
Change of Electroweak Nuclear Reaction Rates by CP- and Isospin
Symmetry Breaking – A Model Calculation

Harald Stumpf
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Based on the assumption that electroweak bosons, leptons and quarks possess a substructure of el-
ementary fermionic constituents, in previous papers the effect of CP-symmetry breaking on the effec-
tive dynamics of these particles was calculated. Motivated by the phenomenological procedure in this
paper, isospin symmetry breaking will be added and the physical consequences of these calculations
will be discussed. The dynamical law of the fermionic constituents is given by a relativistically invari-
ant nonlinear spinor field equation with local interaction, canonical quantization, selfregularization
and probability interpretation. The corresponding effective dynamics is derived by algebraic weak
mapping theorems. In contrast to the commonly applied modifications of the quark mass matrices,
CP-symmetry breaking is introduced into this algebraic formalism by an inequivalent vacuum with
respect to the CP-invariant case, represented by a modified spinor field propagator. This leads to an
extension of the standard model as effective theory which contains besides the “electric” electroweak
bosons additional “magnetic” electroweak bosons and corresponding interactions. If furthermore the
isospin invariance of the propagator is broken too, it will be demonstrated in detail that in combi-
nation with CP-symmetry breaking this induces a considerable modification of electroweak nuclear
reaction rates.
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1. Introduction

The question whether electroweak nuclear processes
can be influenced by external operation is of great sci-
entific and technical interest. Early experimental at-
tempts to change the decay constants of various mem-
bers of the radioactive series under various circum-
stances were unsuccessful. It was therefore concluded
that the decay constants of radioactive substances
are independent of special preparations [1]. However,
these statements must be updated. Apart from varia-
tions of the electroweak coupling constants in the high
energy range (cf. [2], chapter 27; [3], chapter 17), even
in the low energy range changes of the decay rates are
possible [1, 4].

In general such decay rates depend on the nuclear
and electronic structure of the atoms as well as on
the elementary laws of electroweak reactions. Thus
change of decay rates means either to try to modify the
atoms involved, or the elementary laws of electroweak
reactions or both of them. A promising candidate to
achieve this is symmetry breaking, which has an effect
on atoms as well as on the basic laws.
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It is the purpose of this paper to investigate these
effects if CP-symmetry breaking is considered in com-
bination with isospin symmetry breaking in a corre-
sponding phenomenological model. The latter model is
defined by an effective theory of fermions and bosons
which represents an extended electroweak Standard
Model, and which can be derived from an underlying
microscopic theory.

Based on the assumption that electroweak bosons,
leptons and quarks possess a substructure of elemen-
tary fermionic constituents, in [5] and [6], it was
demonstrated that under CP-symmetry breaking “elec-
tric” and “magnetic” electroweak bosons coexist, and
that under the influence of this symmetry breaking
charged leptons are transmuted into dyons which in-
teract via the electric and magnetic bosons. The same
holds for the interplay of leptons and quarks, etc.

The dynamical law for the fermionic constituents of
these particles is assumed to be a relativistically invari-
ant nonlinear spinor field with local interaction, canon-
ical quantization, selfregularization and probability in-
terpretation [7]. The corresponding effective theory is
derived by means of weak mapping theorems and turns
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out to be the above mentioned extension of the Stan-
dard Model for dyons, where owing to CP-violation
the local SU(2) symmetry is simultaneously broken.
In this paper we start with this effective theory and ex-
plore the consequences for electroweak nuclear reac-
tions.

Concerning the confidence into this procedure it
should be noted that this effective theory goes over
into a corresponding gauge theory if CP-violation is
excluded. On the other hand it must be emphasized that
the method of introducing CP-violation in our model is
completely different from the corresponding method in
the conventional theory. While in the Standard Model
the CP-symmetry breaking is formally introduced by
quark mass matrices with complex parameters (cf. [2],
chapter 26), in our approach this symmetry breaking
is effected by an appropriate change of the vacuum
which mathematically indicates the transition to a new
inequivalent field representation and which physically
is a common method successfully applied in solid state
physics (cf. [8, 9]).

As a consequence of this difference of the meth-
ods, the results differ considerably too. While the for-
mal phenomenological method of the Standard Model
is meant to explain the decay of K-mesons, the alge-
braic method of the model under consideration leads
to a completely new formulation and structure of the
whole theory due to the new inequivalent vacuum.

In the algebraic treatment the calculations lead to
remarkable conclusions which seem to correspond to
recent experimental results. Long times the possible
modifications, for instance, of nuclear electron cap-
ture decay rates were considered as very small. But
recently experiments were reported which show that
much larger deviations from the common reaction rates
can be achieved [10 – 12]. But the mechanism is un-
known, how such results can be obtained. It is the in-
tention of this paper to propose a theoretical reaction
scheme which provides a possible basis for the expla-
nation of these experimental results.

As our discussion is based on the results of the pre-
ceding papers [5] and [6], it is unavoidable that for
brevity we have to refer to these results without giving
renewed deductions. In these deductions no use was
made of the decomposition into left-handed and right-
handed fermions for simplicity. Insofar the model un-
der consideration is a simplified version of the mathe-
matical structure of the Standard Model. This is justi-
fied, as already in this version the crucial effects of CP-
and isospin symmetry breaking can be demonstrated.

2. Effective Canonical Equations of Motion

The most important theoretical result of the preced-
ing papers [5] and [6] was the derivation of an effec-
tive functional energy operator H which is assumed to
represent an extension of the conventional electroweak
theory to dyons formulated in functional space. For-
mally this operator is given by

H = H f +H1
b +H2

b +H3
b +H1

b f +H2
b f , (1)

where the various terms of (1) are defined in the or-
der of equation (1) by equations (106), (45), (48), (55),
(73) and (104) in [6].

To be in conformity with the phenomenological field
definitions of Section 3, it is convenient to carry out a
canonical transformation of the functional algebra for
the G-fields and E-fields, which is defined by

bG
la(z) = ibG

la(z)
′, ∂G

la(z) = −i∂G
la(z)

′,

bE
la(z) = −bE

la(z)
′, ∂E

la(z) = −∂E
la(z)

′,
(2)

while the other algebra elements for the A-fields and
the B-fields remain unchanged.

After having performed this transformation in (1)
we omit the primes of the new sources in (2) for
brevity. With (2) the explicit expressions for the var-
ious terms of (1) read

H f =
∫

d3z f (z|B1b1α1)

· [−i(γ0γk)∂z
k + mγ0]α1α2∂ f (z|B1b1α2),

(3)

H1
b = i

∫
d3z bA

la(z)[c1εlkm∂z
k∂G

ma(z)− c2∂E
la(z)]

− i
∫

d3z bG
la(z)[c1εlkm∂z

k∂A
ma(z)− c3∂B

la(z)]

+ i
∫

d3z bE
la(z)[εlkm∂z

k∂B
ma(z)+ c2∂A

la(z)]

− i
∫

d3z bB
la(z)[εlkm∂z

k∂E
ma(z)+ c3∂G

la(z)],

(4)

H2
b = −i

∫
d3z f̂ Ac4bE

la(z)∂
A
la(z)

+ i
∫

d3z f̂ Gc4bB
la(z)∂

G
la(z),

(5)

H3
b = η̄abcεlkm

{
64 f̂ A

∫
d3z
[
k1bA

l,a(z)∂
A
k,b(z)∂

G
m,c(z)

+ k2bE
l,a(z)∂

A
k,b(z)∂

B
m,c(z)

− k′2bB
l,a(z)∂

A
k,b(z)∂

E
m,c(z)

− k3bG
l,a(z)∂

A
k,b(z)∂

A
m,c(z)

]
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+ 64 f̂ G
∫

d3z
[
k4bA

l,a(z)∂
G
k,b(z)∂

A
m,c(z)

+ k5bE
l,a(z)∂

G
k,b(z)∂

E
m,c(z)

+ k′5bB
l,a(z)∂

G
k,b(z)∂

B
m,c(z)

+ k6bG
l,a(z)∂

G
k,b(z)∂

G
m,c(z)

]}
, (6)

H1
b f = −K1

∫
d3z(γ0γk)nm(T 0γ5)l j fnl(z)∂A

k0(z)∂
f
m j(z)

+ iK1

∫
d3z(γ0γkγ5)nm(S0γ5)l j fnl(z)∂G

k0(z)∂
f
m j(z)

+
1
3

K1

3

∑
b=1

∫
d3z(γ0γk)nm(T bγ5)l j fnl(z)∂A

kb(z)∂
f
m j(z)

− i
1
3

K1

3

∑
b=1

∫
d3z(γ0γkγ5)nm(Sbγ5)l j fnl(z)∂G

kb(z)∂
f
m j(z),

(7)

H2
b f = iKt(0)4

∫
d3zΘ n

B1b1,B2b2

· [−2 f E(γkC)+µ1 µ2
bE(z|n,k)

+ f Bi(γ5γkC)+µ1µ2
bB(z|n,k)

]
· ∂ f (z|B1,b1,µ1)∂ f (z|B2,b2,µ2).

(8)

It should be emphasized that the input of equa-
tions (3) – (8) is solely the spinor field model ([6],
section 2), and its sets of single bosonic and single
fermionic bound states ([6], section 4).

A physical interpretation of the associated effective
functional energy equation (21) of [6] can be achieved
by considering the classical limit of this equation. In
this classical limit the system is described by its classi-
cal equations of motion. These equations of motion can
be exactly derived from equation (21) of [6], if correla-
tions in the matrix elements are suppressed. For details
of the corresponding deduction we refer to [13], sec-
tion 7.5 for instance.

