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Recently for discharges in fluids induced nuclear transmutations have been observed. It is our
hypothesis that these reactions are due to a symmetry breaking of the electroweak vacuum by the
experimental arrangement. The treatment of this hypothesis is based on the assumption that elec-
troweak bosons, leptons and quarks possess a substructure of elementary fermionic constituents. The
dynamical law of these fermionic constituents is given by a relativistically invariant nonlinear spinor
field equation with local interaction, canonical quantization, selfregularization and probability in-
terpretation. Phenomenological quantities of electroweak processes follow from the derivation of
corresponding effective theories obtained by algebraic weak mapping theorems where the latter the-
ories depend on the spinor field propagator, i.e. a vacuum expectation value. This propagator and
its equation are studied for conserved and for broken discrete symmetries. For combined CP- and
isospin symmetry breaking it is shown that the propagator corresponds to the experimental arrange-
ments under consideration. The modifications of the effective electroweak theory due to this modified
propagator are discussed. Based on these results a mechanism is sketched which offers a qualitative
interpretation of the appearance of induced nuclear transmutations. A numerical estimate of electron

capture is given.
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1. Introduction

Recently low energy (electroweak) nuclear reac-
tion rates have been reported which cannot be con-
firmed by calculations within the electroweak Stan-
dard Model [1-4]. It is our hypothesis that these re-
actions are the consequence of an experimental sym-
metry breaking of the vacuum.

Such an experimental manipulation of the vacuum
has a mathematical counterpart: In the algebraic for-
mulation of quantum field theory the behaviour of a
system can be expressed by an infinite set of inequiva-
lent representations, which are generated by an infinite
set of inequivalent vacuum states [5].

This algebraic method has been successfully applied
in quantum field theory of solids. There the various
groundstates of matter constitute the set of inequivalent
vacuum states, generated by different symmetry prop-
erties of the system [6—8], which frequently leads to
a completely different physical behaviour of the sys-
tem compared with that of the symmetry conserving
groundstate.

To transfer this concept to nuclear and elementary
particle physics a model has to be used which allows
to perform nonperturbative calculations. Such a model
was developed in the last decades. In a modern ver-
sion of the fusion ideas of de Broglie and Heisenberg
this model is designed to describe elementary parti-
cles with fermionic substructure, and its mathematical
treatment is in accord with the basic ideas of the (non-
perturbative) algebraic representation theory. In this
approach the Standard Model is considered as an effec-
tive theory derived by weak mapping theorems which
implies the chance to study processes beyond the Stan-
dard Model [9-11].

In the following treatment no use is made of
the decomposition into left-handed and right-handed
fermions for simplicity. Insofar the model leads to a
simplified version of the mathematical structure of the
Standard Model. This is justified as already in this ver-
sion the crucial effects of changes of the vacuum by
symmetry breaking can be demonstrated.

Concerning the nomenclature the fermionic con-
stituents of the “elementary” particles are named “par-
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tons” or “subfermions”. The former should not be iden-
tified with quarks, but are defined by the quantum
numbers of the spinor fields which constitute the ba-
sic quantities of the model. Thus these fermionic con-
stituents are only formal quantities which are applied
to express the formal content of group theoretical and
algebraic calculations in short terms. They are not to
be identified with observable physical particles.

This paper is the fourth paper in a series of papers
devoted to the explanation of the above problem. For
the sake of brevity it is inevitable to refer to the previ-
ous papers without explicitly repeating their content. In
particular for this paper the algebraic representation of
the spinor field and the algebraic representation of ef-
fective theories are basic for its understanding. These
topics have been treated in detail in [12], sections 2 —4.

According to the formulas of [12], section 3 a cor-
responding effective theory contains the vacuum ex-
pectation value of the original spinor field which al-
gebraically fixes the representation. In this paper the
deductions are directly started with a discussion of this
value characterized by the fermion propagator. Ow-
ing to the selfregularization and the superspin-isospin
structure this fermion propagator is not an ordinary
Feynman propagator of the Dirac equation. To under-
stand the effect of symmetry breaking one must there-
fore first study the superspin-isospin propagator for
conserved symmetries.

2. PCT- and CP-Invariant Fermion Propagators

In the formfactors of the effective theory, the influ-
ence of the vacuum is characterized by the fermion
(parton) propagator Fr/. In the case that all symme-
tries of the Lagrangian are shared by the groundstate
in preceding calculations the free superspin-isospin
fermion propagator has been used. This propagator
reads

FZl Za (xlv 1‘2) =-i (271-)74/\2‘1 6i1i2ryglm2
: / d4p(73“p“i% c) eiremen D
p*—m; +1¢ o
1a2

where k = (A, A) = 1,2,3,4 is the superspin-iso-
spin index arising from the combination A, A = 1,2
(cf. [9], equation (6.7)).

For discrete transformations P, C and T the trans-
formation properties of the general spinor fields have
been discussed in [13]. These transformation formu-
las represent an extension of the corresponding formu-
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las of the conventional theory by the inclusion of the
superspin-isospin indices of the spinor fields.

In this formalism the action of a PCT-transformation
on the spinor fields is defined by the antiunitary (or
even more general) operator A := PC7T and leads
to ([13], equation (35))

Y (x) = AYgai(x) A"
= (’VS’YO)HR’ (WSVOC)aa/Qpn’a/i(m/)

with 2’ = —z. The formula (2) holds for free fields y
too, as the transformation laws for free and for inter-
acting fields are the same.

Furthermore by combination of the formulas (3)
and (36) of [13], one obtains for the unitary PC-
transformation the formula

P (2) = Uthrai () U™
= (V) kYo Urrari(a)

@)

3

withYf :=CP and «/ = (—r,1).

If these formulas are decomposed and retranslated
into the conventional representation of the spinor
fields, they coincide with those of [14—16].

The existence of such transformations implies re-
lations between original and transformed matrix ele-
ments:

Let O be any element of the field operator algebra
and |a) and |b) elements of a corresponding state space,
then for antiunitary transformations the relation

(alOfb) = (d|O'|b)" = (W'[(O)|a') 4

can be derived, cf. [14], equation (8.84), where the
primed quantities are defined by [b') = A|b) and
0" = AOA~L. The transformations (2) and (4) are
compatible, see [14], p. 225.

For unitary transformations one obtains for matrix
elements

(alOlb) = (a"|O"]V') )

with |0’y = U|b) and O' = UOU L.
The covariant propagator (1) can be expressed as the
special matrix element

Fz,7,(21,22) = (0|02, z, (21, 2)|0) (6)
with

O = [O(t1 — ta)xz, (x1)x 2, (22)

— O(t2 — t1)xz, (v2)x 2 (21)], ?



H. Stumpf - Electroweak Processes

where |0) is the physical groundstate of the system and
x := 7 are the associated free spinor fields to the
general fields .

In Wigner’s definition of the symmetry of a quan-
tum system the matrix relations (4) and (5) can be used
to show the invariance of the transition probability be-
tween states under such antiunitary or unitary tranfor-
mations.

But Wigner’s definition of the symmetry of quantum
systems is not suitable for the characterization of the
symmetry properties of the propagator. A better insight
into these properties can be gained by the following
definition which corresponds to the second active point
of view, see [15], p. 45.

Consider the sets {|b)} and {A]p) = |V/)} or
{U|b) = |t')} as different representation spaces of the
field operator algebra and define by (6) and by

Fz. 2, (x1,22) = (0'|Oz, 2, (x1,22)[0")  (8)

the corresponding different representations of the op-
erator Oz, z, (v1, x2). Then the following theorem can
be derived

Proposition 1. Under the change of the representa-
tion spaces for PCT- and CP-transformations the inte-
gral representation (1) of the free fermion propagator
is forminvariant.

Proof: (i) According to the above transformation
laws for states and operators the identity

(@O |BY* = (a| AL AO AL AlB)* )

holds and is valid in particular for O given by (7).

