0 0
03_ 12 56
m O [+ [+ [+] 0 0 0 0 0 0 0 0
03 12 56 i L )
OO | (=) (=)[H] —i -1 0 0| -1 0 - 2
03 12 56
o I el B Al R e B e Al
5
- 1 1 1 1 2
*ox | [+H](=) (5) o -1 | -1 | %]} 1 7 2
03 12 56 N )
% oo} (+1) (+) [+] i 1 0 0 1 0 | -3
03' 12 56
@] [=1[=11+] 0 0 0 0 0 0 0 0
03_ 12 56 1 . L 5
® | [+ (=) 0 1] -1 i 1 ] 325 0
03 12 56
(+) [=1(=) i 0| -1 | -1 1 1 ﬁ 0

Selfadjoint members are denoted by (), Hermitian conjugated
partners are denoted by the same symbol.




Fig. analyses ’/i?ﬂ with respect to Cartan subalgebra members
(73,78,7"). There are
one sextet with 7/ = 0,
four singlets with (73 = 0,78 = 0,7 = 0),
one triplet with 7 = 2 and one triplet with 7/ = —

3
Families play NO role!

WIN

8 (0.1¥3,-2/3)

(-1/2,-1/(2v3),
. +(1/2,-1/(2v3),-2/3)
KJ

(12312,0) @ -}~

(-1,0,0) _"/
T

AL @ur-virzo

(172,1/(2V3)f2/3)
L

(112/312,0)

(-1/2,1/(2v3),2/3)




We now know how to describe the internal space of bosons

with " basis vectors” '/Al?ﬁ and fermions with " basis vectors”

bt

And we know the action
A:/ dde£f+/ di% E (aR+aR),
defining the interaction between fermions and bosons
1 - a (o' 1 o'
Ef - E(wV pOa¢) + h'C-POa =f aPoa + ﬁ {Pom Ef a}f

_ 1 ab l"ab
Poa = Pa 2S 25



» It is time now to relate the boson fields with the
fermion fields.

» It is time to relate the boson fields with the boson
fields.

P> Let us point out that '.ﬁ}"T concern only the internal
space of bosons, while in the action it appears beside
S2b, which apply on the fermion field , also w,,, which
have the vector index in addition.

o o To relate ’ft'f’ﬁ with w.,, we must multiply ’fl';ﬁ by
a vector 'C7” .
fa



> We treat fermion and bosons as free fields, that is as
plane waves. We can now relate the application of

'fl';ﬁ 'cm and w.p, by applying both on " B;’,’IT g™

{ZIA;"TC(Tf}*A {ZBR‘ Tﬁm’} — {Zsabwaba} {ZB?) Tﬂm }
m,f m’ ab m’’

for a chosen family 7/, the same in in {Zm,lA)?,'/TB""} and

in {36 5™},

d Amt _
> We relate (22 1)? of ' A" with M of w,p, for a
particular «.



Let us check how it works for d = (3 + 1) with four {'A""'c/"} and
with six {S""b Waba }-
r 'AMCM we get from

A1t 22+ 12 1,1 1 72t 03 12 12
{4 ([+'][+])CM +A] (( )( )) Clt+' A ( )(+)) Coo+ A3 ([H][-]) Con }
(by'8t +B3182 + B3T3 + b} 51}
=52 S™waba{by' 1 + b1 5 + b3 47 + By 1}
ab

the expressions for four 'C™ in terms of six w,py.

. 1 1
IC%Q = 5(“».10304 + wlZa) 5 ICZZa = _E(IWO?’O‘ + wlZa)
| 1
Ch, = i 5 (wota —iwoza — wata +iwsza)
: 1
Cla =i = (wota + iwo2a + w3te + iws2a)

. For d > (5+ 1) we get more 'C,, (2571)2, than w,pa, 2(d — 1).
But they are related.



Let us repeat some general properties of the Clifford even " basis vector”
'A;"T when they apply on each other.

> Let us denote the self adjoint member in each group of " basis
vectors” of particular f as ' A™'. We easily see that

{'/(PT,'A;"/T,}_ = 0, if(mm) #morm=my=m Vf,
AT spl AT VAN Ym, Y

» Two "basis vectors” '/Al?ﬁ and 'A;"T of the same f and of
(m, m") # mq are orthogonal.

>
I gmf
Af 3

or zero .

ENOY

Looking at the properties of free gravitational fields we can relate
also the interaction among ' A7"/C?" and the interaction among

gravitational fields.



We can proceed in equivalent way also when looking for
relations between

o amt
Zab Sab Waba and me IAf ICFZY
We are then able to replace
Yap 5% e bY Yy ' A7 IC7 and

~ am ~

b ~ I I

Zab 5% Dapa by me 'Af CfrJZy
in a covariant derivative

1 - ) . 1 X
Lr— §(¢ 'YaPOal/J) + h.c. withpg, = f%apoa _|_ il {Pa, Ef a}_

1
2 sabwabu - 2 Z Sabwabu

Poo = Z ‘A;nﬂcfu Z Af Icf(w

provided that 'C7 and ’C}’ZI fulfil also the application of both

operators on the fermion fields ) . 3" B;"T for any 3" and
any f.

Poo = Pa —



Although | almost "see” (almost prove) the general relations
among

~mt -
111 Amt 11l pm 1,1 1,1l pm
Af Cfa ’ ‘Af Cfa
and
Sabwaba s Sab‘:}abay

for any even d

it still remains to see what new, if any, this new way of
second quantization of fermions and bosons brings.



| hope | have convinced you that the Clifford algebra objects,
if used to describe the internal space — " basis vectors” —
of fermion and boson fields, offer the explanation for the
postulates of the usual second quantization procedure.

» The internal space offers a finite number of degrees of
freedom for either fermion or boson fields.

It is the ordinary momentum or coordinate basis which
offers the continuously infinite basis.

