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We develop a general formalism for defining distinct creation and annihilation operators for every elementary
fermion (leptons and quarks). Spin, vector-spin, chirality and electric charge, are intrinsic to them. Specific
values of a discrete angle variable provide the electric charges and the vectors-spin.

The above mentioned formalism consists in a geometrical generalization, using algebraic methods, of the
algebraic formalism established by Jordan and Wigner in 1928. The method proposed introduces a second
numbering and a product with an intermediary term. Arguments of symmetry are underneath this construction.
In this way, the elementary fermions could be viewed as geometrical structures. These contents are a tentative
first approach.
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PART 1

ALGEBRA.

I.  INTRODUCTION.

“ ... . 'This
invention (by Jordan and Wigner 2), is very useful although
its physical meaning appears to be obscure: the sign of an
expression in the amplitudes becomes dependent upon the
normal modes.

2

Pauli, “Selected Topics in Field Quantization” (page 7).

Let us schematically consider several historical events:

- 1843. Hamilton. The quaternion. “viii ON QUATERNIONS; OR ON A NEW SYSTEM OF IMAGINARIES IN ALGEBRA”. Hamilton obtained
them in the study of the arithmetic of the triples and quadruples. They appeared as deeply involved with the geometry of the
rotations

- 1897. The electron: an electrically charged particle (J. J. Thomson).
- 1897. The anomalous Zeeman effect. A splitting in certain atomic spectral lines.
- 1922. Stern and Gerlach. Some atoms going through an inhomogeneous magnetic field produced a double result.

- 1925. Kronig, Uhlenbeck and Goudsmit proposed for the electron a property of “spinning” for explaining this behavior.
Dynamical rotations in an internal space, versus rotations as a coordinate transformation.

- 1927. Pauli matrices {o¥, 0, 0%}. Jordan reminds to Pauli a “connection with quaternions: s, =ik, Sy =ik,, s, =ik;”.

- 1928. Jordan and Wigner. Their “non-local algebraic transformation”.  There exist antisymmetrical operators
satisfying anticommutators relations that justify the Pauli exclusion principle. Generic creation and annihilation operators
independent of the time. They used the Pauli spin matrices. The spin of a particle was not defined in this step.

- 1928. Dirac. An equation with four solutions. Two of them representing spinning electrons. Later on, the other two
to represent spinning positrons. We can see the integration ad hoc of the creation and annihilation operators for electrons and
positrons with spin in the solutions of the equation [8]. The spin incorporated in the creation and annihilation operators without
the time and an added four-“spinor” structure in the form of the column solutions. Chirality.

- 1928. Heisenberg: the ferromagnetism [9]. He established a relation with quantum mechanics, using a chain of spins, a
one dimensional model: the Heisenberg XYZ model. {c¥, 0, 0%} used in an algebraic way

- 1965. Lee, Yang and Madame Wu. Weak interaction: rupture of the parity symmetry. Chirality. Geometry!

The solution provided by Kronig, Uhlenbeck, Goudsmit and the development by Pauli of the electrons without structure but at
once with (dynamical) internal rotations (spinnings) solved the problems arisen by the anomalous Zeeman effect and the Stern
and Gerlach experiment. The solution: the spin.

The concept underneath: an added magnetic moment to the electron (in the Faraday’s conception) due to a half unit of angular
momentum. The angular momentum concept implies, in mechanics, the rotations. The physicists at that time were conscious
of the problems raised with this interpretation , and . A spinning would oblige a velocity of rotation and an axis of
rotation of the electrically charged surface of an electron, as a very small sphere, both prohibited by the relativity theory and the
quantum mechanics, respectively. Also, a spinning electron in a state needs of a rotation with a 47 angle to return to that state,
with the appearance of a minus sign for a 2 angle

Gerard ’t Hooft describes in a crystal-clear way the situation: “Nowadays such objections are simply ignored” . We
have a fixed spin but we do not have an axis of rotation for the electron. In popular terms: the electron ‘rotates in an internal
(unknown) space‘, curiously, without geometry. We rest upon the matrix theory, the algebra.



On the other hand, Jordan and Wigner defined a transformation using the Pauli matrices and another two matrices, ot and

o~ . The Pauli matrices can represent the vectors of rotation, belonging to R, but ¢+ and ¢~ can not belong to this R°.
Do they belong to some kind of space?  So, as above, we ignore the geometry and we use these matrices as an algebraic
instrument. At most, with Gerard 't Hooft we admit the axes of rotation for massless particles in the same direction of their
movements . Would this privilege a local direction of space? The helicity underneath, particularly with the neutrinos.

Even more, does the chirality select a locally privileged reference frame, with its “right and left handed distinction”?

Here, local means: at the level of every isolated elementary fermion. We discuss these concepts in

In this study ( 1 ) we propose definitions for the creation andthe annihilation operators based in directions in the time space.
Previous paragraphs advice us of the difficulties with the geometry (more on this in 2 ). Therefore, following the above written
historical steps, we consider our generalization of the Jordan and Wigner transformation as an algebraic method, with a guidance
in the geometry in an internal space. In this sense we will consider discrete values of an angle type variable and related to
them discrete values of the time and the space coordinates. This has profound implications in our conception of the time space,
including a generalization of the Minkowski metric.

We define distinct specific creation and annihilation operators for every one of the elementary fermions in the Standard Model,
with their corresponding anticommutators. For their achievement we define an angle type parameter, named as ¢ . ¢ acquires
specific values in a discrete set, corresponding a family of fermions to every one of these values. We add a second element:
we define a product containing an intermediary term.

The Jordan and Wigner method imposes a numbering (an ordering), m € {2, ... , N} . This is the reason for the
sentences written by Pauli in the starting quoted paragraph.  The procedure developed here imposes a second numbering,
Are{=xl, £3, £5, £7}, and associated to this numbering a certain intermediary product. A consequence of this product is
the antisymmetry of our operators and so forth anticommutator relations for them.

The pathway from the Jordan and Wigner method to the method in this study is as follows: look at equations (2.7) and

substitute (+0%)€R3 by a generic matrix (vector) (+m)€R? written in the form (+n)= Rg (£0%) R;SO (see Appendix A)

for the 1 tothe m—1 sites. Apply the same R;_r"o matrices to the left and to the right of ot and of o~ atthe m

site, multiplied by a certain factor. Clearly these last matrices-vectors do not belong to R>. Do they belong to any space?
We introduce some arguments of symmetry with the angle type variable (¢), also related to some type of time coordinate and
to some type of space coordinates of an axial vector, an imaginary type vector in the sense of Hamilton. At this point we
can forget about the geometry presented in Section III, though in a subtle way it is persistent in the intermediary product,
and we get our objective: the creation - annihilation operators and their anticommutators.  The creation and annihilation
operators for fermions, defined in this way, could be suitable for a quantum field theory, with the newly defined intermediary
anticommutators.

Therefore, either as a result of this construction, or starting directly with the algebraic definitions in (4.1), we have creation
and annihilation operators for every fermion, understanding with this that every one of them has a definite:

electric charge ( a value: negative - 0 - positive),

spin (an eigenvalue: +1--1, or up - down),

vector-spin (characteristic three dimensional vectors, with 4 different values) and
chirality ( left - right ),

drivingto 2x2x4/2=8 possibilities per family. At some points of the study we will show in what way we restrict these
possibilities.

It is remarkable that we set the values of the electric charges in relation to the angle parameter ¢, up to a global sign per
family, which we fix by looking at the phenomenology of the elementary fermions. Also, the vector-spin depends of the same
specific angle parameter 2.

The symmetries in the time and the space appear directly related with the physical magnitudes: electric charge, spin, chirality
and vector-spin. Not so straightly they can be related to the electro-magneto-weak interatcions.

We suggest some previous readings:

for a historical and critical presentation, Weinberg s
for the construction, Sakurai s
for the chirality, the spinor vectors u and v, Griffiths )
complementary contextual material with Wilczek

and a pictorial presentation, Flip Tanedo

In this study the mathematics is ‘simple and repetitive’, the physicsis ‘complex’.

We end up remarking again about the research in the present 1 asan algebraic method, following the ideas developed in the
Jordan and Wigner transformation and leaving aside, with the inclusion of an internal space, the geometry.

The geometry now includes four dimensional directions, in a four dimensional complex space? See and 2 (to appear).



II.  NOTATION.

The Pauli spin matrices o/, with the identity, constitute a basis for the linear space of 2x2 matrices over the complex field,
the Pauli basis. It has the form:

el ol =l =)

. . . A v . .
After doing a simple change:  oF = 1(c*+i0?), o=11+0%), o =11-0%, we writeanew set of 2x2 matrices,

the canonical set :
/\_+__10 +_01 __00 V__+_00
{ 0'—0'0'—(00), 0'—(00, o=y o O'—O'O'—O1 } 2.2)

The matrices Rép and Rép will be very relevant:

o, . _ [ cosg —sinpe™® . z

R, () = (simp e cose = cosg 1 + sing R}
L . 2.3)

@ _ coS sing €~ . 5

R, (9) = (sin¢gi¢ ~ C(’f)s‘p ) = cosp o° + sinp RZ

where pe[—n, n) and ¢ € [0, 7). We define these two variables in Section III. The Appendix A contains formulas showing
useful relations for the matrices Rg(qb) and Rf(q&). We also define:

mt=el@—%) - _jei¢ and m_Ee_i(¢_%)=ie_i¢:F=m+_l. 2.4)
Using: RSE ot R;EE = —e* 2i¢ oT = mi'zo”_r , with € € {+,-}, we have:
€5 1 4. . €% + T
R, (mTo®)R, 7 = mT o . 2.5)

Consider the direct product, or Kronecker product, of N of these linear spaces of 2x2 complex matrices, and denote in this
space the following matrices:

1 = 1y =1 ® ... 9 1 ® 1 9 1 ® ... ® 1
1%, = (1) = 1 ® 1 912 ® 1 ® ... ® 1
m—1
A= 1A = A e ® A o 1 9 1 1
U, =A,.%,= A ® ® A ® 2o 1 ® ... ® 1
T T T T
1 m—1 m N

with 2<m < N. If we putfor X, o/ with j={x, y, z}, we take them as Pauli matrices in the m site of a linear time
space chain with N sites. Similarly for the matrices in the canonical set, definition (2.2) with j = {+, —, A, V}, or more

2
general matrices. The matrix A for R, Y or R{i op with capital sub-index M —1 to denote the same non identity matrix for
all the sites, from the 1 to the m—1 sites. Mathcal sub-index M as indicated above. We also verify:

m—1 m—1
(), = Tier = com o = oo,

(2.6)
ol = (—O'Z/)

M-1

m—=1 ’ m—1 ’ ’
= —o% = (=1)m™1 ol = (=1)y"1 g%
= M= e ot = o7 od
Algebraic relationships. The interpretation of these equations is complex and will be considered apart.
The Pauli spin matrices satisfy:

J k 1= ikl !
' ' ‘ Lo/ o, 1=12e"6,, ,, o,
k k skl ! 2 !
ol o, =6"1 +ielo, so that : ) )
N (o, ok y=26F1
m’ " m N

with {j k,I} = {x,y,z}, thecommutator [A, B]=A B— BA and the anticommutator {A, Bj=AB+BA.



