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Is it the Higgs Scalar Field?
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Abstract

It has been shown in two previous articles by Olivi-Tran and Gau-
thier [1] and by Olivi-Tran [2] that our three dimensional universe may
be embedded in a four-dimensional space. The radius of curvature of
our universe is related to this fourth dimension and to time. Here we
show with these assumptions, that a possible candidate for the Higgs
scalar field has a potential which is a four dimensional box with two
temporal boundaries 0 and T . This scalar field gives a mass to massless
particles. This mass is quantized by Planck’s constant and is propor-
tional to the duration (i.e. to T ) of an interaction which could have
create the particle with mass from a massless particle.
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1 Introduction

We showed in previous articles by Olivi-Tran and Gauthier [1] and by Olivi-
Tran[2] that our three-dimensional universe may be embedded in a four di-
mensional space. The fourth dimension related to this space is a function of
time. And time is a function of the radius of curvature of our universe [1]. We
will show here that a possible candidate of the Higgs scalar field is a massless
particle in a four-dimensional box where one of the boundary is time.

2 Theory

The relativistic equation giving energy E of a massless particle and a zero
electrical charge, as a function of its impulsion p is:

E2 = p2 c2 (1)
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By applying the rules of the first canonical quantization, we obtain Klein-
Gordon’s equation for the wave function Φ(r, t)

− �
2 ∂2Φ(r, t)

∂t2
= − �

2 c2 Δ Φ(r, t) (2)

This equation may be rewritten:

( � ) Φ(r, t) = 0 (3)

where � is the Alembert’s operator:

� =
1

c2

∂2

∂t2
− Δ. (4)

We considered here that Φ was the wave function of the particle, but we can
also consider it as a real scalar field which propagates in vacuum. The Klein-
Gordon is its propagation equation.

Let us suppose for the sake of simplicity that the particle is confined in
a box of finite volume V in a four dimensional space (V = LxLyLzT ). The
scalar field Φ(r, t) may be written in a Fourier series. Let us write ω the
conjugate variable of time t ( ω is the pulsation) and k the conjugate vector
to the position r( k is the wave vector).

The eigenmodes are the exponentials:

f(r, t) = f0 e− iωt+ i k·r (5)

which verify Klein-Gordon’s equation :

( � ) f(r, t) = 0 =⇒ ( − ω2

c2
+ k2 + f(r, t) = 0 (6)

We have the the dispersion relation :

ω2

c2
= k2 (7)

Therefore if we have a wave vector k, we have two pulsations eigenmodes :

ω± = ± c k (8)

Therefore the energy of a massless particle in a four-dimensional box is:

E = (�ω)2 (9)

If we make a dimensional analysis of this last equation we obtain:

E = ((M.L2.T−2.T )/(T ))2 (10)
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therefore by making a dimensional analysis of E we obtain:

M.L2.T−2 = M2.L4.T−4 (11)

and finally we obtain:

M = (T 2/L2) (12)

The scalar field candidate to be the Higgs scalar field has therefore a potential
which is a box with temporal boundaries 0 and T . Moreover, the mass acquired
by the particle is quantized by Planck’s constant.

The development in Fourier series of the scalar field Φ(r, t) may be written
as the sum over of possible wavevectors :

Φ (−→r , t) =
∑
−→
k

[
A+e−iω+t + A−e−iω−t

]
ei

−→
k .−→r + c.c. (13)

where cc is the conjugate complex .

The second canonical quantization gives:

• âk,called ’annihilation operator �k, ω.

• â†
k, called creation operator �k, ω.

These operators obey the rule:

[
âk′ω′, â†

kω

]
= δkω,kω′ 1̂ (14)

The Higgs scalar field is therefore a bosonic field.

3 Conclusion

We put a massless particle in four dimensional box with temporal boundaries
0 and T . We solve the Klein-Gordon’s equation for this massless particle and
we obtain as a result a particle which has a mass which depends on the tem-
poral boundaries and which is quantized by Planck’s constant. The possible
candidate for the Higgs scalar field has therefore a potential which is a four-
dimensional box with two fixed temporal boundaries. In particle physics, the
mass of a particle may be related to the duration of the interaction from which
it is obtained.
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