Progress in Particle and Nuclear Physics,
http://doi.org/10.1016.j.ppnp.2021.103890

The second quantization of bosons is newer, partly
presented in Proceedings of the Bled workshop 2021,
[arXiv:2112.04378].



» Let me introduce the basis in momentum representation
(B P} =0, {,2}_ =0, {p/ F}_=i.

p> = B;HOP >, <pl=< Op|Bﬁ,
<Plp > = 8(p—p) =< 0p|bs b0, >, < 0,]0, >=1,
leading to
f oot 5
bp, bﬁ = 4(p' —p),
It follows
<PlX> = <0z|bs b0z >= (< 0g|bg b[05 >)T
{b,bL} = 0, {bs by} =0, {bs b} =0,
{B}:W B)]‘:'/}— = Oa {Afﬁ B_”}— = 07 {A)?a A;/}— = 07
while
by = &P (b By =P
P> Px » P \/W’

p determines momentum in ordinary space, |1, > 7|05 > is the
vacuum state for fermions (|1, >= [1)oc >) or for bosons

(Jtho >= |1pop >) with the zero momentum, BIT; pushes the
momentum by p.



» For fermions we can write

chm b *T bf T}’woc > *T|0 >

» For bosons we can write
{ALB) = Y0 ()b xr A} [60p > +7 (05> .
mf

boson fields need additional space index «, as we have
seen.



While the internal space of fermions if describable by the
finite number of the Clifford odd " basis vectors” and the
internal space of bosons if describable by the finite of the
Clifford even " basis vectors”, (for bosons and fermions it is
the ordinary space which brings the infinite number of
degrees of freedom) the usual second quantization
postulates the creation and annihilation operators,
anticommuting for fermions on the whole Hilbert space

{65 (), b5, (B")}+H = 0,
{65 (). b}, (B")}+H = 0,
(b (8).63 (")} = 6= owd(F—p/)H,

and commuting for bosons.

The Clifford algebra used in the spin-charge-family theory
explains the second postulates of fields.



We have treated so far free fermion fields and boson fields
in any even dimensional space. We describe the internal
space of fermion fields and boson fields with the odd and
even Clifford algebra elements, respectively.

> We learn that all the family members of fermions, they
are reachable by S?°, are equivalent, and all the families,
they are reachable by 57, are equivalent. We learn that
the Hermitian conjugated partners of fermion fields
form their own group.

» We learn that the boson fields have their Hermitian
conjugated partners within the same group of Clifford
even members, and that families play no role for
bosons. Boson fields carry in addition the space index.



» The spin-charge-family theory assumes a simple starting
action for fermions and bosons in d > (13 + 1), with the
gravity as the only gauge fields.

> It is the break of the starting symmetry which causes
that fermion fields and gravitational fields manifest in
d = (34 1) as all the observed quarks and leptons and
the corresponding vector and scalar gauge fields.

» Is the spin-charge-family theory following what nature
does while breaking starting symmetries?



» Spinors carry in d > (13 + 1) two kinds of spin, no
charges, Phys. Rev. D 91 065004 (2015), J.of Mod. Physics
6 (2015) 2244, Rev. article in
JPPNPhttp://doi.org/10.1016.j.ppnp.2021.103890 .

o The Dirac spin (7?) in d = (13 + 1) describes in

d = (3+1) spin and ALL the charges of quarks and
leptons and anti-quarks and anti-leptons, left and right
handed, explaining all the assumptions about the
charges and the handedness of the Standard Model,

J. of Math. Phys. 34 (1993), 3731, J. of Math. Phys. 43,
5782 (2002) [hep-th/0111257].

o The second kind of spin (5?) describes FAMILIES,
explaining the origin and number of families,
J. of Math. Phys. 44 4817 (2003) [hep-th/0303224].

o There is NO third kind of spin.

» C,P, T symmetries in d = (3+ 1) follow from the C,P,T
symmetry in d > (13 +1). (JHEP 04 (2014) 165)



» All vector and scalar gauge fields origin in gravity,
explaining the origin of the vector and scalar gauge
fields, which in the Standard model are assumed,
Eur. Phys. J. C77 (2017) 231:

o Vector and scalar gauge fields origin in two spin
connection fields, the gauge fields of v?7? and 523%, and in

o vielbeins, the gauge fields of momenta
Eur. Phys. J. C 77 (2017) 231, [arXiv:1604.00675]

> If there are no spinor sources present, then either vector
(A%, m=0,1,2,3) or scalar (A2, s =5,6,..,d) gauge
fields are determined by vielbeins uniquely.



» Spinors (fermions) interact correspondingly with
o the and
o the two kinds of the , Eur. Phys.
J. C 77 (2017) 231.
» Ind=(3+1) the .
together with the
manifest either as

o gauge fields with all the charges in the adjoint
representations or as
o gauge fields with the charges with respect to the

space index in the " fundamental” representations and all
the other charges in the adjoint representations or as
o gravitational field.

> | shall discuss the internal space of fermions and bosons
using the Clifford algebra objects, the Clifford odd
algebra to describe internal space of fermions and
Clifford even algebra to describe the internal space of
bosons, what explains the second quantization
postulates for fermions and for bosons.



There are two kinds of with respect to the space
index s — this is with respect to d = (3+ 1):

» Those with (s = 5,6,7,8) (they carry zero " spinor charge”)
are doublets with respect to the SU(2), (the weak) charge
and the second SU(2);, charge (determining the hyper
charge). They are in the adjoint representations with
respect to the family and the family members charges.

o These explain the and the
Yukawa couplings.

Phys. Rev. D 91 (2015) 6, 065004



» Those with the "spinor charge” of a quark and
(s =9,10,..d) are colour triplets. Also they are in the
adjoint representations with respect to the family and the
family members charges.

o These scalars transform antileptons into quarks, and
antiquarks into quarks and back and correspondingly
contribute to matter-antimatter asymmetry of our
universe and to proton decay.