In the field part of this set of equations the quantities
Ela and Bla, l = 1, 2, 3 and a = 0, 1, 2, 3, represent the
SU(2)⊗U(1) field strengths, while Ala and Gla are the
“electric” and “magnetic” vector potentials in tempo-
ral gauge. This “gauge” can be selfconsistently justi-
fied as a general constraint, even if the original SU(2)
invariance is broken. Such vector potentials were intro-
duced by Cabbibo and Ferrari [14] in electrodynamics,
and the following set of equations represents an elec-
troweak generalization of this approach:

iȦla(z) = ic1εlkm∂z
kGma(z)− ic2Ela(z)

+ η̄abcεlkm
[

f̂ Ak1Akb(z)Gmc(z)

+ f̂ Gk4Gkb(z)Amc(z)
]
,

(9)

iĠla(z) = −ic1εlkm∂z
kAma(z)+ ic3Bla(z)

+ η̄abcεlkm
[− f̂ Ak3Akb(z)Amc(z)

+ f̂ Gk6Gkb(z)Gmc(z)
]
,

(10)

iĖla(z) = iεlkm∂z
kBma(z)+ i(c2 − f̂ Ac4)Ala(z)

+ η̄abcεlkm
[

f̂ Ak2Akb(z)Bmc(z)

+ f̂ Gk5Gkb(z)Emc(z)
]

− iK′Θ a
B1b1,B2b2

f̂ E(γ lC)+µ1µ2

·ψB1b1µ1(z)ψB2b2µ2(z),

(11)

iḂla(z) = −iεlkm∂z
kEma(z)− i(c3 − f̂ Gc4)Gla(z)

+ η̄abcεlkm
[− f̂ Ak′2Akb(z)Emc(z)

+ f̂ Gk′5Gkb(z)Bmc(z)
]

+ i(K′/2)Θ a
B1b1,B2b2

f̂ B(iγ5γ lC)+µ1µ2

·ψB1b1µ1(z)ψB2b2µ2(z).

(12)

The factor 64 in (6) has been included in the definition
of the constants ki in (9) – (12). For the fermion fields
the following equations of motion can be derived:

iψ̇α l(z) =
[− i(γ0γk)αβ ∂z

k + γ0
αβ m

]
ψβ l(z)

−K1
[
(γ0γk)αβ (T 0γ5)lnAk0(z)

−i(γ0γkγ5)αβ (S0γ5)lnGk0(z)
]
ψβ n(z)

+
1
3

K1

3

∑
b=1

[
(γ0γk)αβ (T bγ5)lnAkb(z)

− i(γ0γkγ5)αβ (Sbγ5)lnGkb(z)
]
ψβ n(z),

(13)

where the indices l, n refer to the phenomenologi-
cal numeration of the lepton states. This means that
the field quantities ψα ,l are superspinors of the phe-
nomenological theory and ought not to be confused
with the spinor field operators of the basic spinor field
model in the background. The sets of antisymmetric
and symmetric matrices T a, Sa, a = 0, 1, 2, 3, are repre-
sentatives of the underlying SU(2)⊗U(1) group struc-
ture. They are given by equations (25) and (26) in [6]
and read

Sl =
(

0
(−1)l+1σ l

σ l

0

)
, T l =

(
0

(−1)lσ l
σ l

0

)
(14)

for the triplet, and

S0 =
(

0
1

1
0

)
, T 0 =

(
0
−1

1
0

)
(15)

for the singlet.
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In (11) and (12) the four-dimensional index κ is
splitted into the double index κ = (B,b). Formally we
define (B,b) by superspinors in the S-representation:

ψS
Bbα i(x) =

(
ψbαi(x)
ψc

bαi(x)
;
;

B=1
B=2

)
. (16)

But for technical reasons of the calculation in [6],
aside from charge-conjugated spinors in (16) also
G-conjugated spinors were introduced, and this defi-
nition is also applied in the phenomenological theory.
The introduction of G-conjugated spinors allows prod-
uct representations in superspin-isospin space and is
indicated by the superscript D (decomposition). For in-
stance the central formula (92) in [6] of the superspin-
isospin part of the current calculation is formulated in
D-representation.

To calculate this D-representation we start with the
S-representation. According to the construction of for-
mula (92) in [6] the tensor Θ n on the left hand side
of (92) is the superspin-isospin part of the boson dual
function Rk

q1q2
of (74) in [6]. Thus we start first with

the superspin-isospin parts of the original boson func-
tions Ck

q1q2
, construct their duals and transform these

duals from the S- into the D-representation. The orig-
inal superspin-isospin basis set of the Ck

q1q2
functions

reads for the case of CP-symmetry breaking (cf. (27)
in [6])

(Θ a)S
κ1κ2

:=
1
2
(T a + Sa)S

κ1κ2

:=
1
2
(iσ2 + σ1)B1B2 ⊗σa

b1b2
,

a = 0,1,2,3.

(17)

Its dual set Θ̃ n, n = 0, 1, 2, 3, is given by

(Θ̃ n)S
κ1κ2

= (Θ̃ n)S
B1b1B2b2

=
1
2
(iσ2 + σ1)B1B2(σ

n)T
b1b2

.
(18)

Owing to the properties of the Pauli algebra one easily
verifies that the duality relations

(Θ̃ n)S
κ1κ2

(Θ n′)S
κ1κ2

=
1
4
(iσ2 + σ1)B1B2(iσ

2 + σ1)B1B2(σ
n)T

b1b2
σn′

b1b2

= 2δnn′

(19)

are satisfied. In (19) the state normalization is omitted
because it is irrelevant, see below. In the next step we

transform the tensor (18) from the S- into the D-repre-
sentation.

The transformation law of the superspin-isospin
part (17) of the boson functions C k

q1q2
is defined by the

relation

(Θ n)S
κ1κ2

= Gκ1κ ′
1
Gκ2κ ′

2
(Θ n)D

κ ′
1κ ′

2
(20)

with the transformation matrix

G :=
(

1
0

0
−iσ2

)
. (21)

The duality relation (19) has to be invariant under the
change of the representation. This means that

(Θ̃ n)S
κ1κ2

(Θ n′)S
κ1κ2

= (Θ̃ n)D
κ1κ2

(Θ n′)D
κ1κ2

(22)

has to hold, which leads to the transformation law for
the dual set

(Θ̃ n)S
κ1κ2

= G−1
κ1κ ′

2
G−1

κ2κ ′
2
(Θ̃ n)D

κ ′
1κ ′

2
(23)

or

(Θ̃ n)D
κ1κ2

= Gκ1κ ′
2
Gκ2κ ′

2
(Θ̃ n)S

κ ′
1κ ′

2
. (24)

With (18), (21), (24), and c = −iσ2 one obtains

(Θ̃ n)D
κ1κ2

=
1
2
(iσ2 + σ1)B1B2 [(σ

n)T cT ]b1b2

≡ δB11δB22[(σn)T cT ]b1b2 .

(25)

In consequence of (25) equation (92) of [6] must be
corrected by replacing (Θ n)D by (Θ̃ n)D. This yields
the revised formula

SA1a1A2a2
B1b1B2b2

(Θ̃ n)D
[A1]a1[A2]a2

= (Θ̄ n)D
B1b1B2b2

:= (Θ̃ n)D
B2b1B1b2

,
(26)

where Θ̄ n is an auxiliary tensor defined by Θ̃ n on the
right hand side of (26). Therefore in [6] all following
equations have to be corrected in accordance with this
correction. This includes the correction of the current
expressions in (11) and (12) which correspond to the
currents in (114) and (115) in [6]. For instance, in (11)
the electric current has to be replaced by

ja
l = (Θ̄ a

B1b1B2b2
)D(γ lC)+µ1µ2

ψB1b1µ1ψB2b2µ2 . (27)

To evaluate this expression, the definition of the phe-
nomenological spinor fields has to be given. Accord-
ing to the construction of lepton states, in this case
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the numbers (B,b) are referred to superspinors in D-
representation. Owing to (37) and (85) in [6] one ob-
tains

ψD
1,1,µ ≡ e+

µ , ψD
1,2,µ ≡ ν̄µ ,

ψD
2,1,µ ≡ νµ , ψD

2,2,µ ≡ e−µ .
(28)

Then, with (25) and the definition (26), (27) reads

ja
l =

1
2

δ2B1δ1B2 [(σ
a)T cT ]b1b2(γ

lC)+µ1 µ2
ψD

B1b1µ1
ψD

B2b2µ2

=
1
2
[(σa)T cT ]b1b2(γ

lC)+µ1 µ2
ψD

2,b1µ1
ψD

1,b2µ2
. (29)

The phenomenological fields in S-representation are
defined by ψ D

2,1,µ ≡ ψS
2,1,µ ≡ νµ and ψD

2,2,µ ≡ ψS
2,2,µ ≡

e−µ and their charge conjugated counterparts. The lat-
ter can be generated by the transformation ψ D

1,b,µ =
cT

b,b′ψ
S
1,b′,µ . Therefore (29) can be rewritten into the

form

ja
l =

1
2
[(σa)T cT cT ]b1b2(γ

lC)+µ1 µ2
ψS

2,b1,µ1
ψS

1,b2µ2

= −1
2
(σa)T

b1b2
(γ lC)+µ1µ2

ψb1µ1ψc
b2µ2

.
(30)

With (γ lC) its Hermitean conjugate is symmetric too.
Thus (29) reads equivalently

ja
l = −(ψc

b2µ2
)T (σa)b2b1(γ

lC)+µ2µ1
ψb1µ1 . (31)

In the last step one uses (ψ c)T = ψ̄CT and obtains
from (31) the U(1) and SU(2) currents

ja
l ≡−1

2
ψ̄b1µ1σa

b1b2
γ l

µ1µ2
ψb2µ2 . (32)

In the same way one can proceed to get the magnetic
currents Ja

l . The factors (1/2) will be absorbed in the
coupling constants, i. e., normalization of the states is
irrelevant.