In order to obtain operators obeying the Pauli’s exclusion principle, we start transforming the spin matrices 0':1' and o in

the fermion creation and annihilation operators aL and a M (without spin), by means of a Jordan-Wigner transformation,
in the following way:
T _v2 o +_ +vy?2
a, =V oc"=0c"V 2 m—1
M M-1"m m M1 . +4 _ eiZ (0% +1)
s with V¥ =09, = ﬂ (e“'2 )k, 2.7
A=V T =% Vi B
V2 either V¥ or V- and L1}, Also, itis VE =T 209221 d el@fs1)e{zd,z0
yy cither VT or VO o an € € {+1,-1}. so, itis M_l—klel(_a )k— y » and e3(c“x1)e{zx0o,+0}

related to the number operators.

The essence of the method, the algebraic root for the transformation, consists in:

(Tfn o-rf o = —og* or ol ot =gt ol =0t (2.8)

m m m m m m m

With these elements we write the following commutation relations and the desired anticommutation relations:

S PIN FERMION
+ + - -
oo l=loc._ ,0. ]1=0
[ m mZ] [ m m2] N {aLl ’aLz} = {aM] ’aMz} =0
— z LW . (2.9)
[ my’ mz] 6mlm2 O-ml A
(ot o-)= 1 (ay 2y = 0, 1
m’> " mJ T TN

The first line, with m; = my = m, can be written in either way, as commutators or as anticommutators, as it is:

2 2 00 2 2
+7 = - : T7 g% =
o, =0, —(00) =0,: a =a = 0. (2.10)
N
We have established the existence of operators satisfying anticommuting relationships. We have operators with commuting
relationships, the boson operators, symmetric with a + sign in a product (an ordering), and others, the fermion operators, anti-
symmetric with a — sign in a product (other ordering). See Weinberg

In brief, with the method of Jordan and Wigner we construct antisymmetric operators which justify the exclusion principle.
After it, in the pathway of the second quantization method, we ignore the “numbering”, we incorporate a momentum and we
introduce ad hoc the spin but not the chirality for the creation and annihilation operators for electrons and positrons with the
spin up and down. The particle-antiparticle, spin up-down and chirality right-left concepts form part of the covariant wave Dirac
equation.

The corresponding anticommutation relations for the creation and annihilation operators of the charged leptons are:

{bgT,dg,’T} = ws'.as) = {bg,dg,’T} = bS.a5) = 0 2.11a)
{bgT,be,’T} = (b3 .bY) = {dlfT,dlf,’T} = (@.d) = 0 (2.11b)
{bI)T,bll,,} = {bf,bg,} = {df,dlﬁ,} = {dll,T,d;} =0
2.11c)
wp Ly = i Ly = ) = ) = o 1
These operators in:
px.0~ 3 { bI,uT(p)e_if T bll,ul(p)e_if T le,TVT(p)eif T dfvl(p)eif R (2.12)
p

with f_ = % (Et—p.x), bT and b for electrons, d¥ and d for positrons, p and p’ for momentum and {s, s’}
forspin up T or down | . The chirality with the spinor vectors u and v. We have written these equations in this
way to emphasize the role of the spin, in order to compare them later on with the ones obtained here. The usual convention in
most textbooks is: bT with o7 ; in this way the number operators are ordered in the forms Ny, € {0, 1} (see Pauli in
the Appendix D: cites). The convention used in this study is the opposite (see (2.7) and Bjorken ).



A) GENERIC FERMIONS.
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FIG. 1: (1+1+ “2”)d representation in time space, in relation to characteristic vectors.

In the Figure n, >0, n; >0, n, >0, n, >0 and 7> 0. ¢ is alabel for a time space angle.
The three dimensional angle is 2¢. The arrows in red and green indicate the increasing value of ¢.
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The arrows indicate the way for the variation of the values of ¢ as ¢, increases from 0 to 7 .

The pieces of arc of the interior circumferences for the negative time type coordinate, the exterior ones for the positive ones.

III. GENERALIZED SPIN MATRICES: TIME SPACE SPIN MATRICES. GEOMETRY.

A first approach to the contents of this section in
We assign a triad (1., ny, ;) of real numbers to a unit vector n € R*. The unit vectors n satisfy r* = n?+(nj+n3) = n2+1>=1,
which we relate with the definition of angle type parameters, different to the usual ones, in the following way:

n=n+7

n =C052<p ny = TCOS +1in, = ei¢

{ ) r=1). 2 € [-m,7) { . Z , MUy =7 3.1)

. n, = Tsin e[o, 0

T =sin 2¢p rel-L1] Y ¢€l0, 1) (#0)
With Pauli and Cartan we associate a matrix n to the unit vectors n and we also denote it as “unit vector n’’:

z 2
n=no0%+n0"+n0Y =no*+7tR} = Re¢(¢) = n(2¢, ¢). Explicitly it is:
- +1Z2[-1 +0%]
n n, —iny 2¢ ¢ - @ 2 —-¢
n = (n Yin ’) =R, () = R, (#) 0° R, (9) = R, (9) € R, (). (32)
X y Z

See Appendix A.

Itis n(p+m, @) = n(¢, —p), sothat,if n(n;,n,,n,) =n@,,7,¢) =n2e,¢) then n(ng,-ny, —ny) = nn, —1,¢) = n(=2¢, $).

For nye[-|7], 7] itis: sign(7) = sign(n,). With this parametrization we have: ¢€{0, 3,41} = {r=0, V¢} = n,=n,=0.
Also: 1=1(n;)=71(n,(2¢)). In general we ignore the angle ¢, it remains as a hidden angle variable.

Now, we add a time variable, and we change the domain of ¢ to ¢ € [-m, 7). Due to various symmetries that will be
relevant later, we state: an angle ¢, € [0,%] as a base for oppositions in the three dimensional space or to opposition in the
added time dimension, and with A€ {+,—} related to the opposite signs of 7 (n,) and also in relation to opposite values of ¢.
With this, we write the angle ¢ € [-m,7) in the form: ¢ = { /1(,0R or ; /l(«pRig) or A(¢R+7r) or /l(goR—Jr) }.  Finally,
€ = {+, -}, although it is not relevant in the final algebraic results. Limiting values have a special treatments. See Figures

. . . . 2 - . . .
1,2,3. These specifications and the relationship n = Re‘p = R(;’DO'Z RO"D suggest to write the vectors n in an arbitrary
direction n, and referred to a position m in the chain, as space-spin matrices, using the following notation:

P (R N A ~p o A 2
s¢ stfl R = 5% R=<0'Zs§1 Rol) =(R0"’0'ZR0 R) =R, *
n  — " meom (3.3)
A +€3) A2 +€5) Ap Ap ¢ A2
sg " =R, " = (_ s f )mz (Ro f(=o9R, R)m: (_ R, R)m

which drives, for the value ¢.= 0, to the direction z in the three dimensional space with +c%.



We also define a generalization for the matrices o*:

Ap Ap -1 _Ag! -A¢ A ~Ap
sE st;—: R = st Rz(—O'Zsi RO'Z):(RORO'iRO R)
m mo 34
Ay +€3) Adp . =Ap Ap oz —eZ —Ap
st R = (mi2 R, ®oc* R, R)m: (RU kR,> c*R, R, R)m
) +if1
The appearance of the factors m*” in the previous equation and of € in equation (3.2) with the 1 interpreted as
a time dimension, suggests us the definition of new spin type matrices which we denote time space spin matrices:
Ap Ap
s A R ~+  _ F 4+ R
N A5.m = ern . N ASm = ( m+S )m
Alp +€%) Ap
~7 R ~F _ + F R
Sm = 5% ’ S = (-mEsT )m 35
/l<pR _ /l(gaR+e§) ’ (3-3)
-~z _ ~F _ + F
S i = se S lim = (— mTst )m
Z z
_ _ Z/l(gz>R+o52) . . i/l(<,0R+62)
N m = Sm . N ATm = ( m's )m

Where we have added a second sub-index {1,3,5,7}={r, s} oralso {2,4,6,8}={r, s} (seeFigures 1 , 11 - 14).

They mean: the 5 or the 6 sub-indexes with the values of a certain angle parameter ¢ at two values of -
similarly, 3 and 4 for ¢-%,
7 and 8 for ch+’§’ and
1 and 2 for ¢

The distinction odd - even in relation to different type of fermions.

A=—1 dri to —¢ .
rives ¢ 10 —¢

The + signs previous to mT are related to the signs of an 7, coordinate, a time type coordinate.
So that we can define a four dimensional vector: ™ = n(n;, n) = n(p), imposing for n, one out of the two specific values:

n; = =1 (a discretization). These vectors represent the characteristic vectors in our definitions of the creation and of the
annihilation operators of the elementary fermions.

It is easy to verify:

Z Z Z Z /hp _/190
r -3 —d - _7 — R (_ 2 R
Sizm = Sa3m = T Sum T TSasm T (Ro (-09R, )m
- - Ag L 3.6

~+T_~i _TF _ T _ _TF _ R (_mEtF R) : (3.6)
Sm = Satm = S3m = "Sum = TSasm = (R() (-m¥c")R, .

<< — 2 <X Z < x — _<x v4

s—/lr,m - O-m s/lr,m O-m ’ s—/lr,m - Oﬁz ( S/lr,m) O—m

We establish the following relationship of ¢ with n,, n;and 7 (n,):

- (mr<¢<0) for aAref{l,-7,3,-5}

(3.7)
+ (0<p<m) for Are(5-3,7,-1}

sign(yp) = sign(n,) sign(n;) sign(n,) = {

Cases for which
3 .
pel{l, J_rg, ig, J_rT", -}, le. 7=0 or n,=0,
correspond to leptons and they are treated in their sections.

Although there is not a one to one correspondence between the Cartesian coordinates and the angle parameter ¢ at these
points (exceptat O and -—m), itis possible to define the physical properties (spin, charge, vector-spin and chirality) in

. . _x S __d ., _ o
relation to them. In particular, for the value ¢ =1 consider: n; = nv dg | ¢, | g =17 +1.
Also:  sign(1) = sign(sin(4y) ) = sign(n;(¢)) sign(y) = sign(n,) sign(r). And, A(y) is:
+1 for g€ (-1, —PH U5, -DUODHUEG ), ar e {1,7,5, 3}
Alp) = . (3.8)

-1 for pe (¥, -HUu(5, 0OHUEGEHUE, D, re{-1,-7,-5-3)

The Figures 1,2,3 clarify the meaning of the sub-indexes Ar with respect to the time space positions and to the angle ¢.



