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Abstract

This paper introduces a zero dimensional scalar functional ( Q ). In
close analogy with the Lagrangian density (L) of the Standard model,
application of a variational principle to Q appears to yield the correct
propagation and interation of physical fields, without recourse to either
the gauge freedoms or ghost modes of the conventional theory.

1 Space-time anti-derivatives

Consider a complex spinor Λ =
(
λ1 + iλ2, λ3 + iλ4

)
with a U(1) degenerate

mapping onto the past null cone with vertex at the origin of x:

xµ = Λ∗σµΛ

dΛ =

4∏
i=1

dλi = 2πδ(t2 − r2)d4x = 2π
d3r

r

It can be shown that, for all k2 6= 0∫ 0

−∞
e−ikνx

ν

dΛ =
1

k2
(1)

and ∫ 0

−∞
xµe
−ikνxνdΛ =

2ikµ
k4

(2)

The product of two Λ cones maps onto (xµx
µ > 0) space-time with a U(1)L ×

SU(2)× U(1)R degeneracy:

xµ = aµ + bµ = (Λ∗a,Λ
∗
b)[γµ ⊗ 1](Λa,Λb)∫∫

e−ikνx
ν

dΛadΛb =
1

k4
(3)

dΛadΛb = 4π2d4x

So, for an arbitrary field f :

f = ∂ν∂
ν

∫
fdΛ =

1

2
∂µ∂ν∂

ν

∫
fxµdΛ = (∂ν∂

ν)2

∫∫
fdΛadΛb (4)
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2 The Standard Model reconstrued

We will now investigate what happens when we construct dimensionless integrals
over cones (QX) from scalar products of fields (of definite spin, helicity and
charge) and then demand that these integrals (QX) be invariant w.r.t. variation
in each field.

2.1 Fermions

2.1.1 Massless fermions

Given a massless spinor νL we define:

Qν ≡ i
∫
xαν†LσανLdΛ

∂Qν
∂ν†L

= 0 =⇒
∫
xασανLdΛ = 0 =⇒ iσα∂

ανL = 0

.. which describes a freely propagating massless neutrino.

2.1.2 Massive fermions

Given a massive Dirac spinor

(
eL
eR

)
we define:

Qe ≡ i
∫
xα
[
e†LσαeL + e†Rσ̃αeR

]
dΛ−me

∫∫ [
e†LeR + e†ReL

]
dΛadΛb

∂Qe
∂e†L

= 0

=⇒
∫
xασαeLdΛ−me

∫∫
eRdΛadΛb

=⇒ iσα∂
αeL −meeR = 0

Similiarly,
∂Qe
∂e†R

= 0 =⇒ iσ̃α∂
αeR −meeL = 0

.. which pair of equations describe a freely propagating electron.

2.2 Charged massive fermions

Given additionally a 4-component field A that couples to eL and eR equally, we
define:

Qae ≡ A2
j −me

∫∫ [
ψ†LψR + ψ†RψL

]
dΛadΛb

+

∫
xα
[
ψ†Le

qAjσjσαe
qAjσjψL + ψ†Re

−qAjσj σ̃αe
−qAjσjψR

]
dΛ (5)
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..where ψL ≡ e−qAjσjeL and ψR ≡ eqAjσjeR replace eL and eR as the indepen-
dent fermionic fields.

∂Qae
∂ψ†L

= 0

=⇒
∫
xαeqAjσjσαeLdΛ−me

∫∫
eqAjσjeRdΛadΛb = 0

=⇒ eqAjσj
[
iσα
←→
∂ αeL −meeR

]
= 0

=⇒ iσα(∂α − qAα)eL −meeR = 0

.. which describes an electron interacting with an electromagnetic field having
(fixed gauge) 4-vector Aµ components that are related to the j = {1, 2, 3}
components of A by:

A0 = i∂jAj Aj = iεjkl∂kAl − i∂0Aj (6)

The requirement that
∂Qae
∂A∗j

= 0

yields the source equation

=⇒ Aj = −q
∫
xα
[
e†LσjσαeL + e†Rσj σ̃αeR

]
dΛ

with conserved charge:

A0 = −q
∫
xα
[
e†LσαeL + e†RσjeR

]
dΛ =

∫
xαjαdΛ

2.3 Scalar fields

Given a scalar field φ = 1√
2
(v + h) where v is a v.e.v. and h is a dynamic

perturbation, we define:

Qφ ≡
∫
φ∗φdΛ− λ

∫∫
(φ∗φ)2dΛadΛb

The requirement that:
∂QH
∂φ∗

= 0

yields:

=⇒
∫
φdΛ + 2λ

∫∫
(φ∗φ)φdΛadΛb =

∫∫ [
∂ν∂

ν − 2λ(φ∗φ)
]
φdΛadΛb = 0

=⇒ [∂ν∂
ν − λh2 − 2λvh− λv2]h = 0

..which describes a scalar field of mass MH =
√
λv, with (3- and 4-vertex)

self-couplings.
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2.4 Massive bosons

In the

νLeL
eR

 space, the free Higgs field responsible for lepton mass has operator

form:

Φ0 =
1√
2

(v + h)

