
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

On Cabibbo angle from theory
Letter

Trinhammer, Ole Lynnerup

Published in:
EPL

Link to article, DOI:
10.1209/0295-5075/124/31001

Publication date:
2018

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Trinhammer, O. L. (2018). On Cabibbo angle from theory: Letter. EPL, 124(3), [31001].
https://doi.org/10.1209/0295-5075/124/31001

https://doi.org/10.1209/0295-5075/124/31001
https://orbit.dtu.dk/en/publications/c3673b35-d6f1-45d9-8b6e-bf918079e72c
https://doi.org/10.1209/0295-5075/124/31001


                          

LETTER • OPEN ACCESS

On Cabibbo angle from theory
To cite this article: Ole L. Trinhammer 2018 EPL 124 31001

 

View the article online for updates and enhancements.

This content was downloaded from IP address 192.38.90.17 on 05/12/2018 at 07:27

https://doi.org/10.1209/0295-5075/124/31001


November 2018

EPL, 124 (2018) 31001 www.epljournal.org

doi: 10.1209/0295-5075/124/31001

On Cabibbo angle from theory

Ole L. Trinhammer

Department of Physics, Technical University of Denmark - Fysikvej bld 307,
DK-2800 Kongens Lyngby, Denmark, EU

received 25 August 2018; accepted in final form 29 October 2018
published online 3 December 2018

PACS 12.15.Ff – Quark and lepton masses and mixing
PACS 12.40.Yx – Hadron mass models and calculations
PACS 12.90.+b – Miscellaneous theoretical ideas and models

Abstract – We find an expression for the Cabibbo angle from quark flavour generators of the
first two generations. The flavour generators operate on the toroidal components in an intrinsic
dynamics for colour degrees of freedom. The generators have led to parton distributions for u
and d valence quarks of the proton that compare well with those derived from experiment. The
present result 0.974996 . . . for the cosine of the Cabibbo angle compares rather well with the
experimentally established value for the up-down quark mixing element 0.97420+/−0.00021 of
the Cabibbo-Kobayashi-Maskawa matrix.
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Introduction. – In 1963 Nicola Cabibbo intro-
duced a connection between strangeness-conserving and
strangeness-changing processes expressed in cosine and
sine factors of a certain angle [1]. Cabibbo remarked as
a consequence that the vector coupling constant in beta
decay is not the full Fermi constant GFμ but contains a fac-
tor cos θC where θC has come to be known as the Cabibbo
angle. This was a first sign of slight differences in the de-
scription of purely leptonic decay and leptonic decays of
hadrons. Cabibbo’s description was taken up by Glashow,
Iliopoulos and Maiani in 1970 with the introduction of
the charm quark [2]. A few years later Kobayashi and
Maskawa introduced a three-generation quark mixing [3]
whose elements have come to be understood as mutual
quark coupling strengths. For instance the original cosine
factor is now understood to express a coupling between a
u and a d quark flavour. We shall introduce in the present
work, quark flavour generators from which it is possible to
derive an expression for the Cabibbo angle.

In the Standard Model of elementary particles [4], the
strong interactions are described by quantum chromody-
namics where quarks in strong interaction mass eigen-
states can change colour by emission or absorption of gluon
interaction quanta. The weak interactions are described
by the electroweak theory (quantum flavourdynamics),
where quarks in weak interaction eigenstates can change
flavour by emission or absorption of intermediate vector

bosons, W±. Figure 1 shows the situation in a schematic
form. Note that the colour transformations do not change
the flavours. Note also that the flavours come in three gen-
erations. The generations can be mixed by flavour trans-
formations but not by colour transformations1.

