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Abstract: As fermions, the quarks and leptons of the first family could be described as pairs of
solutions of the Dirac equation (Dirac states). The color and electric charges are associated with the
symmetry operations bringing the Dirac states into pairs. The obtained quark model is similar to that
given by Han — Nambu, where the electric charges of the d and u quarks assume integer values. The
quark s may have an inner structure formed from quarks of the first family, s =u‘ud and s” = uu’d.
Keywords: Quarks, Dirac states, Han-Nambu model, s quark.

The quarks as fundamental constituents of matter are considered physical objects gifted
with two spins: Sj; (external) and I5 (internal). As Fermi-like particles, they must obey the
Dirac equation of motion. For a spinning particle in its rest frame, the Dirac equation offers
four solutions describing the following physical states:

1. E; =+mocz; S,=/2. 2. E; =+m0c2; S,=-n/2.
3. E;= —mocz; S,=—m/2. 4. E4= —mocz; S,=+n/2,
where my is the rest mass of the particle and S, the "z" component of the spin momentum.

These four Dirac solutions must fulfill the fundamental quantum relationship for the

wave - particle duality:
tmec’=+w1 , (1)

where the left - hand side that is the relativistic energy of the spinning particle in its rest
frame describes the corpuscular behavior of the particle and the right - hand side the wavelike
one.

If now, wp in equation (1) is considered as the spin angular velocity [1] of the particle,
then the right - hand side of this equation may be regarded as another relativistic expression
for the rest energy. This assumption seems to be correct, because the invariance of the
relativistic space-time interval ds* = ¢’d t* — dr” to such a spin motion y of the particle (spin
isotropy) leads to the angular (spin) momentum S, = my |(x.dy/dt-y.dx/dt)| = 1/2, for all
structureless elementary particles irrespective of their rest mass values.[2,3]

If this is so, then the signs of the mass values + my occurring in the Dirac solutions might
be related to the + rotation directions of ®q (spinning). The Dirac states may schematically
be represented as in Figure 1.
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1. 0> 0 2. 0,>0 3. 0,<0 4. w,<0
Figure 1. The Dirac states for a spinning particle in its rest frame.

If the Dirac equation is now applied to the electron, the pair of Dirac states (1, 2)
describes the electron, but the other pair (3, 4) describes its corresponding antiparticle, the
positron. According to equation (1), both particles have the same positive mass value but
different spinning orientations. Therefore, the Dirac equation is actually a single-particle
equation describing a particle/antiparticle system. This particle system can be called Dirac
particle, the four Dirac states being the possible physical hypostases of this spinning particle
in the relativistic space-time frame.

Since e/e” particle system is represented as pairs of Dirac states, the quarks as fermions
must also be described as pairs of Dirac states, where the Dirac states are differently
combined. This assumption is strongly suggested by those two spins of the quarks, S3
(external) and I3 (internal).

We need eight Dirac particles, i.e. eight sets of Dirac solutions (8x4 = 32 Dirac states) as
represented in Figure 1, capable to produce all possible 16 distinct pairs of Dirac states, by
means of which the lepton/antilepton and quark/antiquark systems (i.e. e/e”, v/v", d/d”, u/u”)
could in principle be described. The arrangement of these 16 distinct pairs of Dirac states is
presented in Table 1, where the pairs of spinning orientations marked with + and - are called
colors (anticolor = color).

According to the usual interpretation of the Dirac solutions, the electron and the positron
are described by the Dirac pairs (1, 2) and (3, 4) respectively (Figure 1 and Table 1). Because
these particles carry electric charges, these charges seem to exist only for those pairs, where
the Dirac states have opposite spins but the same spinning sense (see the pairs (1,2) and (3,4)
in Figure 1). The conventional sign of the electric charge is given by the spin of the second
state from the pair and namely the state 2 for electron and the state 4 for positron.

By extension, one may assume that only those pairs of Dirac states carry an electric
charge if their spins S3, I3 are opposite but the corresponding Dirac states have the same
spinning orientation or in those cases, where Ss, I3 are parallel but the Dirac states have
opposite spinnings. The sign of the internal spin I3 gives the sign of the electric charge.