» There are no additional scalar fields in the
spin-charge-family theory, if d = (13 +1).

Phys. Rev. D 91 (2015) 6, 065004
J. of Mod. Phys. 6 (2015) 2244



Breaking symmetry from M3+1 jnto M7t1 x MO

> We start with the massless solutions of the Weyl
equation in d = (13 + 1) with the ”basis vectors”,
described by the odd Clifford algebra objects,
determining the internal space of fermions.

» With the spin (or the total angular momentum) in extra
dimensions, d > (7 + 1), determining the charge in
d=(7+1).

» Also all the boson fields are in d = (13 + 1) massless free
fields with the "basis vectors”, described by the even
Clifford algebra objects, determining the internal space
of bosons.



» We then let the M3+ manifold to break into M’*1 x an
almost S° sphere.

» The Weyl equation, m = (0,1,2,3,5,6,7,8) and
$§=9,10,...13,14 is

~—

Y =0,
Sy, — L5303 )+ i{p f7EY
abo 2 abo °F oy ls — -

(Y™ pm + ¥° pos
Pos = fsa(po -

N —



» With the choice of the vielbein fields and the spin
spinconnection fields of both kinds one can achieve that the
infinite surface d = (9,10,11,...,13,14) curls into an almost
S8 (with one hole with the substructure of SU(3) x U(1))
with massless fermions in d = (7 + 1).

» This is the project, not yet done. The simpler problem with
breaking M>*1 manifold into M3t x an almost S? sphere
with one hole is done, without taking into account families
and with families included.

New J. Phys. 13:103027, 2011.
J. Phys. A: Math. Theor. 45:465401, 2012.



Condensate

» The (assumed so far, waiting to be derived how does this
spontaneously appear) scalar condensate of two right
handed neutrinos with the family quantum numbers of
the upper four families (there are two four family groups
in the theory), appearing ~ 101® GeV or higher,

o breaks the CP symmetry, causing the
matter-antimatter asymmetry and the proton decay,

o couples to all the , making them massive,

o couples to all the phenomenologically unobserved
vector gauge fields, making them massive.

o Before the electroweak break all the so far observed
vector gauge fields are massless.

Phys. Rev. D 91 (2015) 6, 065004,
J. of Mod. Phys. 6 (2015) 2244,
J. Phys.: Conf.Ser. 845 01, IARD 2017



» The vector fields, which do not couple to the condensate
and remain massless, are:

o the hyper charge vector field.
o the weak vector fields,

o the colour vector fields,

o the gravity fields.

The SU(2);; symmetry breaks due to the condensate, leaving
the hyper charge unbroken.



Nonzero vacuum expectation values of scalars
— waiting to be shown how does such an event, making the
masses of the scalar gauge fields imaginary, appear in the
spin-charge-family spontaneously.

» The scalar fields with the space index (7,8), gaining
nonzero vacuum expectation values, a constant values,
cause the electroweak break,

o breaking the weak and the hyper charge,

o changing their own masses,

o bringing masses to the .

o bringing masses to the families of quarks and leptons.

Phys. Rev. D 91 (2015) 6, 065004,

J. Phys.: Conf.Ser. 845 01 IARD 2017,

Eur. Phys. J.C. 77 (2017) 231 [arXiv:1604.00675],
J. of Mod. Phys. 6 (2015) 2244, [arXiv:1502.06786,
arXiv:1409.4981]



> The only gauge fields which do not couple to these
scalars and remain massless are

0 1
0 1

o

» There are two times four decoupled massive families of
quarks and leptons after the electroweak break:

o There are the observed three families among the lower
four, the fourth to be observed.

o The stable among the upper four families form the
dark matter.

Phys. Rev. D 80, 083534 (2009),
Phys. Rev. D 91 (2015) 6, 065004,
J. Phys.: Conf.Ser. 845 01, IARD 2017



> It is extremely encouraging for the spin-charge-family
theory, that a simple starting action contains all the
degrees of freedom observed at low energies, directly or
indirectly, and that only

o the break of manifold M(131) to M1 x M(©®) is needed
so that the manifold M(®) makes an almost S” sphere.

o the condensate and
o constant values of all the scalar fields with s = (7, 8)
are needed that the theory explains

o all the assumptions of the standard model, with the
gauge fields, scalar fields, families of fermions, masses of
fermions and of bosons included,

o explaining also the dark matter,
o the matter/antimatter asymmetry,

o the triangle anomalies cancellation in the standard
model (Forts. der Physik, Prog.of Phys.) (2017) 1700046)
and...



X%

Variation of the action brings for w,pe

1
" 2E

Waba

{eeaebv aﬂ( fv[efﬁa]) + €ea€ay aB(Ef’y[bfﬁel)
— eeae% 8@(Efﬂ/[afﬁb])}

€ea [ = 3i
- Z{‘U (’yeSab + = (0572 — 53%)) ‘U}

1 1y 5 1
e f(er o

1y 1- 4
— €pa |:Ee 785 (Efw[dfﬁao + E\llv Sda\lf}:|

IARD, J. Phys.: Conf. Ser. 845 012017 and the refs. therein



X%

and for
1
= —5F {emeb7 O(EFNFP ) + ecaay Op(EF o))
— eeae% 85(Ef’y[af6b])}
€eqr 3
- = {‘U ( 5 (0572 — 55%)) ‘U}
- { [ 295 EfV[deb]) + w w}
— €pa —ed 85 (Efw[dfﬁ ]) + *\Tf’yd v
E- 7 2 2

Eur. Phys. J. C, 77 (2017) 231 and the refs. therein.
If there are no spinors present, the two spin connections are
uniquely described by vielbeins ;.