In the next step we rearrange the Dirac equa-
tion (13) into the conventional form. For the inter-
pretation of (13) it is important to realize that the
(T γ5) and (Sγ5) matrices in (13) arise from matrix el-
ements between two three-parton states which charac-
terize the superspin-isospin part of the composite lep-
tons (see [6], (68), (69)). As the lepton states are con-
structed in a D-basis of parton spinors the latter matrix
elements have to be calculated in this basis. The calcu-
lation yields for a = 1, 2, 3

(Saγ5)D
ln =

(
σa

0
0

−σa

)
, (T aγ5)D

ln =
(

σa

0
0

σa

)
, (33)

and for a = 0

(S0γ5)D
ln =

(
1
0

0
1

)
, (T 0γ5)D

ln =
(

1
0

0
−1

)
, (34)

where the indices l, n are referred to the state numbers
of (28).

Substitution of (33) and (34) into (13) shows that
this equation can be decomposed into two separate
equations for ψ1,ψ2 and ψ3,ψ4. In particular, for
(ψ3,ψ4) ≡ (ν,e−) one obtains after multiplication
of (13) with γ 0 in spin-space the equation

[−iγµ∂µ + m]ψl +
1
2
[gσ a

lnγkAka + g′σ0
lnγkAk0]ψn

+ i
1
2
[gσ a

ln(γ
kγ5)Gka + g′σ0

ln(γ
kγ5)Gk0]ψn = 0.

(35)

The corresponding equation for (ψ1,ψ2) is redundant
and will not be explicitly given for the sake of brevity.

Finally we rearrange the field equations into their
final form. Neglecting for simplicity the coupling be-
tween SU(2) fields and U(1) fields from (53) in [6] it
follows η̄abc := iεabc. Furthermore we define c1 = 1,
f̂ A = f̂ G, k2 = k′2, k5 = k′5, (c2 − f̂ Ac4) =: µA and
(c3 − f̂ Ac4) =: µG, and express the current coupling
constants ge and gm by the original constants in (11)
and (12).

Substitution of these definitions and canceling out
i yields for (9) – (12) the following set of field equa-
tions:

Ȧla(z) = −εlkm∂z
kGma(z)− c2Ela(z)

+εabcεlkm f̂ A[k1Akb(z)G′
mc(z)+ k4Gkb(z)Amc(z)],

(36)

Ġla(z) = −εlkm∂z
kAma(z)+ c2Bla(z)

−εabcεlkm f̂ A[k3Akb(z)Amc(z)− k6Gkb(z)Gma(z)],
(37)

Ėla(z) = εlkm∂z
kBma(z)+ ge ja

l + µAAla

+εabcεlkm f̂ A[k2Akb(z)B′
mc(z)+ k5Gkb(z)E ′

mc(z)],
(38)

Ḃla(z) = −εlkm∂z
kEma(z)+ igmJa

l − µGGla

−εabcεlkm f̂ A[k2Akb(z)Emc(z)− k5Gkb(z)B′
mc(z)].

(39)

For a = 0, all terms with εabc vanish, i. e., one gets the
U(1) field equations.

To complete the theory of vector fields, their con-
straints have to be formulated (electric and magnetic
Gauss law). In the canonical version of the theory these
constraints need not to be postulated, but can be de-
rived from (28) – (31) in combination with the spinor
equation (25), compare for instance [13], section 8.2.
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This will not be done here, because it is not along the
lines of our investigation.

3. Effective Lagrangian Density

So far we have clarified the meaning of the effec-
tive canonical equations of motion of our model and
brought them into a conventional form, although their
mathematical and physical content exceed the con-
tent of customary electroweak gauge theories. To draw
physical conclusions from these results it is advanta-
geous to express them in the form of an effective La-
grangian, as in phenomenology the Lagrangians are the
central quantities for the evaluation of the theory.

To facilitate the distinction between coordinate in-
dices and superspin-isospin indices, we return to the
η-tensor by introducing the definition

ηabc = εabc = εabc,

i. e., the relation η̄ = iη holds. As in the following
only η will appear, no confusion between η̄ and η is
possible.

To apply the Lagrange formalism, the definition of
the electroweak field tensor in terms of the vector fields
is required. In the literature this definition is not uni-
form. We follow the definition used in the treatment of
gauge theories by differential forms ([15], (4.6); [16],
p. 70), which reads for antisymmetric F a

µν

Ea
k = −Fa

0k, Ba
k =

1
2

εki jF
a
i j, (40)

where the metric is defined by ηµν = diag
(1,−1,−1,−1).

This definition of the fields is consistent with that
used in Section 2. Furthermore, for the currents the fol-
lowing definitions hold:

ja
µ := ψ̄σaγµψ = ( ja

µ)+, Ja
µ := ψ̄σaγ5γµψ = (Ja

µ)+,

a = 0,1,2,3, (41)

where the minus sign in (32) is absorbed in the cou-
pling constant.

To describe the effective field dynamics we postu-
late the following Lagrangian density for real vector

fields with (as a preliminary condition) imaginary gπ :

L := −1
4

Fa
µνηµρ ηνκ Fa

ρκ

+
i
2
[ψ̄γµ∂µψ +(∂µψ̄)γµ ψ ]

−mψ̄ψ −gχAa
µ jµ

a − igπGa
µ jµ

a

+
1
2

µ2
AAa

µηµρ Aa
ρ +

1
2

µ2
GGa

µηµρ Ga
ρ ,

(42)

where gx = gχ , gπ takes the value gx for a = 0, and g′
x

for a = 1, 2, 3. The condition of imaginary g π will be
lifted in Section 5.

In (42) the field strength tensor is given by

Fa
µν := ∂µAa

ν −∂ν Aa
µ − εµνρσ ηρρ ′

ησσ ′
∂ρ ′Ga

σ ′

+ ηabc(g1Ab
µAc

ν + g2Gb
µGc

ν

+ g3εµνρσ ηρρ ′
ησσ ′

Ab
ρ ′Gc

σ ′).

(43)

In order to guarantee a consistent comparison with the
results of the calculations in Section 2, the Lagrangian
density and its associated equations of motion are ex-
clusively expressed in terms of covariant fields. By
means of the Lagrangian formalism these equations of
motion can be derived from (42) and (43).

We start with the fermion equation. Its derivation is
trivial. From (42) one obtains the Dirac equation

i∂µγµψ −gχAa
µσaγµψ − igπGa

µσaγ5γµ ψ

+ mψ = 0.
(44)

As far as the vector fields are concerned, we assume
that (42) and (43) are evaluated in temporal gauge in
accordance with Section 2. This gauge must be com-
patible with the field dynamics, even if in (42) the
gauge invariance is lost, because the conjugate mo-
menta of Aa

0 and Ga
0, a = 0, 1, 2, 3, vanish identically,

i. e., Aa
0 and Ga

0 are no genuine independent field vari-
ables.

We first study the consequences of the field tensor
definition (43).

(i) From (43) one obtains the equation for the
E-fields which in temporal gauge reads

−Ea
k := Fa

0k

= ∂0Aa
k − ε0kρσ ηρρ ′

ησσ ′
∂ρ ′Ga

σ ′

+ g3ηabcε0kρσ ηρρ ′
ησσ ′

Ab
ρ ′Gc

σ ′ ,

(45)
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or equivalently

∂0Aa
k = −Ea

k + εki j∂iG
a
j

− 1
2

g3ηabcεki j(Ab
i Gc

j + Gb
i Ac

j).
(46)

(ii) Similarly one obtains the equation for the
B-fields from (43) in the form

Ba
k :=

1
2

εi jkFa
i j

=
1
2

εi jk(∂iA
a
j −∂ jA

a
i )

− 1
2

εi jkεi jρσ ηρρ ′
ησσ ′

∂ρ ′Ga
σ ′

+
1
2

ηabcεi jk(g1Ab
i Ac

j −g2Gb
i Gc

j)

+
1
2

g3ηabcεi jkεi jρσ Ab
ρ Gc

σ

(47)

for i, j, k = 1, 2, 3. Owing to this restriction the last
term in (47) vanishes in temporal gauge, and after some
rearrangements (47) goes over into

∂0Ga
k = Ba

k − εi jk∂iA
a
j

− 1
2

ηabcεi jk(g1Ab
i Ac

j −g2Gb
i Gc

j).
(48)

(iii) Next we consider the Lagrangian equations of
motion for the A-fields:

∂µ

(
δL

δ (∂µAa′
ν ′)

)
− δL

δAa′
ν ′

≡

−∂µ ′ηµµ ′
ηνν ′

Fa′
µν + gχηλ ν ′

ja′
λ − µ2

Aηλ ν ′
Aa′

λ

+
1
2

ηabc(g1Ab
µδca′δνν ′ + g1Ac

νδba′δµν ′

+g3εµνεσ δρ ′ν ′δba′ηερ ′
ησσ ′

Gc
σ ′)ηµρ ηνκ Fa

ρκ = 0.

(49)

For ν ′ = k a rearrangement of (49) leads to

−∂0Ea′
k = −εl jk∂lB

a′
j −ηbaa′εl jk(g1Ab

l Ba
j

+ g3Gb
l Ea

j )+ gχ ja′
k − µ2

AAa′
k .

(50)

(iv) The same procedure can be performed for the
G-fields. The Lagrangian equations of motion read in

this case

∂λ (
δL

δ (∂λ Ga′
κ ′)

)− δL
δGa′

κ ′
≡

1
2

εµνδεηµρ ηνκ ηδλ ηεκ ′
∂λ Fa′

ρκ + igπηκ ′λ Ja′
λ

−µ2
Gηκ ′λ Ga′

λ

+
1
2

ηabc(−g2Gb
µδca′δνκ ′ −g2Gc

ν δba′δµκ ′

+g3εµνεσ ηερ ′
ησσ ′

Ab
ρ ′δσ ′κ ′δca′)ηµρ ηνκ Fa

ρκ = 0.