The operator A acts exclusively in state space. Real
c-number functions like © are not changed by its ap-
plication. Therefore (9) can be rewritten as
(00'10')" = O(t1 — t2)

{0 Axz, (21) AT Axz, (22) ATHO)™ (10)
— O(t2 — t1){0'|Axz, (22) A  Ax z, (1) A™H0') .
If in (10) intermediate states are introduced with
(0'|x'; (")|b)* = (b]x’y(«’)T|0") one obtains from (4)
and (10) the expression

(OIT [x 2, (21)x 2, (22)]]0) :=

O(t1 — t2)(0 X'z, (w2) " X7, (x1)T]0")

= O(t2 — t1)(0'|X, (21) "X, (22) ]0'),

where x’ is the A-transform of x and |0") = A|0).

(11)
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Because the right-hand side of (11) is no proper
time-ordered product, it must be rearranged in order
to allow a reasonable interpretation.

In superspinor-isospinor notation the general rela-
tion

Vi (l‘)+ == (Voc)aa”ygm' Vrrari (l‘)

can be derived. This relation holds for any spinor field
and thus also for x/(z) ™. If in addition in this case for-
mula (2) is applied to x’(x), combination of both for-
mulas yields

(12)

Xeai (@) = Vo Xwrari (). (13)

Substitution of (13) into (11) and replacement of ¢;
by —t/ leads to the relation
Fgfgz (1'1, x2)i1i2 = _’yglm’lrygzmérygla’lrygga;

’ <0/|T/[Xf</1a’1i1 (xll)Xnéaéiz (xé)} |0/>'

The right-hand side of (14) is the representation of the
operator O at the points 2, 4 in the transformed state
space with the transformed vacuum |0’). It is thus the
propagator referred to these transformed states.

In accordance with (8) we therefore define

(14)

Folon (@, a5)i, = (15)
<0/‘T/[Xf€10¢1i1 (x/l)xﬁzomlé (xé)] ‘0/>’

where time ordering 7" is referred to the primed coor-
dinates. Then (14) can be resolved for F’ which gives

! ’
0 0 5 5 Ki1Kg .
- ’ynln’lvngnéyala’l’yagaéFa/la/z (ml? 1’2)“12 .

If on the right-hand side of (16) the integral represen-
tation (1) of the propagator is substituted, it can be
verified that F” has the same integral representation at
the corresponding points z, 5, 1. e. F is forminvariant
under PCT-transformation.

(ii) Concerning the CP-transformation, it is unitary
in contrast to the antiunitary PCT-transformation. In
this case in addition to the transformation of the field
operators no special transformation for the matrix ele-
ments is required. Then with (5) one gets the propaga-
tor relation

OIT[x 2 (%1)x 2, (22)]|0)
= (0'|T[xz, (x1)Xz, (x2)]]0") = F

as U commutes with time ordering.

(7)
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Owing to (3), (17) can equivalently be written:

Fcfsllgz (xlv x2)i1i2 = (70’75)m K4 (’7075)/@2/@’2731@’1
0 Ky RS

: 70{20{’2F0¢’110¢§ ('rll’ 'rIQ){iliz N (18)
This relation can be resolved for F”. If in the result-
ing equation the integral representation (1) for F' is
substituted, the algebra can be directly evaluated. In
the resulting integral the transformation p’ = (—p, po)
can be performed which eventually gives F'(z], x%).
Therefore one obtains from this relation

Ki1K2 ! 1N/ _ K1Kk2 / AV
FO¢10¢2 ('rl"r2)i1i2 - Fa1a2 (1‘1,1‘2)“12,

(19)

which means forminvariance under CP-transforma-
tion. <$»

For the further proceeding we employ the inhomo-
geneous Dirac equation which is satisfied by the free
fermion propagator (1). In the notation of [12], sec-
tion 1, or [9], equation (3.109), it reads

(D0, (x1) — m]z2, Fz,2,(x1,22)

(20)
= DOZZlA21Z2(5(l‘1 — .132).

For this equation the following theorem holds.

Proposition 2. The propagator equation (20) is
forminvariant under PCT- and CP-transformations.

Proof: With explicit indexing (20) reads

[i’ygalaﬂ(xl) - miéaal}éfﬂiléiil Fo,fllg; (‘Tlv m2)i1i2

= —i Caay Vo, Nibiiy 6 (1 — 22). 21)

(i) For a PCT-transformation combination of (14)
and (15) and substitution of the resulting expression
in (21) yields

[1 ’ygal a,U« (ml ) - mi(saal ]5HI{1 6ii1
0 0 5 5 KRS (1 AV
: 7&1 K 7&2/{/2 70410/1 70420/2 Fa’llaz (ml ’ mZ)ilig (22)
= 1Claag Y, Nibii, 0 (2 — ).
Elimination of the four transformation matrices 7° etc.
by multiplication of the whole equation with their dual

matrices and with the transformation of z = —z’ in the
partial derivative, this equation yields

/ 1 \/
1’x2)i1i2

(23)

. DY
(175, On (1) — M0, 0 03, Ony g Frd 52 (
= 1 CB1B27§\1)\2 )\746“26(‘%/1 - 1'/2),

i. e., forminvariance of (20) under PCT-transformation.

H. Stumpf - Electroweak Processes

(i1) Concerning the CP-transformation, we substi-
tute relation (18) into (21). This gives

[i ’ygalau (xl) - miéaal](sfim diiy (’70’75)&1:‘%
. (7075):‘?‘2/@/2731 037220/2 Fo’j/llsi (x/17 xé)gliz (24)

= —1 Caas Vi, Nidiin0 (1 — 2)

with 2’ = (—r, t). Eliminating the four transformation
matrices (7"y”) etc. by multiplication of the whole
equation with their dual matrices and with r = —r’ in
the partial derivative and the J-distribution, one even-
tually obtains
: / / AV
[i 'Vgal a/t (71) — Mibaa, |Orw Oiiy F§f§§ (7, m2)i1 is
. 5
= —1Chas Yy Nibiiy 0(x] — T5), (25)
i. e. the propagator equation is forminvariant under CP-
transformation. <>

Next we consider the propagator and its equation
under the influence of an electromagnetic field. The
propagator is referred to superspin-isospin states of
parton fields which means that the coupling of par-
tons to an electromagnetic field has to be derived.
The effective SU(2) ® U(1)-gauge theory of compos-
ite electroweak vector bosons in interaction with par-
tons was extensively studied by weak mapping cal-
culations in [17,18]. This effective theory is identi-
cal with the corresponding phenomenological gauge
theory of the interaction of electroweak gauge bosons
with fermions. But to get the correct coupling terms
of fermions to neutral and charged vector bosons the
gauge symmetry has to be broken.

For the sake of brevity we skip the corresponding
calculations which among other things lead to the co-
variant derivative for the coupling of partons to elec-
tromagnetic fields:

D, =0, —ieQuwAu(x), (26)
where the charge operator ) of the parton fields
is given in superspinor-isospinor representation by
(see [9], equation (6.103))

20
1[0- .
an’ = g 00 —2 (70_3’75’73)m{/~ (27)
00

Therefore due to (26), (27) in this case the propagator
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equation reads

{[l ry(l)(l‘alalb(xl) - mi(saal}(sﬁ,hﬁl
+ e’ygal Q/{HIAIL (1’1)}5“‘1 Foljllgg (1’1, m2)i1i2 (28)
= —i Caaz'y,inz)\ﬂm&(xl — .’EQ).

Then for PCT- and CP-transformations of (28) the fol-
lowing result is obtained.

Proposition 3. The propagator equation (28) is
forminvariant under PCT- and CP-transformations pro-
vided that the relations

AA, () AT = —A,(—2),

/ (29)
UA () U™ = =" Ay (—r1,t)
are satisfied.