A. The i-product. Anticommutators (a unique value m).

With {r,s} = {1,3,5,7}, A€{+1,—-1}, and = indicating either + or —, similarly for =*x, we define the
following product:
~ % I — %x _ — % ~ k% _
Sum®Sasm = Sam S amo r=s
5 3.9)
~ % I~>x<*_~>|<l ~ k¥
Sum ® S asm =S Ar,m AArds,m s As,m > r+s
where:
I -1 __sign(r—ys) ?g . RZ% . R?g I {
Ardsyn = Crsym T Op - (mgn(r—s) 4 )m— (_ sign (S—F) o )m_ - AsArm (3 0)
sign(r—s) =+1 for r>s o €z —€eZ _
and: ) : alsoitiss:  -R,2 =R, ?, €={+1,-1}.
sign(r—s) = -1 for r<s
With this product we get:
~ % L — e — %% I — %
a) for r#s S Ar,m ®s As,m T s As,m ® S Arm >
-n
+p¢2 7T
where we have used: c=R,"0c7 =0,
€z —€
O'iR()zO' + o0& R, 2ot=0
2 2
_ =+ I3 - T -4 -+ == == +5_ T
b) fOI’ r=s S/Ir,m.s/lsm_S/lsm.sxlrm_s/lrms/lsm_s/lsms/lrm_(DN’ (0- =0 _®)’
~+ - - - I+ 4+ - - T+ -1 + -1
sxlr,m.s/l m+ S/Ivm.sxlr,m_sxlr,ms/l m+ s/lsms/lr,m_ N’ ({O- » O }_ )
Their anticommutators are:
—x  L—wk ) =k J—x% ST T SO —xk L—x 0
r#s {S/Ir,m’ s/ls,m}_{sxls,m’s/lr,m}_s/lr,m.s/ls,m+S/ls,m.sﬁr,m - N
~—+ -+ I = —~+ _ 3.11
{S/lr,m:S/lr,m} = {S/lr,m’s/lr,m} - (DN ’ ( )
r=s
~+ l== | _ [=+ ~— 1 _
{S/lr,m:S/lr,m} = {S/lr,m > s/lr,m} - ]]'N
With r=5 or r#s, we also write the following products:
<z I=z <z =z o (Tzz
D Sarm® S asm = S m S Asm € { + ]lN ’ _IlN } ’ as1t1s =1, (3.12)
~+ l—7z -+ -z =%
s Ar,m ) As,m = s Arym s As,m FKs Ar,m
2) ) (3.13)

S As,m es Arm = S As,m S Ar,m =xKsy

thanks to (2.8), and with a common non null factor K.

The anticommutators involving the products in (3.13) are:

(53, 5%, = {55, . 5. =0, . (3.14)
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V. CREATION AND ANNIHILATION OPERATORS. PHYSICS.

We generalize the Jordan and Wigner transformation and we propose the following definitions:

—Ap

2¢ Ap
U/lZM(‘p)_(HS/lSk)S/Isz ( Re R)M—] (ROR( m- 0' ) R R )m

m=1 2 Ap )
— ~7 N~  _ + -
UAS’M(QOR):(IEISAS,,()UM_( R, R>M—1 (R, ® ( m*oc™)R, R)m

m=1_ s 2¢ Ap B A
UB,M(Q"R) = (kr:IIS 53,k) S B3m = (_ R, R)M_l ( R, * (- m¥o) R, )m
24¢ Ay B )
UTM(‘P)—(HSBk)sBm:(_Re R)M_l (ROR(—m O-+)R0 R)m
, 4.1
m—1 22¢ Alp +€7) —Ap +€2)
MM(‘p)—(HS)]k)s/llmz ( Re R)M_l (RO k (_ +0— ) 0 )m
2A¢ Alp +€3) /l(ga +€%)
U/lTM((p)_(HS/llk)sﬂlm: ( R, R)M—l (RO R (-m~oct)R, )m
- 22¢ Ap +€3) —Ap +€3)
T e R 2 - + 2
UA7M(¢)=(IEISA7,k)SA7,m— (—Re R)M—l (RO k ( mot)R, F )m
m-1 22¢ A +€3 —Ap +€5
- -7 ye—  _ + -
UU,M(‘PR) = (kl]ls TS am = (_ R, R)M_l (Ro : ( mTeT)R, K )m
with mt= el (@=2) _qje=i¢ (see (2.4)) and R, 2( mt ot) R;E§ =m* o (see (2.5)).
We also write the creation operators ( “daga” ) in the form:
/l(’D _ —/l‘,ﬁ
U TM(S" ) = ROWR [ ( ot )M_l ( m-o )m ] Rou §
/lgﬁ _/hp
¥ = : S
v, M("D ) = ROV/R l (_O—Z)M71 (—m T )m JROM ‘
, 4.2)
i z € ot R 2 R
U/n M(QO ) = ROw [ ( o )M_l( R()_(_m T )RU ) )m ] ROM
Ap e _ s )
U TM(QD 1= Ryl [ (-0F) (RGF(mTeh R, ) R,

1N

. te€ .
In these formulas the actual value of €, +1 or —1, does not matter. Due to the form of the action of the R, 2 matrices,

to the right and to the left of the o* matrices, it is irrelevant to choose anyone of the two values. The value of e is important
for a geometrical interpretation.

The set of values that we set for A is:

goe{O,lz,g,g}U{ . 4.3)

One justification for these values is in Appendix B. 'We can not set discrete values for the ¢ angle variable. Perhaps, there
should be three values in correspondence with the three generations of elementary fermions. Neither we know in what way to
incorporate the color to the quarks.
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The number operators are:

Niwl®) = Ul @) Upp(@) - (44

They satisfy

ler,m U,jr—,M =1 U/jr-,M > Nﬂr,m U/lr,M =0 U/lr,M > 4.5)
and:
1-N,,, = U, Ul Ny (1= Ny, )= 0. 4.6)

1
The e-product: for these creation and annihilation operators, we generalize the product defined in (3.9):

% | _ * ok
my #m Ui @) o Ul @) = Uy () Ul (e)

I
r=s UA:M(SDR) .U;;j\/((SDR) = UA;XTM(QDR) U;;j\,((gaR) ’ (47)

# | # sk
r#s U/lr,M(‘pR) ° U/IS,M("DR) U/lr,M(‘/’R) L, As, m U/is,M(‘PR)

* or ** indicate either creation or annihilation operators ( “daga” or “nothing” ).

Particles - Antiparticles , Creation - Annihilation. See the second citation in Appendix D.
.}.

Observe that the expressions in the definitions (4.1) or (4.2) of U Bsm asa creation operator of a particle and of U, M
as an annihilation operator of the corresponding antiparticle are formally (algebraically) similar (up to a minus sign); similarly
with:

UAT,M and Uy, U;,M and U, UAI,M and U, .
Underneath this there is a time opposition, and in relation to the ¢ parameter a +x difference. All of this in a Jordan Wigner
type transformation.

Also:

T — (_1\ym—1 T — (_1\ym—1
Ups =D 0 0 Uaa=ED"0 5 0

Now, the difference in the interpretation as creation or annihilation operators for particles and the corresponding antiparticles
comes from the space opposition in the ¢ parameter, a +5 ora -5 difference in a Jordan Wigner type transformation.
The (—1)""! factor is more subtle than the previous (—1) factor: it is the one appearing in formulas (2.6). For m

oddoreven weget a + ora — global algebraic factor.

and their adjoints.

These relationships can be summarized in:

Ul o) = MU @) = =[5 (@)l = =11 Up ()] - 4.8)

If we take m odd, we can distinguish them algebraically

Ul ) = -0t @) and Ul @) = Ul @),

1 with 7 and 5 with 3, through the minus sign, whosoever is the physical meaning of m.

Presented in this way, all these relations are only algebraic relationships. The geometry of generalized rotations underlies.

The definition of the e-product takes account of the above mentioned underlying geometry; this makes significant the
differentiation of these operators. We will refine these comments with the definition of the anticommutator structures in 2.
Relate this to the Pauli’s paragraph in the first cite in the Appendix D.
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FIG. 4: elementary fermions.

A representation of the elementary fermions in a time - space graphic in relation to four dimensional axes defined with the
values of A in (4.3):  Leptons ( <pR€ {0,2}), quarks ( goRe {{5.%1) and anunknown particle ( goRe {Zh.
An over-bar indicates an antiparticle in relation to  a time opposition, similarly with
an under-bar in relation to an space opposition (except in e, p),
both bars same electrically charged particle.
T forup-spin and | for down-spin.

Green, n. > 0 indicates weak interaction and Gray, n. < 0 without weak interaction; n, =0 with a special treatment.

12
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A.  Spin.
In order to obtain the eigenvalues of an spin operator for the different creation operators U ;rf Mo We define:
2 /1‘PR A2¢ Ap )
SmESmEsfl ERemR:( ()RO'ZRO R)m, 4.9)

with action in the m sites of the operators in (4.1) or (4.2). This operator for ¢, = 0 is just 0'51 . It acts over two types of
creation operators:

S, Ul = b Ul Are {43, +5) spinup 1 w1
s, Ul = hul Are{xl, £7) ; spin down |
In brief, this can be stated as:
Are {3, £5} : sign(n,) sign(n,) = +, spin up 1
for 4.11)
Are {1, £7} : sign(n,) sign(n,) = —, spin down |

except for charged leptons (n, =0 or ¢ € {+7, i%”} ), which can be considered as limiting cases in (4.10). Following formula

includes the cases:
—I<e<%: sign(cos ) = +, spin up T
for 4.12)

T<lpl<m: sign(cos ¢) = —, spin down |

for ¢ = +7 we apply directly (4.10). These last two values correspond to uncharged leptons.

The value of the spin does not depend of 7. Under opposition in the3-dimensional space or in the z-coordinate or in time,
we have opposite spin. It is worth noting that although this spin operator does not depend on #,, its action produces different
results which depend on the 7, value of the creation operator at the m™ position.

Formula (4.10) is relevant for different spin values at the same Cartesian points n, =0, n, = £1 , 7 = =1, but different
values of ¢ (charged leptons).

SPIN DOWN SPIN UP

n
+ - 3rn 7
‘P=¢’21 P4 Y

47, ()0—71'

FIG.5: Spin.



14
B.  Vector-spin.

Timeless; or opposition in space, point-mirror. The vectors-spin have a main role in the magnetism [24].

Let us consider the “tail” part (the terms with 1-to- m—1) in the definitions (4.1) or (4.2):

2 P! =)
(= [n(/IthR))E (R, (’DR)E (ROSDR (0% R, SDR). (4.13)

This formula for a given ¢, provides 4 different values, except for 2<pR: 0 (tr=0) and for 290R: 5 (n; = 0), for which
we obtain only two values (for each one of them). The = previous to a three dimensional semi-direction [n(2¢pR) gives us a

whole axis for a three dimensional rotation. The value 4 = —1 drives to an axis of rotation symmetric in n, to the one with
A =+1. Atthe same time, it represents a m-rotated axis over n, and it provides another two values. Then:

2¢
(L 5: (n(20) =( R, F)
opposite RED » M(M DU Sign(ny) sign(r) = sign() = + | (4.142)
(7.3: (-nC20), =R * ),
cL-9: (i), = ( RH)
opposite D s U sign(n) sign(m) = sign(d) = - (4.14b)
-7.-3): (-7C20)), =R * ),

Inside each bracket we consider the opposite signs, obtaining the couples (1,7), (5,3), (-1,-7) and (-5, -3).
With this feature we get the above mentioned distinction. Also, we have added a dependence in the value of the angle parameter
2¢, like the one we have defined with the electric charge.

Vector-Spin .

~ 3n
(p:+: _n” — =

—3—”f = \ :l:ill
e =0

5

Vi
Anannpnnnn

FIG. 6: Vector-Spin.
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C.  Chirality.

Opposition in time; or opposition in an n, space coordinate (plane-mirror in (7, n,)); or opposition in 7. Its main role in
the weak interaction.

Customarily, chirality is defined in a spinor formalism in quantum relativistic mechanics, with two values, taken as left and
right chiral. It is a concept closely related to helicity. Left handed chirality is also left handed helicity for massless particles, or
‘almost’ for ultrarelativistic particles. Sometimes its exposition is not clearly stated.

