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FRW wormhole instantons in the non-Abelian Born-Infeld theory
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A family of wormhole instanton solutions is obtained in the non-Abelian Born-Infeld theory in the presence
of a positive cosmological constant. These wormholes have a closed Friedmann-Robertson-Walker geometry
and a nontrivial SQ}-symmetric gauge sector. It is found that when the matter sector in the action is
dominated by Born-Infeld terms inducing a string gas behavior, then no wormhole solutions are admissible.
However, when the gauge fields asymptotically lead to a radiation scenario, wormhole solutions become
possible. The presence of Born-Infeld perturbations in this stage determines specific modifications for the
wormhole dynamics. Some of these physical implications are consequently discussed. In particular, we com-
ment on how they can modify the quantization in energy levels of the wormhole solution. We also mention how
this may affect the quantization of topological charges and conservation of fermion number.
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[. INTRODUCTION tention[6]. In the existing literature there are several papers
discussing cosmological models with1) Born-Infeld mat-
Actions of the Born-Infeld type have been the subject ofter[7]. Such models are necessarily anisotrgpicinhomo-
wide interest in the context of M and string thed@y. This  geneoussince there is no homogeneous and isotropic con-
comes from the result that the effective action for the operfiguration of the classical (1) field. Non-Abelian Born-
string ending on D-branes can be written in a Born-Infeldinfeld cosmologies were recently investigated by Dyadichev
form. Moreover, the consistency of the model for the et al. for Friedmann-Robertson-WalkéFRW) models[8].
world sheet of the string is shown to require that the brane b&or an SW2) gauge field and using a spherically symmetric
described by a Born-Infeld action type, just as the generafinsatz(extended from Ref.9]), the authors obtained a com-
curved background requiring consistency of string theoryplete description of the space of solutions. The effective
leads to the Einstein-Hilbert actidi]. equations of motion interpolate betweps — p/3 in the re-
The inclusion of a non-Abelian gauge sector is notgime of strong field(i.e., large energy densitiep>p,
unique. In fact, different definitions of non-Abelian Born- =pg/4m, p=a 2 near the singularityand p=p/3 in the re-
Infeld Lagrangians are possible, regarding the way of tracingiime of weak field(i.e., small energy densities<p., p
the group indices. A relevant suggestion was proposed by=a~* near large times
Tseytlin [3], afterward called the symmetrized trace. Other Among other cosmological scenarios where the Born-
proposals exist3,4]. A useful trace operation was proposed Infeld theory could determine interesting physical effects are
by Gal'tsov and Kernef4,5], where the trace is done over wormhole instanton solutiod40—-13. Wormholes constitute
the group indices but under a square root sign. This usefutonsingular solutions of the Euclidean Einstein equations of
version amounts to defining the gauge field Lagrangian in thenotion. They correspond to manifolds withK#=0 on the

form boundary(whereK is the trace of the extrinsic curvature
Wormhole solutions do not exist for any type of geometry
Lg,~B%Tr and/or matter. In fact, it seems that, for such solutions to

exist, the eigenvalues of the effective Ricci tensor or the
traceless energy-momentum tensor