(51)

For σ ′ = h, only one of the remaining indices µ ,ν,ρ
can adopt the value zero. Therefore the sum over
µ ,ν,ρ can be resolved into partial sums over ν,ρ for
µ = 0, µ ,ρ for ν = 0 and µ ,ν for ρ = 0. This leads to

−1
2

ε0i jh∂ jF
a′
0i −

1
2

εi0 jh∂ jF
a′
i0 − 1

2
εi j0h∂0Fa′

i j

−igπJa′
h + µ2

GGa′
h

= −1
2
(−g2Gb

l Fa
lhηaba′ −g2Gc

l Fa
hlη

aa′c

+ g3εµνlhAb
l ηµδ ηνε ′Fa

δε ′η
aba′ .

(52)

If in (52) the field strength tensors are expressed by the
vector fields, (52) can be reformulated in the form

∂0Ba′
h = −εi jh∂iE

a′
j − ε jihηbaa′(g2Gb

jB
a
i

−g3Ab
jE

a
i )− igπJa′

h + µ2
GGa′

h .
(53)

In addition, the Lagrange formalism implies the deriva-
tion of the electric and magnetic Gauss law. For ν ′ =
0 it follows the electric Gauss law from (49), while
for σ ′ = 0 from (51) the magnetic Gauss law can be de-
rived. It is also possible to derive pseudo-conservation
laws from (49) and (51) for the currents. Because we
concentrate on the discussion of the canonical equa-
tions of motion, we refer to the comment about con-
straints at the end of Section 2 and do not express these
constraints explicitly.

In borderline cases this theory should pass into the
description of conventional physics in order to be phys-
ically acceptable. To achieve this it is necessary to im-
pose two additional conditions: The Lagrangian den-
sity should lead to equations of motion which are iden-
tical

α) with the equations of motion of a SU(2) ⊗
U(1) gauge theory if the magnetic vector potential
G vanishes and the vector bosons are assumed to be
massless;

β ) with the equations of free massive electroweak
bosons if their interactions are switched off.
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We consider case α . In this case, (46), (48), (50)
and (53) yield

∂0Aa
k = −Ea

k , (54)

Ba
k = εi jk∂iA

a
j +

1
2

εi jkηabcg1Ab
i Ac

j,

∂0Ea
k = εi jk∂iB

a
j + εi jkηabcg1Ab

i Bc
j −gχ ja

k , (55)

∂0Ba
k = −εi jk∂iE

a
j + εi jkηabcg3Ab

i Ec
j . (56)

For a = 1, 2, 3, these equations are identical with
the equations of a SU(2) gauge theory (cf. [17],
eqs. (12.58), (12.59)) in temporal gauge, if the relation
g3 =−g1 holds. The agreement with a U(1) gauge the-
ory for a = 0 is trivial.

With respect to case β we consider (49) in Lorentz-
gauge switching off all interactions. This gives

−∂µF µν
a − µ2

AAν
a ≡ [∂µ∂µ + µ2

A]Aν
a = 0, (57)

This is the equation of a massive vector field ([3],
(2.42)).

For the magnetic vector potential one obtains in this
case from (51)

1
2

εµνρσ ∂ρ Fµν
a −µ2

GGa
σ ≡ [∂µ∂µ −µ2

G]Ga
σ = 0, (58)

where the right hand side of (58) results after some re-
arrangements. Obviously one has to assume µG = iµ̄G
in order to get a physical magnetic vector boson. Only
if experiments require boson velocities ≥ c one should
deviate from this convention. Furthermore, for simplic-
ity we assume g2 = g1.

If these conditions are incorporated in (46), (48),
(50) and (53) one eventually gets the following set of
equations:

∂0Aa
k = −Ea

k + εki j∂iG
a
j

+
1
2

g1ηabcεki j(Ab
i Gc

j + Gb
i Ac

j),
(59)

∂0Ga
k = Ba

k − εki j∂iA
a
j

− 1
2

g1ηabcεki j(Ab
i Ac

j −Gb
i Gc

j),
(60)

∂0Ea
k = εki j∂iB

a
j + g1ηabcεki j(Ab

i Bc
j −Gb

i Ec
j )

−gχ ja
k + µ2

AAa
k,

(61)

∂0Ba
k = −εki j∂iE

a
j −g1εki jηabc(Gb

i Bc
j + Ab

i Ec
j )

− igπJa
k − µ̄2

GGa
k.

(62)

To compare (36) – (39) with (59) – (62), the constants
in the former equations have to be fixed. In (54) of [6],
their values are expressed by the formation of various
scalar products of the space parts of the boson wave
functions. As these scalar products (with inclusion of
their regularization) are defined in an auxiliary space,
they can adopt positive and negative values in contrast
to the norm expressions in a physical state space.

While the algebraic structure of the boson wave
functions (and, of course, of the fermion wave func-
tions, too) is strictly set up, the space parts of these
wave functions can be chosen only with a certain de-
gree of arbitrariness which reflects the lack of informa-
tion about the influence of the field theoretic vacuum
on the space structure of these states. Therefore, with-
out using selfconsistent calculation schemes for the bo-
son wave functions, the corresponding scalar products
([6], (54)) represent parameters of the theory which
can be adapted in order to get plausible results. In the
present case we define

g1 = f̂ Ak1 = f̂ Ak2 = f̂ Ak3

= f̂ Gk4 = − f̂ Gk5 = f̂ Gk6.
(63)

Theorem 1: If the relations (63) are satisfied, and
the masses and coupling constants are adapted, then
the set of equations (36) – (39) is identical with the
set (59) – (62). The same holds for the corresponding
fermion equations (35) and (44).

Addendum: The effective field theory defined by the
Lagrangian density (42) is limited to a finite range of
energies. Above a certain energy threshold it looses its
meaning and has to be modified by formfactors etc. In
this way one does not encounter the divergence diffi-
culties of conventional field theories with Lagrangian
of the type (32).

4. Transition to Effective Physical Fields

In the phenomenological treatment of the elec-
troweak Standard Model physical fields are introduced
as a consequence of isospin symmetry breaking of a
corresponding SU(2)⊗U(1) gauge theory. To generate
this symmetry breaking, hypothetical Higgs fields are
assumed which are coupled to the boson and fermion
fields and which spontaneously break local as well as
global isospin invariance.

It is obvious that also in the spinor field model of
Section 2 isospin symmetry breaking must be intro-
duced in order to obtain the physical fields which are
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required for an appropriate description of correspond-
ing experiments.

However, in contrast to the phenomenological pro-
cedure, in the spinor field model no Higgs fields are
needed to avoid divergencies, and moreover they are an
alien element in the algebraic formalism applied to this
model. In the algebraic treatment, symmetry breakings
are exclusively generated by changes of the represen-
tations which are related to suitable choices of the vac-
uum, leading to various inequivalent representations.

In the algebraic Schrödinger representation of the
spinor field a change of the representation is achieved
by a suitable choice of the fermion (parton) propaga-
tor. In this way isospin symmetry breaking was treated
in [13, 18], for a vanishing magnetic vector potential.
It is thus the task to generalize this to the case under
consideration, i. e. to the Lagrangian density (42).

In the model of Section 2, CP-symmetry breaking
has already been introduced by a corresponding prop-
agator which is explicitly given in (27) in [5]. There-
fore the effect of this CP-symmetry breaking on the
isospin invariance has to be investigated first. Accord-
ing to Theorem 1, for this investigation the Lagrangian
density (42) and the field strength tensor definition (43)
can be used. From the mass terms in (42) it follows
immediately that the local isospin symmetry is broken.
Hence only the effect on the global isospin invariance
has to be investigated.

Theorem 2: The Lagrangian density (42) is invari-
ant under global isospin transformations.

Proof : We introduce the unitary transformation

U = exp

(
−i

1
2

σaεa

)
(64)

and define

Aµ :=
1
2

σaAa
µ , Gµ :=

1
2

σaGa
µ , Fµν :=

1
2

σaFa
µν . (65)

Then for global isospin transformations the following
transformation rules hold (cf. [3], section 13.2):

A′
µ = UAµU+, G′

µ = UGµU+,

ψ ′ = Uψ , ψ̄ ′ = ψ̄U+.
(66)

To represent the definition of the field strength tensor
in this form we multipy (43) with (1/2)σa and sum
over a. With the group theoretical commutation rela-

tions

i
1
2

ηabcσaXb
µY c

ν =
[

1
2

σbXb
µ ,

1
2

σcY
c
ν

]
−

= [Xµ ,Yν ]−

(67)

one obtains for (43) the expression

Fµν := (∂µAν −∂νAµ)− εµνρσ ∂ρGσ

−ig1([Aµ Aν ]−− [GµGν ]−− εµνρσ [Aρ Gσ ]−),
(68)

and from this expression it follows directly that

F′
µν = UFµνU+. (69)

Having derived this relation, we can represent the La-
grangian density (42) in the form

L = −1
2

Tr[FµνFµν ]+ 2g′eψ̄Aµγµψ

+ 2ig′mψ̄Gµγ5γµ ψ +
1
2

µATr[Aµ Aµ ]

− 1
2

µ̄GTr[GµGµ ]+LU(1) + i[ψ̄γµ∂µ ψ

+(∂µψ̄)γµψ ]+ mψ̄ψ .