Proof: The proof runs along the lines of Proposi-
tion 2. Hence in this context we only have to study the
coupling term of (28).

(1) If a PCT-transformation, (14) or (15), is sub-
stituted into (28), the minus sign of (14) is removed
from (28) by multiplication of the whole equation
with (—1). Thus one obtains for the transformed cou-
pling term

0 0 5 5
efygtm Q'ml Alt (xl )rym K4 Vo Kb ry(ma’l ryaza; 5”1
KK 0 .0 5 .5
: Fa’llsi (‘r/17 x’2)lLlL2 = _e’yﬁﬁl’ymgﬁfz’yaal ’yagozfz (30)
: ’ygla/l Qmﬁ’l AIL (xl )6“'1 F;/llgg (‘Tll ) mé)gliz )
as in the first line the minus sign of (14) drops out and
as [Q,7°]- = 0.

Furthermore from (29) it follows with A (z) =
AA, (x) A" that — Al (—z) = A, (x) or equivalently
Au(r) = —A)(2'). If the latter relation is substi-
tuted into the second line of (30) and if in analogy
to Proposition 2 the transformation matrices are elim-
inated from the propagator equation, the transformed
equation

{[i ’Ygo/l du(@) — mi(sﬁai](shﬁ
“A
+ €V Qg AL (@) }oiiy ot 57 (2, 25 )75, BD
= =10, 3,73, 2, Ni0iin 0 (2 — h)
results, i.e., (28) is forminvariant under PCT-trans-
formations.

(i1) In a similar way the forminvariance under PC-
transformations of (28) can be verified. {
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Addendum: The transformation relations (29) co-
incide with those of the phenomenological theory,
see [15], equations (6.276), (6.149), (6.164a).

3. Propagator for Symmetry Breaking
Experiments

The corresponding experiments of Urutskoev et al.
are rather intricate. Discharges between metallic foils
in vessels filled with various fluids lead to the evidence
of numerous elements being not present in the system
before the explosion and depending on the special foils
and fluids. Inspite of a lot of interesting semiempirical
studies, the physical mechanism underlying these low
energy nuclear reactions is unknown. Only the action
of strong forces is definitely excluded.

The authors assume that their experiments might be
connected with a violation of the conventional elec-
troweak reaction schemes, possibly triggered by light
magnetic monopoles as discussed in [4]. But so far no
theoretical formalism has been developed to describe
such reactions.

In accordance with the statements in the introduc-
tion we assume that these experiments should be inter-
preted as manifestations of a symmetry breaking of the
vacuum, leading to a new inequivalent vacuum state, a
view which was already put forward in three preceding
papers [12,19,20].

As a suitable canditate for this symmetry breaking
an experimental violation of the commonly assumed
CP-invariance has been considered. Hence in the fol-
lowing we try to show how this symmetry breaking
comes about and how the theoretical counterpart of the
experimental arrangement has to be formulated.

First we give a further statement about the CP-
invariant superspin-isospin propagator.

Proposition 4. For free spinor fields yz the asso-
ciated superspin-isospin propagator Fz, z, (1 — x2)
can be decomposed into the sum of the conventional

fermion and the conventional antifermion propagators
at any time 7 := t; — to.

Proof: The index Z is defined by Z := (A; A, «, 7).
For the proof the indices A and i are spectator indices
and will be suppressed for the sake of brevity:

F/Cl‘llj’l‘j (21 — x2) :=
@(tl - t2)<0‘x/110¢1 (xl)x/bou ($2)|0>
+ Q(tQ - t1)<0‘x/126¥2 (:L'Q)X/hal (xl)‘0>

(32)
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(1) Without loss of generality we assume ¢ —to > 0.
Then (18) reads

FR1i2(z1 — 22) = (01XA,04 (T1)X A2, (72)]0)

= 04,104,2(0[X10: (T1)X20, (72)]0)
+04,202,1(0]X20, (1) X 10, (22)]0)

= 0,102,2(0[X o (T1) X5, (72)|0)
+04,204,1(0[xa, (1) Xas (22)[0).

(33)

For free fields the vacuum is invariant under discrete
transformations C, P, C, T. This means C|0) = |0) and

(01x&, (21)Xas (2)]0)
= (0|CT'CXE, (21)C ™ Cxay (z2)CT1CIO) (34)
= (0]xas (21)XG, (£2)]0).

Hence both parts in (33) are identical.

Furthermore the two parts have to be shown to be
particle and antiparticle propagators.

(ii) According to [21], section 15c itis x = x* +
X, and one gets

{01Xas (21)Xa, (#2)10)

= Casay (01Xa (1) Xay (22)]0) (35)
=—i Cozza; S;rla/z (ml - .’EQ).

In the same way it follows that
(01X, (71)Xaz (£2)[0) 36)

= —1 Co‘lo‘/ls(;zo/l (1‘2 - .131),

where ST is the conventional particle propagator,
while S~ is the conventional antiparticle propagator.
¢

Based on this theorem one can analyze the modi-
fications which are necessary to adapt the theoretical
description of the vacuum to the experimental arrange-
ments. Two properties are characteristic for these ex-
periments:

(i) the reactions are confined to the interior of a
closed vessel;

(ii) the reactions by discharges proceed within a
fluid medium.

We concentrate on the theoretical description of (ii)
because in contrast to (i) an essential change of the
properties of the vacuum has to be expected. This is
due to the fact that for discharges in fluid media the
motion of the charge carriers is damped, i. e. accompa-
nied by energy losses. One of the standard fluids used
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in these experiments is water. To be definite we refer
our arguments to water.

The stopping power of matter for fast particles has
been extensively discussed in [22], section 23. For
electrons in water the following ranges have been cal-
culated:

Primary energy 0.1 1 10 100 1000 mc?

H20 0.47-1072 0.19 26 19 78 cm

For low energies the magnitudes of these ranges fit
into the dimensions of the vessels in the above experi-
ments.

The fact that positrons can be annihilated some-
where in their paths diminishes the average ranges of
positrons in comparison with those of electrons. Cor-
responding formulas describing these differences are
given in [22], section 23, equations (21), (22). Apart
from the importance of numerical values, the princi-
pal effect of these differences consists in the signal of
a symmetry breaking. Charged particles and their an-
tiparticles behave differently in a medium which leads
to C- or CP-symmetry breaking, respectively.

Discharges are triggered by electrons which on their
way in the fluid ionize molecules, generate secondary
electrons, etc. But to avoid theoretical difficulties in
the description of the rather complicated processes of
a discharge, we simplify the theoretical treatment by
considering only an average damping effect of elec-
trons.

In such discharges no positrons occur, and their
real presence is not necessary, because the inclusion
of positrons is a theoretical concept to study the be-
haviour of the system under charge conjugation. The
absence of positrons in experiments is therefore no ar-
gument against positrons in the theoretical treatment.

In our model electrons and positrons are assumed to
have a fermionic substructure. Therefore the question
is: do the above considerations apply to their fermionic
constituents as well?

The group theoretical representation of lepton states
with respect to superspin-isospin combinations is ex-
act. In particular for the superspin part one obtains
(see [12], section 4)

et — 014,014,014, and e — d24,624,0244, (37)

where A is the superspinor index. With respect to
this index the fermion number f is defined. With
these fermion numbers one gets for e™ the config-
uration (1/3,1/3,1/3) while e~ leads to the set
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(—=1/3, —1/3, —1/3). Fermion numbers are used to
discriminate particles from antiparticles by changing f
into — f by convention.

Thus from the above sets of fermion numbers it fol-
lows: electrons consist only of particles, positrons only
of antiparticles. In the complete representation of the
wave functions this property is not changed. Therefore
the partons of the electrons and the antipartons of the
positrons share their behaviour with that of electrons or
positrons, respectively, and we can base our arguments
on the spinor field propagator (1) instead of the phe-
nomenological electron-positron Feynman propagator.

