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Abstract

In this work we consider a mechanism for mass creation based on the periodicity condition dic-
tated from the compactification of extradimensions. It is shown that the existence and the com-
pactification of extradimensions are the origin for creating particle mass in ordinary 4-dimensio-
nal space-time. Mass of Higgs particles themselves would be also originated from the geometric to-
pology of extradimensions.
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1. Introduction

The existence of space-time extradimensions has been a subject of intensive research study during the last de-
cades [1]-[3].

The topology of extradimensions, especially their compactification, plays a crucial role in many physical as-
pects, mostly in the construction of various models of unified theory of interactions, such as superstring theory,
extended general relativity, and so on [4]-[7].

It is worth noting, on the other hand, that it is in such approaches the particle mass always remains a problem
of actual characters.

In this work we propose a mechanism for mass creation through the compactification of spacetime extradi-
mensions. The crucial argument is the proposed periodicity condition dictated from the compactification of extra
dimensions.

The original field functions depend on all space-time coordinate components including those for extradimen-
sions, the ordinary field functions, ordinary 4-dimensional space-time considered as effective field functions
obtained by integration of the original ones over extra space-time.

In Section 2, we present some general principles related to the compactification of extradimensions.
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In Section 3, a mechanism for mass creation is treated.

2. Periodicity Compactification Condition

For simplicity let us begin with the case of one extra dimension. Denote the 5-dimensional coordinate vector by
x" withM = u, 5. The Greek indices z, v,--- will be used as conventional 4-dimensional Lorentz indices (0,
1, 2, and 3). We do not directly care from the extra dimensions is topologically compactified, but instead a spe-
cific periodicity condition is put on the field functions depending on extra dimensions, namely

F(x“x*+L)=f(L)-F(x*,x°) (1)

where f_(L) issome parameter function depending on the compactification length L.
The condition (1) corresponds to the equation:

0
OXSF(XM):QL(L)'F(XM) @)
With the relations:

(L) =et
0.(L)=1[n . ()+2ani] (n<2) ©

In general we can put

f (L) =pg (L)-e*FV 4)

9. (L) =%[lon (L)+i(6 (L)+2mn)]

For neutral field, F*=F, f (L) isto be real and therefore 6. =0,n=0

The periodicity condition (1) can be generalized for the case of arbitrary number of extra dimensions in the
following manner.

For convenience we denote the extra dimension coordinates x°,x°,---,x** by y*=x*"?*a=12,---,d and

write
F(x")=F(x"y")=F (xy) ©)
The periodicity condition (1) is now generalized to be:
F(x,ya+La):féa)(L")F(x,y) (6)
and the corresponding Equation (2) becomes:
aja F(xy)=08 (L) F(xy) 7)

with the relations:

9 (1) = 109 (12)-eF0
(8)
):%[m (L) 40 (12) + 20}
3. Effective Field Equation and Mass

The general procedure of our treatment is as follows. We start from the (4 + d) dimensional Lorentz invariant
Kinetic Lagrangian L(x, y) and the action for the field F(x, y) defined as
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s=[s(y)(dy)

9)
S(y)sjd4x~ L(xy)
where (dy)= dy*-dy?---dy® and the integral is performed over the whole extra space time.
The principle of minimal action for S(y) then gives the Euler-Lagrange equation
oL (x, oL(x,
(y) 5 _aey) (10)
F(x,y) o(a,-F(xy))
which in turn leads to the equation of Klein-Gordon type:
(D+m§)«F(x):0
For the effective field defined as
F(x)=[(dy)F(xy) (12)
For illustration let us consider in more details the cases of scalar, spinor and vector fields.
3.1. Scalar Field
The free neutral scalar field ®(x,y) is described by the Lagrangian
1
L(x,y) :EGMCD(X, y)-O0u@(XY)
1 § (12)
Ez{éMq)(x, )o@ (X Y)+. 0l @ (X ) 0,0(x, y)}
a=1
where ¢, = % ., &, isa Minkonski metric for extra dimensions:
0 ifa=b
Cp =11 ifa=b-timelike
-1 if a=b-spacelike
By inverting (7) into (12), we obtain:
1 d a 2
L(xy) =5{5M®(x, Y)au®(x,¥)+X ¢ (9 (L)) -7 (% y)} (13)
a=1
And from here the equation
(D+mi)-@(x) =0 (14)
For the effective field
®(x)=[(dy)®(xy)
With
2
m; ==Y 4w (9 (L)) (15)

It is worth nothing that the squared mass m? is positive if all the extra dimensions are space-live, and can be
negative if there exist time-live extra dimensions.