Tentatively, we conjecture an assignment for the definition of the chirality as function of sign(¢) (formula (3.7)) in the
following way, which we establish as a rule:

— = leftchirality [lc («)] for {1,-7,3,-5}

+ = rightchirality [rc (—)] for {-1,7,-3,5} (4.15)

sign(¢) = sign(n,)sign(n,) sign(r) = {

%’ } (charged leptons) requires a special treatment. We have a similar
3t —n} or v =n, =0 (leptons). We impose for them the

The spin of the particles at the values ¢ e {+%, +
situation with the chirality at the values ¢ € {0, £7, 7, +
criteria shown in the Figure 6.

(4.15) implies eight different combinations due to the time and space symmetries, four with the left chirality and another four
with the right chirality. We can establish a correspondence of these combinations with the eight different ones obtained with the
signs of the charge, the spin and the chirality:

sign(p) = sign(r) sign(n,) sign(n,)

- + - + —qle (D
- - + +  —qTe (-9
- - - - q e (3
- + + - qle 7
+ - - + ql- (1
+ + qt> (9
+ S I S G )
+ -+ - —al- (D

We have to pay attention to the fact that each one of the couples (1, -5),(3,-7),( —-1,5) and ( —3,7) have the
same charge and the same chirality, but they are already distinguished by their opposite spins inside every couple. We can relate
this with different helicities inside each couple. Include here the pion decay with the electron with left chirality but right helicity.

Right chiral

p=+ 7 n

FIG.7: Chiraity.
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D. Electrical Charge.

We consider different particles for different values of ¢, orof n, n, and 7 (n,) in a certain local reference
frame, related by some symmetries, not the concept of particles in relation to different frames with parity and time inversion
transformations.

Suppose that for a fixed value ¢, we have a particle with an electric charge q(gaR) and an up-spinT. We apply the

formulas (4.1) or (4.2), with the comments preceding formula (4.8). In this way we obtain the two separate columns that follow.
Also, for a given spin value we need both types of charges, positive and negative, neutrinos later; this motivates the opposite
charges in the corresponding row:

5 reference q(soR) ) ’ ) —Q(SDR) = q(—tpR) opposite T =5
3 opposite n,n, T q(t,oR -3 = q(<pR) T | T —q((pR) = q(—tpR +3) opposite n,n, —3

(4.16)
1 opposite n, q("DR _ﬂ):_q(¢R) l ‘ l q(tpR)zq(—(pR +m) opposite nT -1

7 opposite T qlp +3)=-q(g) I ' L alg)=a(-¢ -3) opposite n. -7

We establish a rule: we assign a minus sign when we do a 3-dimensional opposition, and departing with a + sign as
coincident with the sign(7), taken equal to sign(3d), we write the following relations:

sign(3d)

) } = sign(n,) sign(y) = sign(cos(2¢) ) sign(yp) . “4.17)
sign(T)

K(soR) sign(q(soR )) = sign(n,) {

Therefore

asign, ¢e(-F,-HU(-%-HU0,HUE, 1), or are{5-7,3,-1}
K(QDR) Sign((I(QDR ) = . (4.18)
an opposite sign, @€ (-m-F)U(-%, 0UE, ZUE ), or are{-57,-3,1}

with K(t,DR) ={+1,—1} asrepresented in Figure 8 (¢ =g =—¢g=1). Inthe points:

¢ €10, J_r’%, +n} or =0 (neutrinos) the value is q(goR: 0) =0,
pel{+], i%”} or n, =0 (charged leptons ) a value |q(<pR= Pl =1, and,
for b= & we consider the value q(¢R= 3 =0

There are more details regarding the value of the charges, with a formula for them, in Appendix B.

The following relations for various oppositions in time and space are implicit in this construction:

( 1’ 7) l q(_nta i’lz, T) = (I( ni, _nz’ _T) =
(_5’ _3) T = (I( Ny, Ng, _T) = (I(—”lt, —Hyg, T) =
(4.19)
( 5’ 3) T = _(l( Ny, Ng, T) = _Q(—”r, —Vlz,—T) =
(_17 _7) l = _q(_nt’ nz, _T) = —(I( ng, —Nng, T)

Now, we have to distinguish inside the couples (1,7), (5,3), (-1,=7) and (=5,-3). We do so by applying either one of
the following two concepts: vector-spin or chirality.

We start with the 1 or 2 positions for the reference electric charge. Writing with the symbol of the elementary fermion
an “over bar”, we will associate an opposite charge in relation to time opposition, and an “under bar” will indicate an opposite
electric charge in relation to opposite space or to opposite 7. If both “bars” are present, there is no change in the sign of the
charge with respect to the one without them. With neutrinos this notation will refer (imply) to opposite spins; for them there is
no opposition in 7 (T=0). Also with the ones at ¢ = §- For the charged leptons we add a rename: “positrons”.
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FIG. 8: Electrical charges.
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FIG.9: Weak interaction.
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E. Weak interaction.
We consider the elementary fermions as weakly interacting particles under the following rule:

{ 0<2¢|<3 [n >0], with weak interaction

. 4.20
F<Rel<m [n,>0], without weak interaction ( )

With the special treatment for |2¢| = 5 (n, = 0) (charged leptons).
Or with the vector-spin with 0 < |2¢| < 5 (rn(2g0R) and m(—2¢,oR)).

This is depicted in the Figures 7 and 10.
We also present the following summary:

. n . —
Angle Charge Spin Chiratllity vector-spin Inte‘r)gction

{ 5 reference ¢ q(<pR) 1 + 1C 2<pR w
3 opposite n,n, T €2 q(goR) T - lc 2(,0R - -
{ -1 opposite n,T —<pR +7 q(gaR) l - rc - 2¢R W
—7 opposite n, 6.3 q(goR) l + I - 2<pR +7 -
4.21)

1 it - - -1 2 W

{ opposite r, R (ORI c ¢,
7 opposite n, T N +3 —q((pR) l + rC 2(,0R - -
—5 opposite T A —q(ch) T + lc - 2¢R w
-3 opposite n,n, —90R+’§ —q(goR) 1 - rc - 2ch +7 -

With the developed elements we can not fix the positiveness or negativeness of the value q(¢ ).
values. We arbitrarily fix the sign of q(goR—zr) with the left chiral character at n,<0 , n,>0 and 7 >0 of our particles,

neutrino, electron, u-quark and d-quark. In order to establish this criteria, we have considered the massive neutrino, as a highly
relativistic particle, with its left helicity to have also left chirality, and the corresponding criteria for the antiparticles. Beneath,

semidirection of momentum coincident with the positive n, semidirection. This last assertion implies the local structure of the
time space, which we discuss elsewhere.

An interesting fact:

We have fixed the relative

for the ones with same charge and spin, we have a vector-spin and a chirality and their opposites:

g 4 (P, e (RF), w1
a1 (R >M1 <R el s .
) 1 () (R ] (5 |
) b (R e (R ) e

For every value of x considering the symmetries in { n ;s T ], we have the 8 possibilities depicted below (4.15):

2withnt X 2wil‘hnZ X 2witht ,

except for 7 = 0 (neutrinos) and for n, = 0 (electrons and positrons), although in a different way. For n, =0
the 8 possibilities. And only 4 for 7 = 0. If we characterize every particle related to a value of ¢, by:

the charge (+,—) X thespin(T, ) X the chirality (<, —) ,
we also have 8 possibilities (except for (,ORZO).

, still remain

And, with the type of interaction:

{ electro - magneto , weak } interaction .
In brief, in the present framework, we relate:
the symmetries of time space - the three physical magnitudes - the type of interaction .

In regards to the electric charge, a particle and an antiparticle are different types of particles. In a similar way, regarding the
spin, a particle with a charge and a spin up is different to a particle with the same charge and spin down. The electric charge
and the spin are invariants for a particle. The treatments of the vector-spin or of the chirality are different.

After these concepts, an important point is the distinction matter - antimatter, or (elementary) particle(s) - anti-particle(s) for
the neutrino family. The discussion on this subject is postponed to the corresponding section and to Part II.

If instead of chirality we look at vector-spin, im(goR), J_rm(—goR) ), we would have 2 x 2 x 4 =16 possibilities. But after the

conditions in (4.16) for the charge, which are related to the values of the spin (4.10) and of the vector-spin (4.14), they get a

reduction by a factor 2 (see the comment at the end of the vector-spin). This would not apply to ¢ =0 (neutrinos), which is
reduced by a factor 4.
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F.  Elementary fermions.

We suggest the following families of particles:

1) for every chosen value of A in (4.3) we have a different family of fermions:

a) Leptons: 1) wuncharged, ¢ = 0, neutrinos (1x2x2=4)
ii) charged ¥1, <pR = 7, electrons-positrons (2x2x2=8)
b) Quarks: i) charged ¥1, ¢, = Z, d-type (2x2x2=8)
ii) charged +3, ¢, = Z, u-type (2x2x2=8)

¢) Unknowns: uncharged, (,aR = % a-type neutrinons(?)  ((1+1)x2x2=2x4)

2+2+1 =5 types of fermions (4 in the standard model , 1 unknown) ,

2) toinclude the spin charge, up or down, drives to multiply this previous number by 2, a total number of 10. The addition
of the electrical charge, + or —, multiplies this number by 2 again, except for the neutrinos with their zero electric charge.
Finally, with the inclusion either of the chirality, left or right, or either of the vector-spin (these properties overlap), there is
another 2 factor. With these properties we get a total of 36 different creation operators,

3) defining an elementary fermion as a particle constituted by the creation operators with the same charge and spin but

combining opposite chiralities or opposite signs in two vectors-spin, we get a total number of distinct elementary fermions
(same charge and spin):

1+2)x2+Q2+2)x2+(1+1)x2=14+4=18 (14 in the standard model, 4 unknowns).

Up to this point, it participates only the electro-magneto-weak interaction. With the introduction of the QCD, color, we have

to multiply the number of quarks by 3. And adding gravity, again by 3, for all of them. Therefore, we have a total number of
distinct elementary fermions:

[(1T+2)x2X1+Q2+2)Xx2x3+(1+1)x2x1]x3=90+12=102 (90 in the standard model, 12 unknowns),
At this stage it is not possible to consider the flavor. Neither we deal with the color.

4) we consider these fermions as “flipping structures” as they evolve (| and 1, ) in the time space:

2¢R 2<pR—7T
vl oronul with CIL 1,07 L m
’ ’ _sz —2¢R+n
(ol ror vy o with (5T 0 15T
20, - (4.23)
cul roarul with CST B 3T
’ ’ —Z(pR 2<pR+7r
VAP R VLS with AT AT

This scheme has to be modified for neutrinos, goR: 0.

In order to prove the statement in 4) we need two more ingredients (there are elements of this in 2):

i) to introduce the action of rotations and boosts over these operators, and
ii) to develop a formalism based in 7y-type matrices.

Even so, in the following sections we will name particle to every creation or annihilation operator,

5) weak interaction.  They interact under it with the part of the different particles for which n;, > 0, with a special
treatment for the charged leptons n, =0,

6) anomaly cancellation:

+3x + + o F L) =0+3GE+3H)+1+(0)=0.
g =0 (q@R= S q(ﬁf %)) -1 (q(szg)) G+3) )
Similarly for the other 7 sectors in the variable ¢:
<P FMp<-T I<p< T, FT<p<0, T<p<i | I<p<¥E | T cpan.