(70)

Obviously this density is invariant under global isospin
transformations. ♦

In addition to this result it can be shown that the CP-
symmetry breaking propagator in (27) in [5] is invari-
ant under global isospin transformations too. The al-
gebraic part of this propagator contains the superspin-
isospin matrices γ5 and γ5γ0, which are represented
in the form γ 5 = σ1

A1A2
σ0

a1a2
and γ5γ0 = −iσ2

A1A2
σ0

a1a2
,

where σ 0
a1a2

stands for the isospin part. This matrix is
the unit matrix in isospin space, and hence this matrix
and so the propagator are invariant under global isospin
transformations. Furthermore, as the spinor field prop-
agator acts as a relativistic potential in the mass eigen-
value equations of bosons and fermions, its global
isospin invariance leads to degenerate mass matrices
in isospin space. This fact is expressed by the mass
matrices in the Lagrangian density (42).

On the other hand, in phenomenology the Higgs
fields break the global isospin invariance which man-
ifests itself by nondegenerate (phenomenological) bo-
son and fermion mass matrices. Therefore the propa-
gator in (27) in [5] is not appropriate to reproduce the
effect of the Higgs fields within the algebraic formal-
ism. An appropriate propagator must explicitly break
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global isospin invariance in order to remove the de-
generacy of the mass matrices and thus to come to an
agreement with phenomenology.

In the following we concentrate on the calculation of
the nondegenerate mass matrix for bosons, but in this
context we do not repeat those calculations which lead
to the degenerate boson mass matrix of (109) and (110)
in [6]. A comment about the fermion mass matrix will
be given below.

In functional space the full term which implicitly
contains the effective boson mass matrix is given by

mb
klbk∂b

l + Mb
klbk∂l ≡ 2Rk

II1 m f
I1I2

Cl
I2Ibk∂b

l

−6WI1I2I3I4 FI4KRk
KI1Cl

I2I3 bk∂b
l ,

(71)

where the first term on both sides stems from the spino-
rial mass matrix of (1) in [6], while the second term
contains the fermion propagator of the spinor field.
We now assume that this propagator breaks the CP-
symmetry as well as isospin symmetry. Provided that
the symmetry breaking admixtures are small, their con-
tributions to the propagator are additive, as higher-
order terms of their Taylor expansion can be neglected.
Therefore the results of their separate calculation can
be linearly superposed.

We thus decompose the propagator of formula (71)
into two parts:

F := F0 + F1, (72)

where F0 is defined by the CP-symmetry violat-
ing propagator in (27) in [5], while F 1 represents
the isospin symmetry breaking part. The calculations
of [6] are referred to F 0, and one obtains from (40) –
(48) of [6] with inclusion of the transformations (2)

mb
klbk∂b

l + Mb
klbk∂b

l

≡ 2Rk
II1 m f

I1I2
Cl

I2Ibk∂b
l −6WI1I2I3I4 FI4KRk

KI1Cl
I2I3 bk∂b

l

≡ i
∫

d3zbE
la(z)[c2 − f̂ Ac4]∂A

la(z)

− i
∫

d3zbB
la(z)[c3 − f̂ Gc4]∂G

la(z)

=: i
∫

d3zµ2
AbE

la(z)∂
A
la(z)− i

∫
d3zµ2

GbB
la(z)∂

G
la(z).

(73)

The mass matrices in (73) are degenerate in isospin
space in agreement with the mass terms in (11)
and (12).

For the calculation of (71) the single time propaga-
tor is required. The corresponding isospin symmetry
breaking part F 1 can be written in the general form

F1 := λi1(γ
0γ3)κ1κ2 [hi1(u)Cβ1β2

+hk
i1(u)(γkC)β1β2

],
(74)

where u is the relative coordinate r1 − r2. In (8.51)
in [13] the construction of F 1 is explained starting from
the general explicite form (8.49) in [13]. As we are
only interested in the algebraic evaluation of (71), we
suppress the explicit representation of the coordinate
parts h, hk for the sake of brevity.

To evaluate the isospin symmetry breaking term, we
define

H2
b(F

n) := −6WI1I2I3I4 Fn
I4KRk

KI1Cl
I2I3 bk∂b

l , (75)

which is a generalization of (46) in [6] for various
propagators F n, n = 0, 1, . . . , or for different pieces
of one propagator in accordance with (72).

The formula (47) in [6] is thus identical with
H2

b(F
0). Hence, if we replace F 0 in (47) in [6] by F 1,

we can use this formula as the starting point of our cal-
culation. This formula reads

H2
b(F

1) = g
∫

d3r1 d3r d3k d3k′

·
{

λi1 ∑
h

[
(γ0υh)β1β2

(υhC)β3β4
δρ1ρ2γ5

ρ3ρ4
−(γ0υh)β1β3

(υhC)β2β4
δρ1ρ3γ5

ρ2ρ4
−(γ0υh)β1β4

(υhC)β3β2
δρ1ρ4γ5

ρ3ρ2

]}

· ∑
i4

λi4(γ
0γ3)ρ4κ δi4i′

[
hi4(r1 − r)Cβ4α + hk

i4(r1 − r)(γkC)β4α

]

·(T a′+Sa′)ρ2ρ3

[
f̂ A(0|m)β2β3

∂A
ma′(k

′)+ f̂ E(0|m)β2β3
∂E

ma′(k
′)+ f̂ B(0|m)β2β3

∂B
ma′(k

′)+ f̂ G(0|m)β2β3
∂G

ma′(k
′)
]

· exp[−ik′r1](T a + Sa)+κρ1

[
rA

i1i′(r1 − r|l)αβ1
bA

la(k)+ rE
i1i′(r1 − r|l)αβ1

bE
la(k)+ rB

i1i′(r1 − r|l)αβ1
bB

la(k)

+ rG
i1i′(r1 − r|l)αβ1

bG
la(k)

]
exp[ik

1
2
(r1 + r)]. (76)
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Next, by (r1−r) = u and (r1 +r)1/2 = z we introduce
center of mass coordinates. For these coordinates we
obtain exp(−ik′r1) = exp[−ik′(z + u/2)], which we
approximately replace by exp(−ik ′z) as the propaga-

tor functions and the dual boson functions are strongly
concentrated around the origin u = 0, and one can con-
sider them as test functions and assume exp(−ik ′u) ≈
1. Then the integration over k and k ′ can be performed,
leading to the equivalent expression

H2
b(F

1) = g
∫

d3zd3u

·
{

λi1 ∑
h

[
(γ0υh)β1β2

(υhC)β3β4
δρ1ρ2γ5

ρ3ρ4
− (γ0υh)β1β3

(υhC)β2β4
δρ1ρ3γ5

ρ2ρ4
− (γ0υh)β1β4

(υhC)β3β2
δρ1ρ4γ5

ρ3ρ2

]}

·∑
i4

λi4(γ
0γ3)ρ4κ δi4i′

[
hi4(u)Cβ4α + hk

i4(u)(γkC)β4α

]
(T a′ + Sa′)ρ2ρ3

·
[

f̂ A(0|m)β2β3
∂A

ma′(z)+ f̂ E(0|m)β2β3
∂E

ma′(z)+ f̂ B(0|m)β2β3
∂B

ma′(z)+ f̂ G(0|m)β2β3
∂G

ma′(z)
]
(T a + Sa)+κρ1

·
[
rA

i1i′(u|l)αβ1
bA

la(z)+ rE
i1i′(u|l)αβ1

bE
la(z)+ rB

i1i′(u|l)αβ1
bB

la(z)+ rG
i1i′(u|l)αβ1

bG
la(z)

]
. (77)

The algebraic evaluation of this expression can be done exactly, but is rather extensive. For brevity we give only
the result of this calculation, which reads with transformations (2)

H2
b(F

1)=192i
∫

d3u∑
i1i′

λi1λi′
[
rE

i1i′(u)hi′(u)
]

f̂ A
∫

d3z
[
bE

l0(z)∂
A
l3(z)+bE

l3(z)∂
A
l0(z)+ibE

l1(z)∂
A
l2(z)−ibE

l2(z)∂
A
l1(z)

]

+192i
∫

d3u∑
i1i′

λi1λi′
[
rE

i1i′(u)hi′(u)
]

f̂ G
∫

d3z
[
bB

l0(z)∂
G
l3(z)+ bB

l3(z)∂
G
l0(z)+ ibB

l1(z)∂
G
l2(z)− ibB

l2(z)∂
G
l1(z)

]
, (78)

and which leads to a modified boson mass matrix.

This result is the most important effect of isospin
symmetry breaking in the sytem, as it is the starting
point for the introduction of effective physical boson
fields. In addition, the modified propagator influences
the fermion mass matrix and the current coupling to the
boson fields, as can be read off from the definition of
the various contributions to the functional energy ex-
pression (22) – (24) in [6]. But for our intended appli-
cation these modifications are of minor interest, as will
be seen in the next section. Hence we suppress them.

Under these presuppositions the functional energy
operator (1) is modified to give

H̃ = H f +H1
b +H2

b(F
0)+H2

b(F
1)

+H3
b +H1

b f +H2
b f .