The mixing between generations is a consequence of the
mixing between flavour mass eigenstates and flavour in-
teraction states. The mass eigenstates u, c, t, d, s, b con-
stitute the base for the strong interactions, the (weak)
interaction eigenstates u′, c′, t′, d′, s′, b′ constitute the base
for the weak interactions. The connection between the two
base sets is usually described by the Cabibbo-Kobayashi-
Maskawa matrix

VCKM =

⎛
⎝Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

⎞
⎠ (1)

such that the u-type flavours are chosen to be the same for
both interactions, whereas the d-type flavours are trans-
formed, i.e.,

⎛
⎝u′

c′

t′

⎞
⎠ =

⎛
⎝u

c
t

⎞
⎠ ,

⎛
⎝d′

s′

b′

⎞
⎠ = VCKM

⎛
⎝d

s
b

⎞
⎠ . (2)

1See the caption of fig. 2 for a reservation on this when higher-
order processes are taken into account.
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Fig. 1: (Colour online) The Quark Cube. The quarks of
the Standard Model [4] come in three generations with two
flavours in each, (u, d), (c, s) and (t, b), respectively. The six
quark flavours, up, down, charm, strange, beauty and top
come in three colours, red, blue and green. The gluon gen-
erator Tbr̄ annihilates a red quark of a specific flavour and
creates a blue of the same flavour. The gluon generators
do not mix the generations. The isospin operator I− lowers
the isospin three-component from I3 = 1

2
for the u-family

(u, c, t) to I3 = − 1
2

for the d-family (d, s, b). The Cabibbo-
Kobayashi-Maskawa matrix VCKM transforms mass eigenstates
(unprimed) to weak interaction states (primed) and mix all
three generations. The Cabibbo mixing angle θC describes the
mixing between the first two generations. It was originally
introduced by Cabibbo [1] before charm, beauty and truth
(topness) were discovered. We introduce quark flavour gen-
erators Tu, Td, Ts (5) that act on colour components (21) and
find | sin θC| = |TrT †

uTs| (24). The result 2
9

= 0.222 · · · is quite
close to the experimentally extracted value [4] for the Wolfen-
stein parameter λ = 0.22453 ± 0.00044 from CKMfitter and
λ = 0.22465 ± 0.00039 from UTfit.

For an updated Standard Model presentation of the com-
mon origin of quark masses and mixing from the Yukawa
couplings to the Higgs field, see Ceccucci, Ligeti and Sakai
in [4].

The Standard Model has no clue on how to fix the
elements of the mixing matrix VCKM except that the
unitarity requirement—corresponding to assuming trans-
formations to stay within exactly three generations—
reduces the number of independent parameters to three
angles, θ12, θ23, θ13 and one phase δ. The standard
parametrization of the full Cabibbo-Kobayashi-Maskawa-
matrix thus reads [4]

V =⎛
⎝ c12c13 s12c13 s13e

−iδ

−s12c23 − c12s23s13e
iδ c12c23−s12s23s13e

iδ s23c13

s12s23 − c12c23s13e
iδ −c12s23−s12c23s13e

iδ c23c13

⎞
⎠ ,

(3)

where c12 = cos θ12, s12 = sin θ12 and so on. The two an-
gles θ23 and θ13 are considerably smaller2 than θ12 and set-
ting them equal to zero corresponds to having the Cabibbo

2From the Wolfenstein parameters λ = 0.22453 ± 0.00044, A =

angle θC = θ12 whereby the third generation is decoupled
and we have the Cabibbo mixing matrix for the first two
generations [5],

VC =
(

cos θC sin θC

− sin θC cos θC

)
. (4)

So far the parameters in VCKM —and thus in the approx-
imate VC— have had to be settled by experiment.

Flavour generators. – In the present work we inves-
tigate a simple model which combines colour and flavour
degrees of freedom to determine the value of the Cabibbo
angle from a theoretical point of view. The model is not
complete but it does open a road into a possible struc-
ture behind the Standard Model. The road opens from
an intrinsic relation between flavour and colour degrees of
freedom from which it has been possible to derive u and
d quark parton distribution functions for a protonic state
by the use of flavour generators Tu and Td acting on the
toroidal degrees of freedom in an intrinsic dynamics for
baryons like the neutron and the proton [6], see fig. 23.