X
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wherep denotes the maximal field strength @&t the dual
of F#”. Hereafter, we choose the square root ordinary tracenust be negative somewhefgee Refs[14,15) in the Eu-
Lagrangian for its analytical simplicity. clidean regime. These wormhole solutions connect two as-
Classical solutions in the Born-Infeld theory are importantymptotically flat regions of Euclidean space between two
in the understanding of brane dynamics regarding the gravitorentzian solutiong10-13,16—-20 In some conditions,
tational interaction. In this respect, dyons, monopoles, anevormhole type solutions describe transitions fr&h uni-
other solitonlike solutions have recently attracted much atverses with small radius,,, to universes with larger radius
Imax- This corresponds to tunneling through a potential bar-
rier in a finite conformal time with an arbitrary number of
*Also at CENTRA, IST, Rua Rovisco Pais, 1049 Lisboa Codex,bounces in the process. Wormhole solutions have received
Portugal. Email address: pmoniz@dfisica.ubi.pt; URL: http://quite some attention since the Coleman mechanism for the
www.dfis.ubi.pt/~pmoniz vanishing of the cosmological constant was descril#dd.
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The study of these solutions in the framework of theSO(4) is the group of spatial homogeneity and isotropy. The
Born-Infeld theory would advance our knowledge of their most general form of a S@) invariant Euclidian metric for
dynamics and gravitational consequences, in particular, if wéhe manifoldM* is
consider the evolution of the very early universe within a
more realistic perspective, through the combined influence of N2 2 be b
brane/string, gauge, and gravity effects. So far, wormhole 9=N’dr*+a (7)b=12 @ B, @
instanton solutions have only been investigated in the frame-
work of standard Einstein-Yang-MillSEYM) theory with ~ wherereR is the Euclidean FRW time and® are left in-
different choices for the gauge sector in R¢fs7—2( (see  Vvariant one-forms satisfying
also Refs[22,23). Another particular reason to investigate
wormholes in a non-Abelian Born-Infeld theory is as fol- do®=— 3 epeg0®/\o". ®)
lows. Massless Yang-Mills dynamics are determined by a ) ) ) )
scale invariant Lagrangian which implies that Yang-Mills ex- It is further needed to find the class of gauge fields which
citations would be diluted during the universe expansion. Buf"® consistent with the above spatial homogeneity and isot-
Born-Infeld corrections to the Yang-Mills action would break FOPY- For theories with local internal symmetries the condi-
it. The evidence for this effect was investigated in a classicalions of SG4) invariance are too restrictive. For the physical
setting in Ref[8]. From a quantum cosmological perspec- observables to be 3@ invariant, the fields with gauge de-
tive, similar modifications and their consequences were disgrees of freedom may transform undeX(4) transforma-
cussed in[25]. In addition, two paper$24] have recently ~tionsif those changes can be compensated by a gauge trans-
appeared where instead of an ordinary scalar field, the adormation. This is so since the physical observables are
thors considered a quantum model of gravitation interacting@uge invariant quantities. A most useful class satisfying the
with a minimally coupled nonlinear scalar field, inspired by aabove conditions are the so called @@symmetric fields,
Born-Infeld type Lagrangian. i.e., fields invariant up to a gauge transformation. These have

Motivated and supported by the arguments in the previou§€en thoroughly employed befofsee Refs|18,22). Hence,

paragraphs, we report in this paper on a family of wormholeVe take for the gauge field the ansatz of the §@ymmetric

instanton solutions in the context of non-Abelian Born-Infeld field, i.e.,

theory. These solutions have a closed FRW geometry and the

gauge sector is characterized by an($&ymmetric gauge A ()= 2 Aki(t)T(ki)SiJrSdt

field [18,22. Our results indicate that when string effects 1=<k<i=N-3 '

(implied by the Born-Infeld part of the actipnlominate, no N 3) ¢

wormhole solutions are possible. But when the gauge fields +a[1+fo(D)]eacoTap @, (6)
evolve in such a way that radiation becomes important, then ; . . .
we obtain wormhoI)(/a solutions. These will haf)/e fea'EuresWherefO(t) and_ AS(1) are an arbltgrary function and anti-
similar to those found in standard EYM thediy7—20 (see symmetric matrix, respectively, afd>) are the generators of
also Refs[22,23), but will be influenced by specific modi- the Lie group SC3). , _

fications determined by Born-Infeld correction terms. We ' N€ reduced action or Lagrangian will be

then discuss some of the physical implications of these per-

a2
turbations, namely, those concerning the quantization of en- L= i i(_&E_i §aN+ LZANa3
ergy levels of the wormhole instanton. 4| 4G N 4G 2 4G
Il. EQUATIONS OF MOTION + B°Nad(R— 1)} (7)

Let us employ the following action where we adopt the
formulation and conventions introduced in RES], follow- ~ With
ing as well the framework of Ref$18,22 for the Lie alge-
bra structure of the gauge fields:

3t2 3y, ofdv, |

+ —
2B2a2N2 BZa4 2,84a.6N2

®

1 (R—2A)
S=- E[ 4G V(= g)d*x— AR~ 1)} (2 Following the conventions and definitions introduced in Ref,
[8], we can further write
where -,
L 1 3aa® 3 NE N i\
1 112 “4nGe| 2 N 8N TNEY
— v ' v\ 2
R=|1+ Z—BZFZVW _16/3“( a Faur) (3
+gNa3(9%—1)}, 9

We assume a closéd= +1 FRW geometry where the space-
time M* is of the formM*=Rx S°, A is a positive cosmo- with g=Gp, after having redefined— B Y4 and a
logical constant,S® is the three-dimensional sphere, and — g~ 2. In addition, we now have
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with P being the pressure

R=|1+ ——+—+—— 10)
2a’N?  a* 2a°®N? (
P=3eJ(3—-P—-2P 1), (22)
=[(1+K?)(1+V?)]*, (11
where satisfying the interesting relation
3f2 _
K?=——, 12 )
2a®N? 12 3lects) (23
3V, ) : . .
Vv2="_2, (13) As far as the gauge field is concerned, its corresponding
at equation takes the form
with )
) - . . a (1+K?) 1 dV, (1+K?)
V1=Vgauge fieid=5 (1~ 5)%. (14 fo=fog| =2 1 1va) 2 dfy (1rvy) @Y
The Friedmann equation is thus given by
. We also derive the equation
$a?— § + 3 Aa?+ga’(P—1)=0, (15 k
with the definition ) a 2e.te
e=—2—¢ , (25
[1+V? a g .te¢
P= . (16)
1-K?
followed by
The Friedmann equation can be presented in a more suitable
form as c
: —o(p-1_ —+ A1+ —
2 1 +A_ Gz . 87G . P=2-(P P)=P==+ 1+a4. (26)
a2 4a2 3 - B 3( )_ 3 €, ( 7)
where we further define These enable us to retrieve the expression
4 —
e=g(P—1), 8C=£. (18 a(2ecte)e=C, (27)
4
The Einstein equation is given by whereC andC are constants of integration. Furthermore, we
can write
a+ G +Aa+gap+ gaP‘1 =0. (19
A% sa' 2z T3 3" a0 (19 c
_ 82+288C=—4:8=—8ci g2+ — (28
If we use the relation a a
&
P= 8—+ 1, (200 with e2C=C. Finally, after some calculations, the following
Cc

together with the Friedmann equation, then E) can be
further presented as

—_—— —+ e— —

éA417Ggsl
a 3 3 3

20( e

3

g.te

AN 47w
3 3

G
(e+3P), (21

decoupled equation for the scale factor is obtained:

. a 49%a’/3
a+§(—29+A)— 1 =0.

3| a’~ 7| +a*(—2g+A)

(29

This expression will play an important role regarding the
identification of wormhole solutions under the influence of a
string gas induced by the Born-Infeld matter sector in the
action.
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Before proceeding to the next section, let us point out that U(a)
expressiong7)—(29) correspond to a physical systetiifer-
ent from that recently investigated in RdB]. There are of 0.4l
course some similarities, but these are a consequence of the
following. We intentionally employed the framework and
definitions introduced i8] in order that the Euclidean dy-
namics of FRW instantons in the non-Abelian Born-Infeld

theory adequately complements and joins the Lorentzian S —a

e

analysis. Consequently, there should be some similarities - N

with the Lorentzian expressions presented in R&f. There N 7 ~0.2l N 7
the authors have thoroughly described the phase space 0 “~___- Se__~
solutions by means of a dynamical system analysis, as well
as providing approximate solutiofipower series expansion
or numerical for the scale factor and exact solutions for the

gauge field. In our paper, we will follow a similar presenta-  FiG. 1. A plot of U is presented for different values of the
tion but without providing a dynamical system analysis. Letcosmological constant. If the cosmological constant is negligible,
us just stress that we employ an Euclidean framework with @he Born-Infeld square root term seems to reduce the dynamical
SQO(3) gauge sector satisfying the $)symmetric algebra influence of the extrema.