(79)

By means of this energy operator the effective clas-
sical equations of motion can be derived. In com-
parison with the isospin-invariant energy operator (1)
and its equations of motion (9) – (13) or (59) – (62),
respectively, only the field equations for the electric
and magnetic fields are modified, while the equations
for the electric and magnetic vector potentials remain

unchanged. Hence we derive only the former equa-
tions explicitly. But owing to the varying contributions
of (78) to the sets of equations for a = 1, 2 and a = 3,
0, it is suitable to treat these sets separately. For a = 1,
2 one gets

∂0Ea
k = εki j∂iB

a
j + g1ηabcεki j(Ab

i Bc
j −Gb

l Ea
j )

−gχ ja
k + µ2

AAa
k −aAσ2

abAb
k,

(80)

∂0Ba
k = −εki j∂iE

a
j −g1εki jηabc(Gb

i Bc
j + Ab

i Ec
j )

− igπJa
k − µ̄2

GGa
k −aGσ2

abGb
k ,

(81)

for the electric and magnetic fields, while for a = 3, 0
one obtains

∂0Ea
k = εki j∂iB

a
j + g1ηabc(δa0 −1)εki j(Ab

i Bc
j −Gb

l Ea
j )

−gχ ja
k + µ2

AAa
k + a′Aσ1

abAb
k, (82)

∂0Ba
k = −εki j∂iE

a
j −g1ηabc(δa0 −1)εki j(Gb

i Bc
j+Ab

i Ec
j )

− igπJa
k − µ̄2

GGa
k −a′Gσ1

abGb
k , (83)

as the completion of (61) and (62) in the case of isospin
symmetry breaking of the vacuum. Note that σ ab can
and is to be defined on the set a,b = 3, 0.
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In these equations the nondiagonal form of the mass
matrices shows that their vector fields are not identifi-
able with observable fields, because in scattering pro-
cesses no free vector fields result asymptotically. The
transition to observable fields can only be achieved by
application of generalized Weinberg transformations,
which for (80) and (81) simultaneously lead to definite
electric charges of the vector bosons. (In the conven-
tional theory such a linking between Weinberg trans-
formations and charge eigenstates does not exist.)

In view of the large number of field variables it is
not advisable to use the conventional symbols of these
fields. Thus for the electric part we rename them in the
following way:

Ẽ1 := EW−
, Ẽ2 := EW+

, Ẽ3 := EZ , Ẽ0 := EA,

Ã1 := W−, Ã2 := W+, Ã3 := Z, Ã0 := A,
(84)

while for the magnetic part we define

B̃1 := BM−
, B̃2 := BM+

, B̃3 := BX , B̃0 := BG,

G̃1 := M−, G̃2 := M+, G̃3 := X, G̃0 := G,
(85)

where the symbols for the magnetic fields are freely
adapted from the electric fields.

By definition these fields are assumed to diagonalize
the mass matrices and are thus the physical fields. They
are related to the original fields by the transformations

Ea
k = yabẼb

k , Ba
k = yabB̃b

k , a = 1,2, (86)

and

Ea
k = zabẼb

k , Ba
k = zabB̃b

k , a = 3,0, (87)

where yab and zab are given by the unitary or orthogo-
nal matrices, respectively:

yab = 2−1/2
(

1
−i

1
i

)
, zab =

(
cosΘ
−sinΘ

sinΘ
cosΘ

)
. (88)

The same transformations hold for the vector poten-
tials:

Aa
k = yabÃb

k, Ga
k = yabG̃b

k , a = 1,2, (89)

and

Aa
k = zabÃb

k , Ga
k = zabG̃b

k , a = 3,0. (90)

The consistency of the simultaneous transformation of
fields and vector potentials can be proven by using the

Hamiltonian equations of motion for the complex vec-
tor fields (84) and (85) and transforming them back
to the original fields and potentials

(
cf. [13], section

8.1 and [22], (2.63), (2.84a), (2.84b)
)
. If y+

ab is applied
to (80) and (81), these equations can be rewritten in the
following form:

∂0Ẽa
k =εki j∂iB̃

a
j +g1y+

aa′η
a′bcεki j(Ab

i Bc
j−Gb

l Ea
j )

−gχy+
aa′ ja′

k +(µ2
Aσ0

ab + aAσ3
ab)Ã

b
k ,

(91)

∂0B̃a
k =−εki j∂iẼ

a
j −g1y+

aa′η
a′bcεki j(Gb

i Bc
j+Ab

i Ec
j )

− igπy+
aa′J

a′
k − (µ̄2

Gσ0
ab −aGσ3

ab)G̃
b
k ,

(92)

while, after application of zT
ab, (82) and (83) yield

∂0Ẽa
k = εki j∂iB̃

a
j + g1zT

aa′η
a′bc(δa0 −1)

· εki j(Ab
i Bc

j −Gb
l Ea

j )−gχzT
aa′ ja′

k

+(µ2
Aσ0

ab −2(cosΘ)2aAσ3
ab)Ã

b
k ,

(93)

∂0B̃a
k = −εki j∂iẼ

a
j −g1zT

aa′η
a′bc(δa0 −1)

· εki j(Gb
i Bc

j + Ab
i Ec

j )− igπzT
aa′J

a′
k

− (µ̄2
Gσ0

ab + 2(cosΘ)2aGσ3
ab)G̃

b
k .

(94)

In these equations the nonlinear terms have not been
transformed to the new field variables, because the
nonlinear terms mix the two sectors. To transform the
latter terms as well, one has to return to the four-
dimensional representation which is anticipated in the
definitions (84) and (85) for the fields and which will
be applied below.

To obtain the diagonal form of the mass matrices
in (93) and (94) the condition cos2 Θ = sin2 Θ has to
be satisfied, which gives the Weinberg angle Θ = 45◦.
The latter result is a consequence of the equal mass
values of the vector boson singlet and triplet states
in (11) and (12). This is in accordance with the result of
the state calculations for single electric and magnetic
bosons in [5]. In a selfconsistent calculation of their
wave functions, this degeneracy may be removed, but
in the case under consideration this leads to the ideal-
ized form of the Weinberg transformation zab with the
Weinberg angle Θ = 45◦.

Furthermore, apart from diagonalizing the mass ma-
trices in (91) – (94), the unitary transformation (86) are
identical with that transformation in phenomenological
theory which leads to the charged vector boson states.
By application of this transformation to the micro-
scopic boson wave functions defined in (27) and (28)
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in [6], it can be easily verified that these wave functions
are eigenfunctions of the microscopic charge operator
in (6.101) – (6.103) in [13] with correct eigenvalues.

To return to a four-dimensional notation of the
isospin states in (91) – (94) we define the four-
dimensional transformation matrix

tnm =
(

yab
0

0
zab

)
(95)

and obtain for the complete set of field equations the
following transformed version:

∂0Ãa
k = −Ẽa

k + εki j∂iG̃
a
j

+
1
2

g1η̃alhεki j(Ãl
iG̃

h
j + G̃l

iÃ
h
j),

(96)

∂0G̃a
k = B̃a

k − εki j∂iÃ
a
j

− 1
2

g1η̃alhεki j(Ãl
i Ã

h
j − G̃l

iG̃
h
j),

(97)

∂0Ẽa
k = εki j∂iB̃

a
j + g1η̃alhεki j(Ãl

i B̃
h
j − G̃l

iẼ
h
j )

−gχ ĵ a
k +[µ2

AIaa′ + aA(γ5γ3)aa′ ]Ã
a′
k ,

(98)

∂0B̃a
k = −εki j∂iẼ

a
j −g1εki jη̃alh(G̃l

i B̃
h
j + Ãl

iẼ
h
j )

− igπ Ĵ a
k − [µ2

GIaa′ −aG(γ5γ3)aa′ ]G̃
a′
k

(99)

with the definitions

η̃nlh := t+nmηmbctbltch, ĵ a
k := t+ab ja

k , Ĵ a
k := t+abJa

k , (100)

where it has to be taken into account that η mbc vanishes
if one of the superscripts is zero. Explicit calculation
yields:

η̃1lh = 2δn1i(δl2δh3 − δl3δh2 + δl2δh0 − δl0δh2),

η̃2lh = 2δn2i(−δl1δh3 + δl3δh1 − δl1δh0 + δl0δh1),

η̃3lh = 2δn3i(δl1δh2 − δl2δh1),

η̃0lh = 2δn0i(δl1δh2 − δl2δh1). (101)

Finally we treat the fermion equation. We start with
equation (35) or equivalently with (44). Transforming
to the physical fields (84) and (85) one obtains

[−iγµ∂µ + m]ψa +
1
2

γk2−1/2
[
Ã1

kg(σ 1 − iσ2)ab

+Ã2
kg(σ 1 + iσ2)ab + Ã3

k(σ
3g+ σ 0g′)ab

+Ã0
k(σ

3g−σ 0g′)ab

]
ψb + i

1
2
(γkγ5)2−1/2

·
[
G̃1

kg(σ 1 − iσ2)ab + G̃2
kg(σ 1 + iσ2)ab

+G̃3
k(σ

3g+ σ 0g′)ab + G̃0
k(σ

3g−σ 0g′)ab

]
ψb= 0.

(102)

In this equation only the electric vector potentials
correspond to the conventional theory. To verify this
equivalence it has to be noted that by group theoreti-
cal construction the eigenvalues and eigenstates of the
composite fermions can be determined, but not their
numeration. The latter is quite arbitrary. By definition
in S-representation of equation (35) a numeration is
chosen which agrees with the phenomenological one.
This means that ψ1 ≡ ν and ψ2 ≡ e−. Then, owing to
the idealized Weinberg angle, one must assume g ′ = g
in order to obtain the correct operator σ 3 −σ0 which
governs the coupling of the photons to electrons in the
Ã0

k-term. For this Weinberg angle and value of g ′ the
remaining Ã-terms for a = 1, 2, 3 correspond to the
conventional theory (cf. [2], (22.30) – (22.32)).

5. Modification of βββ -Decay Processes

The conventional electroweak Standard Model con-
tains a great number of different elementary interac-
tions (cf. the schedule in [19], Table 14.1). If this Stan-
dard Model is extended to comprise the magnetic vec-
tor bosons, then the number of elementary interac-
tions is correspondingly increased. To exemplify these
changes we concentrate on the discussion of one type
of interaction which led to the discovery of the weak
forces in the past and which is of present interest,
namely the β -decay.

The three basic processes in nuclear β -decay are

n → p+ e−+ ν̄e,

p → n+ e+ + νe,

p+ e− → n+ νe,

(103)

which in the quark picture are replaced by

d → u+ e−+ ν̄e,

u → d+ e+ + νe,

u+ e− → d+ νe,

(104)

where the last process in (104) describes nuclear elec-
tron capture. Although the latter process starts with
bound electron states (which are modified in the pres-
ence of magnetic photons), the transition rates are
closely related between all these processes [20]. Hence
it is admissible to study the most simple representative
of this family of processes in the following.