We shall use the same flavour generators here and shall
include also a strangeness generator, Ts to have all the
three flavours below the charm threshold,

Tu =

⎛
⎜⎝

2
3

0 0

0 0 0
0 0 −1

⎞
⎟⎠ , Td =

⎛
⎜⎝
−1

3
0 0

0 0 0
0 0 −1

⎞
⎟⎠ ,

Ts =

⎛
⎜⎝
−1

3
0 0

0 0 0
0 0 0

⎞
⎟⎠ .

(5)

Flavour in colour. – The physical origin of the con-
nection between flavour and colour that we use in the
present work and used in [6] to generate the parton distri-
bution functions in fig. 2 is deeply rooted in an underlying
model for baryon structure.

We assume baryons to be stationary states of a Hamil-
tonian on the configuration space U(3),

h̄c

a

[
−1

2
Δ +

1
2
Tr χ2

]
Ψ(u) = EΨ(u), (6)

where the length scale a is determined from the classical
electron radius re = e2/(4πε0mec

2) [4] as πa = re [6] and
the configuration variable u ∈ U(3) contains nine dynam-
ical angular variables θj , αj , βj

u = eiχ = ei(θjTj+αjSj/h̄+βjMj/h̄), j = 1, 2, 3. (7)

0.836± 0.015, ρ̄ = 0.122+0.018
−0.017, η̄ = 0.355+0.012

−0.011 in [4] we find a clear
hierarchical structure θ12 = 12.98◦, θ23 = 2.42◦, θ13 = 0.21◦, δ =
71.03◦ with only a minute angular admixture (but large phase) of
the third generation into the first.

3The “flavour in colour” relation is not an algebraic relation be-
tween quantum numbers. Instead it implies flavour degrees of free-
dom to be considered as specifically generated vector fields on an
intrinsic three-dimensional torus.
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Fig. 2: (Colour online) Top: parton distribution functions
for u (dotted, blue) and d (dash-dotted, green) quarks from
an intrinsic protonic state [6] to compare with experimen-
tal determinations [4,7] (insert). The theoretical distribu-
tions are from an approximate state and are generated by
Tu and Td (5), respectively acting on toroidal degrees of free-
dom in the intrinsic protonic state. The generators Ts (5) and
Tc (31) give zero strangeness and charm content in the pro-
tonic state at what would correspond to q2 → 0 GeV2. For
finite q2, sea quarks (and antiquarks) from other generations
will evolve via the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
convolutions because of gluon emission leading to pair creation
into different generations already in next-to-leading-order pro-
cesses, see, e.g., pp. 407 in [8]. Bottom: proton spin structure
function (solid) [9] based on flavour generators Tu and Td (5)
and overlaid on data from several experimental groups [4,7].

The generators iTj = ∂
∂θj

are diagonal and we identify
them as three colour generators. In topological language,
they generate the maximal torus —U(3) is a compact
space. The generators Sj commute as intrinsic angular
momentum operators. The mixing operators Mj —in
combination with the other two sets— generate flavour
degrees of freedom and commute like Laplace-Runge-Lenz
operators, pp. 236 in [10]. The total set of nine degrees
of freedom are excitable kinematically from momentum,
angular momentum and Laplace-Runge-Lenz operators in
laboratory space as seen in a coordinate representation
with projection xj = aθj . For instance S3 = aθ1p2−aθ2p1

and M3/h̄ = θ1θ2 + a2

h̄2 p1p2, where pj = −ih̄ 1
a

∂
∂θj

.

The potential 1
2Trχ2 is periodic and only depends on

the eigenangles θj (see footnote 4). With a suitable
parametrization of the Laplacian [12]5

Δ =
3∑

j=1

1
J2

∂

∂θj
J2 ∂

∂θj
−

3∑
i<j;k �=i,j

(S2
k + M2

k )/h̄2

8 sin2 1
2 (θi − θj)

, (8)

the off-diagonal degrees of freedom can therefore be inte-
grated out to get

h̄c

a

⎡
⎣−1

2

3∑
j=1

∂2

∂θ2
j

+ W

⎤
⎦ R(θ1, θ2, θ3) = ER(θ1, θ2, θ3),

(9)
where R is antisymmetric in the three angles. The total
potential W (θ1, θ2, θ3) [6] contains the centrifugal term
from the Laplacian (8) and depends on hypercharge and
isospin through the value of S2

k + M2
k .