In the next step we consider the influence of damp-
ing on the motion of partons and antipartons. Their mo-
tion is described by the propagator, and if damping is
effective their motion ceases in a finite time interval.
This fact can be expressed by a damping factor in the
integral representation (1) of the propagator. Accord-
ing to Feynman this integral can be evaluated by giving
the mass an infinitesimal negative imaginary part, i.e.,
m — m — 16, § > 0. If § is allowed to have a finite
value this leads for 1 — ¢35 > 0 to a damping factor
exp[—d'(t1 —ta)] with ' := md, while fort; —ta < 0
one obtains the damping factor exp[d’ (¢; — ¢2)] in the
space-time representation of the propagator.

The damping factor introduced in this way is in-
dependent of superspin-isospin states, and it does not
allow a different behaviour of partons and antipar-
tons. But according to Proposition 4 the propaga-
tor (1) can be decomposed into a pure particle and a
pure antiparticle propagator. Thus these propagators
can be treated separately with different damping fac-
tors which leads to the experimentally observed dif-
ferent behaviour of particles and antiparticles in the
fluid. Formally this can be described by giving in (20)
the mass a superspin-isospin-dependent damping fac-
tor which respects the above decomposition.

According to [22] the damping factors of particles
and antiparticles differ only weakly compared with
their average absolute values. We therefore use the fol-
lowing formulation of this fact:

0ii Ok Oy M — (m*(snm’ —1572,4)5@(1'5”' (38)

with m* :=m —1id*, where §* is the average damping
factor, while 6 means the small difference between the
damping factors of particles and antiparticles.

Proposition 5. In the propagator equation (21) the
mass term (38) violates the CP-forminvariance of the
propagator and of the equation.
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Proof: According to Propositions 1 and 2 the propa-
gator equation (21) for mass m and the propagator itself
are forminvariant under CP-transformation. Therefore
if in (21) the mass m is replaced by (38) a violation
of CP-invariance can only be caused by this modified
mass term.

The CP-transformation of the propagator equa-
tion (21) with mass term (38) is carried out by substi-
tuting (18) into (21) and subsequent elimination of the
transformation matrices by multiplication of the whole
equation with duals of these matrices. This gives for
the modified mass term the following expression:

(V)3 ()%, s VB0 Bacen (M By — 1670,:,)

“ Ocvery Oy (70’75)m K (’7075)@&’2 Vgla; nga;
(39)
i1%2

. "
= (m*é)\"@i + 15’}/2,{/1)5,@a/1 6“1F0lj’11ﬁ22 (Cﬂll, CC/Q)/L“ .

If in this way the whole equation is transformed one
obtains

(19, (@) By — ("G, 1073 )50]

’
B AR YW AWAY
: 5111Fa/1g2 (27, 25)

1102

(40)
= —iCﬁﬁz’}’i)\z)\i(siiZ(s(xll — 73).

By an appropriate change of indexing one can reestab-
lish the original denotation of (21). Then a compari-
son between (21) with mass (38) and (40) shows: The
damping term has changed its sign under CP-trans-
formation, i.e. CP-invariance is violated. This holds
for the solution of (21), i. e. the propagator too. <»

Apart from discrete symmetry operations the prop-
agator equation (21) admits the application of the con-
tinuous SU(2)-isospin group and the abelian U(1)-
fermion number group. We are particularly interested
in the isospin group.

Proposition 6. The propagator equation (21) is
forminvariant under global isospin transformations.

Proof: We apply the decomposition of the super-
spin-isospin index x into the pair of indices (A, A)
where the index A denumerates isospin states.

To verify the statement, the charge-conjugated
spinor fields x¢ have to be replaced by G-parity
spinors Y. The latter are defined by

XS = e (41)
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with ¢ := —ios. In contrast to x© the G-parity spinor
(41) transforms cogredient to x for isospin transform-
ations. This guarantees a homogenous isospin trans-
formation law for superspinor-isospinor fields.

Denoting the pair (x, x“) by X, one can express the
relation between the superspinor-isospinor fields
and x,; by

1
Xk :G/{n’in’; G:= < 0) .
Oc

42)
If in the definition of the propagator (6) and (7) rela-
tion (42) is substituted this leads to the transformation

Rik2 ..
FO¢10¢2 (.’E1, xQ)lllz

- (43)
- Gnln’l GH2I{'2 Fa1a2 (xlv xQ)iliz 5
where F is referred to superspinor-isospinor fields x.
Substitution of relation (43) into (21) and elimina-
tion of the transformation matrices G yields the equa-
tion

[ivgalau(xl) - mi(saal]

~ /A
<O Oiiy Favts (21, 02,4 (44)

=~y Caas Miis, (21 — T2),

i.e., the propagator equation in the field representa-
tion y. Owing to the homogenous isospin transforma-
tion of , the isospin transformation properties of (44)
can be analyzed. If one returns to the double index-
ing (A, A) and if the index value A = 2 is now related
to Y, (44) can be written in the form

[i’ygala/i (‘Tl) - miéaal]é/‘/h 5AA16ii1

A1 A1 Az Ao
: Fa1a2

(x17x2)i1i2 (45)

. 2 2
= =107 4,044,Ca0,Xi0ii,0(11 — T2).

It is sufficient to study the invariance properties of (45)
under infinitesimal transformations which are given by

ga a

AU = 11 =0y, dU 1= 141 =04, n — co. (46)

n n
Then one obtains the following relation between F and
its isospin transform F’:

A1 A1 A2 Ag .
FOL10¢2 ('rlﬂ'r2)2122
NAIA/IA2A,2 /
= dUa, 47U, 4, Foras (T1,22)5,4, -

(47)
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Substitution of (47) into (45) and elimination of the
transformation matrices yields with

- - €\2
AUZLAURL, 024, = 0%y, +0 ((E) ) (48)
the equation

[i’ygalaﬂ(xl) - miéaal}(s/l/h 6331 5ii1

A1 B1A>B
CE R (e, )i, (49)

.9 9
= —10%4,088,CaasXidii,0(x1 — T2).

In the limit n — oo the last term in (48) vanishes. This
means for infinitesimal isospin transformations (49) is
identical with (45). On account of the group properties
of infinitesimal transformations this result holds for fi-
nite transformations too, i. e., (45) is forminvariant un-
der these transformations. <>

In the same manner one can show:

Proposition 7. The mass term (38) with additional
CP-symmetry breaking damping term is forminvariant
under global isospin transformations.

However, invariance under local and global elec-
troweak isospin transformations is a theoretical con-
cept which is not met in physical reality. Although
isospin symmetry breaking manifests itself on the phe-
nomenological level only, the proper treatment of the
phenomenological theory as an effective theory re-
quires isospin symmetry breaking already on the par-
ton level, i. e. in the parton propagator (1).

This symmetry violating parton propagator was ex-
tensively treated in [9], section 8.3. We adopt this
symmetry breaking mass correction term from [9]
and introduce it directly in the propagator equation.
With inclusion of the CP-symmetry violating damp-
ing term and referred to the representation with charge-
conjugated spinors, this equation reads

[i’ygal 55%18# (xl) - m;‘k(saa15m€1 - i@éaal ’Y,?,m
+ 9/60041 (’7073)16/{1]5%1 Fo,fllg; (xlv x2)i1i2
= —i Caaz'y,?m)\iéii26(x1 — (L’Q).
(50)
Applying the method of the proofs of Propositions 5

and 6 one easily verifies:

Proposition 8. Equation (50) breaks CP- as well as
global isospin invariance.
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If the corresponding propagator is used for the
derivation of an effective electroweak theory it causes
also the violation of the local isospin invariance.