Fermions

» The action for spinors "seen” from d = (3 + 1) and
analyzed with respect to the standard model groups as
subgroups of SO(13 + 1):

Le = 0y (pm— Y TMAN)Y +
A,

{ Y 9 pos ¥} +

s=[7],[8]

{ Z 1/_}'75p0$ ¢ +

s=[5],[6]

Z 7Z’YtP0t V).
t=[9],...[14]
+the rest , ,

J. of Mod. Phys. 4 (2013) 823



Covariant momenta

= (o= AR
m n (0,1,2,3),
pos = fllps— Y g*FAAY - FAFAAN,
A A
s € (7,8),
Pos = fsU[PU*ZgAFA/Z\‘A Z AFA ,Z\é
A A
s € (5,6),

por = 7 (ps— > g*AN =D ENFAAY,
A A

t € (9,10,11,...,14),
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i

ab Wabs
i

ab Wabt »
i~

ab Wabs

i~
ab Wabt -



7_Al — Z CAIab Sab7
a,b

7-:A| — § : EAIab Sab,

a,b
(PRI 7BIy_ = j§ABfAlk Ak
(7RI 7BI) = j§ABfAlkzAK
{FA 7B = 0.
» o 7 represent the standard model charge groups

— SU(3)¢, SU(2),, — the second SU(2)y, the "spinor”
charge U(1), taking care of the hyper charge Y,

» o 7 denote the family quantum numbers.



=

Y =
Y =
Q:=
Q =

%(523 +iS%, 53 £ 5% 512 + 5%,

1
E(558 F 567’ 557 + 568, 556 == 578)’
1{59 12 510 11 59 11 + 510 12 59 10 511 12
2 ) ) )
59 14 510 13 59 13 + 510 14 511 14 512 13

1
V3

71(59 10 4 gl112 | g1314)
3 )

511 13 + 512 14 (59 10 + 511 12 2513 14)}

T +T23,
—7*tan? 9, + 723,
B4y,
—Ytan?9 + 713,

and equivalently for family groups 5.



Breaks of symmetries
after starting with

o massless spinors (fermions),

We prove for a toy model that breaking symmetry in
Kaluza-Klein theories can lead to massless fermions.

New J. Phys. 13, 103027, 2011.

J. Phys. A. Math. Theor. 45, 465401, 2012.
[arXiv:1205.1714], [arXiv:1312.541], [arXiv:hep-ph/0412208
p.64-84].

[arXiv:1302.4305], p. 157-166.



SO(1,13)xS0(1, 13)

BREAK |
at E > 1019Gev

1
SO(1,7)x U(1)x
xS0(1,7)
e N
ecight massless families
SO(1,3)xSO()xUMx  (SU@gy,  xSU@hgy X (SU@ugg | o xSU@ngg )

(devided into two groups)

BREAK I

Su(3)

su(3)

i
The Standard Model like way of breaking

1
SO(1,3) x U(1) x SU(3)
X(two groups of four massive families)



» Both breaks, the one from SO(13,1) to SO(7,1) x SO(6)
and the appearance of the condensate, leave eight
families (28/2-1 = 8, determined by the symmetry of
SO(l 7)) massless. All the families are SU(3) chargeless.
Phys. Rev. D, 80.083534 (2009)

> The appearance of the condensate of the two right
handed neutrinos, coupled to spin 0, makes the boson
gauge fields, with which the condensate interacts,
massive. These gauge fields are:

o All the scalar gauge fields with the space index s > 5.

o The vector (m < 3) gauge fields with the Y’ charges
— the superposition of SU(2); and U(1); charges.
J. Phys.: Conf. Ser. 845 (2017) 012017



The condensate has spin S =0, S =0
weak charge 7' = 0, and

F1-0,¥=0,=0 N, =0.

state ™oty Q[ N
AT >y >, 11 -1 0 0] 1 1 -1
sy ley~, 10 -1 -1 -1 1 1 -1
el >y jeyf >, | -1 -1 -2 -2 1 1 -1




Let us look at boson "basis vectors” as presented in already
shown figure, which analyses 'ATT with respect to Cartan
subalgebra members (73,78 7).

There are
one sextet with 7/ =0,
four singlets with (73 = 0,78 = 0,7/ = 0),
one triplet with 7/ = % and one triplet with 7/ = f%.
The only IA!{WT which couple to condensate are the two
triplets with non zero 7/ = :l:%, which transform leptons into
quarks. They become massive.

8 (0,1V3,-2/3)

L (172,1/(2v3),-213)
-
(12.332.0) @----}---, 12312,0)

(100)
-

A 1@ 23120
(12,1/2v3)/3)

(112,¥32,0) )

(-112,1/(23),2/3)
++

-11V3,2/3)




» The colour, elm, weak and hyper vector gauge fields do
not interact with the condensate and remain massless.
J. of Mod. Physics 6 (2015) 2244



> At the electroweak break from
S0O(1,3) x SU(2); x U(1); x SU(3) to
S50(1,3) x U(1) x SU(3)
o scalar fields with the space index s = (7,8) obtain
constant values and imaginary masses (nonzero vacuum
expectation values),
o break correspondingly the weak and the hyper charge
and change their own masses.
o They leave massless only the colour, elm and gravity
gauge fields.

> All the eight massless families gain masses.

Also these is so far just assumed, waiting to be proven
that scalar fields, together with boundary conditions, are
spontaneously causing also this last breaks.
However, all the needed vector and scalar gauge fields,
the fermion fields with all the observed properties, are
already in the simple starting action, making the
spin-charge-family theory (at least so far) very promising.



> To the electroweak break several scalar fields, the gauge
fields of twice SU(2) x SU(2) and three xU(1) ,
contribute, all with the weak and the hyper charge of
the standard model Higgs.

> They carry besides the weak and the hyper charge either
o the family members quantum numbers
originating in (Q,Q",Y’) or
o the family quantum numbers
originating in twice SU(2) x SU(2).

J. of Mod. Physics 6 (2015) 2244.



» The mass matrices of each family member manifest the
SU(2) x SU(2) x U(1) symmetry, which remains
unchanged in all loop corrections.