0 0 0
0 0 1
0 1 0


〈0|Φ0 |0〉 = 0 but 〈0|Φ2

0 |0〉 = 1
2v

2

In the presence of SU(2)× U(1)Y field bosons, the fermions transform as

ψ ≡
(
ψL
ψR

)
≡ eΘ

νLeL
eR

 , ψ† ≡
(
ν†L e†L e†R

)
eΘ (7)

and the Higgs operator transforms as:

Φ ≡ 1√
2

(v + h)e−Θ

0 0 0
0 0 1
0 1 0

 e−Θ (8)

where

Θ ≡
(

ΘL 0
0 ΘR

)
≡ 1

2

gW3
j − g′Bj gW+

j 0

gW−j −gW3
j − g′Bj 0

0 0 −2g′B

σj

〈0|Φ2 |0〉 =
1

8
(v + h)2

[
4 + g2W−j W

+
j + g2W3

jW3
j − 2gg′BjW3

j + g′2BjBj
]

=
1

8
(v + h)2

[
4 + g2W−j W

+
j + (g2 + g′2)ZjZj

]
(9)

where we have replaced W3,B by mass eigenstates:

Zj ≡
1√

g2 + g′2
(gW3

j − g′Bj) Aj ≡
1√

g2 + g′2
(g′W3

j + gBj)

we define:

QH ≡ W1∗
j W1

j +W2∗
j W2

j +W3∗
j W3

j + B∗jBj

+

∫
〈0|Φ2 |0〉 dΛ− λ

∫∫
〈0|Φ4 |0〉 dΛadΛb

=W+
j W

−
j + Z∗jZj +A∗jAj −

λ

4

∫∫
(v + h)4dΛadΛb

+

∫
1

8
(v + h)2

[
4 + [g2W+

j W
−
j + (g2 + g′2)ZjZj ]

]
dΛ (10)

where
∂QH
∂W+

j

= 0 =⇒ [∂µ∂
µ − 1

4
g2(v + h)2]W−j = 0

∂QH
∂Zj

= 0 =⇒ [∂µ∂
µ − 1

4
(g2 + g′2)(v + h)2]Zj = 0

=⇒ MW =
1

2
gv MZ =

1

2

√
g2 + g′2 v MA = 0
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2.5 Electroweak charged fermions

Using the definitions (7) and (8) and

Θ ≡
(

ΘL 0
0 ΘR

)
≡ g

2

c−1
θ Zj W+

j 0

W−j (sθtθ − cθ)Zj − 2sθAj 0

0 0 2(sθAj − tθZj)

σj

=⇒ eΘ =

(
eΘL 0

0 eΘR

)
..we define:

Qbf ≡ W+
j W

−
j + Z2

j +A2
j − ye

∫∫
ψ†ΦψdΛadΛb

+

∫
xα
[
ψ†Le

−ΘLσαe
−ΘLψL + ψ†Re

−ΘR σ̃αe
−ΘRψR

]
dΛ (11)

∂Qbf
∂ψ†

= 0 , h = 0 , me =
1√
2
yev

=⇒
∫
xαe−Θ

σα 0 0
0 σα 0
0 0 σ̃α

νLeL
eR

 dΛ−me

∫∫
e−Θ

 0
eR
eL

 dΛadΛb = 0

=⇒ e−Θ

iσα
←→
∂α 0 0

0 iσα
←→
∂α me

0 me ĩσα
←→
∂α


νLeL
eR

 = 0

=⇒


iσα[∂α − ∂αΘL]

(
νL

eL

)
= me

(
0

eR

)

iσ̃α[∂α − ∂αΘR]

(
0

eR

)
= me

(
0

eL

)
...which given (6) together with:

W 0 = i∂jWj W j = iεjkl∂kWl − i∂0Wj (12)

Z0 = i∂jZj Zj = iεjkl∂kZl − i∂0Zj (13)

...yields the Dirac equation.
The complete scalar functional describing the propagation and interaction of
leptons and electroweak bosons is:

Q =W+
j W

−
j + Z∗jZj +A∗jAj −

λ

4

∫∫
(v + h)4dΛadΛb

+

∫
(v + h)2

[1
2

+
1

8
[g2W+

j W
−
j + (g2 + g′2)ZjZj ]

]
dΛ− ye

∫∫
ψ†ΦψdΛadΛb

+

∫
xα
[
ψ†Le

−ΘLσαe
−ΘLψL + ψ†Re

−ΘR σ̃αe
−ΘRψR

]
dΛ (14)
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From (6), (12) and (13) it follows that for bosons with 4-momentum k =
(E, 0, 0, p), the 3-component fields corresponding to gauge vector fields for he-
licity eigenstates (normalized to E particles per unit volume) are:

{Ŵ, Ẑ}± =
σ1 ± iσ2√
2(E + p)

e−ik·x ⇐⇒ {Â, Ŵ , Ẑ}± =
1√
2


0
1
±i
0

 e−ik·x

{Ŵ, Ẑ}L =
σ3

M{W,Z}
e−ik·x ⇐⇒ {Ŵ , Ẑ}L =

1

M{W,Z}


p
0
0
E

 e−ik·x

(15)

where M2 = E2 − p2, so the zero helicity (longitudinal) mode of the massless
A does not exist.
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