4. Effective Dynamics of Physical Fields

For the treatment of the combined symmetry break-
ing we start from the canonical equations of motion for
CP-symmetry breaking and discuss the effect of the ad-
ditional global isospin symmetry breaking. In this pro-
ceeding symmetry breaking is exclusively expressed
by the propagator, and in contrast to phenomenology
no use is made of the Higg’s formalism.

For CP-symmetry breaking the effective canoni-
cal equations of motion read (see [20], equations
(59)-(62))

aoAz = —E,(j + €kijaiG?
1
+ 59177“”05,“]- (AYGS + GPAS), (5D
80 (]i = BZ — €kijaiA?

1

- Eglnabcakij(A?Aj - GIGS), (52)

aoEg = {-:kijaiB;l + gﬂ]abcé‘kij (AIZB]C - Gijc) (53)
— gadk + HAAL,

aoBZ = —EkijaiE;’ - glé‘kijnabc(GgB; + A?EJC)

(54)

where the currents are defined by j# := %1/_)0,17“1/)
and JH# = %zﬁaa(fy&y“)w, a =1, 2,3, 0, with the
coupling constants g4 = g& = g, a =1, 2, 3, and
g% = 92 = ¢', and where the various constants of
the effective theory have been eliminated by the condi-
tions [20], equation (63).

Provided the latter constants are evaluated in more
detail, it is possible to attain (51)—(54) by renormal-
ization with finite renormalization constants and with-
out using the conditions [20], equation (63), i.e., the
latter conditions are superfluous; see for instance such
a renormalization procedure in [23], chapter 8.

The corresponding effective fermion equation fol-
lows from [20], equation (35) and reads

- lg‘Clv‘J/? - /’[’éGZa

[_i ’Yﬂau + m]wz

1
519007 Ara + g'0h " Arolton (55)

1
i 51990.(v*7") Gra + ¢'01, (1*4°) Grolthn= 0.
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By an additional isospin symmetry breaking the
mass term must be modified. In functional space the
full term of the effective boson mass matrix is given by
(cf. [20], equation (71))

mlybd; + Mpybd, = 2R, m) . CL 1b,d) 56
— 6Wh 1,11, Fr i Rl 1, O, 1, i)

where the first term on both sides stems from the spino-
rial mass matrix, while the second term contains the
fermion propagator of the spinor field.

With regard to the calculation of the mass ten-
sor (56) it is important to realize that in case of symme-
try breaking the propagator as well as the boson states
in (56) must be adapted to this situation. In particular
for CP-violation the main effect on the boson states
manifests itself in a change of the superspin-isospin
group representations, whereas the mass corrections
are very small. This result is drastically changed if a
combined CP- and isospin symmetry breaking is con-
sidered: Then the combination of the modified boson
superspin-isospin representation with the isospin sym-
metry breaking term of the propagator leads to massive
changes in the mass tensor (56). One obtains

P4 AL = (Habab — anogy) A} 57
N%‘GZ - (Né‘sab + aAagb)GZw a=12,

and

,LL,%\AZ - (:u,%\(sab + aAUib)AZ , (58)
MéG(Ié - (H%:(Sab - aAU;b)va a=3,0.

Due to the selfregularization of the spinor field all co-
efficients in (57) and (58) are finite without any further
manipulation.

The nondiagonal form of the mass matrices shows
that their vector fields are not identifiable with observ-
able fields. The transition to observable fields can only
be achieved by appropriate transformations. Compared
with [20], equation (88), we use a slightly modified
transformation by replacing y,; by its complex con-
jugate y»,. We suppress the star if this modified trans-
formation is applied in the following.

Furthermore as the charge of the complex vector
bosons depends on their status as ingoing or outgoing
particles we use a new notation to avoid any associa-
tion to the charge values of the W-bosons. From now
on we define W and W -bosons where the plus sign
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means Hermitian conjugation (cf. for instance [14],
equation (15.102), or [24], equation (12.43)). This
gives the heuristic scheme
E, E, E; E,
~ B: B ~Bs B (59)
A1 =W A2 = W+ A3 =7 AO = A
él =M G’Q = M+ G3 =X éo =G

where in contrast to the heuristic scheme in [20], equa-
tions (84) and (85), it is emphasized that for the elec-
tric as well as for the magnetic potentials only one set
of electric and magnetic fields does exist.

These potentials and fields are assumed to diagonal-
ize the mass matrices and are thus the physical quanti-
ties by definition. They are related to the original quan-
tities by the transformations

Ep = yabE;’;, By = yabB,’i, Ay = yab;li,

G4 = yupGh, a=1,2, (€0
and

Ef =zpEp, Bf =zuBb, Al = 2, A,

Gy = zabéi, a=3,0, ©b

where y,p and z,p, are given by the unitary or orthogo-
nal matrices, respectively,

11 11
Yap =27/ (i —i)’ Zap =27/ (_11>. (62)

The special form of 2z in (62) results fromg = —g’ =
1, i.e., a Weinberg angle @ = 45°. See the comments
about the choice of this “idealized” angle in [20].

The transformations (60) and (61) can be consid-
ered as basis transformations of the isospin algebra
which lead according to the representation of the fields
in [20], equation (65) to the same transformations of
all field quantities.

Furthermore apart from diagonalizing the mass ma-
trices the unitary transformation y,; is identical with
that transformation in phenomenological theory which
leads to the charged vector boson states. By means of
these transformations one obtains the following canon-
ical field equations from the set (51)—(54) for (i) a =
1,2, or (ii) a = 3, 0, respectively:

(i) doAY = —F¢ + €mjaié? + (=1)* ' g1en;
2TR[AN(GE + GY) + G (AR + A9)]
(i) QoAf = —Ef + £4i;0:GY
+ glskiﬂl/Qi[A?é; + é?[ljl],

" (63)
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(i) 9G¢ = Bf — €kijaiA? — (=1)*"tg1ek;
2TMR[AL (AR + AY) - GU(GB + GY)]
(i) 0oGf = By — ei;0; AY
— gierii2'Pi[A7 A} — GG,

" (64)

) Q0B = euisd:B} = 93t + mbun i
+ (=) grer2 21 [(BS + BY)A?
— (Bf + B))Gt — (A} + A))B;
+ (G + GHE),

(i) Q0B = eigdi B — gxji + madar A}
+ greni2' /% [- A} B} + A7 B}
+GIE} - GIE)),

(65)

(l) BOBZ = —EkijaiE;' — igﬂ—j;? + m‘(’;&lbéz
— g1(—1)"ter 2721 (B + BY)GY
3 0\ A ~3 ~0N D
+ (B} + E) A} — (G} + GY) B}
A3 10N 701
— (A7 + A} ES ],
(i) doBf = —ekij0i EY — ignJf — m&daGh
— glfkij21/2 i [é?le — é%BJQ
12 1 A1 12

(66)

The transformed currents are defined by j¢ = vy, g% 5%
fora=1,2and j¢ = z,'¢g%j% for a = 3, 0, with an
analogous transformation for J. Furthermore in the
transformed field equations (65) and (66) the trans-
formed versions of the mass tensors (57) and (58) ap-
pear which are diagonal after the transformation. The
corresponding diagonal elements m% and m¢,, a =1,
2, 3, 0, associated to the fields (59), are given by

uzﬁwa uchra
+a Ua —a
ms = | #3 mg = 67
A /"’2470‘ 9 G M§¥+a ( )
1A +a ne —a

For comparison with (67) we give the diagonal ele-
ments of the mass tensor for electric bosons if only
isospin symmetry is broken (see [9], equations (8.74) —
(8.82)):

N (68)
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In (68) in contrast to (67) the mass values of the
charged vector bosons are invariant under charge con-
jugation. As in both cases isospin symmetry is bro-
ken the differences between the mass matrices (67)
and (68) must result from CP-symmetry breaking. But
these differences are only indirectly generated by the
relatively small CP-violating term in the propagator.
Owing to this term the permutation invariance of the
boson equation is broken which leads to parafermionic
boson eigenstates being the real cause for this consid-
erable change of the mass values.