formulation defined in Ref$18,22. This framework implies

important differences, namely, concerning signs in, €.9., Eds$nann equation. Taking Eq17) and using Eq(18) for the

(15, (17, (19, (21), (24), and (29). As can easily be energy density, we write it as
checked, it will be those differences that determine another

dynamical behavior, allowing for the existence of wormhole

solutions bounded between valuesagf,, and ay. 22 E+ éazz _ 871G oot /8§+£ 2. (32
4 3 3 a4
Il. ANALYSIS OF THE FRIEDMANN EQUATION
In this section we consider the Friedmann equation tdn conformal time we can have E(82) as

which we can identify two limiting cases: Yang-Mills radia-
tion or a gas of strings derived from the Born-Infeld termsin =~ 1 A 871G 87G
the action(9) a’- Za2+ §a4= Tscaz— T\/scza4+ C) a,

C«string effects (33

.2 1+A ) 87wG c (30
a*——+za=——— i
4 3 3 | =< YM radiation. €.,
a
2 —
The latter limit is consistent with Ref§18,22 for the stan- a%U(@=0, (34
dard Einstein-Yang-Mills(radiation) scenario. For this YM _
radiation limit, Eq.(30) can be expressed as with
2
a- A 87wG
"2 4_ 1 A 87wG
a‘——+za"=————2~=C, (31 T2 |2 4
4 3 3 U(a) 4a + 3 3 e a

using the Euclidean conformal timén=a (7)dr. This 8$7G
equation represents the motion of a unit mass particle with + 3 s§a8+ Ca*, (35

energy— (87wG/3)C. We then conclude that wormholes are

possible in this limit. However, for string/brane domination

(corresponding to a gas of stringthis procedure shows that noticing that \eza*+C=g.y/1+(C/eZa*)a*. A plot of

we obtain solutions which always meet the singularity. GivenU(a) is presented in Fig. 1 for different values af, with

this physical context, the subsequent and appropriate direthe dashed line corresponding to the case without the square

tion should therefore be to investigate if and how the presfoot term.

ence of string gas term&onsidered then as perturbatipns  Unfortunately, in either Euclidean FRW or conformal

can modify the wormhole dynamics that could eventuallytime it is impossible to find analytica&xactsolutions for this

form. Friedmann equation. We recall that wormholes are known to
To be consistent and strengthen our analysis, we need firskist in the case when solely gauge fielgadiation are

to establish if such wormholeénfluenced by correction present without any modifications in the action and corre-

terms corresponding to the perturbative presence of a stringponding equations. In this cagsgee Refs[17-20,22,23

gag can indeed be formed. In order to address this issue, wewormhole solutions are found in the form of elliptc integrals

will analyze in detail the dynamics retrieved from the Fried-[26,27]. Notice that
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\/ 2, ©_ \/1+ c 142 S
el ge o 8§a4_8° 2 ¢2a%)’

whena is large, and thaP=3p in that limit.
Let us proceed with our twofold purpose outlined above:

interpolating between some,,;, and a,,.x, are not possible

to find in a suitable analytical form. In fact, Eq4.7), (30),

(32), and(33) have no knowrexactexpressions as solutions.
Wormhole solutions in terms of analytical expressions

can, however, be obtained within the approximate scenario

introduced with Eq(38) and described in the previous sec-

to deter_mlne_whether wor_m_holes can_mde_ed_ form when thT"|on. With conformal time, we get the following equation to
gauge fields induce a radiation behavior still influenced by ‘?ntegrate'

string like perturbation and to describe how these modifica-
tions brought in from the Born-Infeld matter sector can im-

ply a different wormhole dynamics. We will consider two J' dy— }J’ dy

complementary approaches. On the one hand, we shall per- 2} JG-yH-Ely’

form a numerical analysis whose results are described in the

next section. On the other hand, the string gas stage corrgyith a*=y, getting solutions in the form of elliptic integrals.