From the measure-scaled toroidal wave function R, we
can generate colour fields cj by use of the exterior deriva-
tive expanded on the torus forms dθj that are conjugate
to the left-invariant coordinate fields ∂j = uiTj generated
by Tj , i.e., dθi(∂j) = δij . Thus, we have

dR = cjdθj (10)

and can read off colour components

cj(u) = dRu=exp(θiT )(iTj) (11)

along tracks on the torus, generated by any combination
T = k1T1 + k2T2 + k3T3 of generators. In particular up
and down flavour tracks leading to the parton distribu-
tion functions in fig. 2 for the proton correspond to apply-
ing Tu = 2

3T1 − T3 and Td = − 1
3T1 − T3 from (5) on an

approximate expression for R. The fractional coefficients
—which correspond to the quark electrical charges— enter
because U(3) and SU(3) only share off-diagonal generators
whereas the diagonal generators are different. Generators
Xi

j of U(3) may be defined from creation and annihilation
operators a†

i and aj , i, j = 1, 2, 3 for the 3-dimensional
harmonic oscillator, see pp. 71 and 221 in [13],

Xi
j = a†

iaj ∼ Eij . (12)

Here Eij is a 3 × 3 matrix representation used on (21)
with the ijth element equal to 1 and all other elements 0.
This set is equivalent to our set of Tj , Sj/h̄,Mj/h̄, e.g.,

4This follows from the fact that the eigenvalues of u are not
changed by conjugation and that the trace is invariant under con-
jugation: Any u = eiχ with eigenvalues eiθ1 , eiθ2 , eiθ3 can be di-
agonalized via conjugation with a particularly chosen v ∈ U(3)
such that v−1uv = eiθjTj ≡ eiξ. Now eiχ = 1 + iχ + 1

2
(iχ)2 · · ·

and we have v−1eiχv = 1 + v−1iχv + v−1 1
2
(iχ)2v + · · · = 1 +

i(v−1χv) + 1
2
v−1iχvv−1iχv + · · · = eiv−1χv = eiξ. From the

cyclic property of the trace, TrA−1BA = TrB, it follows that
Trχ2 = Tr ξ2 =

P3
j=1 θ2

j , with −π ≤ θj ≤ π for the shortest

geodesic. See also [11].
5Measure-scaling “Jacobian” J =

Q3
i<j 2 sin 1

2
(θi − θj).
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iT3 = iE33, iS3/h̄ = E12 − E21 = iλ2, iM3/h̄ = i(E12 +
E21) = iλ1, where λ1, λ2 are two of the six off-diagonal
Gell-Mann matrices (see p. 209 in [10]). Generators for
SU(3) may be defined as

Ai
j = Xi

j −
1
3
δi
jX, X = Xj

j . (13)

It is the factor 1/3 that makes the fractional charges ap-
pear in the generators (5) if one assumes the common Gell-
Mann-Nakano-Nishijima formula

Q = I3 +
Y

2
, Q = A1

1,

Y = −A3
3, I3 =

1
2
(A1

1 − A2
2)

(14)

and for U(3) define charge and hypercharge operators as

Q′ = X1
1 ∼ T1, Y ′ = −X3

3 ∼ −T3. (15)

Thus, eq. (5) mixes quark charges eq = 2
3 ,− 1

3 with bary-
onic hypercharges y = 1, 0.