[arXiv:1902.02691, arXiv:1902.10628]



» We studied on a toy model of d = (1 + 5) conditions which
lead after breaking symmetries to massless spinors chirally
coupled to the Kaluza-Klein-like gauge field.,

New J. Phys. 13 (2011) 103027, 1-25,
Int. J Mod. Phys. A 29, 1450124 (2014), 21 pages.
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The theory explains:

The appearance of the finite number of the internal
space " basis vectors” of fermions, B;"T.

The appearance of the finite number of the internal
space "basis vectors” of bosons, ’A;"T’CFZI.

The anticommutation relations among the creation and
annihilation operators, creating the anticommuting
single fermion states.

The commutation relations among the creation and
annihilation operators, creating the commuting single
boson states.

The continuously infinite number of creation operators
due to infinite dimensional ordinary space for fermions
and bosons.

The tensor products of the Clifford odd creation
operators explain the Hilbert space of the second
quantized fermions.



> It is worthwhile to notice that " nature could make a
choice” of Grassmann rather than Clifford space:
o Also in Grassmann space, namely, one finds the
anticommutation relations needed for a fermion field.
o But in this case spinors would have spins and
charges in adjoint representations with respect to
particular subgroups.
o And no families would appear.



Vector gauge fields origin in gravity,
in vielbeins 7 and two kinds of the spin connection fields,
Wabal(z}abay
the gauge fields of 5?” and 5?. | showed above that both
are expressible by ' A7'/Crand ' AT C



X%

All the vector gauge fields, , (m,n) =(0,1,2,3) of the
observed charges 7 =)"_, ¢’ 5, manifesting at the
observable energies, have all the properties as assumed
by the standard model.

They carry with respect to the space index m € (0, 1,2, 3)
the vector degrees of freedom, while they have
additional internal degrees of freedom (7) in the
adjoint representations.

They origin as spin conection gauge fields of S:
:Z CAist
st

S?b applies on indexes (s, t, m) as follows

b . b b
S Wstm...g = | (5;?(*] tm..g — 55 watm...g) .



X%

The action for vectors with respect to the space index
m = (0,1,2,3) origin in gravity

/ E d4x d(d*4)xa R(d) — / d4X {_%FAimn FAimn }’

Ai E : Aist
A Im = C Wstm -
s,t

Eur. Phys. J. C. 77 (2017) 231,



Also scalar fields
(there are doublets and triplets)
origin in gravity fields — they are spin connections and
vielbeins —
with the space index s > 5, | showed above that also scalar
fields are expressible by ' A7'/C/ and ' AT Cr

Eur. Phys. J. C. 77 (2017) 231,
Phys. Rev. D 91 (2015) 6, 065004,
J. of Mod. Physics 6 (2015) 2244,



There are several scalar gauge fields with the space
index (s,t,s’) = (7,8), all origin in the spin connection
fields, either or Wgy/ts:

o Twice two triplets, the scalar gauge fields with the
family quantum numbers (74 = 3"_, &4, 57b) and

o three singlets with the family members quantum
numbers (Q,Q",Y’), the gauge fields of 5.

They are all doublets with respect to the space index
(5.6,7,8).

They have all the rest quantum numbers determined by
the adjoint representations.

They explain at the so far observable energies the
Higgs’s scalar and the Yukawa couplings.



The two doublets, determining the properties of the Higgs's
scalar and the Yukawa couplings, are:

state 13 8-y spin T Q
AT AT a4 ] -3 0 (U
> A(:Szﬁ; R -1 0 0o -1
AT AR Al ] +3 0 0 0
R S S B

(£)

There are A% and A% which gain nonzero vacuum
(=) (+)
expectation values at the electroweak break.

Index A/ determines the family (7*') quantum numbers and
the family members (Q,Q’,Y’) quantum numbers, both are in
adjoint representations.



There are besides doublets, with the space index
s =(5,6,7,8), as well triplets and anti-triplets, with
respect to the space index s = (9,...,14).

There are no additional scalars in the theory for
d=(13+1).

All are massless.

All the scalars have the family and the family members
quantum numbers in the adjoint representations.

The properties of scalars are to be analyzed with respect to
the generators of the corresponding subgroups, expressible
with S, as it is the case of the vector gauge fields.

It is the (so far assumed) condensate, which makes those
gauge fields, with which it interacts, massive.
o The condensate breaks the CP symmetry.



» The scalar condensate of two right handed neutrinos
couple to
o all the scalar and vector gauge fields, making them
massive,
o It does not interact with the weak charge SU(2),, the
hyper charge U(1), and the colour SU(3) charge gauge
fields, as well as the gravity,
leaving them massless.

J. of Mod.Phys.4 (2013) 823-847,
J. of Mod.Phys. 6 (2015) 2244-2247,
Phys Rev.D 91(2015)6,065004.



Scalars with s=( 7,8), which gain nonzero vacuum
expectation values, break the weak and the hyper symmetry,
while conserving the electromagnetic and colour charge:

AN S (A, A AY' AL AJT AZ AJR),
A5 (Q Q) Y, F R, B2 Rg),
s = (7,8).
Ai denotes:

o family quantum numbers

(?1, NL) quantum numbers of the first group of four families
and

(72, NR)) quantum numbers of the second group of four
families.

o And family members quantum numbers (Q, Q’, Y’)



AL are expressible with either w...: or &, .

Al = (@sgs — Wers, Ws7s + Wess, Wses — 78s) »
A2 = (5) 58s + We7s, U575 — Wess, Wses + Wr8s)
/Z\ILVS = ( 23s + iWo1s, W31s + IWo2s, 0125 + woas)
AN = (@35 — iQ01s, D315 — iD02s, D125 — iD03s) 5
AL = wses — (Wo10s + Wil12s + Wi314s) ;
AY = (wses + wrgs) — (wo10s + Wi112s + Wi3145)

4
As = _(WQ 10s + Wi1112s + w13 145) .



The mass term, appearing in the starting action,
is (ps, when treating the lowest energy solutions, is left out)

Ly = 3 (=M Al )y =

s=(7,8),Ai

_ 78 . . . 78 . . .
— { (1) 7Y (AP — P ART) + () T (A i AR Y

78 1 : . ,
(B) =507 i7%), A = (A" FiAg).



