Ancient Greeks believed that there

were four elements:

Air, Fire, Earth, Water

A FEW
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Table I

The Three Generations of Elementary Fermions

. t (1.743 = 0.05) x 10%) t1(1.777x 10%)
(=3 ( b(4-43)x 109 v (<2.8 x 10%) )
' ¢ (1.15-1.35)x 10%) K (105.67)
(=2 ( s(715-170) v, (<2.8x 107 )
i=1 u(1-5) ( gn=020-070 ) e(0.51)

d3-9) V. (<2.8x 10

The values of the masses (in MeV) are taken from reference

(2), pp. 23 and 26, except the mass limits for the neutrinos. For ve

we quote the limits recently reported by the Mainz and Troitsk
collaborations (3). Because of the small upper limits for the mass
differences within the neutrino triplet of mass eigenstates,
deduced from neutrino-oscillation experiments (see below), the
mass limits for v, and v, can be taken as the same as that for v, . -

For the lightest quarks, u, d, s, so-called ‘current masses’ are
quoted; they are not directly measurable but derived from the SM.
The masses of complex particles containing these quarks (for
example, nucleons) then are equal to the equivalent of the quarks’
potential and kinetic energies. The masses of the heavier quarks

are essentially directly measured.



Table I1

Elementary Interactions of the Elementary Fermions

Relative Leptons Quarks
Interactions Strength w e u, d;
Strong 1 X
Electro-magnetic 10?2 X X
Weak 10 X X X
Gravitational 10°° X X X

The approximate

relative  strengths

of the

interactions, ‘hierarchically’ arranged, are found to be

independent of the generation number (universality).

Because the interactions vary with energy they are

characterized here at a scale of ~ 1 GeV.



d d Vud Vus Vub d
Vcd Vcs Vcb Ay
b’ : th Vts th b

“~
(

0.210 to 0.225 0.9734 to 0.9749 0.037 to 0.043

09742 to 0.9575 0219 to 0226 0.002 to 0.005
( 0.004 to 0.014 0.035 to 0.043 0.9990 to 0.9993 )
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Table 111

The Mean Values of the Absolute C-K-M Matrix Elements | WF’} |

0 2
1 2 3 1 2 2 3 1 3
1 2 3 2 1 3 2 3 1
0.9750 1 0.9742 10.9992 |0.222 | 0.223 |0.040 | 0.039 [ 0.004 | 0.009




Rule 1: Corresponding elementary fermions of different generations are
associated with the same elementary interactions.

Rule 2: Within each generation, there is a correlation between the mass of an
elementary fermion and the relative strength of its dominant interaction
(elaborated further below).

Rule 3: Besides its dominant interaction, each elementary fermion possesses all
weaker ones.

Rule 4: As the generation number i increases, the mass differences m () — m (d)
and m (e;) — m (v,) also increase.

Rule 5: The matrix elements of the C-K-M matrix decrease as | i-j | increases

from 0 to 2, with | Vg | = Vg |



Black — Deduced from Known Regularities and Rules
Red — Deduced from Finite Sources Shapes

e We learned that elementary interactions are connected with appropriate
elementary fermions from each generation, and raised the question
whether this should be extended to the gravitational interaction.

e The happenstance of the chronological order of discovery of elementary
fermions, correlated with the increase of available energies with time, led
to their assignments to the different generations in hierarchical order of
their masses. We have made it plausible that this is to be expected if a
‘hidden” physical property, the source-shape, changes systematically
from the first to the third generation and that this may be connected with
the three-dimensionahty of space.

e While many successes of the SM were not discussed here, and will
usually not be affected by our considerations, small deviations from its
predictions may result from some of the suggested modifications,

e The large increases in the mass difference between u; and d; with {
indicate that the postulated hyper-strong interaction of the u; would have
more impact on the self-interaction, as the shapes become more singular.
This would be so, if it is mainly a high-energy mteraction, while the
effective QCD self-interaction is a comparatively fow-energy interaction,

« If the hyper-strong interaction exists, one would expect that the cross

sections for producing e.g. ¢ + ¢ and t + € well above their thresholds

would deviate from QCD predictions.



¢ A hyper-strong force connected only with the u;, but not the d;, might be
responsible for breaking the chiral symmetries incorporated into the SM.
(This conclusion has something in common with the suggestion by

Bardeen, Hill and Lindner of a dynamical symmetry breaking of the SM

by a (t t) condensate, with the large mass of t ascribed to a new

interaction, called topcolor. The Higgs boson is then considered to be a

(f't) compound, with a mass, estimated by Chivukula at <500 Gev).

¢ If elementary fermions with only gravitational interactions should exist,
they might be a new link between gravitational theory and quantum
mechanics.

+ Though the variation of the C-K-M matrix elements has been ascribed to
a variation in the weak mixing of quarks, finite source-shapes may permit
an alternative explanation: Direct flavor-changing, charge-current weak
nteractions (e.g., s—u) of the same universal strength as those that do
not change flavor might exist, with the size of the matrix elements

governed by the amount of overlap of the different source-shapes.