Besides the electrical charge, there are global cancellations in the spin, in the vector-spin and in the chirality. All of this due
to the symmetries in the time space underlying our construction of the creation operators of the elementary fermions.
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G. Anticommutators for the creation and annihilation operators.

With the product defined in (4.7), the anticommutators are:

O _ R G s oo
{U/lr,Ml ’ U/{S.Mz} = U/lr,M1 ® U/{S.Mz + U/IS,MZ ® U/lr,Ml ’ (4'24)
which they are, for:

. r=s . % P _ % sk
my # my; SRR  (FOVIED UV S | UV Uy (4.25a)

. e * PR _ * o
m=my=m; r=s; {US 10 A= Uk U (4.25b)

I

mp=my=m; o r#ESs; { Uoas U;;jv(} = Ut Uiy + U lasarn Uy - (4.25¢)

The values of these anticommutators can be expressed in a similar form to (2.11):

{Uﬂj:Ml é U/ls,Mz } = 6mlm2 6rs 1
; ; l , (4.26)
{U/lr,Ml : U/lS,M7 } = {U/lr,M| B U/ls,Mz } =0

Ae{+-}, {rns}={1,3,5,7}, or {r,s}={2,4,6,8} and {m,my}=(2,...,N}.

To obtain these values we have used the results of subsection III-A, where in all of them we apply (3.12), and by using (3.14)
we get:

{U* {U**

M, A Mo } =0 . with my £ my .

The ones with m; = my = m are implicit in (3.11). These results follow the sketch:

for r and s equal or different (any m; # m, , Y{r,s}):

AP N N N Z(_ 2y = (2 __
) oL ol = (-0d) (o) =1y, o (- 0%) O'k)of 1y
B) ol ot = —otol =0t = {02, ot )=x0f F0t= 0Oy
m m m m m m m m m

and for (m; = my = m):

yr=s a (H2 =0y = {(of,0F) = 0y , 4.27)
+ —
by Ao, .,o0,} =1y
=z
+ F _ o _ + 2 F _
o)r+s a o, L o =signlr-s) o, R()m o, = Oy
+ + _ _ + + + + + + _
b) O I/ir/ls,m Om =" 0p I,is/ir.m O = O I,{Ms,m T + O I/ls/lr',m Om = On

a), ) and y) correspond to the Jordan and Wigner transformation.

Comparing the anticommutator relationships satisfied by the operators in (2,11) (beneath is (2.9)) and these new ones in (4.26)
(up to the introduction of the momentum p, and dropping the m), we observe certain parallelism between them: with both
we can interpret the existence of particles and antiparticles and spin up and down. And, important differences. (4.26) with
previous concepts (charge, spin, vector-spin and chirality) add the following intrinsic novel features to the creation and
annihilation operators of the particles involved:

1) anticommutators with an infermediary product,

2) electrical charges get their discrete values with specific values of a geometrical parameter,

3) spin: with only two values, denoted as up and down, which are related to time and space values.,

4) vector-spin, also depends of the specific value of a parameter. We can relate it with the chirality. Both of them manifest
a sense of opposition, taken as (left , right) and as (+ , —) as a (partial) convention, and with

5) relations (4.23) set our elementary fermions as having both vectors-spin and chiralities “at once”, although with n, = —1
and n, = +1. Anticommutators have to be modified to include a formulation with the y matrices,

6) the neutrino family satisfies the Pauli’s exclusion principle. Similarly the charged leptons. Also the rest of the elementary
particles, but in two separated sub-families (with 4 = +). In the standard model we impose the antisymmetry of the operators of
all the fermions, and then, the Pauli’s exclusion principle is guaranteed.

Point 1) implies a subtle distinction involving the geometry and the particle - antiparticle interpretation (equation (4.8)).
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B) SPECIFIC FERMIONS.

V. I-1) LEPTONSI: NEUTRINOS. goR =0,
t2¢ } 210, w}h. (7=0, {n,n} € {+1,-1}).

Creation and annihilation operators (Figure 11 in Appendix E):

We define the following neutrino creation and annihilation operators:

0 n n
VT VieE(0f) (R emmehR, )
T s el
v Vin=(09) (R CmehR, 7).
0 T . (5.1
V1 VASME(O—Z)MI( m- o™t )m

T

v Vig=(-o9) ( -wet )

With the no dependence on A we have another important consequence: we do not need to define the neutrino or the
antineutrino in the sense of opposite electrical charge, as they are determined by the spin. Therefore, we have two distinct
particles, but not characterized by their equal or different electric charge, which is zero, but by their opposite spins.

We summarize the particles obtained with this value ¢ = 0 in the following table:

Charge Spin vector-spin Chirality

A Particl
' @ (@ Qo ) artiete
0
V<_ 0-mi I
=70 ! 0 < jr - e down neutrino
-
7 F§ 0 l n — Vi zmirc )
0
-
+5 0 o0 ) 0 — V41 0-mi rc . .
p up antineutrino
b
3 +7 0 T bl — Y T m-mi lc
in brief: V,V for neutrino (spin down | ) , V, 'V for antineutrino (spin up 1)
0 electric charge; 0,7 for the vectors-spin; « , — for a left or a right chirality .

It is interesting to pay attention to:

m—1
a vector-spin  RC = o% = s, both chiralities,
p €, M~-1 ( ) M-1 kl;II k
m—1
. ﬂ _ Z _ Z . ..
a vector-spin Ré’,M_l = (— o )M_l = k]:II(—O' )k s both chiralities,

a chirality both vectors-spin, one and its opposed one, (-2)

the value of the operators do not depend of 4 : the A in the sub-index can be dropped,

VJM: =D V77LM = —[Vspl = —[(=D" V3 1.

The fifth line in (5.2) is a particularization of the formula (4.8), with the substitution of the “U” by the “V”; in this way the
comments previous to (4.8) are pertinent here. But with some modifications, which we will treat in 2.
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The number operators are :

N =V Vo= (R ot R, ) () =(5). r=d
rm = Vo Vi, ((T+Cr_>m:(g)m’ F=3.5) - (5.3)
they satisfy
Now Vo = 1V e Niw Vit = 0V,one
1-N,, = Vou Ve N,, (1 -N,,)= 0. b

with r€{1,7} as neutrino, and we represent them with the symbols 'V , ! , and spin down

We denote 'V, —
with € (5,3} as antineutrino, with the symbols 'V, 'V, and spin up

in space, represented by an under-bar

Anti = opposite spin, in the sense of opposition o
in time, represented by an over-bar

The elementary fermions obtain the anti character in terms of oppositions either in time n, or either in R? (r (n,) U n,);
these two also imply opposition in spin. A third way with the opposition only in 7 (n); under this one the spin does not change.

Neutrinos do not have this last possibility.

Anticommutators for the creation and annihilation neutrino operators.

Using (4.27), these anticommutators, can be written in a similar form to (2.11):

0 T 0 n
— — P —
T _ i _ T _ i _
{VI,M P Vl,M} = {V7,M 5 V7,M} = {VS,M B VS,M} = {V3,M B V3,M} =1 P
Any other anticommutator is zero:
* * * *
{Vr’M:Vr’M}z{Vr,M,'Vr,M}: 0, (r=s,m=m=m),
* *%
{Vr’M: VS,M}z 0, (r#s, m=m=m), (5.6)
* g k% * k%
{V"»Ml:VS,Mz}:{Ver ’ VS,Mz}_ 07 (ml:'th)»
Peosde {7, 7, Ar, s efl, 3,5, 7, {m,m,m}e{2,..., N}
Departing from the comments after (4.27), we write three specific points for neutrinos:
1) V.,V operators with only spin down, and V.,V operators with only spin up.
The spin is intrinsic (incorporated) in a singular way,
2) depending on a specific angle parameter, we have here:
vector-spin (2<pR): 0 for =0, n,= 1, n,==x1, and
T for 7=0, n,=-1, n,==1,
3) chirality: left for =0, n,=+1, n,=-1, and
right for =0, n,==+1, n,= 1.
And a presumed:
4) even with 7 =0, there could be non null ¢’s in our definitions (in mT and in Rz% in (5.1)), with a reminiscent
role of the one with the ¢ angle in {(iﬁ, 37”), 1’5’} , but now with expected 3 values due to the 3 generations.
0 0
— —
We suggest: 'V | and V 1 interact under the electroweak interaction. Forthem 7=0,n,=1. And:
g g , 2 7
(Vim b Vo0 with (Vi 1.0 Viowm 57
0 Vs ’ '
0 ¥ . o <
<V5,MJT71L ,V3,M> with (V1,1 YT M

so that in a first attempt, this could represent neutrinos (spin down) and antineutrinos (spin up), each with both chiralities and
vectors-spin, evolving in time space. In 2 we will explore the reason for observing only a particular helicity for each one, even
with both chiralities.
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CHARGED LEPTONS e,p (@ = ;—(]

FIG.9: Charged Leptons.
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T

VI. 1I-2) LEPTONSII: ELECTRONS AND POSITRONS. ¢ = 4
R

{ZQDR}_){—F%,_g}- (I’lZ:O, {nhT}e{-I_l’_l})'

Creation and annihilation operators (Figure 12 in Appendix E):

Nk (o), (e et ) [
S T L o
et leril( ) (wer),  |m
pr o eRble) . (et) R
et eI e) . (e IR
R AN S U Gl I L ¥ o)
et =l (o), (e o) R
P e o), (o) IR

Observe that ) is a label for € . Therefore we relate  { POSITON f-{;lg;;g;l (anﬁ-anm-{ positron

The electrons and the positrons have opposite electrical charges with a geometrical correspondence, in the sense of time or space
oppositions; this last one meaningful in R? (r U n;) and also in R? (7).

We summarize the particles obtained with this value ¢ = 7 in the following table (particle - antiparticle):

o Charge Spin vector-spin Chirality

Ar Particle
@ @ 2¢) () .
1 - 1 z el rmil
-5 - 5 — { 5-mi Ic
4 L 2 ap G down
ﬁ
7 o -z - 1 — Z-mi rc (anti-positron
4 L 2 p P (anti-p ) electron
5 -1 1 1 x e —rmil
- - - -3 — €1 —Zmilc
/2 up
v - . . .
-3 T -1 T 3 - p 1 5-mi rc (anti-positron)
/2
%) H . .
5 i 1 1 3 - e 1 Z-mi rc (anti-electron)
-n/2 up
— )
3 % 1 ) -3 — p 1t —5-mile )
—_ap2 positron
_)
- 3n _z — T mi i-
1 A 1 ! 3 — e i/z 7-mi rc (anti-electron) down
—
-7 - 1 | z « p 1 Zmilc
e, € for electrons , 15 , P for anti-positrons ,  with negative electric charge
In brief —_ - _ )
e, g for anti-electrons , P, P for positrons, with positive electric charge
7,1 forup ordown spin ; % , for vector-spin ; « , — for aleft or a right chirality.