Operators Y, @ and 713, applied on (A5" i AZY)

1

TP(AY FIAY) = (AT FIAY),

N =N

Y iAf) = 5
QY 7iaf) = o,

(A7 FiAg),

manifest that all (A" =/ A4’) have quantum numbers of the
Higgs’s scalar of the standard model, "dressing”, after gaining
nonzero expectation values, the right handed members of a
family with appropriate charges, so that they gain charges of the
left handed partners:

(A2 + iALT) " dresses” ug,vg and (A5 — iAZ) " dresses”

dr, er, with quantum numbers of their left handed partners, just
as required by the "standard model”.



Ai determines:

either
o the Q,Q’,Y’ charges of the family members

or

o family charges (517 NL), transforming a family member of
one family into the same family member of another family,

manifesting in each group of four families the
SU(2) x SU(2) x U(1)
symmetry.



*%

Eight families of ug (spin 1/2, colour (%, #)) and of colourless vg (spin 1/2). All have "tilde spinor
charge” 7 = 7%, the weak charge 713 = 0, 7238 = % Quarks have "spinor” q.no. = % and leptons
= —%. The first four families have #23 = 0, IV?? = 0, the second four families have #13 = 0, I\~IE =

I\”I,%:o, =0 W3 =0 #%=0 w3

1 910 1112 1314 12 56 78 910 1112 1314 1 1
g1 (+') [+] \ [+] (+) Il (+) =1 [ VR1 (+') [+] \ [+] (+) Il (+) (+) ) -3 —2
910 1112 1314 910 1112 1314 1 1

ugh [+l]( ) \ [+] (+) Il (+) =1 [ VR2 [+']( ) \ [+]( ) Il ( ) (+) () -2 2

1112 13 14 10 1112 1314

ugly (+i) [+] \ (+) [+] Il (+) =1 [ VR3 (+f) [+] \ (+) [+] Il ( ) (1) () 3 -3
1 910 1112 1314 10 1112 1314 1 1
UR4 [+l]( ) \ (+) [+] Il (+) =] [ VR4 [+']( ) \ (+) [+] Il ( ) (1) (D) 2 3
NL—O B =0 f—o 75 =0 3 R

1 910 1112 1314 03 1112 13 14 1 1
Uugs (+')( ) \ (+) (+) N+ =] [=] | ves (+')( ) \ (+)( I ( ) ) ) | -3 -3
1 03 910 1112 1314 12 56 78 910 1112 1314 1 1
URs ( )( ) I [+] [+] Il (+) -1 [ VR6 (+')(+) I [+] [+] Il (+) (+) (+) -3 3
1 56 1112 13 14 3 10 13 14 1 1
UR7 [+‘] [+] \ ( )(+) Il (+) =1 [-] VR7 [+'] [+] \ (+) (+) Il (+) (+) (+) 3 -2
1 3 910 1112 1314 03_ 12 56 78 910 1112 1314 1 1
kg [+'] [+] \ [+] [+] Il (+) =1 -] YR8 HAHTHEHITE () &) 3 3

Before the electroweak break all the families are mass protected and correspondingly massless.




» Scalars with the weak and the hyper charge (:F%, j:%)
determine masses of all the family members « of the lower
four families vr of the lower four families have nonzero

Y= 7' + 723 and interact with the scalar field
y' 21 TR,
(Al Ay Alh)-

» The group of the lower four families manifest the
SU(2 )50(173) x SU(2 )55 50(4) % U(1) symmetry (also after all
loop corrections).

—ai; —a e d b “
o e* —ar —a b d
M= d* b* a —a e
b* d* e* ap—a

[arXiv:1412.5866], [arXiv:1902.02691], [arXiv:1902.10628]



We made calculations, treating quarks and leptons in
equivalent way, as required by the " spin-charge-family”
theory. Although
» any (n-1)x (n-1) submatrix of an unitary n x n matrix
determines the nxn matrix for n > 4 uniquely,

> the measured mixing matrix elements of the 3 x 3
submatrix are not yet accurate enough even for quarks to
predict the masses m; of the fourth family members.

o We can say, taking into account the data for the
mixing matrices and masses, that m; quark masses
might be any in the interval (300 < m; < 1000) GeV or
even above. Other experiments require that my are above
1000 GeV.

> Assuming masses m,; we can predict mixing matrices.



Results are presented for two choices of m,, = my,,
[arxiv:1412.5866]:

» 1. m,, =700 GeV, my, = 700 GeV.....new;

> 2. my, =1200 GeV, mg, = 1200 GeV.....news

expp,  0.97425 4 0.00022  0.2253 £ 0.0008  0.00413 + 0.00049

new; 0.97423(4) 0.22539(7) 0.00299 0.00776(1)

new, 0.97423[5] 0.22538[42) 0.00299 0.00793[466]

exPn 0.225 £ 0.008 0.086 £ 0.016 0.0411 & 0.0013

newr 0.22534(3) 0.07335 0.04245(6) 0.00349(60)
Via)| = | news 0.22531[5] 0.97336(5] 0.04248 0.00002[216]

exp, __ 0.0084 £ 0.0006 __ 0.0400 & 0.0027 1,021 £ 0.032

new; 0.00667(6) 0.04203(4) 0.99909 0.00038

new, 0.00667 0.04206[5] 0.99909 0.00024[21]

new; 0.00677(60) 0.00517(26) 0.00020 0.99996

news 0.00773 0.00178 0.00022 0.99997[9]

One can see what

B. Belfatto, R. Beradze, Z. Berezhiani, required in
[arXiv:1906.02714v1], that

Vu1d4 > Vu1d3v Vugd4 < Vu1d4v and VLI3d4 < Vu1d4m

what is just happening in my theory.