In this paper the theoretical basis for the treatment
of these phenomena is assumed to be given by the
canonical equations of motion for the physical fields
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of bosons as well as of fermions, which have been de-
rived in the preceding section. These effective canon-
ical equations of motion for the physical fields are
rooted in the microscopic spinor theory and are thus
basic. But from a phenomenological point of view
these equations are not adapted to the discussion of the
above processes.

In the Standard Model electroweak processes are de-
scribed by perturbation theory. Therefore, to investi-
gate electroweak processes, (96) – (99) and (102) have
to be rearranged in order to allow a perturbation theo-
retic interpretation. In addition, the quark states must
be included in this formalism to guarantee a complete
description of the processes (104). Without going back
to the microscopic theory we introduce quark states
by suitable definitions, since a microscopic derivation
would exceed the scope of this paper. For a micro-
scopic derivation we refer to [13], chapter 7.

Equations (96) – (99) and (102) are classical equa-
tions, whereas perturbation theory refers to quantum
processes. We use a semiclassical method to arrive
at expressions which can be interpreted as perturba-
tion theoretic matrix elements. We define the following
auxiliary quantities:

Na
A :=

1
2

g1η̃alhεki j(Ãl
iG̃

h
j + G̃l

iÃ
h
j),

Na
G := −1

2
g1η̃alhεki j(Ãl

i Ã
h
j − G̃l

iG̃
h
j),

Na
E := g1η̃alhεki j(Ãl

i B̃
h
j − G̃l

iẼ
h
j )−gχ ĵa

k ,

Na
B := −g1η̃alhεki j(G̃l

i B̃
h
j + Ãl

iẼ
h
j )− igπ Ĵa

k ,

(105)

and observe that the electric and magnetic mass tensors
are diagonal:

[µ2
AIaa′ + aA(γ5γ3)aa′ ]Ãa′

k = ma
AÃa

k,

[µ2
GIaa′ −aG(γ5γ3)aa′ ]G̃

a′
k = ma

GG̃a
k .

(106)

Then (96) – (99) can be rewritten in the form

∂0Ãa
k = −Ẽa

k + εki j∂iG̃
a
j + Na

A,k, (107)

∂0G̃a
k = B̃a

k − εki j∂iÃ
a
j + Na

G,k, (108)

∂0Ẽa
k = εki j∂iB̃

a
j + ma

AÃa
k + Na

E,k, (109)

∂0B̃a
k = −εki j∂iẼ

a
j −ma

GG̃a
k + Na

b,k. (110)

These equations can exactly be transformed into the set
of equations

∂2

∂t2 Ãa + × × Ãa + ma
AÃa = Ra

A, (111)

∂2

∂t2 G̃a + × × G̃a −ma
GG̃a = Ra

G, (112)

with the definitions

Ra
A = ×Na

G + ∂0Na
A −Na

E ,

Ra
G = − ×Na

A + ∂0Na
G −Na

B.
(113)

In Ra
A, Ra

G or Na
E , Na

B, respectively, we consider the
currents as the leading terms in lowest-order perturba-
tion theory, whereas all other terms are responsible for
boson-boson interactions which are generally assumed
to have a minor influence on the processes under con-
sideration. Thus with respect to the lowest-order per-
turbation theory (111) and (112) can be written in the
form

∂2

∂t2 Ãa + × × Ãa + ma
AÃa = gχ ĵa, (114)

∂2

∂t2 G̃a + × × G̃a −ma
GG̃a = −igπ Ĵa. (115)

These equations can be solved by means of Green
functions, which leads to

Ãa
k =

∫
d4x′Ga

A(x− x′)kk′gχ ĵa
k′(x

′),

G̃a
k =

∫
d4x′Ga

G(x− x′)kk′(−i)gπ Ĵa
k′(x

′).
(116)

On the other hand by (102) the following current defi-
nition is suggested:

j̃ a
k = tT

aa′ ja′k = ψ̄tT
aa′σ

a′γkψ = ψ̄σ̃a′γkψ . (117)

These currents and the associated σ̃ and σ̂ matrices
have the explicit form

j̃ 1
k := ψ̄2−1/2(σ1 − iσ2)γkψ =: ĵ 2

k

= charged current,

j̃ 2
k := ψ̄2−1/2(σ1 + iσ2)γkψ =: ĵ 1

k

= charged current,

j̃ 3
k := ψ̄2−1/2(σ3 + σ0)γkψ =: ĵ 3

k

= neutral current,

j̃ 0
k := ψ̄2−1/2(σ3 −σ0)γkψ =: ĵ 0

k

= electromagnetic current.

(118)

In an analogous way one obtains the explicit expres-
sions for the magnetic currents J̃ a

k . The different cur-
rent definitions (100) and (117) are enforced by the for-
malism, but correspond to the phenomenology. For in-
stance the combination of states in neutron decay ma-
trix elements in [25], (4.2.26) coincides with the com-
bination (σ̃1σ̂1) in the S-matrix element (126).
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According to the definition of σ̃a, (102) can be
rewritten in the form[
− iγµ(∂µ−i

1
2

gÃa
µσ̃a−1

2
γ5G̃a

µσ̃a)+m
]
ψ = 0. (119)

If necessary one can introduce the temporal gauge for
the vector fields in (119). In its magnetic part this
equation is a generalization of Lochak’s massless mag-
netic monopol equation (1.9) in [21], to magnetic elec-
troweak interactions, and in addition this equation con-
tains the full “electric” and “magnetic” electroweak in-
teraction with corresponding massive fermions. For the
sake of brevity the effect of symmetry breaking on the
fermion masses is not treated in detail.

The Lagrangian density associated with this equa-
tion is defined by

L f (x) :=

ψ̄
[
−iγµ

(
∂µ+i

1
2

gÃa
µσ̃a+

1
2

γ5G̃a
µ σ̃a

)
+m

]
ψ .

(120)

Note that L f vanishes as a consequence of the equation
of motion. This means that the stationary value of the
action integral is reached for L f = 0 (cf. [22], p. 58),
and does not prevent its use.

The Lagrangian density (120) can be expressed by
the “electric” and “magnetic” currents in the form

L f (x) = ψ̄(−iγµ∂µ + m)ψ

+
1
2

gÃa
µ j̃µ

a + i
1
2

gG̃a
µ J̃µ

a .
(121)

Furthermore, in accordance with the foregoing remarks
we add the “electric” and “magnetic” quark currents h̃a

µ
and H̃a

µ to the leptonic currents on the right hand side
of (114) and (115). In consequence these quark cur-
rents have to be added to the leptonic currents in (116).
By substitution of these improved field representations
in (121) one obtains in the case of temporal gauge

L f (x) = ψ̄(−iγµ∂µ + m)ψ

+
1
2

g j̃k
a(x)

∫
d4x′Ga

A(x− x′)kk′ [gχ ĵ a
k′(x

′)+ gqĥa
k′(x

′)]

+
1
2

igJ̃k
a(x)

∫
d4x′Ga

G(x− x′)kk′ [gπ Ĵ a
k′(x

′)+ g′qĤ a
k′(x

′)].

(122)

Then for lepton-lepton interactions the “electric” part
of the interaction Lagrangian density reads

Lll
f (x) =

1
2

g j̃ k
a(x)

∫
d4x′Ga

A(x−x′)kk′gχ ĵ a
k′(x

′), (123)

while for lepton-quark interactions it is given by

Llq
f (x) =

1
2

g j̃ k
a(x)

∫
d4x′Ga

A(x−x′)kk′gqĥ a
k′(x

′). (124)

The absence of Lqq
f results from the absence of the

quark Dirac equations which we did not introduce for
brevity, but which can be derived in a complete lepton-
quark dynamics (cf. [13], chapter 7).

Equation (119) can be treated by perturbation the-
ory. Within the quantum mechanical formalism it can
be shown that the S-matrix which corresponds to the
first-order perturbation theory is given by the inte-
gral over the interaction Lagrangian density (cf. [23],
(3.42), (3.53)). For the processes under consideration
the corresponding S-matrix element reads

S =
∫

d4xLlq
f (x)

=
1
2

ggq

∫
d4xd4x′ j̃ k

a(x)Ga
A(x− x′)kk′ ĥ

a
k′(x

′).
(125)

According to its derivation, in this formula the currents
have to be represented by the free lepton and quark
states of their corresponding free Dirac equations. This
leads to the following expression for (125) (cf. (3.60)
in [23]):

S = δ 4(Pf −Pi + pf − pi)(
m2

EfEi
)1/2(

M2

Eq
f Eq

i

)1/2

[ū(pfsf)σ̃aγku(pisi)]Ga
A(pf−pi)kk′ [ū(Pfsf)σ̂aγk′u(Pisi)],

(126)

where Ga
A(k) is the four-dimensional Fourier transform

of the Green function, while the capital letters de-
note the quark momenta of initial and final states, and
the small letters denote the leptonic initial and final
states.

The Green function and its Fourier transform can be
exactly calculated (cf. (12.119) in [24]), and one ob-
tains

Ga
A(ω ,k)kk′ = [1+

1

(ma2
A −ω2)

k⊗k]
1

(k2 + ω2 −ma2
A )

.

(127)

If one compares the S-matrix element (126) with that
of the phenomenological theory, for instance (4.2.3)
in [25], one obviously realizes a general agreement ex-
cept for three pecularities:
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(i) the absence of helicity projection operators;

(ii) the absence of the Cabbibo angle in the quark
mass matrix;

(iii) the altered boson mass matrix in comparison
with the phenomenological one.

