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Abstract

Our earlier work has tentatively shown that the hierarchy of fermion masses and mixing angles follows from
the universal behavior of nonlinear dynamics. In this brief sequel we survey a similar scenario in which the

Cabibbo angle arises from the nonlinear dynamics of charged-current interactions.
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The charged current interactions are flavor-changing processes mediated by the W *

bosons and described by the Lagrangian [1]

Loc = (LW 43, W) (@

V2

Here, the current written in the unitary gauge is given by
Jo=vire +uiyd (2)

Because in the Standard Model fermion mass eigenstates do not coincide with the weak
eigenstates, the weak eigenstates are rotations of the mass eigenstates via the Cabibbo

angle 0. . In the simple case of only two generations, the Cabibbo rotation leads to quark

mixing and takes the form
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The charged current transition from a d ' quark to a u quark by absorption of a W * gauge

boson is represented by the Lagrangian

_ 97 D) cosé. sing. \(d W+ h
Lec ﬁ(u C)L7 [—siné’C cos@: )\ s ), w TG (4)

Drawing from the onset of complex dynamics near the electroweak scale [2-3, 7-8], an
attractive dynamical model of (4) may be developed starting from the framework of
coupled nonlinear oscillators. The most straightforward path to building this model is
through the generic theory of the damped and driven pendulum [4]. To this end, the
quark pairs entering (4) may be regarded as two independent oscillators coupled through

the steady exchange of the W™ boson. In what follows we assume that

a) the driving frequency @ stands for the frequency of the W* boson,

b) the damping coefficient g >0 embodies the combined effect of unbalanced

quantum fluctuations that fail to cancel out exactly at the scale of the W™ boson. These
effects are absent in perturbative Quantum Field Theory but show up as signature of
non-equilibrium dynamics on or above the electroweak scale [2, 9-10].

From these premises, one is led to the equation

al+ BO0+ysind=A+Kcoswt, S>0 (5)
Here,
6,=0;,
0= uc (6)
0, = Oy,
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represents the two-degree of freedom oscillator angle and «,f,y, A K are constant

parameters of the model. One successful application of (5) is the study of the Josephson
junction in the theory of superconductivity [4]. Experimental analysis shows that the
Feigenbaum constant describing the chaotic behavior of the Josephson junction falls in

the range [5]

0=44+03 (7)

Appealing to [3] leads to the conclusion that the average value of the Cabibbo angle is

given by

A =5 =02273 (8)

in close agreement with current testing data [6].
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