To sum up the interpretation: The colour degrees of
freedom are contained in the torus of the U(3) configu-
ration space and the flavour structure follows from the
Laplacian on this configuration space. The interconnec-
tion between the two originates from the assumed Hamil-
tonian in (6) (see footnote 6). The model thus contains
both the exact colour suc(3) symmetry and the broken
flavour suf (3); the first reflecting the U(3) Lie group con-
figuration space, the second reflecting the u(3) algebra
of the generators from which the Laplacian (8) is con-
structed [12]. It can be shown [9,16] that the exterior
derivative of the wave function generates colour quark
fields, the cj ’s in (11), and gluon fields that transform un-
der su(3) as the fundamental and adjoint representations,
respectively. Thus, left invariance of the coordinate fields
used for the intrinsic configuration space leads to local
gauge invariance for the fields generated in the space-time
frame of the laboratory space.

Cabibbo angle from strange decay. – Let us con-
sider a strangeness-changing, non-leptonic decay

Λ → p + π−. (16)

At tree level, this decay is described by the Feynman dia-
gram in fig. 3. We follow the notation conventions of [5].
In the standard description for a two-generation model
one inserts a factor cos θC in the upper vertex and sin θC

in the lower vertex to have the decay amplitude

M =
g2
W

8(MWc)2
[ū(3)γμ(1 − γ5)(sin θC)u(1)]

· [ū(4)γμ(1 − γ5)(cos θC)v(2)]. (17)

6Historically it grew out of work on lattice gauge theory with
Manton’s action [14] in a Kogut-Susskind Hamiltonian [15], which is
here completely reinterpreted [6].

Fig. 3: Feynman diagram for Λ decay. An s quark with u, d as
spectators in the Λ baryon transforms to a u quark by emission
of an intermediate gauge boson, W− which creates a dū pair.
Leaving the scene, one observes a baryon, the proton p and a
meson, the negative pion, π−. We discuss the factor sin θC in
the lower vertex (17).

Here the integration over the W propagator

−i(gμν − qμqν/(MWc)2)
q2 − (MWc)2

(18)

has been carried out under the condition that the four-
momentum exchange q = p1 − p3 fulfils q2 � (MWc)2,
where MW is the W mass. Further, gW is the electroweak
coupling constant g2

W = e2/ sin2 θW = 4πα/ sin2 θW with
θW the electroweak mixing angle and u and v are par-
ticle and anti-particle spinors, respectively. Unitarity of
the Cabibbo matrix (4) is automatically fulfilled by the
parametrization via a single angle θC,

cos θC =
√

1 − sin2 θC. (19)

We want to derive sin θC. The lower vertex in fig. 3 in-
volves quarks of strange and up flavours, respectively. We
can generate these flavours according to (11) from acting
on colour components in the following way:

cf
j = Tfcj , f = u, d, s; j = r, b, g. (20)

Here the colour states are [5]7

cr =

⎛
⎝1

0
0

⎞
⎠ , cb =

⎛
⎝0

1
0

⎞
⎠ , cg =

⎛
⎝0

0
1

⎞
⎠ . (21)

Thus, we include colour in the incoming and outgoing
quark states and sum over colour

[
ū(3)γμ(1 − γ5)u(1)

]
→∑

j=r,b,g

[
ū(3)c†j(3)γμ(1 − γ5)cj(1)u(1)

]
, (22)

7Note that cj(u) in (11) are vector fields on U(3), whereas
cr, cb, cg are algebraic state vectors of specific colour. Therefore,
c1(u), c2(u), c3(u) are equivalent to, but not identical to cr, cb, cg.
However, application of Tf on both sets gives the required connec-
tion between the exterior algebraic description and the intrinsic dy-
namics in the colour degrees of freedom.
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with cj(1) = Tscj and cj(3) = Tucj . The Dirac matri-
ces γμ and γ5 operate on the spinors independently of the
operation of the flavour generators on the colour compo-
nents. We can therefore factorize the colour algebra from
the spinor algebra to get∑

j=r,b,g

[
ū(3) (Tucj)

†
γμ(1 − γ5)Tscju(1)

]
=

[
ū(3)γμ(1 − γ5)u(1)

] ∑
j=r,b,g

c†jT
†
uTscj

=
[
ū(3)γμ(1 − γ5)u(1)

]
Tr T †

uTs. (23)