Anti: either an under-bar or an over-bar to represent an opposite electrical charge.
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After (3.1) and (3.3) with the value ¢ = 4 and also with (4.8):

T T I m—1 n _r n m—1 I I
2 _ (R4 IR 4 = I _7np 4)_Rpt z i _(_Rp 2
R =(Rio*R, )M—l_ k:l(Ro R, )k_ R; (k=1 o )R, =(-R, )M_l, both chiralities,
-3 ~% zpi L S, i w2 ~3 3 B
Re,Milz (Ro ‘R, )M—1: k:I(Ro ‘R, )k: RO’ZW1 (k];[l(—O' )k) RO’M%: ( -R, )M_] R both chiralities, 63
for a chirality there are both vectors-spin, one and its opposed, (here, only two vectors-spin),
L= e = = LD L de =t T =0T (Galgebraic equalities).
We apply comments in the same line to the ones previous ones to (4.8) or as we did after (5.2): the expressions of / js- M and

of [ M are formally the same (up to the minus sign), also with: |/ jl- moand Lyl ; moand Ly, 1 ;3( m and Ly
This is in accordance with an interpretation as creation and annihilation operators for particles and antlpartlcles involving oppo-
site signs for the time part in the corresponding Jordan Wigner type transformations. Similarly, for the terms which differ in a

factor (=1)"~!, under opposition in space.
Now, there is something genuine, the expressions of [ T and of l_T /17 are formally (algebraically) the same, but the

BM
distinction here is based in the spin and in the chirality. Both of them have “n, = +1 and n, =0, but different values of the
angle variable ¢: Aﬂ'* - (A5 (geometry), different spin: T a5 and different chiralit - (physics)
g P -k, (A ETERY P Y e - (Physics)

¥

M= =0 T ). For details in the spin see (4.9)-(4.12). This will permit

Same reason for the values at (3,—1) and (-3,1) (

us to obtain more anti-commuting relationships.

The number operators are :

A(Z+€d) _. —AE+€k) Az _ -1z AZ v A%
( o' 7 oto R, * 2 )m= (R()4O' 0'+R0 ! )m: (Rr)ﬂl oR, * )m’ r={L7}
N, =1' [ .= , 6.4
Arm= "ar M "M Az o —AZ AZ A AT ©4)
(Ro o R, )m: (Ro TR, )m’ r=1{3,5}
they satisfy
Norm l;M =1 l/lTM ’ Norm b = 0 Lisms
+ (6.5)
1- N)r,m = lﬁr,M l/lrM > N/lr,m (1 - N/lr,m) =0.
Anticommutators for the creation and annihilation charged lepton operators.
Using (4.26):
7/2 -/ n/2 -n/2
. €<— - —— —
for: { B { T B T (6.6)
i _ [T _ g7 _ T _
{l ILm’ ! 1,M} - {l Im’ ! 7,M} - {l S5,m° ! 5,M} - {l 3Im’ ! 3,M} =1,
—n/2 /2 -n/2 /2
. e - A E — _
and for: €\ pl €1 pt (6.7)
T _ _ _ _
{l—l,M’l—l,M}_{l—7,M’l7,M} {l—S,M’l—S,M} {1—3,/\4’13,/\/(}_1’
The other anticommutators are zero:
I
{l;:,/vl : l;:,/v( } = {l/;rk,M ’ l;,/v( } =0, (r=s, m=m=m)
{l;}Mél/lf%}z 0, (rs, m =m=m , (6.8)
I
{l/;:,Ml : l/;.:j\/lz} = {l/;:,M] ? l/lﬂ;j\/lz} = 0 ? (ml ;é m2)

{e,xxfe{“T” , “ 7y, Ae{+,-}, {r,s}e{l1,3,5,7}, {m,m,m}e{2,..., N}
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We still have to evaluate the anticommutators of the operators with Ar (positive - negative) with the operators with A’s
(negative - positive) (A" = —A):

% I sk ] sk sk %
{ l/lr,M1 : l—/IS,Mz } = l M, I/l/'(—,{_y),m Z—AS,MZ + l—/].S,Mz I(—/ls)/lr,m l/lr,M] ’ (6'9)

both, {r,s} , {m;,my} equal or different, and 1,5, generalizing (3.10), verifying: sign (Ar—(=As)) = —sign ((=As)—Ar).
A

Nl
—aMT s me

T
! am>

With the last algebraic equalities in (6.3): M=

we only need to calculate the anticommutators:

{ [ g M, é l_’;?’ M, } and { l AT’ M, i l_ﬁ’; Mo } with the definition (6.9). We also use the following algebraic equalities:

A

NN
NN

7
FA3

NN
NN

s
4

NN

¥ +1 +1 +1Z _FA +A FA
R, TR =RIR, 2R IR = R P 0ER, = —oF
FAZ +1% +1T  _FAZ +1Z  FAZ +1% FAZ
R, motR, =R,“R,"2 mm o R, 2R, 4 = R Fmto R,
FAZ +1Z +1T  _FAZ +1Z  FAZ +1Z FAZ
R, mto R, = R,“R,"2 mto™ R, 2R, 4 = R, “motR, "
Similarly to sections III.A and IV.G, we obtain:
PR A R 1 V=0 6.10
{ anM; —/ls,Mz} = { anM; —/I.V,Mz} - ’ mp # my . ( . )
‘ r=s
ATV =0, . 6.11
{ M —/IS,M} rs ( )

Again, comparing the anticommutator relationships satisfied by the operators in (2,11) and these new ones in (6.6) - (6.11),

we observe a close parallelism between them. Now the b operators with the ones with { e, g s ]3, p } and the d operators with
the ones with { é, €, D, ﬁ } (without the momentum p). Also, with the considerations after (4.27), we point out here:
1) as different to the neutrino case, we have for spin up two different charged particles (positive and negative) and the same

for the spin down; although the usual way is to consider that every charged particle can be presented in two different forms, one
with spin up and another with spin down,

2) vectors-spin, with the specific angle parameters:
g for "DR = % and ((,DR -7 = —% s with both chiralities, and also
—g for <pR - % = —% and (goR +7) = %” s with both chiralities,
3) charged leptons are unique in the following sense: they have anticommutators for operators defined after ¢ =7 with
the ones after ¢= —%, = -4 (up and down spins). No need of this for neutrinos: they do not depend on A.
/2 —n/2 /2 —n/2
— — — = — . . )
We suggest: { e.,e } and { er,e | } interact under the weak interaction. And:
electron , anti-positron
/2 -n/2
A Al ith eT 1.0 pT
A R A wi (e 1. pLom
—n/2 /2
AP O T A with €T h.1 P
-S5.m 7 -3, M = ’ M
, (6.12)
anti-electron , positron
/2 -n/2
A S AN ith €T 1 pt
< 5,/\/( s 3,M W1 s B M
-r/2 /2
oo ) with e7 1.0 pTH
-1,m " =T, m = ’ M

represent electrons and positrons with different spin (each couple with the same spin), flipping their vectors-spin and chiralities
as they evolve in time space.
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VII. 1I-1) QUARKSI: 4-QUARKS. ¢ = 12
R

{ZQDR}_>{[+%, _%]a [_%’ +%T]}

Creation and annihilation operators (Figure 12 in Appendix E):

/6
dT a1 = R [ 0F)  (RoPem™ o "R, )[R,
_—57r/6 . . . .
dV ad =R (), (RO R, R, .
_ 7/6 . .
d 7 gl =REN(e)  (wer) RS
_<5—7T/6 T s
d 1 af = Ry [(-o%)  (emmot) | R, )2
-/6
—  — _n .
d 1 =Rl [(0F) o (wmet) Ry
57r_/>6 . .
d 1 q_T3’M = R, l(_O—Z)M—l (-m= o™ )m | R,2 .
-7/6 ’
d v 0l = Roy [(0F) (RoPem™aR,) R
—_ 5<ﬂ6 b s bid T
d | a') = Roy [(=o%) (R Cm™a™R, ) R,

And, attending the particle - antiparticle scheme:

Charge Spin vector-spin Chirality

Ar Particle
@ (9 (2p) (@) /6
ik
I z - d 5¢ 6 gmile |
7 Im _1 l B, - Ei_f/ — 3% _mirc
12 3 6 = /6 6 d-quark
—
-5 -z -1 -z “ d1r —Zmil
576 up
-3 %r _ % 0 56” — d 1 %”-rni rc
_
5 £ L 1 N d + Z-mi rc
_ 5z 1 S — 3T _mj
3 12 3 1 3 - C—Z_”/T6 g -milc d-antiquark
_)
-1 4Ly -z - di —Zmirc
2 3 6 “ 6
s1/6 down
Ty —
-7 -E 1 51 - di  Zmile

. . - . . . red color (d, d) for negative charge d-quark
with anti = opposition with opposite electrical charge: —= .. . ,
blue color (d,d) for positive charge d-antiquark
(%T , ), (—% ,=~) for the vector-spin. We start with the 1 position for the reference d-quark ,

these quarks are separated in two families, the ones with A = +1 and the ones with 1 = —1.
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In a parallel way to previous sections:

z L _x L m=1 I
Rg’M_l = (R(‘f IR 12>M_1 = RO"ZZW_1 (k=1 o—i Ro,ﬁ_l , both chiralities,
_sn s m-1, I _n o m=1 I
6 _(_R6 _ 12 (_ 2 2) _R 12 _ 12
R, ¢ =(-R¢ )e,M_F il (R (o9 R, )k_ RS2 I« o%), )R,12 . both chiralities,
_z _z n e | .
6 2 ZR12 12 z 12 ot
R,® =(R,2 c?R} )M_l = R, 2 (k:l o JR,2 . both chiralities, 7.3)
o _z m=1, _I& L L m-l Z
6 _(_R 6 - 2 (_, 0 R12) =R 12 —g2 12
R, ¢ =(-R, )‘—’vM—l_ 1 (R, (09 R} )k_ R, ( Mo ), JRo2,_.  both chiralities,
for each chirality we have the four vectors-spin,
G = CD" a = ~Taispd = — 1D g0
The number operators are :
AL+es) _—A(5+€d) A5 -AL A5 v _—1%
: (R, 7 7eteTR, ) =(R,P0Te R, ) =(R,7 R, ) L = (LT
N/lr,mE q,lr,/\/[ qxlr,M = b b b T : (74)
/1]*,, + - _/117" /lﬁ A _/lﬁ
(R, o*o™R, ) =(R,7 o R, ) | r=1{3,5)
They satisfy
oo 7o _ )
N/lr,m qxlr,M =1 q/lr,M ° N/Ir,m qﬁr,M =0 q/lr,M ’ (7 5)
1 _ler,m = q/lr,M q/l—i-,M ; N/lr,m (1 - N/lr,m) =0.
Anticommutators for the creation and annihilation d-quarks operators.
With (4.26): /6 /6 ~57/6 ~57/6
for: dT 3? d T d T (7.6)
or:
{61T q }={qT q }={qT q }={61T q =1 '
ILm T Iom S, M1 5, m IIm> 1, 3Im 1 3m ’
i -6 57/6 5a/6
and for: d 1 dl d 1 d (1.7)
T _(, T _,T _,T _
{als v aos b =1y yeamad =Hals o as i =lals a0 = 1
These other anticommutators are zero:
I
{qf:,M S dim } = {‘1;,/\4 > dirm } =0, (r=s,m=ms=m
I
{q;,M P } =0, r+s, m=m=m . (7.8)
I
{‘I;,Ml : qztjv(z} = {q;M, ’ q/ltj\/{z} =0, (my # my)
The main differences with previous cases are:
1) given a chirality (sign of ¢), the vector-spin of the quark with a spin is different to the vectors-spin of the quarks with

the other spin, also opposed to the vector-spin of the other quark with same spin. Similarly for the antiquarks. Four values for
the vector-spin, two values for the chirality.