Based on these assumptions, the leptons e, vand the quarks d (Sz=+7/2; 13=-7/2) and u
(Ss=+n/2; 1=+ 7/2) as well as their antiparticles e*,v", d", u” may be represented as distinct
pairs of Dirac states (Table 1). Their electric charges are given in parentheses, according to
the previously assumed rules.

Tablel. The first family of quarks and leptons as distinct pairs of Dirac states.

Leptons: Color(++) Quarks: Color(—) Color(+-) Color(—+)
Antileptons Color*(——) Antiquarks: Color (++) Color (—=+) Color (+-)
e 1,2(—e) d(S;=t/2;I5=—/2) 4,3(-e) 1,3(0) 4,2(0)
e 3,4(+e) d'(Ss=n/2;=tn/2) 2,1(+e) 3,1(0)  2,4(0)
v 1,1(0) u(Ss=tn/2;I;=tm/2) 4,400) 1,4(+e) 4,1(+e)
v 3,3(0) U (Ss=n/2;L=n/2) 2,2(0) 32(-e) 2,3(—e)




As may be seen in Table 1, each row of three distinct pairs of Dirac states describe three
quarks having the same S; and 15 values. They strikingly remind the three colored quarks
from Chromodynamics. The fact is interesting, because the colors could be connected with
the symmetry operations bringing the Dirac states into pairs. The spinning orientations of the
Dirac states seem to play a role in this context (they are denoted with + and —).

According to the rules assumed for the electric charge, only one d/d” and two u/u” quarks
possess elementary electric charges. The quark model represented in Table 1 is very similar
to that given, years ago, by Han-Nambu.[4] If the colors are not considered, the average
electric charge of the quarks should be q4=—e/3 and q,=2e/3 as in the Gell-Mann standard
model.

As regards the quarks belonging to the succeeding families of quarks, there are in
principle three alternatives: they are built like d and u quarks from pairs of Dirac states; they
are built from d and u quarks or from other constituents. Let us see the following decays[5-7],
where the s quark from the second family of quarks is involved:

QO >E + (1)
ss(s)  ss(u) (du")

O >z + 7 )
ss(s)  ss(d) (uu)

Q > A + K 3)
ss(s)  s(du) s(u)

= o> A+ 1w 4)
ds(s) ds(u) (du")

25 A+ 7 (5)
us(s) us(d) (uu)

¥ > n +m (6)
dd(s) dd(u) (du)

A > p + 1 (7)
ud(s) ud(u) (du")

A >n + 7 (8)
ud(s) ud(d) (uu)

> 5 p + ° 9)
uu(s) uu(d) (uu)

K'> o+« (10)
uis) () (@

These decays suggest the structures U ud and uu'd” for the quarks s and s, irrespective of
the mechanism assumed for these decomposition reactions (the decomposing S and S quarks
are enclosed in brackets). The structures S=u ud and S = uu d result also from those
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decays, where both s and s quarks are decomposed:

n—-> nt  + 7 (11)
SS dd uu uu

(p0—> oo+ o+ . (12)
SS ud ud uu

Moreover, the following decays

R e+ v (13)
ud d u
T—> e + Ue: (14)
ud d u
®© > e + e (15)
dd° d d

would suggest the relationship which might exist between leptons and quarks as particles
built, according to Table 1, from the same Dirac states: e ~d , e ~ d*, ve~Uand v ~U".
As may be seen in Table 1, there is at least one quark d having an electric charge like the
electron and at least one U quark which doesn’t carry any electric charge like the neutrino.
This quark ~ lepton connection and the assumed structures for s=u"ud and s* = uu’d quarks
are revealed by the following decays:

E o> A+ e + v (16)

ds(s) ds(w) (d) (u)

¥ 5> n + e + v (17)
dd(s) ddu) (d) (u)

A—>p+e+oe* (18)
uds) ud(u) (d) (u)

K' > " + ¢ + v (19)

us) u@) @) (w

This result is interesting. It suggests the possibility to describe the quarks (s,c) and (b,t)
from the next two generations, obviously more massive and generating much more
complicated decays than the d and u quarks, in terms of d and u quarks of the first family.
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