Finally we transform the fermion equation (55) to
physical fields. In this connection attention has to be
paid to the fact that isospin symmetry breaking acts
also on the lepton masses which we express by the
introduction of a diagonal lepton mass tensor m in
isospace. Then with (60)— (62) one gets

[_17#8# +mly
1 ~al  k fa : k_ 5\ va (69)
+596 [V AL +1(7)GR Y =0,
where
0% = yfbgbab, a=1,2, a0
6% =21 g%*, a=3,0

holds. These definitions differ from those of the trans-
formed Pauli matrices in the field equations which are
layed down by

a + b b

c:=y,qgo0°, a=12
ab (71)
6" =zl g%" a=3,0

with the corresponding currents 53 i= 21pG%y,1 and
Ji = 506 (V).

If electric as well as magnetic bosons occur an im-
portant question is whether for both species separate
conservation laws can be derived. This is not the case.
Independently of the above symmetry breaking only
the conservation of the vector current, i. e. of the elec-
tric charge, can be established, and as the fermions are
massive no conservation of the axial current is possi-
ble.

Proposition 9. For combined CP- and isospin sym-
metry breaking the effective canonical equations of
motion (63)—(66) and the lepton Lagrangian (72) are
forminvariant under the U(1)-group of charge transfor-
mations.
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Proof: ~The U(1)-phase transformations of the
whole system are fixed by the phase transformations
of the charged currents, while the neutral currents re-
main invariant under such transformations. To verify
this statement we consider the Lagrangian density, as-
sociated to the lepton equation (69),

L = [—iv"9, +m]o%

- (72)

+ 59k

with j¢ = 9&%* and J¢ = PG ().
The corresponding Lagrangian density for (55) con-
tains the currents j = ¢o®y*y and JP =
%o (v*45)1. According to [20], equation (41) the
latter currents are hermitean. From this it follows

~ 1 A~
L+ 59 JiGy

that if one introduces the definitions j := 32 and
J = J? the hermitean conjugation of these quan-
tities leads to 5+ = 5! and J* = J'. There-

fore one gets (j'A' + j2A%) = (jtW + jW™)
and an analogous relation for the magnetic coupl-
ings.

Let us assume that the current j is transformed by
a U(1)-phase transformation 5 = Uj. Then j+' =
U~'4% must hold. Furthermore the currents act as ex-
ternal forces in the field equations (63)—(66) which
enforces the field quantities to transform in a defi-
nite way. In particular the W- and M -potentials and
their associated fields are transformed with U, while
their hermitean conjugates are tranformed with U 1.
From this it follows that the Lagrangian density (72) is
invariant under U(1)-phase transformations. By simi-
lar arguments the form invariance of (63)—(66) under
these transformations can be verified. <

5. Preliminary Analysis of Experiments

The experiments of Urutskoev et al. are concerned
with discharges between a solid metallic electrode and
metallic foils embedded in a closed vessel filled with
various fluids, in particular water. A great number
of experiments and their numerical registrations have
been reported [25]. To give a theoretical interpretation
we concentrate on essential facts of the experimental
outcome. According to Urutskoev [25] these experi-
ments are characterized by the following facts:

“The electrodes are located in a blasting chamber,
which is represented by a sealed thick metallic con-
tainer the inner structure of which is made of high-
density polyethylene. The electrodes consist of high-
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purity titanium. The working fluid used was either
bidistilled water with an impurity content of 1076 g/
or solutions of various metall salts in bidistilled water.
In this experiment two banks capacitors with the total
energy store W = 50 kJ and the voltage U = 5 kV are
simultaneously discharged between the massive elec-
trode and the two foil loads over a time of ¢ = 0.1 ms.

The main outcome is as follows. Analysis of the ti-
tanium foil remainder reveals a distorted isotopic ra-
tio of titanium after the discharge. The natural titanium
has the following composition: 461 8%: 1TTi, 7.3%;
48T, 73.8%; 1°Ti, 5.5% and °°Ti, 5.4%. After the
pulse part of Ti is lost. In particular, part of the stable
48T has not been transformed into another titanium
isotope but has disappeared, while the 46y 47T, 494
and °°Ti contents have remained in approximately the
same ratio, of course with allowance made for exper-
imental error. The deficiency of *Ti in some exper-
iments amounts to 10%, while the accuracy of mea-
surements is for 4647501 0.2%, for *®Ti 0.4% and for
49T1i 0.13%. Simultaneously with the disappearance of
48T a sharp (10-fold) increase in the content of im-
purities in the sample was detected by mass spectrom-
etry, X-ray fluorescence analysis and other methods.
The percentage of the newly appeared impurities was
proportional to that of the lost *8Ti.”

Tables of the elements obtained in this way are given
in [25].

In the experiments no neutron flux was observed
neither there was any significant residual ~y-activity
registered. By the authors this is considered as an im-
portant evidence that strong interactions cannot be in-
volved in the observed nuclear reactions. Thus one has
to assume that only electroweak interactions must be
responsible for the outcome of such experiments.

According to conventional experience **Ti is an ab-
solutely stable element with respect to electroweak de-
cay. If in spite of this fact one considers the condi-
tions for a hypothetical nuclear transmutation of *3Ti
by electroweak processes, the next elements which are
possible for a transition are 33 Sc or 55 V. Both these el-
ements are considerably heavier than 48Ty . e., there
is no energetic gradient to favour a decay. An estimate
of the energy differences can be obtained by the ap-
plication of the Weizsaecker mass formula [26], which
holds also for the case where these elements are partly
ionized.

In the nuclear shell model the 4s shell of 8Ti is
occupied by two nucleons. If one assumes that by pair-
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ing this shell contains two protons and that by electron
capture one proton is transmuted into a neutron which
forms a deuteron-like state with the remaining proton,
then one gets for the energy difference between “3Ti
as initial state and *8Sc as final state the value

(1) 35Ti —4% Sc : E; — Ef = —2.7MeV,
while for *®V as final state the energetic difference
reads

(i) 33Ti =33V : E; — Ef = —5.5 MeV.

As due to the larger energy difference the process (ii)
is more improbable than the process (i) we concen-
trate our discussion on the case (i). In conventional
physics without symmetry breaking also the latter pro-
cess has no chance of success, but we investigate this
process under the conditions of combined CP- and
isospin symmetry breaking.

For the process holds the reaction equation

e~ +u=v+d (electroncapture), (73)
and for discharges this process can be considered as an
irreversible transmutation of an electron into a neutrino
which is accompanied by the simultaneous irreversible
transmutation of an u-quark into a d-quark. Thus the
whole process can be characterized by the time for the
irreversible decay of the electron.

In order to obtain a correct result, our caculations
will be performed with Gauss units and nor with natu-
ral units.

To describe the process theoretically we start from
the lepton equation (69). To include the hadron part we
add the “electric” and the “magnetic” quark currents
hj, and H .1 to the lepton currents on the right-hand side
of (65) and (66) where the quark currents result from a
detailed calculation of the effective field equations.

Furthermore we consider the currents as the leading
interaction terms in (65) and (66) and neglect in these
equations the boson-boson interactions which are only
corrections to the electron capture process. Then (65)
and (66) can be exactly transformed into a representa-
tion where the vector potentials are expressed by their
sources, 1. €., the currents which are defined above.

In Gaussian units this leads to the following set of
equations (cf. [20], equations (114), (115)):

AR AHTV XV A4m2A® = g1 (j9+h?) (74)
and

c*2afc~;a+vx Vx G 4+m2G® = g1 (J*+H?) (75)
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with m := mch™!. If by means of Green functions
these equations are resolved for the vector potentials,
these solutions can be substituted in (69) providing in
this way the starting point for the investigation of lep-
tonic and semileptonic transitions.