For change scalar field instead of (12) we take
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L(xy)=0"®"(x.y)- 0y ®(x.y)

=0"®" (x,y)-0,@(x, y)+§;aad)+ (X,y)-0,2(x,Y) (o)
And instead of (13) we have:
L(uy)=0" 0" (1), @ (x,3)+ 2l (L) 0 (3)-0(x) an
And from here the equation the same Equation as (14) with:
M ==Y, o (L) (18)

3.2. Spinor Field

4+d
In (4 + d) dimensional space-time, the spinor field is described by a 2 2 component function v, (xy) with

the live Lagrangian

L(X,y):iEl//(X, y) TV ouw(x,y)== {l//l“”ayy/+2y/l"a+46al//} (19)

=1

4+d 4+d
where T™ denote (4 +d) Dirac 2 2 x2 2 matrices obeying the ant commutation relations:

T, g =2¢
{FM 'l—x4+a} _
(20)
{1—4+a 1—~4+b} zé/ab
g=y+T°
By inverting
0 (%¥)= 9L, v (xy) (21)
o.w (% y) =9y L v (xy)
Into (19) we obtain:
i a —14+a
L(xy) =2 (% y) T Gy (x y) - Img)? (L )7T "y (22)
And from here the equation
d
(ir0, - mol? (1) T Ju ()0 2)
a=1
By acting from the left both sides of this equation by
d
ir’o, - mg” (L,)-r**
b=1
And taking into account the relations (20) we have:
S @ (L))
{D—zgaa(lmgy, (L)) }w(x,y)=o (24)
a=1

480
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And hence

2
m2 ==, & (M (L)) (25)
We note that m,f, >0 if all the extra dimensions are space-like, mf, =0 ifall gsla) are real, and m,i can
be negative if there exists time-like extra dimension
3.3. Vector Field

We restrict ourselves to the case d = | and consider the neutral vector field V,, (x,y) satisfying the periodicity
condition

Vu (xy+L) =1, (L)-Vy (xy) (26)
And in correspondence
a = N
EVM (x¥)=9y (L) Vi (x.Y) @7
f, (L)=e"g, (L)

The free vector field V,, (x,y) is described by the Lagrangian

-1 -1 v
L(x, y)=TFMNFMN :T(FWF‘ +2F, F*°) o9
-1 1w 1 1
= Fu F —5 s (0, -0"Vg +04V,, -0V * =20, Vg -0V * )
where
Fo=0V,-0\V,
Fis=0,V5—0V,
By inverting (27) into (28) we have:
-1 . 1
L(x,y) = F.F* 5% (0,Vs-0"Vs +05 (L)V,V* -2g, (L)a,VeV*) (29)
Now we define a new physical vector field W, by putting
1
W, =V, ———90,V, (30)
u H 9y (L) u's
Expressed in terms of W, the Lagrangian (29) has the form:
1 1
L(x,y)=-=G,G" -= J(Lyw w#
( y) 4 Ho 2 §559V ( ) u (31)
G, =90,W,-oW*
The Lagrangian (31) leads to the equation:
(O-¢wi (L)) =0 (32)

which means that the effective vector field
L
W, (x)=[dy-W, (xy)
0

Has squared mass
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r'nvzv = _4/559\3 (L) (33)

It’s positive or negative depending upon whether the extra dimension is space-like or time-like.

4. Conclusion and Discussion

In this work we have proposed a mechanism for the creation of particle mass. The key idea is that the mass is
originated from the compactification of extra dimensions followed by the periodicity condition for the particle
fields.

It is worth noting that according to the mechanism the existence of tachyon having negative squared mass is
closely related to the existence of time-like extra dimensions.

In this work we have considered originality for mass creation, which is originated from the compactification
of extradimensions. It is shown that the mass spectrum is completely determined by some functions of com-
pactification length and closely related to the metric of extradimensions.

The key idea is that the existence and the compactification of extradimensions are the origin for creating parti-
cle mass in ordinary 4-dimensional space-time. In this connection one might think that the mass of Higgs par-
ticles themselves would be also originated from the geometric topology of extradimensions. The problem of
whether there exists some mechanism allowing the extradimensions to create Higgs particles would be a prob-
lem of significant meaning. It might be also that the particles could acquire mass through different mechanisms,
including those related to extradimensions. This could lead to thinking that the probability for experimentally
finding Higgs particles is much smaller than the value theoretically obtained when Higgs mechanism is consi-
dered as the only one for mass creation.
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