Note that there are no gluon propagators here, so this is
not a strong interaction effect as such. Comparing the last
expression to the standard expression in (17) we find the
Cabibbo angle determined by

sin θC = Tr T †
uTs = −2

9
. (24)

This yields

cos θC =
1
9

√
77 = 0.974996 · · ·

≈ |Vud| = 0.97420 ± 0.00021 [4]. (25)

The comparison seems quite promising. An exact agree-
ment should not be expected considering that Vud =
cos θ12 cos θ13 contains a mixing into the third genera-
tion. This mixing, however, is rather small and therefore
cos θ13 ≈ 1 and |Vud| ≈ cos θC.

Let us now consider the (leptonic) neutron decay

n → p + e + ν̄e (26)

depicted in fig. 4. At the lower vertex one would tra-
ditionally include the Cabibbo factor cos θC, whereas our
model would read∑

j=r,b,g

[ū(3)(Tucj)†γμ(1 − γ5)Tdcju(1)] =

[ū(3)γμ(1 − γ5)u(1)]
∑

j=r,b,g

c†jT
†
uTdcj

= [ū(3)γμ(1 − γ5)u(1)]Tr T †
uTd. (27)

This substitutes cos θC by Tr T †
uTd which yields 7

9
—somewhat off the value of Vud. A radical solution to
this discrepancy is to absorb Tr T †

uTd in a redefined cou-
pling strength

g2
0 → g2

W = g2
0 Tr T †

uTd (28)

with g2
0 = e2/(sin θW cos θW)2 as an a priori coupling

strength for weak interactions and then to keep only cos θC

in the spinor brackets such that VC remains unitary by
virtue of (19). From (17) we would then conclude

cos2 θW = Tr T †
uTd =

7
9

= 0.777 · · · (29)

which —as it should— compares rather well with [4]

m2
W

m2
Z

=
(

80.379(12) GeV
91.1876(21) GeV

)2

= 0.7771(3). (30)

Fig. 4: Feynman diagram for neutron decay (27).

Charm and GIM-mechanism. – Let us try to en-
large the model to charm quarks. We take the following
charm flavour generator to supplement the set in (5)

Tc =

⎛
⎜⎝

2
3

0 0

0 0 0
0 0 0

⎞
⎟⎠ . (31)

Just like Ts, neither will Tc generate any partons in the
protonic state we referred to in fig. 2. We consider the
d → c vertex analogous to the s → u vertex in fig. 3,

d → c + W−,
−igW

2
√

2
γμ(1 − γ5)Vcd, Vcd ≈ − sin θC .

(32)
Using the same idea as in (23) we would conclude a
Cabibbo factor

− sin θC = Tr T †
dTc = −2

9
. (33)

It is the same value of the trace as in (23) but this time
should compare to − sin θC which is opposite in sign to
the relation sin θC = −2/9 in (24). Can this immediate
inconsistency be remedied? Yes, we can exploit the free-
dom of choice of an overall phase factor in VCKM. Instead
of the standard VCKM we may use

UCKM ≡ −iVCKM. (34)

As VCKM is unitary (V † = V −1), so is UCKM,

U†U = (−iV )†(−iV ) = V †i(−i)V = 1, U† = U−1.
(35)

With UCKM in stead of VCKM we get the following vertex
Cabibbo factors for the lower vertex in fig. 3 to compare
with a similar generation-changing charm decay:

s → u + W−, Uus = −iVus ≈ −i sin θC,
c → d + W+, U∗

cd = (−iVcd)∗ ≈ −i sin θC.
(36)

In the second decay we used the vertex factor rule in the
right part of fig. 5. Thus, the immediate problem of op-
posite signs on sin θC in (23) and (33) is eliminated, al-
beit at the price of a common non-zero phase, i = eiπ/2

—a phase which we would like to understand better.
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Fig. 5: −igW
2
√

2
γμ(1 − γ5)Vij

−igW
2
√

2
γμ(1 − γ5)V ∗

ij . Ver-
tex factors for quark flavour transformations, i = u, c, t and
j = d, s, b. The Cabibbo factors Vij refer to the Cabibbo-
Kobayashi-Maskawa matrix in (1) —note that the i, j indices
are reversed in the left figure. See p. 439 and p. 350 in ref. [5].