But before starting any calculation some comments
have to be made in order to clarify the physical mean-
ing of this procedure.

(i) The effective canonical equations (51)—(55)
stem from the Lagrangian in [20], equation (42). Al-
though the SU(2)-gauge symmetry is broken, these
equations are evaluated in “temporal gauge”, i.e. by
putting Ay = 0. By direct calculation it can be shown
that this assumption is compatible with the Lagrangian
formalism resulting from [20], equation (42) indepen-
dently of any gauge invariance. In addition this as-
sumption causes no loss of generality because (51)—
(55) still admit the U(1)-gauge invariance of quantum
electrodynamics where in [27] it was shown that with
the temporal gauge the whole physics of quantum elec-
trodynamics is covered. Besides in conventional theory
one starts with an SU(2)-gauge invariance where the
temporal gauge is a physical gauge. The Higgs cou-
pling must be gauge-invariant, because renormaliza-
tion depends on this property. Therefore in this gauge
the whole theory is formulated without Ay and the
Higgs coupling can only lead to the creation of non-
trivial longitudinal boson states which means that no
loss of generality can be expected from this side too,
as the longitudinal branch belongs to the variables of
the temporal gauge.

(i1) Substitution of the solutions of (74) and (75)
into (69) shows that the irreversible dynamics of lepton
states is produced by various leptonic and semileptonic
couplings. This means that the simultaneous possibil-
ity of transitions into different channels leads to a com-
petition between the corresponding processes. In par-
ticular the weak processes compete with optical tran-
sitions of the electron. As long as these optical transi-
tions dominate the decay times no weak transitions can
be observed. The interplay of the various irreversible
transitions has been thoroughly discussed and theoreti-
cal formulated in [28], chapter 1. An application of this
formalism would go beyond the scope of this paper. So
we treat only the electron capture in detail and compare
the resulting electron decay times with known optical
transition times.

(iii) The physics of the vector bosons depends on the
modulus of their mass values as well as on the phase
of these values. For free vector bosons real mass values
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mean that they are ordinary massive particles, whereas
for imaginary values they must be tachyons.

Within the Lagrange formalism the following rela-
tions can be established: If in the Lagrange function
([20], equation (42)) the masses 4 and ug are real,
then in the canonical equations for the electric and
magnetic field strengths real values for p4 and g ap-
pear. This leads to real masses for the wave equations
of free electric vector bosons, but in the wave equations
of free magnetic vector bosons to imaginary masses,
cf. [20], equation (58). As the latter equations char-
acterize the physical properties of the vector bosons
the corresponding mass values are the physical rele-
vant ones, whereas j14 and ug in [20], equation (42)
are parameters. In order to formulate a Lagrangian den-
sity which describes electric as well as magnetic vector
bosons as massive particles 4 must be real, while pg
must be imaginary in [20], equation (42). This leads to
real masses in the canonical equations for the electric
field strengths and to imaginary masses in the equa-
tions for the magnetic field strengths, whereas both
types of wave equations exhibit real mass values.

To decide which case has been realized, we return to
the canonical equations (51)—(54) which are a direct
consequence of the weak mapping procedure. In (53)
the mass is real, while in (54) the mass is imaginary.
This means according to our scheme that electric as
well as magnetic electroweak vector bosons must be
massive particles (apart from the photon). This state-
ment has, however, to be considered with caution:

The “mass” values in (53) and (54) stem from an
exact algebraic evaluation of the weak mapping for-
mulas, whereas the results of the corresponding or-
bital integrals in the mapping formulas, cf. [12], equa-
tions (44), (49), are formfactors which have been ideal-
ized by (unknown) constants. Only for electric bosons
such integrals have been studied in more detail by sev-
eral authors. These studies show that x4 must be real.
For magnetic bosons comparable studies are lacking.
So the question cannot be answered with confidence
whether the magnetic bosons are massive particles or
tachyons.

For the process under consideration the energeti-
cally most favourable exchange boson is the magnetic
M-boson the mass of which is minimized in paral-
lelism with the minimizing of the electric photon mass
in the scheme (67). Owing to (75) we assume that this
boson will act as a massive particle, although for this
mass value a final proof has to be delivered by a more
detailed calculation.



314
6. Decay Rates of Electron Capture

According to (ii) of the foregoing discussion we
consider only the isolated decay process of electron
capture instead of treating the complete irreversible dy-
namics of leptonic and semileptonic processes. To de-
rive the corresponding decay time we apply a method
developed by Heitler [22]. The latter method is based
on the Schroedinger picture, i. e., in this case on the use
of the generalized Dirac equation (69).

For a first estimate of this process we use a simpli-
fied version of (75) for a = 1. This equation reads

3 )G(r,t)
= 914(r, t)(v°)51 q(r, t),

(7207 — A+
(76)

where q(r,t) := goa(r,t) are the quark states and A is
the isospin index. For eigenstates of energy one obtains

q(r,t)(vey")o1q(x, 1) .
= qa(r)(v67°)(G1) aB g5(r) exp(iwapt)

withwap = h™1(E4 — E). Then by the ansatz G =
G(r) exp(iwapt), (76) goes over into

(—wipe™? NGl (r)
= 4mg1qa (r)’yk’ys (61)aB qB(r).

+mi —
(78)

The latter equation can be solved by a time-
independent Green function. So the complete time-
dependent solution reads

é,le(r, d?’r'G(r — r/)qj(r/)
- (V*7°)(51) aB qB(r) expliwapt .

t) = 47rigl/ (79)

If (79) is substituted in (69) and if in this equation all
coupling terms for competing processes are left out,
then one obtains

im0y (x, t) = [ihe(y"7*) Ik + 7 mec]e(x, t)
+ 47('91 (’yo’yk’yS)Uld}( ) /dsT/G(I‘ - rl) (80)
qa(r") (") (61) aBgp(r') expliwapt]

= [Ho + H1)y(r, ).
With Hop, = Eut, and ¢ = 3, by(t)Yn(r)
exp(iw¢) one gets from (80)

—ih0iby, (t)
(81)

_ZHlnmm

) expli(wm — wn )],
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which for isospinors ¥; = ¥y, 12
g2 = qa with 61 = (01 + i02) and 1 = (o1
yields

= 1. and q1 = qu,
— i0'2)

(Hy)pm = 4mgy [ d*rd®r/yf (0)e (707" ) e (r);
- G(r — r’)qtf(r’)f('y YY) qu (r'); expliwaut], (82)

where i means ingoing and f outgoing final states. As
the process proceeds at low energies, the spin depen-
dence of lepton and quark states can be approximated
by the use of Pauli spinors. This leads to the definition
of the spin matrix elements

U 81 0. k.5
Z (Y°7 9" )u(s2) )
ut(s3)(Y0y° ulsa),

where u(s;), i« = 1,2,3,4, are the Pauli spinors for
leptons and quarks. Then (82) can be expressed in the
form

M(81782783784

(H1)nm = hud on €XPliwdyt | (84)
with n = vd and m = eu and
Bhan = 79} [ rd (pulr)
(85)

-G = )xg () xu () M.

For the special case of electron capture the general set
of equations (81) goes over into the set

—ihbey = Z e wabud expli(wye + wau)t],

_ v (86)
— ihb,q = hidﬁubeu expli(wey + wud)t],
which one can try to solve by the ansatz
ben(0) =1, b,a(0) =0, beu(t) = e 7.
(87)

This gives for the decay constant «y the equation

iy = Z heu valten, Vd [1 — expli(wye + Wau — 7)t]]

- B2 [Wey + waa + i) (88)

Owing to the lepton and quark wave functions in the
matrix elements (85) and the summation over the final
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neutrino states, the formula (88) contains a lot of “hid-
den” information. For a numerical evaluation this con-
tent of information cannot be incorporated in one step
in the calculation. Rather several steps are necessary.