sponds to a strong field regime with large energy density. 1t$n the Euclidean timer we have instead
influence would be mostly relevant near the singularitya at

=0. Therefore, we propose to employ an approximate sim- 1 dy
plified model whose Friedmann equation will provide an ad- J dr=*7 | —/——————,
equate alternative to integrating E®2 or Egs.(33—(37) 2} JyG-y*H-E
[see also Eq930), (31)] by representing the string gas per-
turbative influence. To be more precise, our idea is to hav@nd solutions are given by
on the right hand side a set of terms that will physically
represent the contributions of radiation as well as of a string H
gas. The presence of coefficients will allow us to use these 11 2 1 a’—1
contributions either as dominant or as a perturbation as in- T—7o=*= —| arcsin . (39
tended. The corresponding Friedmann equation in FRW Eu- 2 \/ﬁ H E
clidean time will thus be given by 1_4% _Fl-F
a2 — E-q- éaZZ - E_ E (36) Equation (39) clearly suggests that wormhole solutions
4 3 a’ (bearing the influence of the string of gas imposed by the

Born-Infeld modifications indeed can exist in our model
within the Lagrangian(9). The influence of Born-Infeld
1 A string perturbations is represented in the coefficientin
a2 a2+ _a*=—E-Fa% (37 contrast to the situation of solely radiation, the presence of

4 3 string gas corrections seems to lead to either a wider or a
shorter difference betwees,,, and ani,. This may imply
that the frequency of oscillatiorisr transitiong between the
turning points can increase or not, depending on the energy
of the wormhole. A discussion regarding the dynamical
modifications determined by the Born-Infeld string correc-

2.2 4, =2 _ tions is presented in Sec. V.
a“-a'GHHa'+E=a "+ W(a)=0, (38) As far as showing that such wormholes do exist, €§)

with 1 —F=G and H=A/3, noticing the similarities with ~Cconstitutes a satisfactory insight, as argued in Sec. IIl. How-

Egs.(31), (33—(35). For different choices oE,G,H we can  €ver, we can extend and strengthen it by a perhaps more
obtain scenarios where the string gas clearly dominates gdequate means for evidence of these wormholes. In fact, the
where radiation is more important, possibly perturbed bydiscussion in this section can be further improved as follows.
Born-Infeld modifications. In particular, we can satisfactorily The fact that wormholesinfluenced by Born-Infeld string
reproduce the behavior &f(a) near the singularity and also correction$ _do e?<|st is retrieved from thenglnal ac_t|on(9)._
where theLambdaterm is dominantsee Figs. 1 and 4 as Letus consider instead E(29). Employing a new time vari-
well). The advantage is to have new terms that will approxi-2PIe given by(following the notation and procedure in Ref.
mately play the effective role of the square root in E§S)—
(35). The square root is the reason why E8R) or Eq. (34)
cannot be exactly integrated. However, E3j7) admits exact dt=3[(—-2g+A)a’+3(b*-1)]dr, (40
analytical solutions as we will describe in the next section. _

with b=a, Eqg. (29) can be shown to be equivalent to

and written in conformal time as

In these expressiorts,F are, respectively, constants associ-
ated with a string gas and radiatiovang-Mills) perfect fluid
contributions. We further write this equation in a simple
manner as

IV. ANALYSIS OF WORMHOLE SOLUTIONS
) , i b'=[—-A(—4g+A)a?
As previously mentioned, wormhole solutions, represent-

ing the behavior of the scale factor as a functionrair 7, —3(b%2—1)(—2g+A)]a, (41
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b y(F
1r 0.2¢

0.15¢

-1t -0.15¢

-0.2¢
FIG. 2. Periodic regimes exist corresponding to wormhole solu-

tions and are represented for different value€oThe bold sepa-
ratrix separates singular from nonsingular solutiénside i and
these are the wormhole solutions.