The newest experimental data, PDG, (P A Zyla at al, Prog.
Theor. and Exp. Phys., Vol. 2020, Issue 8, Aug. 2020, 083C01)
have not yet been used to fit mass matrix of Eq. (1).



» o The matrix elements V), depend strongly on the
accuracy of the experimental 3 x 3 submatrix.
o Calculated 3 x 3 submatrix of 4 x 4 Vckn depends on
the m,« family masses, but not much.
0 Vi.d,» V4,u, do not depend strongly on the my;, family
masses and are obviously very small.

» The higher are the fourth family members masses, the
closer are the mass matrices to the democratic matrices
for either quarks or leptons, as expected.

» The higher are the fourth family members masses, the
better are conditions
Vind, > Vi »
Vuzd4 < Vu1d4 , and
Visdy < Vi,
fulfilled.



» The stable family of the upper four families group is the
candidate to form the Dark Matter.

» Masses of the upper four families are influenced :
o by the SU(2)”§6(3‘1) X 5U(2)//§6(4) scalar fields with
the corresponding family quantum numbers,

o by the scalars (AY, A%, AY,), and
() (F) )
o by the condensate of the two v of the upper four

families.



Matter-antimatter asymmetry



There are also triplet and anti-triplet scalars, s = (9, .., d):,

state 733 38 spin -
R e e S
()
Al Y 1 1 1 1
Aliyp | AL —iA2 —3 2V3 0 B
(+)
Ai Ai _ aAi 1 1 1
> Al(:é 1)4 A13’ - ’Altg 0 ~ V3 0 -3 -3
)
Agy | ATHIAT 1 5 0 43 43
-)
i Al i AAi 1 1 1 1
Al 1)2 AL+ A 2 T 2V3 0 +3 +3
i Al iAAi 1 1 1
A1(3 1 Al3 + iATg 0 73 0 t3 *3

They cause transitions from anti-leptons into quarks and
anti-quarks into quarks and back, transforming matter into
antimatter and back. The condensate breaks CP symmetry,
offering the explanation for the matter-antimatter
asymmetry in the universe.



Let us look at scalar triplets, causing the birth of a proton

from the left handed positron, antiquark and quark:

1,13 23
= =0,73=—
4_1 _13_5 .23_1 T %
’*T* =0,7%=3 £33 38) (31
(733,738)=(0,0) 2'2v3
Y=1,Q=1 lo--1
EZ’ 1 - »- df?l
rh=2x (= 1), r13=0,7B=—1
28 33 .38
A B8], 2\/)
(+) y:_gﬁQf_,
Ec’? » [ u<3
L »> »> R
P St
e I e T 3R)
__2 2 —1 0-2
Y=—35,0=-3 Y=5-0=3
u;:?2 » U'C?Z
74:% ,713:0,723:%
B r¥=(-3.50%)
-2 0=2
Y=%£,0=3%



These two quarks, d,‘i',l and u,‘? can bind (at low enough energy)
together with u,‘i,z into the colour chargeless baryon - a proton.

After the appearance of the condensate the CP is broken.

In the expanding universe, fulfilling the Sakharov request for
appropriate non-thermal equilibrium, these triplet scalars have a
chance to explain the matter-antimatter asymmetry.

The opposite transition makes the proton decay.
These processes seems to explain the lepton number non
conservation.



Dark matter

d — (d —4) + (3+1) before (or at least at) the electroweak
break.



> We follow the evolution of the universe, in particular the
abundance of the fifth family members - the candidates
for the dark matter in the universe.

> We estimate the behaviour of our stable heavy family
quarks and anti-quarks in the expanding universe by
solving the system of Boltzmann equations.

> We follow the clustering of the fifth family quarks and
antiquarks into the fifth family baryons through the
colour phase transition.

» The mass of the fifth family members is determined
from the today dark matter density.

Phys. Rev. D (2009) 80.083534



he \*
loguon 7

=175

=20

n=ng

n(qfl)b

FIgU € The dependence of the two number densities ngg (of the fifth family quarks) and nc; (of the fifth
2
family clusters) as the function of qf‘(c
= 1. We take g* = 91.5.

Thp is presented for the values mgg 2 = 71 TeV, Neg =

1

g5 and



We estimated from following the fifth family members in the
expanding universe:

>

10 TeV < mg, c® < 4-102TeV .

10 %m? < o, < 10 %fm?.

(It is at least 107%x smaller than the cross section for the first
family neutrons.)



We estimate from the scattering of the fifth family members
on the ordinary matter on our Earth, on the direct
measurements - DAMA, CDMS,..- ...

200 TeV < mg,c® < 10° TeV .



» In the standard model the family members with all their
properties, the families, the gauge vector fields, the scalar
Higgs, the Yukawa couplings, exist by the assumption.

> **  In the spin-charge-family theory the appearance
and all the properties of all these fields follow from the
simple starting action with two kinds of spins and with the
gravity only .
*¥*  The theory offers the explanation for the dark matter.

**  The theory offers the explanation for the
matter-antimatter asymmetry.

**  All the scalar and all the vector gauge fields are
directly or indirectly observable.

> **  The spin-charge-family theory even offers the
creation and annihilation operators without postulation.



The spin-charge-family theory explains also many other
properties, which are not explainable in the standard model,
like " miraculous” non-anomalous triangle Feynman diagrams.

The more work is put into the spin-charge-family theory the
more explanations for the phenomena follow.



Concrete predictions:

» There are several scalar fields;
o two triplets , o three singlets ,
explaining higgss and Yukawa couplings,
some of them will be observed at the LHC, JMP 6
(2015) 2244,
Phys. Rev. D 91 (2015) 6, 065004.

» There is the fourth family, (weakly) coupled to the
observed three, which will be observed at the LHC,
New J. of Phys. 10 (2008) 093002.