(1) In the first step we eliminate the quark states
from (85). The electrodes of the capacitor have a finite
extension and the charges are located at the surfaces of
the opposite electrodes. While the electron states must
be subjected to the resulting boundary conditions, the
quark states are confined to the interior of the nuclei
and are practically independent of these conditions.
Thus we consider a representative of the nuclei which
is located at the origin v’ = 0. Furthermore we assume
that in the transition u — d only the isospin parts of
the quark states will be changed, whereas the orbital
parts remain unchanged. This means that in (85) the
normalized orbital density of the quark states appears
which owing to the concentration in the nucleus can be
approximated by a delta-distribution.

If in (85) the Fourier transform of the Green function
is introduced this yields

By o = (47)2(2m) 02 / & rd kgl (r) oo (r)

- (K2 + p?) "t exp(—ikr) M

(89)

with p? = m2 — w272
(i) In the next step we treat the electron part. We
expand the electron state in (89) into a Fourier series,

where the plane waves are defined by
o(r,p) :== V12 expli(pr)(hic) 71,

and where the wave vectors p are chosen to have the
dimension of energy which makes subsequent calcula-
tions easier. The normalization volume V' will be spec-
ified later.

In the interval [p, p+dp] the number of plane waves
in the volume V is given by

(90)

AN = dpdpodpsV (27he) 3. 91)
Hence the Fourier decomposition of 4, (r) reads
velw) = [ @V 2mhe)
- 92)

- the(p) expli(pr) (he) ']

As in (88) the sum over the neutrino states is extended
over a complete set of states one can choose any suit-
able set which in our case are the plane waves (90)
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themselves. Substituting (92) and the plane neutrino
waves into the matrix element (89) one gets

hlljd,eu: /dgpe(Qﬂ-hC)_S'(;e(pe)

—pu)*(he) 2 + p°] 7' M.

(93)
- gt [(Pe

If in accordance with (88) the square of the modu-
lus of At is formed, it contains the statistical opera-
tor e (pe )1 (pL,) which is nondiagonal.

But during the discharge a great number of pro-
cesses proceeds which differ only in the phase of their
initial electron states. Thus for getting a mean decay
time a phase average of the statistical operator can be
performed leading to its diagonalization. Defining

F(pe) = [e(pe) . (94)
the formula (88) reads after phase averaging
ihy = / Epe(@nhe) f(p)Mpe)  (95)

with
A= 2(47(-)49‘11[(1)9 - py)2(ﬁc)_2 + /”'2]_2

- MMV 21 — expli(wye + wau — i7)t]] (96)
W Hwey + waa + 1] 7L
In addition to phase averaging (96) can be averaged
over all spin states of ingoing and outgoing particles.
By direct calculation one obtains for the matrix ele-
ments (83) the relation

Z M(81828384)M(81828384)+ = 12, (97)

51828354

which for this summation leads to the intermediate de-
cay constant \.

(iii) In this step we sum (integrate) over the mo-
menta of the outgoing neutrino states. The number
of the neutrino plane waves in the volume V in the
intervall [p,,p, + dp,] is given by the general for-
mula (91). Neglecting the small neutrino mass one
gets E, = p, = |p|, and thus

dN, = E2dE,dQV (2rhe) 2. (98)
If one replaces the symbolic sum over v by the inte-
gral over F, and (2 and expresses the w terms by the
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corresponding energies, then the spin-averaged equa-
tion (92) can be rewritten in the form
A= / dE, d02(2r) =3 (he)
(P2 — 2Ipel By cos © + E2) + p2(he)?]
(4m)f12v gl B2
-[1 — expli(E, + Eq — Ee — Ey)t/hle""]
(Ee+ Ey— E, — Eq +iyh)™!

99)

To calculate the integral over E, we apply Heitler’s
integral formula ([22], equation (9)). In the case of (99)
this yields

= ir / d192(2m) g1V ! (hic) B2
-[(p2 — 2|pe|Eo cos © + Ef) + pi? (he)’] >

with Fy = FE, + E, — E4 and the condition Ey > 0.

In (100) the remaining integral over {2 can be car-
ried out exactly. If by means of the relations E? =
p2 +m2c* and p?(he)? = [m2c* — (B, — Eq)? ] the
resulting formula is rearranged one obtains the expres-
sion

(100)

A = 196(2m) g} (he) B3 {[(m? — m?)c*

e

(101)
+ 2EeE0}2 - (2Elkinlao)2}_1
with By, = (B2 — m2ct)Y/2.
Substitution of (101) into (95) yields
7= [ @plenhe) 1 (p)o6glclE. + AEP
Al(m% = m2)c* + 2Eo(Ee + AE))* (102)
- [2Ekin(Ee + AE)}Q}_l
with £y = E, + AE and AE = E, — E4. For-

mula (102) does not contain the volume V. Hence one
can choose an arbitrary large volume without chang-
ing 4. In contrast to this arbitrariness of the general
volume, the electrons themselves are in located states
which must satisfy the corresponding boundary condi-
tions.

(iv) During the discharge the electrons which are
emitted by the cathode hit on the anode. The latter con-
sists of a metal lattice with a surface layer of positively
charged ions. It is this layer where the electrons are
captured before reacting by further processes.
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We assume a standard volume of this surface layer
of 1 cm?-10~8 cm. Without knowing details of the dis-
charge process, we assume that the electrons are uni-
formly distributed in this layer, i.e., o(r) = p1/2
within the layer with v = a; X as X as. Then one gets
for the Fourier transform of 1)

Ha

with k; = p;(he)~!. For f(p) defined in (94) this
yields

Zsin(k;a;) (kia;) ™ (103)

3

f) =] a; ' [sin(ksai)]* (kias) >

i=1

(104)

For convenience we choose a; = a2 = 1 cm and as =
10~8 cm which leads to the final formula

5= / by dkydlga—"[sin (ky )] 2[sin (k)2
- [sin(ksas)]? (k1) =2 (k2) " (ks) >

- 96g1c[Ee + AB*{[(mg — md)c)?

(105)

+ 2Eo(Ee + AE) — [2Eiin(Ee + AE)} !

In spite of our simplifications (105) is a relative com-

plicated expression which in the general case can be

evaluated only with computer assistance. To illustrate

the meaning of this formula we consider a special case

which exceptionally can be exactly integrated.
(v) For m, = m, we use the relation Ee2 —
2¢* and obtain from (105)

2
Ekin -

5= / dky dkodks768az *[sin(ky )] (k1) 2

- [sin(k2)]? (k2) ™2 [sin(kzas3)]? (106)
- (kaz) 2gyefmie’] .

The outgoing neutrino must have a positive energy.
This is only possible if the ingoing electron has an en-
ergy E. which fulfills the condition £, + AE > 0.
For the transition of a u-quark into a d-quark, i.e.
the transition of a proton into a neutron AFE is neg-
ativ. For instance we choose AE = —1.5 MeV.
Then it is £, > 1.5 MeV and the lower limit of
the k-integral results from k?(hc)? = E2? — m2ct.
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In this case one gets k¥ = 0.75 - 10" cm~!. To
simplify matters we put k1 = ko = 0, k3 = k
as lower limit of the integration in (106). The corre-
sponding integrals can be exactly solved which yields
for (106)

5 = 12872103 gt c(mZch) 1. (107)
If the coupling constant g; is identified with the
phenomenological constant goc, then with g7 =
g = €2(1.73)71 (see [29], p. 71) the formula (106)
yields 4 = 10! for one nucleus. In the layer are 10'°
nuclei or ions, respectively. Hence for an electronic
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wave function which extends over the whole layer on
obtains

7 =107 s"1, 7F=10"1s. (108)
In this case the competing optical transitions are sup-
pressed in favour of the electroweak decay.
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