FIG. 3. The difference in the turning point close to the singular-
ity between solely radiation and string corrections.

a’ =3[(—2g+A)aZ+ 3(b2—1)]b. (42) V. INFLUENCE OF BORN-INFELD CORRECTIONS

The influence of the terms associated with the string gas
stage in the wormhole physical properties will be discussed
in this section. The turning points of the potential

The integral trajectory curves are subsequently given by

A 2
3<b2+ ——1) —4ga’

A
b2+——1)=C. (43

3 3
W(a)=—a’G+Ha*+E (46)

A numerical analysis shows that there are singular solutions,
but also periodic regimes, with limits correspondingatox
#0, depending on the value ¢fas shown in Fig. 2. Thus,
such wormholes are indeed possible within the physical conare located at
text of the original action(9). The Lorentzian geometries
were described in Ref8]. This family of Euclidean solu-
tions described herein interpolate and tunnel between the sin-
gular oscillating Lorentzian solution and others approaching . 1 5
a de Sitter—like behavior for very large An approximate qmaxe \/(7‘ —F)= \/(Z —F)"—4(ABE (47
generic solution for these wormholes can be given by min oA/3 '

a= \/i\/1_4 - H - E co§ 2\H(7—10)]+1, We are still assumindsee Secs. Il and IVthat it is

2H ;—Fz—F mostly for a,, (i.e., the turning point near the singuladity

(44)  that the influence of a Born-Infeld perturbative effect is im-
portant, and further we takE as a positive constant. We
recall that the coefficierf represents the string gas pertuba-
tive effect. The upward right hand side of the potential is
dominated by theAa* term. Therefore, near the region of

with E,F such that

H E small values ofa this model will reflect the influence of the
1-4; : string gas dominant terms derived from a Born-Infeld type
i —Fi-F 1 (45  Action. The plot ofy,(F#0)—ay,(F=0)=Y(F) is presented
2H ' in Fig. 3 for fixed values oE,A. The difference

Vi -F) -V - R amE- V) - Vi aABE
V(2A13)
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W(a) VI. DISCUSSION AND CONCLUSIONS
\ ’f / Summarizing, the issue of wormhole instanton solutions
\ / within non-Abelian Born-Infeld theory was investigated in
\ 1t / , this paper. Wormhole solutions connect two asymptotically
\ - / ',' flat regions of Euclidean space and correspond to a tunneling
N / N> . between two Lorentzian solutions through a potential barrier

1

1

)

1

) !

9 : A s — a . - :

—6“‘ -4 -2 N 4 16 in a finite conformal time.

\ S N / The Born-Infeld theory 1] has recently been widely used
) 1
\ / -1} \ i

‘ ; \ ; to analyze the physical behavior of strings and branes from a
‘\‘ / \ ;’ gravitational perspective. In particular, the low energy effec-
N / ol \ / tive theory of D-branes can have a non-Abelian formulation,
, . suggesting specific modifications to the standard Einstein-
et Yang-Mills action. Classica[7,8] and quantum solutions
. : [24,25 of the Born-Infeld theory applied to cosmology may
FIG. 4. Aplot Ofwasaf”ncnon of the scale_ factor, fo_r_dlfferent thus be useful in understandizg brane dynamics and their
values ofF and for fixed values oE andH. This exemplifies the . L . . .
influence of Born-Infeld string correction terms when wormholesIrnpllcatlons toward different physical systems like, e.g.,
form. The continuous line correspondsFe-0. wormhole solutions. _ o
Wormhole instanton solutions were found in this paper

within the non-Abelian Born-Infeld theory, either from in-

is mostly negative but it is also possible to bg positive. This\/estigating physically reasonable approximate models or
means thaf(F#0) can be nearer t@r sometimes further iy 2 numerical analysis. These wormhole solutions have a

from) the singularity ina=0 thanay,(F=0) corresponding  ¢jnsed FRW geometry and the matter content corresponds to
to the standard EYM radiation casef. Refs.[17-20,22).