2) vectors-spin, with the specific angle parameters:
Z for ‘pe{l”—zzgoR,—%}, and 2 for {-2,3}  witha{rc,lc} chirality, andalso
-Z for pef{ -5, 4}, and =2 for {J%,-3Z},  witha {rc,Ic} chirality.
go g
We suggest: { di,d 1 } and { dt,d | } (n, > 0) interact under the weak interaction. And that:
i i : < _—
Cal b0 with (d 11, 0d T wm
’ ’ -n/6 57/6
i i - 7 7
(als  Motaly D with (d 1 BoAdt
’ ’ /6 ~51/6 , (7.9)
i i . i <
Cag 01 a3 ) with (dr 0.1 d 1 wm
’ ’ -n/6 51/6
o g ith A7 1.0d7 )y
Ca_yp oI ag, Wi = ’ M

represent d-quarks and d-antiquarks with different spin (each one with the same spin). Also each one with both chiralities and
two opposite vectors-spin. With different spin different vectors-spin for both particles and antiparticles.
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(20} = ([+5, 21, |

II-2)

QUARKS II:  u-QUARKS.

T

3 b

Creation and annihilation operators (Figure 13 in Appendix E):

w

/

—

l
2

—

<

3

N
~

N
w

/

—
1
T
(—

1

N|

[\
~
w

I<

<
|

<
ﬁlg

<

N
*Ti:

T oZ Rpo
qz’MzR()M a
TR
0= Ry [(-07),,
_ RO z
q6,M_RVI[( O-)M]

And, attending the particle - antiparticle scheme:

Ar

-8

with anti =

T
z,

M-1

Charge Spin vector-spin Chirality

(¥

Sn 2
6 3

2n 2

3 3

_= 2
6 3

n 2

3 3

T _2

6 3

_r _2
3 3

S _ 2
6 3

2n _ 2
3 3

(¥
l

!

)

T
3

wly

wIx

wl§

|
wIN

S
B

opposition with opposite electrical charge:

() Particle
¢ /3
«— x . 1
— u | Z-mi Ic
o3 3 down
—_ ) .
- U | —Z-mirc
— 1 : u-quark
— .
— ur - g—ml Ic
/3 up
4 2 .
— u 1 &-mi rc
/3
—_— .
- u 1t ’31-m1 Ic
213 up
by 2 il
< %_ﬂ% T3l u-antiquark
e . .
— u — Zz-mi 1c
727{/3 3 down
& 5 .
— (7 ?”-ml Ic

() | R em” o R, ) R

(%), (RS O™ )R, ) [y

=71
"6

+21}.

( m- a'+) ]R;{g
(cmmot) RS
( m ‘T+)m ]R()EM
(cwmo*) R,

ko [(oF), (R e o r D) [k

[(-o7) I(Rfﬁ( n ot R, ) R,

{ blue color ( M,E) for positive charge u-quark

red color (I, U ) for negative charge u-antiquark ’

they are separated in two families, the ones with A = +1 and the ones with 1 = —1.

), (—% ,=) for the vector-spin. We start with the 2 position for the reference u-quark;
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In a parallel way to previous sections:

Rg,Mil = (Rg ‘R, G)M_l = RO?M—I ( il O-Z ) Rojlil , both chiralities,
_2 z m-1, X _z n m=1 _z
3 _ 3 _ 6 6) _R 6 6 T
R, =(-R; )&M_l_ ! (RS(-09) R, )k_ RS kr:[l(—ch)k )R, .. both chiralities,
R - (R_% oZ R%r) _ R (ﬁ1 oZ )R%r both chiralities
€, M-1 0 )y Om-1\ 1 Tk 0,M-1" i (8.3)
2n _z m-1, _7% s _z m=1 s
- - 6 6) —R_6 6 Tt
Re,i}_l— (‘ R, )ewM—1_ ! (RO (-0 RS )k— R, ( kljl (—o-z)k ) R, . Dboth chiralities,
for each chirality we have the four vectors-spin,
Gpp= CD" 0= = [aopd = D" g0
The number operators are :
AC+eD) o —A(E+ed) A5 _ L -Af AZ v A%
(RO © PoteTR, 7 ) =(R012‘7 TR, )m= (Ro( o R, ()m’ r=1{2,8}

Ny = %im 9m= 1 mA . ) (8.4)

AZ -1% AZ -A%
(R,"o*o™R, ") =(R,C R, C) L r=14.6)
They satisfy

i T :
Nrmqr :1qr ’ Nrmqr :qu ’
arm Larm M arm Larm M (8.5)
1- N}r,m = qxlr,M q/lr,M ; Nﬂr,m (1 - N}r,m) = 0 N
Anticommutators for the creation and annihilation u-quarks operators.
With (4.26): /3 /3 ~21/3 Y%
«— —_— I «—
for: u .\ u~r u -l u (8.6)
_ T T _
{q aom 4 2M}_{q 6, m” 4 6M}_{q 8,M’q 8,M}_{q 4,M’q 4,M}_ L,
-/3 -r/3 2r/3 2r/3
— — e —
and for: u 1 u.\ ur u.\l (8.7)
T _ I, T [, T _
(a6 e 1ot =100 s o pd =10y e aig pd =1als poag il = 1
These other anticommutators are zero:
1
{q;,M ; %T,M } = {q/lt,M ) %T,M } =0, (r=s,m=m=m
I
{q;,M Y } =0, r+s, m=m=m . (8.8)
x 6 k% _ * ok _
{ q/lr,Ml ’ q/lS,Mz } - { q/lr,M] ’ q/lS,Mz} - 0 ’ (ml ;t m2)
We assume 1) above (7.9), and we add:
1) vectors-spin, with the specific angle parameters:
I for pefi= t,oR,—%‘}, and ¥ for {-%,Z}, witha {rc,1Ic} chirality, and also
-3 for pe{ -%, %”}, and —2?" for {23—”,—§}, with a {rc,lc} chirality.
2) the set of values ”2¢" are included in the set of values “¢”. Meanwhile for the d-quarks the set of their values ""2¢"”
are included in the set of values ”¢”" of the u-quark. It is possible that this has implications for the gluon structure.
© g D
We suggest: { uli,un1r } and { ur,ul } (n; > 0) interact under the weak interaction. And that:
/3 -2r/3
f i ith TR T
Cay B ag wi UL AT
-n/3 2n/3
t t : =< =
(ol 01y D with (L 1T
, , (8.9)
/3 -2r/3 ’
f ! th CUT DU T
< q6’M Jf,1L CI4,M > Wi > u M
-n/3 27/3
f f ith uv u
Caly o e aly 0 wi (W0 00

with similar comments as the corresponding ones for the d-quarks.
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IX. III) ?-NEUTRINONS. UNKNOWN ELEMENTARY FERMIONS. @ :%

9

R
s 3n T 3r
Creation and annihilation operators.
In order to avoid even more repetitions, we assume section VIII, with the substitutions:
4 4 p: £f — I I — 3 T, a3 g, g T
—
20 : x5 — =7, i%” — i‘%”.
Most of the comments in section VIII can be written here.
We summarize the particles obtained with this value ¢ = g in the following table:
Fe Charge Spin vector-spin Chirality Particle
@ @ 2¢) () "
2 n 0 T < T il
- Z — a 7-mi Ic .
8 ! 4 _n/a 4 down d — neutrinon
5 3 =7 L
8 ¥ 0 ! - — a i/4 — =-mi rc
6 n 0 n — 7 n .
z Z - a Z-mi rc . .
8 T 4 _31 /4 4 up d — antineutrinon
3 3 < m
4 - 0 T - — at —Z-milc
-n/4
6 -2 0 1 x - T mile
8 4 3/ 4 up ¢/ — neutrinon
-4 X 0 T & o T Femirc
8 4 il 4
2 Tn 0 b - b :
- =z -z — —Z-mirc . .
8 ! 4 3:/ " 4 down ¢/ — antineutrinon
5 3 < o
-8 - 0 ! T — 1 Z-mi lc
Two separated families, one depicted with a more solid color (1 = +1) and the other one with a stumped color (1 = —1).

We start with the 2 position for the reference a-neutrinon. We separate them into two families, the ones with 1 = +1 and
the ones with 1 = —1. Also, with the criteria of colors: A = =1 and 7 positive or negative. For these particles, we define
anti = opposition with opposite "spin charge’ in each family. For a value of the spin we have the two opposed values of the
chirality and also the two opposed values of the vector-spin inside each family. Over-bar and under-bar represent these new
oppositions with the spin:

T . blue color (Cl,a) with the spin down
( D ) vectors-spin — = .
red color (d,d ) with the spin up
- % 7 ) vectors-spin stumped blue color ( ) V&Tith the spin up ,
stumped red color ( ) with the spin down

every couple witha <« , — for a left or a right chirality.

It has been assumed a zero value for the electrical charge, because the other possible values i% (see Appendix B), in case
of existence, they would have been found experimentally. Also, they should interact weakly, including a W boson. More
important, the anomaly cancellation would not be verified. Or, including electrical charges i—é and i%, is there a non
interacting universe with ours, except for the gravity (dark matter), that overlaps with ours?. It seems fantasy.

A family (4=+1) would not weakly interact with the other family (1=-1), as this would require W bosons with zero electric
charge. Or, perhaps they do under a double W bosons interaction, one positively and the other negatively electrically charged.
This differentiates them with the neutrinos and charged leptons as they weakly interact through W bosons. Something similar
with the d and u quarks. Or, there are other uncharged bosons related to a Ay of the 7 type (this does not seem to be acceptable).

There is an important difference with charged leptons. With a-neutrinons we do not have anticommutators for the operators
defined after ¢ = § with the operators defined after —¢, = —3-

They would interact weakly, via the Z bosons, and electromagnetically (they have spin). The magnetic part is weaker than the
other interactions (strong and electrical) and the electric charge is zero; gravity apart. They would be like neutrinos, but without
the possibility of the interaction via W bosons. As a result of this, every one of the two families is isolated.