As far as the helicity operators are concerned, their
absence has no relation to the subject under consider-
ation. In the introduction it was pointed out that mas-
sive neutrinos imply the use of an SU(2)L ⊗SU(2)R⊗
U(1)B−L theory ([26], chapter 6), which on the mi-
croscopic level can be introduced without difficulties.
Only for economic reasons the theory has been based
on the less complicated SU(2)⊗U(1) version in this
paper.

In addition, concerning (ii) the appearance of the
Cabbibo angle depends on the calculation of a nontriv-
ial quark mass matrix which is not the topic treated
here, but which was already calculated in the spinor
theory [27].

On the other hand the alteration of the boson
mass matrix in comparison with the phenomenolog-
ical one is the crucial result of this treatment, be-
cause it is an immediate consequence of the com-
bined CP- and isospin symmetry breaking. Accord-
ing to (106) the electric boson mass matrix reads
explicitly

ma
Aδaa′ =




µ2
A −aA 0 0 0

0 µ2
A +aA 0 0

0 0 µ2
A +aA 0

0 0 0 µ2
A −aA


,

(128)

where the last row represents the photon mass.
If this photon mass is to vanish, then from (128) it

follows that also the mass of the Ã1-vector boson must
vanish, while the mass of the Ã2-vector boson is 2µ 2.
Even if for a more refined Weinberg transformation
the consequences for the Ã1- and Ã2-masses are not so
drastic as in the present case, the essential result of our
calculation can be summarized by the following theo-
rem:

Theorem 3: The simultaneous breaking of CP- and
isospin symmetry on the parton level implies a correla-
tion between the masses of the charged and the neutral
electroweak vector bosons in the associated effective
theory.

6. Conclusions

Studies of electroweak nuclear reaction rates show
that these undergo considerable variations in depen-
dence on the individual nuclear and electronic structure
of the atoms involved [28]. Therefore it is not possible
to derive universally valid predictions about the results
of experiments with electroweak reactions, as the cor-
responding calculations must be done with inclusion
of the special nuclear and electronic structure and the
related energetic and phase space constraints.

On the other hand one can look for properties which
in any case are relevant for such processes and which
represent a prerequisit that such processes proceed at
all. Obviously under this category fall the modifica-
tions of the basic electroweak laws which are caused
by symmetry breaking. The foregoing investigations
are concerned with this problem. They convey a qual-
itative insight into elementary processes which govern
these modifications in general, but no statements are
given which are referred to special matter configura-
tions.

For the corresponding calculations a special model
is used. In this model it is assumed that electroweak
bosons, leptons and quarks possess a substructure of
elementary fermionic constituents. In the case of CP-
and isospin symmetry breaking an analysis of elemen-
tary nuclear electroweak reaction rates leads to con-
siderable changes of these rates compared with the
symmetry conserving theory. In essence these changes
have two sources:

(i) The charged sector of the vector bosons under-
goes a synchronous mass splitting with the neutral
sector. This mass splitting leads to very light nega-
tively charged bosons and very heavy positively ones.
As the bare coupling constants of the electromagnetic
and of the weak processes are of the same magnitude
(cf. (10.41), (10.42) in [29]), and the same holds for
the masses of the W−-boson and the photon, the transi-
tion rates for these bosons must be of the same magni-
tude too. In consequence this produces a considerable
change of the transition rates of processes where the
W−-bosons are involved in comparison with the sym-
metry conserving case. On the other hand due to the
increase in the mass of the W+-boson corresponding
processes are suppressed.

(ii) The charged fermions of the CP-symmetric the-
ory are transmuted into dyons if the CP-symmetry is
broken, a fact which is independent of isospin sym-
metry breaking. As the electroweak electronic cap-
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ture and the bound state β -decay depend on the elec-
tronic wave functions, the transmutation to dyons is
expected to induce via the additional magnetic fields
considerable changes in these wave functions, which
in any case will influence the corresponding reaction
rates.

Can these results be related to realistic experiments?
At least some qualitative agreements can be estab-
lished. The theory leads to an extension of the standard
model physics. This coincides with the assumption of
Urutskoev et al. that their experiments must be con-
nected with a violation of the conventional electroweak
reaction schemes, possibly triggered by light magnetic
monopoles [10, 11, 30 – 32]. In particular with respect
to magnetic interactions, the theory, here developed,
predicts the existence of additional magnetic bosons,
i. e. additional magnetic forces and dyons which points
in the same direction as the ideas of Urutskoev and
Lochak.

But the experiments of Urutskoev et al. are rather
intricate. Discharges between metallic foils in vessels
filled with various fluids lead to the evidence of numer-
ous elements being not present in the system before
the explosion and depending on the special foils and
fluids. In spite of a lot of semiempirical studies, see

for instance [11, 12], the physical mechanism produc-
ing these results is unknown. Only the action of strong
forces is definitely excluded.

Thus, before one can give any quantitative account
of these observations, an appropriate mechanism must
be found which underlies these phenomena. This in-
cludes an explanation why just these experiments and
no or any other ones are able to enforce a devia-
tion from conventional standard model physics. There-
fore theoretically the most urgent problem is to show
in which way the theoretical CP-symmetry breaking
mechanism can be related to the experimental arrange-
ments described above. In view of the complexity of
the theoretical as well as of the experimental investiga-
tions this is not an easy task and will be treated and
continued elsewhere. Finally it should be noted that
the experiments of Urutskoev et al. are not the only
attempts in that direction of research, they are only
the best documented ones, mainly by numerous arti-
cles in Russian journals. For similar research in USA
with laser action in cavities, see [33].

Acknowledgement

I would like to thank Prof. Dr. Alfred Rieckers for a
critical reading and discussion of the manuscript.

[1] G. T. Emery, Ann. Rev. Nucl. Science 22, 165 (1972).
[2] O. Nachtmann, Elementarteilchenphysik, Phaenomene

und Konzepte, Vieweg Verlag, Wiesbaden 1986.
[3] F. Gross, Relativistic Quantum Mechanics and Field

Theory, Wiley Inc., New York 1999.
[4] T. Ohtsuki, H. Yuki, M. Muto, J. Kasagi, and K. Ohno,

Phys. Rev. Lett. 93, 112501 (2004).
[5] H. Stumpf, Z. Naturforsch. 59a, 185 (2004).
[6] H. Stumpf, Z. Naturforsch. 60a, 696 (2005).
[7] H. Stumpf, Z. Naturforsch. 55a, 415 (2000).
[8] G. E. Volovik, The Universe in a Helium Droplet,

Clarendon Press, Oxford 2003.
[9] M. Benner and A. Rieckers, Z. Naturforsch. 60a, 343

(2005).
[10] L. J. Urutskoev, V. I. Liksonov, and V. G. Tsinoev, Ann.

Fond. L. de Broglie 27, 701 (2002).
[11] D. V. Filippov and L. J. Urutskoev, Ann. Fond. L. de

Broglie 29, 1187 (2004).
[12] D. V. Filippov, A. A. Rukhadze, and L. J. Urutskoev,

Ann. Fond. L. de Broglie 29, 1207 (2004).
[13] T. Borne, G. Lochak, and H. Stumpf, Nonperturbative

Quantum Field Theory and the Structure of Matter,
Kluver Inc., Dordrecht 2001.

[14] N. Cabbibo and E. Ferrari, Nuovo Cim. 23, 1147
(1962).

[15] M. Goeckeler and T. Schuecker, Differential Geome-
try, Gauge Theories and Gravity, Cambridge University
Press, Cambridge 1989.

[16] J. Baez and J. P. Muniain, Gauge Fields, Knots and
Gravity, World Scientific Inc., Singapore 1994.

[17] C. Itzykson and J. B. Zuber, Quantum Field Theory,
McGraw Hill Inc., New York 1980.

[18] G. Grimm, Z. Naturforsch. 49a, 1093 (1994).
[19] F. Mandl and G. Shaw, Quantenfeldtheorie, AULA

Verlag, Wiesbaden 1993.
[20] W. Bambynek, H. Behrens, M. H. Chen, B. Crasemann,

M. L. Fitzpatrick, K. W. D. Ledingham, H. Genz,
M. Mutterer, and R. L. Interman, Rev. Mod. Phys. 49,
77 (1977).

[21] G. Lochak, Int. J. Theor. Phys. 24, 1019 (1985).
[22] D. Lurie, Particles and Fields, Interscience Publ., New

York 1968.
[23] W. Greiner and J. Reinhardt, Quantenelektrodynamik,

H. Deutsch Verlag, Frankfurt 1995.
[24] H. Stumpf and W. Schuler, Elektrodynamik, Vieweg

Verlag, Wiesbaden 1973.



456 H. Stumpf · Change of Electroweak Nuclear Reaction Rates

[25] E. Lohrmann, Hochenergiephysik, Teubner Verlag,
Stuttgart 1992.

[26] R. N. Mohapatra, Unification and Supersymmetry,
Springer Verlag, New York 2003.

[27] W. Pfister, Nuovo Cim. 108A, 1365 (1995).
[28] H. Behrens and J. Janecke, Numerical Tables for Beta

Decay and Electron Capture, in: Landolt-Bernstein,
New Series, Vol. I/4, Springer, Berlin 1969.

[29] D. Griffiths, Elementarteilchenphysik, Akademie Ver-
lag, Berlin 1996.

[30] L. J. Urutskoev, Ann. Fond. L. de Broglie 29, 1149
(2004).

[31] G. Lochak, Ann. Fond. L. de Broglie 20, 111 (1995).
[32] G. Lochak, Ann. Fond. L. de Broglie 29, 1165 (2004).
[33] H. R. Reiss, Acceleration of Forbidden Beta Decay,

Springer Lecture Notes in Physics, Vol. 694, Springer,
Berlin 2006.


