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ABSTRACT

Based on the mechanism for mass creation in the space-time with extradimensions proposed in our previous work,
(arXiv: 1301.1405 [hep-th] 2013) we consider now the mass spectrum of vector bosons in extradimensions. It is shown
that this spectrum is completely determined by some function of compactification length and closely related to the met-

ric of extradimensions.
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1. Introduction

The topology of space-time extradimensions has been a
subject of intensive study in various aspects during the
last time [1-8]. On the other side, the problem of particle
masses, especially for gauge vector bosons, remains to be
of actual character.

In our previous work [9] we have proposed a mecha-
nism for the creation of particle masses based on the pe-
riodicity condition dictated from the compactification of
extradimensions. In this approach the original field func-
tions depend on both ordinary space-time coordinates
and those for extradimensions, the ordinary field func-
tions for ordinary 4-dimensional space-time are consid-
ered as effective field functions obtained by integration
of the original ones over extraspace-time.

The mass of vector bosons has been treated in [9] for
the simplest case with one extradimension. Along this
line, in this work we extend the results to the general
case for arbitrary number of extradimensions.

2. Effective 4-Dimensional Vector Fields

As in [9], we denote the 4 + d dimensional coordinate
vector by x" with M =,5,6,---,4+d . The Greek in-
dices will be used for conventional 4-dimensional Lor-
entz indices, ¢ =0,1,2,3. For convenience we will use
the notations y*=x*?a=1,2,---,d, and express the
field function of coordinates as

()= {i)F(xy)
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with the periodicity condition supposed to be of the form:
Fxy*+L%)=f-F(xy) (1)

where fF(a) is some parameter function depending on the
compactification length L®.
The Condition (1) corresponds to the equation:

f(xy)=g® F(xy) 2

aya
with the relations:
(2)

flga) = eL(a)-gF s
3
g'® = ﬁ[ln f1% + 27tni:|, neZ
In general we can put:
- (a)
féa) _ p'(:a) _eu9F
“
g® = L(la) [ln P +i(t9éa) + 2nn)}

where p® and 6% are some functions of L® .

For neutral field, F*=F , fF(a) is real and therefore
0% =0,n=0.

We now consider the neutral vector field V,, (X,y)
satisfying the periodicity condition.

Vi (y )= 10 v, (y) 6)
ﬁv —g®.y 6
Vi (% Y) =0y Vi (X.Y) (6)

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

L(x,y):-lFMNFMN
4
1 1 1 @
) I b
Z_ZF,HUF# _EF‘uaF;a_ZFabFa
where
_ W _Nu
N axM oxM
v,
“oxt oxt ®)
_ Ny N
Ha Ox* aya
e Ny Y,
ab ™ aya ayb

Now let us consider the case when the field component
V,=V,,, under treatement does not depend on Y’

unless b =a. In this case F,, =0 and the Lagrangian (7)
with Equation (6) taken into account becomes:

L(x,y)z—%FﬂUF”U

- _%azd; Maa (aﬂVA VA)V!’ )(aﬂVA - g\(,i)\/ ’ )

where 7,, is Minkowski metric for extra dimensions.
Now we define a set of new physical vector fields
Z!(Ia) by putting

(€))

z0ov — Loy, (10)

H H (a) “H
Va
Note that the field strength tensor
- (a) (a)
=0,Z,-0,Z, (11)
remains unchanged and independent of a :

G =0,2,-0V,=F, (12)

HTV
Therefore Equation (9) can be transformed into the
form:
d

Z a(a)G};/6 "

4 (13)

Z aa g\/A /1 )ﬂ

a

L(xy)=~

With the constraint:
d
Z a (a) =1 (14)
a=1

The Formula (13) tells that a set of d vector fields in
ordinary 4-dimensional space-time can be unified in a
single vector field in the whole (4 + d)-dimensional
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space-time with the distribution characterized by the co-
efficients obeying the constraint (14). This constraint is
dictated by Equations (9)-(13). This result could be use-
ful in the construction of Unifying models for gauge in-
teractions.

3. Equation of Motion and Mass Spectrum

We start from the Lorentz invariant Lagrangian (13) and
the effective action defined as:

s =[dys(y) (15)

Here, as in Section 2, for convenience we use the nota-
tion y instead of x for extradimension coordinate.

Efd4xL(x,y)

where _[ dy means the integration over the extradimen-
sions:

J'dyEJ' I J' dyl.dyz.,...,.dyd
0 0 0

The principle of minimal action for S(y) then gives the
Euler-Lagrange equation

SL(xy) . 6L(xy) o 16)
sz " 5(0,21)
which in turn leads to the Klein-Gordon equation
(o+m2 )28 () = 0 (17)
for the effective vector field ZLa) (x) defined as
2% (x)=[dyz? (x.y) (18)
In this way we obtain:
— For a(a)#0:
gl
0-1,, ﬁ z®=0 (19)
And hence
: N
mz(a) =Nz WAA) (20)
— For a(a)=0:

The Lagrangian (13) has no kinetic term for the field
ZLa) which now can be considered as auxiliary field.

So, the conclusion is that a single neutral vector field in
space-time with extradimensions leads to a set of (not
more than d) effective neutral vector fields in ordinary
4-dimensional space-time with the masses obeying the
sum rule followed from (14) and (20):

ol
_Z Maa TA =1 (2 1)
a

M)
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For illustration let us consider the case d =2 . In this
case a single vector field V,, (X, y) can give two effec-

tive vector fields ZS)(X) and ZS)(X). By putting, for
example, o (1) = a(2) 2% and a(1)=2,a(2)=-1,
Equation (20) gives:

2 2
mz(a) = _27733 gva

and
1
2 2
My =5,
2 2
mz(z) =19,
respectively

It is worth noting that by choosing appropriate values of
o(a) and Minkowski metric of extradimensions the de-
scribed formalism could be useful in giving the relation
between the metric of extradimensions and tachyons
having negative squared mass.

4. Conclusion

In this work we extend the results obtained in our previous
work [9] to consider the mass spectrum for vector bosons.
It has been shown that a single neutral vector field in
space-time with d extradimensions corresponds to a set of
s (Zd) effective neutral vector fields in ordinary 4-di-
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mensional space-time with masses obeying the sum rule
expressed in terms of metric of extradimensions and pa-
rameter function dictated from the periodicity conditions.
This would give a deeper understanding of the relation
between extradimensions and gauge bosons in the con-
struction of the Unified Gauge Theory of interactions.
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