They would have mass (arguments for this elsewhere); and guided by the suggestive idea of the dark matter, these hypothetical
particles would have very large masses.
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Appendix A: C-Rotation and C-Reflection matrices.
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_[ cosg —singe ¢ -« [ cosg singe?
Ro (@) = (singo e cosp |’ Re (9) = ( sinpe? —cosp |-
{ 0 3 y_n2 T } L
1=R,(¢), ot =R, (¢) =R, (0), o =Ry (E) (Pauli basis).
-1 - -1
RS =R R RE - Y- R
RY = RYo? = o?R, ¥ RYRY =R P RY = o2
o? R ot = R,Y, ZRY 02 = R,7
det[RS ] =1, det[RY ] = -1
P P Pt 2 — 2,
R, R, =R, ™ R =rR RY=RY
PP —® 2 — 0
R,/ R/ =R, ™ Rf = Rﬁ Ro(p =R, =1
_ pfte @ op P P _ 2
R()] Re2 - Rel ' R, R, = R, R,” = R,
R R% = RT% E r -’ R =R -7
It is clear that:
5_o9=5_ (0 —e -3 5 _,¢=5_[(0 e -3
R =R’ 2= (ei¢ o |="Ro” R =R =4 ) |=-R’. and
+T 5 +T 5 T oz T oz
RO-RET-_{R, 2} =1 , ({R)2}=1, RO=_R¥T=g% |  RZRZ=-RZRZ=0%,
so that: z z RS
Réa(gb)z cosgaR8+singaR3 = cosg 1 + sinch(% = e?M0
e @) = cosp Ry +singRZ = cospol+ singR; =R, (¢) o
Acting over diagonal and antidiagonal matrices:
zooo-r I T (0 e\ (a0\(0 e\ (b0
2 2 _ 2 2 _ [V _
R, DRy™ =Ry DRO‘(eﬂ’ 0 )(0 b) et o) (0 a)’
z -1 T2 (0 -\ [0 mc\f0 e 0 md)
2 2 _ _R2 2 _ ¢ _
Ry AR, " =R, AR; = e ) (m+d 0 )(—e‘¢ 0 ) (m+c 0 )
in particular Ri%’ o2 R:L% _ Rig o2 Rig _RET - - 2
0 e e e
+Z ¥z +Z +Z i
R,? m~ o R+2 = -R,2m ot R,? = -¢ 2¢ =g = mto~
i7_7 g +I +I
R,? R:;z = -R,2mtc™ R, % = -¢ —12¢ ytot = mmot
R;—;”DR“r (-)D(-1)= REFF DRI = (~¢9) D (-c%) = D
RITART=(-1)A(-1)= ~-RITARY = — (-0 A (-0%) = A
o< diagonalizes R.(2¢) = n = n,0% +n,0* + nyo? = n, o° +TRZ :
2 cos2¢ sin2¢ e
REAR Y= RCRY = RER = RER, ¥ = R,” = i L P

sin2¢ e

—cos2¢



Appendix B: Fermions and various values of X Electric charges.

According to to the content of this study we propose the following classification of elementary fermions:

V:{0,£Z,7}),
Lepton families: g = { O, ;_T ( 2 )
R (e,p:{ig,i%”})
d+ {_|1’> »_577:’ l’?v 77]‘:}’ d— {_77‘: _L‘7 SZ ll'?} >
Quark families: p = {% , %} ( 20 120 12 12 2° 712 12° 12 )
§ (wei(-% -5 89, Ui (%5 1 3)
G-neutrinon families ?: ¢ = {3} {([@+:t-2.-% 2 5], [a- =22 2 7],

T n, © 2¢ — n
Pauli
Vo0 {£1) {0,+%,7) (0,7} (o) Jordan
T — Wigner
ep {1} 0 {£%,+£37) {7} (xR, }
a4 (22 (@) qana¥oadm il (ar iy (2 V[00aR]])
7 AN T S WA RO S S b ([ B0%+ 1R]])
U =8y qely (L efeZ ) efeZ) (2ot LRI

For V and U thesets {2¢} areincluded in the sets {¢}.

/s
Another way of viewing previous results is obtained considering a fundamental angle ¢ = — = 0.13rad.

multiples from -24 to 24, foratotal 2m7—interval:

0 1 2 3 4 5 6 7 8 9 10 11 12

0 l 2 3 4 Multiples of 3, with £
o - # §F 5§ - i - 35 ¥ % - 3

Vo - d+ ar u+ - € - u- a- d- - (V, V)

13 14 15 16 17 18 19 20 21 22 23 24

5 6 7 8 Multiples of 3, with £
- Im s m o _ . _ st In lUx _ .
2 8 3 4 6 8 2

- di ay ur - (©€p)

[
<
[
N

|

S
[

Similarly for the negative values.
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and its

Instead of the value ¢ = 2—7;, we can depart from a fundamental angle ¢’ = % = 0.26 rad. , and all its multiples from

—12 to 12, forthe total 2m—interval. Clearly this classification is in better agreement with the standard model. ~Afterwards

it could be added the value ¢.= g We write:
0 1 2 3 4 5 6 7 8 9 10 11 12
0 1 2 3 4 Multiples of 3, with ;—’
o 5 §F i 5 % AR T S S S
A% d+ Uu+ (p, ) u- d_ (Y, 2) d+ U+ (€,p) u- d- v

T

and a similar construction for the negative values. In the Figure 10 with ¢ = 7
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leptons with the even multipliers of 3y = % (0 included): k 3y =k g, k €{0,£2,+4, +6,8}.

. . . . . by
something still not clear about its existence or meaning: k'3 =k’=, ke {x],+3,+£5,£7}.

It seems that there are no elementary particles for the prime multipliers of , exceptfor2 and 3. The other prime multiplier

values can be introduced in a similar way as for the dand U particles, though they do not have the beauty of the symmetry of

the ones with the % value. And, overall, no experimental background for them, there have never been observed ié and ig

electric charges. For the rest of the values we consider the quarks. Again, the d related to some odd multipliers of %, and

the I4. to some even ones.

Electric charges.

Let us consider the angle parameter ¢ with the speciﬁed values: (,Dk =k —12 s with ke {O s 1 s 2 s 3 } .
T T
. < — = =.
Then: 0< ¢ < and ¢ € {(,ok }, except =3

Alsowith A€{-1,1} and ne{-2, -1, 0, 1}, we define the angles:

{/upk,n}z{/l(‘pfgn)}={9"k—”’ —‘Pk—g, sok—g, e e —t,ok+7—2r, tpk+7—2z:

Definition of the values of the electric charges:

4 n 4 k
For gefe )= {0 5 £ 5 q =My 2= Do g

3 which correspond to:

k 12
q :q:o, q :q :%’ q :q:—%, q :q:l'
k=0 v k=1 d k=2 4 k=3 ¢
General ¢ d@=qle Y=g =Asign(@™) (=1 ’g ,
k.n Ak.n
with sign(i™(?) =sign(™") =+ and sign(i"?) =sign(i"*V) = - . Also:
g(k. n,. 7) = sign(n,(¢)) sign(z(@)) (-D¥ & .
sign(7) = sign(ny) . /l(<pk+gn) implies the values of sign(nt) and of sign(7) . 7 =0 corresponds with k = 0.

We do not apply these formulas to what we have denoted as a-neutrinons (goR: 2

One more classification of the elementary fermions, with the value of the electric charge, in the following way:

V) Y=o quj_ro_o {-7.-5. 0.5}
e,p) goclzgok:S:g’ |qcl|:g;j:] {_%’_%’_%’ _% > %’ %’ %’ 1_”}’
¢ )k wetie (R

Blue color for positive electric charges and red color for negative charges. Black color for zero electric charge.

Remember that the spin of a particle does not change sign under parity, but here under 3d-opposition we have the antiparticle
of the initial one with opposite spin; this is not the case for opposition in n, (mirror in the plane [X, Y]).

Finally, we can establish the following rule for the appearance of the elementary fermions in the time space by re-
lating a sign for the particles with the positions in the time space and the symmetries in a local reference frame. We

. . . . sign(3d)
write the formula (4.17) in the form K((,oR) = sign(q(n,;, 7)) sign(n;) {Sign(‘r)

[change sign(q(n,, T))]x[change sign(n,)]x[change sign {((3;1))}] does not change our elementary particle (the charge and the

} . With our construction we have that

spin). So that there can be two changes at once exclusively. Neutrinos have a different treatment. More, later in 2.

Care should be taken that in this study we are not applying the CP7 symmetry concept. We are not studying the interactions
in relation to the combination of C, # and 7. For this, see Perkins or Bettini with the interesting case CP = —1.
Here we interpret, for any elementary fermion, the necessity to have a C = —1 or P = —1, but not both at once, if at the same
timeitis T = —1, for one elementary fermion in its local reference frame.
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e electrons, ® positrons

-

8
(4

® v neutrinos
W int.
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Spinup: T 7

Spin down: ¢
Left Chiral: «

Right Chiral: »

Exterior circle nt=+1

Particles: Larger disks.

FIG. 9:

d - quark
® u - quark
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| Interior circle nt=—1

[ Antiparticles: Smaller disks.
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Appendix C: Vector-spin, chirality and weak interaction.

0 Vectors
5 2 z z f the 3D-
(pR 12 8 6 4 0rotai:ions
Weak Interaction.
2[ ¢ ] 2(,0R [right chiral] A
‘ 0§ I 1 3 =R, .
2] (‘PR— )] [left chiral] P
2 [—‘PR] i i i i . —2<,DR [left chiral] P
2 (o — 5 "1 ~3 3 n=R, oht chicall A
[ (‘PR m] [right chiral]
without Weak Interaction.
’ x 2 — ight chiral] P
[ (<PR+ i)] i = = _x s —[n:Re(PR n [rig tc.1ra]
2[ (g, 2)] [left chiral] A
2 [—(<PR+ 5] o . ” i . R—290R+7r [left chiral] A
2[~(p - 5] o 43 2 TR [right chiral] P
Mirrority (2¢ )

P = particle, A = antiparticle.

Green color:

Red color:

fundamental elementary fermions as particles.

fundamental elementary fermions as antiparticles.
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Appendix D: cites.

About the Jordan Wigner transformation. Pauli’s Selected Topics in Field Quantization”. (1950-51) (page 7).

iR

We will now quantize the amplitudes and, indeed, since
we know empirically that electrons satisfy the exclusion
principle (there is also a theoretical basis for this 2), we will
follow the scheme given at the end of Section 2. This
invention (by Jordan and Wigner 3), is very useful although
its physical meaning appears to be obscure: the sign of an
expression in the amplitudes becomes dependent upon the
normal modes.

About the creation and annihilation operators. ~ Pauli’s ”Selected Topics in Field Quantization”. (1950-51) (page 4).

113

Formally, if one introduces

{a,a*} = aa*+a*a=1, a’=0, a*2=0, [2.10]
then one obtains as solution
a= (O 1], a* = [0 0]. [2.11]
00 10
Furthermore, if we set
N=za*a= (0 0], [2.12]
01
then

1—NEaa*=(1 0],
00

N1-N)=0. [2.13]
This corresponds exactly to the exclusion principle. Note
that here, in contrast with Bose-Einstein statistics , com-

plete symmetry exists between a and a*, and Nand 1-N,
respectively.

EE)

Appendix E:  Program of the studies containing this research.

On the fermionization of the XYZ spin Heisenberg chain (algebra).
(2022) https://eprints.ucm.es/id/eprint/72882/ Study -2 )

The JordanWigner transformations and the fermionization of the XYZ spin Heisenberg chain. Algebra, geometry and physics?
(2022) https://eprints.ucm.es/id/eprint/74550/ Study -1)

A tentative model of creation and annihilation operators for neutrinos.
(2021) https://eprints.ucm.es/id/eprint/65151/ Study 0)

Expression of the 3- and 4-dimensional vectors in total polar exponential form.
(2021) https://eprints.ucm.es/id/eprint/65825/ Study I,1)

Vectors. Dimensions 4 and 8. (2023) https://eprints.ucm.es/id/eprint/76327/ Study 1,2)
Geometry of the time and the space. Study 1)

Geometry of the symmetries in dimension 4=(1H1)+°“2”], and general Time-Space-Spin vectors.
(2023) https://eprints.ucm.es/id/eprint/76328/ Study 1I)

Geometry and Physics of the Elementary Fermions. (On pride of Jordan Wigner Pauli Weyl Dirac). 1.
(This study). (2021) https://eprints.ucm.es/id/eprint/69295/ Study 1I1)

Geometry and Physics of the Elementary Fermions. 2. Study 1I1)

Axial vector magnetic charge and magnetic moment. Maxwell’s equations and Lorentz force law.
(2021) https://eprints.ucm.es/id/eprint/69294/ Study 1V)

Addenda. Study V')
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