The reader may remember in the back of his or her
mind that the opposite signs on the sin θC in the Cabibbo
matrix (4) are the basis of the standard exposition of the
Glashow-Iliopoulos-Maiani mechanism [2] that supported
the charm quark hypothesis before charm degrees of free-
dom were observed, namely by explaining the suppression
of the leptonic kaon decay

K0 → μ+ + μ−. (37)

Will the GIM-mechanism survive our phase change in the
CKM-matrix? Figure 6 shows the Feynman diagrams to
explain the mechanism. We will check that they still can-
cel using UCKM from (34) instead of VCKM in the stan-
dard parametrization (3) which is approximated by the
Cabibbo matrix (4). Using fig. 5, we list the Cabibbo
factors in the four W -quark-vertex processes needed

d → u + W−, Uud = −iVud ≈ −i cos θC,

u → s + W+, U∗
us ≈ (−i sin θC)∗ = i sin θC,

d → c + W−, Ucd ≈ −i(− sin θC) = i sin θC,

c → s + W+, U∗
cs ≈ (−i cos θC)∗ = i cos θC.

(38)

We see that the opposite signs in the GIM-mechanism
have been shifted to the cosines. In other words the
GIM-mechanism still works: the product of the two upper
Cabibbo factors in the list (38) refers to the left diagram
in fig. 6 and cancels the product of the two lower Cabibbo
factors referring to the right part of fig. 6. This is as it
should be because UCKM is related to VCKM by a simple
phase factor.

Discussion. – To see clearly the hierarchy, we expose
the underlying factorization of VCKM in three pairwise ro-
tations among the three generations [4],

V =

⎛
⎝1

c23 s23

−s23 c23

⎞
⎠

⎛
⎝ c13 s13e

−iδ

1
−s13e

iδ c13

⎞
⎠

⎛
⎝ c12 s12

−s12 c12

1

⎞
⎠ .

(39)
For θ23 = θ13 = 0 this expression reduces to the Cabibbo
matrix (4) which has been our concern here. Further de-
velopment of the present model would require a suggestion
on the origin of the mixing into the third generation, i.e.,

Fig. 6: GIM-mechanism in leptonic kaon decay, V ∗
csVcd =

−V ∗
usVud for any phase convention in the Cabibbo-Kobayashi-

Maskawa matrix VCKM (1) at θ13 = 0 and θ23 = 0. The two
diagrams therefore cancel (except for effects due to mc �= mu).
As a consequence, the decay K0 → μ+ + μ− is heavily
suppressed.

θ23 	= 0 and θ13 	= 0. Attempts in the literature tend to
combine the quark and lepton sectors [17–21] in search
for a common origin of the hierarchical mass and mixing
structure observed in both sectors. de Medeiros Varzielas,
Rasmussen and Talbert [21] suggest that corrections to
fermionic mixings should be sought via other mechanisms
than finite group strategies. We note that Kobayashi and
Maskawa [3] actually consider a coupling via the Higgs
field to strong interactions to explain CP -violation before
they suggest their 6-plet model which has now developed
into the standard description used with bottom and top
quarks in the third generation. Our strategy is to relate
electroweak and strong interaction structure where quark
degrees of freedom are at play. We see quarks as degrees
of freedom excited in hadrons both by electroweak and
by strong interactions —but askew with respect to each
other. In this sense the Cabibbo angle expresses a mixing
between interactions.

Conclusion. – We have relaxed on the independent
treatment of the electroweak and strong interactions. We
used a relation between flavour generators and colour com-
ponents to find a possible physical origin of the Cabibbo
angle. The relation is supported by previously derived
parton distribution functions from the same set of flavour
generators that are here related to the Cabibbo angle. The
model needs improvement to include mixing into the third
generation.
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