» There is the dark matter with the predicted properties,
Phys. Rev. D (2009) 80.083534.

» There is the ordinary matter/antimatter asymmetry
explained and the proton decay predicted and explained,
Phys. Rev. D 91 (2015) 6, 065004.



recognize that:

The last data for mixing matrix of quarks are in better
agreement with our prediction for the 3 x 3 submatrix
elements of the 4 x 4 mixing matrix than the previous
ones.

Our fit to the last data predicts how will the 3 x 3
submatrix elements change in the next more accurate
measurements.

Masses of the fourth family lie much above the known
three, masses of quarks are close to each other.

Thellarger are masses of the fourth family the larger are
Viyd, in comparison with V, 4, and the more is valid that
Vindy < Vindyr Visdy < V-

The flavour changing neutral currents are correspondingly
weaker.



Masses of the fifth family lie much above the known
three and the predicted fourth family masses.

Although the upper four families carry the weak (of two
kinds) and the colour charge, these group of four
families are completely decoupled from the lower four
families up to the < 10'°® GeV, unless the breaks of
symmetries recover.

Baryons of the fifth family are heavy, forming small
enough clusters with small enough scattering amplitude
among themselves and with the ordinary matter to be
the candidate for the dark matter.

The "nuclear” force among them is different from the
force among ordinary nucleons.



» The spin-charge-family theory is offering an explanation
for the hierarchy problem:
The mass matrices of the two four families groups are
almost democratic, causing spreading of the fermion
masses from 10'° GeV to 108 MeV.

> Using odd and even Clifford algebra objects the
spin-charge-family theory is offering an explanation for
the second quantization postulates for fermions and
bosons, while describing the internal space of fermions
with the Clifford odd anti-commuting " basis vectors”
and the internal space of bosons with the Clifford even
commuting " basis vectors” .

> When all the properties of b™, and their Hermitian
conjugated partners, b, as well as of 'ﬁ;"“C}"a will be
understood we very probably will understood nature in
d = (3 + 1) much better.



To summarize:

> | hope that | managed to convince you that | can answer
many open questions of particle physics and cosmology.
The more work is put into this theory the more observed
phenomenas | can explain and the predictions offer.

» The collaborators are very welcome!

> There are namely a lot of properties to derive.



» Might it be that | could make consistent theory without
fermions?
That is: Could one relate ’A}"T’C}’ZX and w?®, without
fermions?.
Yes, | can relate ’A}”“C;’(’w if 1 apply S?° on ’AT“CFZx
and on (a“w, + oW, + ashweh, +...)

» But there are in Clifford algebra Clifford odd and
Clifford even " basis vectors”. Then | should explain why
nature uses only Clifford even ”basis vectors”. Why not
Clifford odd " basis vectors?

» Nature uses obviously both, odd and even.



*%*29.06.2022 at 15:00



Let us compare the above second quantization procedure,
describing internal space of fermions with the odd Clifford
algebra objects, with the second quantization procedure
proposed by Dirac, where he creation operators and
correspondingly their Hermitian conjugate operators
are assumed.

it %) = Do, @l (p, i) v(p, i) e Px).
v(p, i) determine solutions of equations of motion for a particular
e Pax,

5'(p, i) is just assumed, together with the (assumed)
Hermitian conjugate operator, to fill the anticommutation
relation.

In the spin-charge-family theory the creation operators
appear from the odd Clifford objects, representing fermion
states, applying on the vacuum state, in internal space.



> The anticommutation relations for creation operators

and their Hermitian conjugated partners in the Dirac
case in d = (3 + 1) for spin (1,]) and right and left
handedness (+1, respectively)

{al(p), A}(*’)}+ = 0=1{4a(p), 5(P)}+.
{ai(p), 4 (p)}+ = 0y o

in the case of massless fermions.

To be able to compare the spin-charge-family theory creation
operators for this particular case of d = (3 + 1), we make a
choice of the creation operators representing

spin 1 and right handedness,
03 12

by :=[+1(+),

and spin | and right handedness,

. 03 12

by :=(=N)[-1,

and shall not pay attention on charges (which in
spin-charge-family theory originate in d > 5) and families.



» In the spin-charge-family case the creation operators
BIT, i = (1,2) originate in "basis vectors” determining the
internal space of fermions.

» Solutions of the Weyl equation — the Dirac equation for
massless fermions — are superposition of both " basis vectors”
for particular g, p° = |p]
bs1(p) = 3, ¢ () Bl +7 b i =(1,2).

» Let us write down both kinds of creation operators, the Dirac
one and ours, both for the right handed case, leaving out
therefore the index describing handedness h in the Dirac case
and f, describing family, in our case

PY _, df A _, N _ is; =\ it T
,D e Z ST P bST(p):ZCIS(p)bIT bﬁ,

what is my redefinition of Dirac’s operators.



» The creation operator of Dirac

af(p) = X, uz(p) &), v¥I(B. %) = vi(p) €7,
has to be related to

bst =37, ¢*(p) b b.
Z ﬁST 5) to be related to b*T(5) = Z c*(p) b’ 5,3.
Both creation operators, 4°t(5) and bs(5), fulfill the same

anticommutation relations,
a*t(p) fulfill also the anticommutation relations of Dirac.



» Dirac equipped the creation operators (and correspondingly
also the annihilation operators) with the quantum numbers
(s, i) and with p. He postulated for such creation and
annihilation operators anticommutation relations.

> Our creation and annihilation operators, bT(5) and b*(5),

have anticommuting properties due to the anticommutativity

of b'f and b’, which are Clifford odd objects.

The odd Clifford algebra offers the explanation for the
Dirac’s postulates for the second quantized fermions.



| 2 1/}5 f—i-OO d3p bST(p) —i(p°x0—p-X)
to be related to

Pe(X) = fj;o d3p ésf(i‘j) e~ 1(P"XO—piX)
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