L oHe ; a cosmological constant and an @BPsymmetric gauge sec-
We thus can have a widenirigr shortgmn@; effect_concern— tor[18,22. Moreover, the solutions describe transitions from
'E% ;h‘; turning _p0|_nts of the potential. From_F|g. 4 or S® universes with small radiua,, to universes with larger
=0.11the potential is shor_ter bet\_/veen the turning poiag, radiusaay, in the presence of radiation but influenced by
is farther away from the singularity a&=0, the area covered Born-Infeld strina-t dificati 1o the effectiv tion
between the axis and the potential line is smaller, and the orn-inteid string-type mo |1|ca 'ons 10 the etlective action.
minimum is higher. FoF = —0.1, the potential is wider be- When the string gasH= _59) dominates the dynamics,
tween the turning points, ., is closer to the singularity, the wormhole solutions are eﬁectlvely absent. It therefo.re seems
minimum is lower, and the corresponding area is Iargerf‘h"’llt only when radiation behavior becomes dominat (
These physical changes will definitely modify the wormhole =3p) (although in the presence of Born-Infeld type pertur-
dynamics. In particular, there are possible energy levels thdtations can wormholes be found. It is tempting to speculate
will have a different separation from the case when the stringvhether an intertwined behavior of gravity and gauge fields
gas influence is totally absent. Similarly to other boundedleading to either radiation or string gas limita the context
systems, it is known that wormholes have a discrete spe®f a Born-Infeld description might be responsible for creat-
trum of energy level§see Refs[18,20,22). This has been ing the physical conditionésee Refs[14,15) where worm-
proved within EYM scenarios. But when wormholes form holes can form or not.
still subject to such string perturbative effects, their energy Our results suggest that the presence of Born-Infeld cor-
levels and corresponding discretized turning points will haverections modifies the possible quantization of energy levels
important modifications. In fact, the energy level separationcorresponding to the wormhole solution. The effect of Born-
e.g., in a potentiaV(x)=kx?, is proportional to the fre- Infeld string-type modifications in the energy level spectrum
quencyw~ k/m. As k increases, the potential curve is less can also be discussed from the following point of viga].
wide, thus increasing the separation in the energy levels. It it is know that the quantization of these energy levels can be
therefore(in view of the previous sectiongeasonable to thought of as quantization conditions for the topological
expect that in our wormhole case there are scenarios whesharge Q~ [ 3 Tr(F/\F) (see also Ref[18]), which in
the energy level separation will be wider than with no stringgeneral is not an integer. In the standard EYM case, the
gas. We will additionally have different discretized turning topological charge is a function of the discretized turning
points for each energy level. In other situations, the energyoints (see Ref.[20]) for both the scale factor and gauge
levels will be almost compactified to a continuous range andields. These are determined through the quantization of the
the wormhole almost negligible @8,;,=amax- energy levels. The corresponding discrete levelQoare

Of course, a more formal comparison with the standardelated to distinct vacuum states for the gauge fields. It is

Einstein-Yang-Mills case in Ref$§18,27 is only possible if  also known that Tl /\F) acts as a source for the fermion
exact solutions are found for E¢B3) and the period of os- current conservation equation. Hence, it can be said that if
cillation, which will depend ony1—(rmn/fma)> iS ana- there is a change in the energy level spectrum of the worm-
lyzed. The analysis of the the Euclidean Yang-Mills equationhole, this will modify the admissible turning pointgbeled
(24) is also required, but those solutions are expected to be ihy an integer. Consequently, the topological charge will

the form of Jacobi elliptic integralsee Refs[8,26,27). bear some modifications as well. Moreover, any such change
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in the topological number will imply an associated change inscribed can be expected to be present also in a broader study
the fermion number. of non-Abelian Born-Infeld wormhole dynamics.

Finally, we are aware that further research on these issues
is in fact surely needed. Nevertheless, our results point to
interesting wormhole aspects that are a consequence of the
Born-Infeld matter action. It is hoped that that they will con-  This research work was supported by the grants POCTI/
stitute the motivation for subsequent studies. The feature$999/P/FIS/32327, CERN/P/FIS/43717/2001 and CERN/P/
characterizing the family of wormhole solutions herein de-FIS/43737/2001.
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