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1. Introduction

Braneworld cosmological models, by realizing the four-eiteional universe entirely in a hy-
persurface of a higher dimensional space, are intringichthensionally asymmetric. The emer-
gence of the difference between the parallel and the ortedgdirections to this hypersurface
seems to reverberate the Goldstone mechanism, where sgsasldtiplets are imparted with a
mass in the direction along which symmetry is spontaneohsiken. Here we propose to use
spontaneous symmetry breaking (SSB) of bulk scalar fieldelaie the mass measured on the
brane to a bulk mechanism and thus look for signatures oaektnensions. This is the oppo-
site idea to the Dvali-Shifman mechanism, where a non-cenfent Higgs (spontaneously broken
symmetry) phase is found on the brane, whereas a confinenesiired symmetry) phase is pre-
served in the bulk [1]. Moreover, we couple the bulk scalddé@on-minimally to the Ricci scalar.
This is the simplest interaction which yields a canonicalekic term. Furthermore, it reduces to
Brans-Dicke up to a field transformation for a vanishing wanwexpectation value (vev). Recently,
a variation of the Dvali-Shifman mechanism triggered byghemetry of five-dimensional anti-de
Sitter was applied to the study of the dynamics along thectime normal to the brane of a scalar
field non-minimally coupled to gravity [2].

This contribution reports on a recent study where we condidéh real and complex scalar
fields in the bulk space and examine their implication in tleehanism of SSB on the brane upon
acquiring a non-vanishing bulk vev [3]. Furthermore, whierdging the case of the complex scalar
field, we also consider a minimally coupléd1) gauge field so that spontaneous breaking of the
gauge symmetry can take place. After establishing how bulintities induce quantities on the
brane, we compute the equations of motion induced on theelstamting from a bulk action. The
resulting Einstein equations provide the relations betwbe induced geometry on the brane and
the matter fields therein. Furthermore, we observe thatmeafiriori localized on the brane, such
as the brane tension, will only interact gravitationallyttwihe bulk matter fields induced on the
brane when a non-minimal coupling exists. Otherwise, biamd bulk matter fields do not see
each other. The non-minimal coupling also reinforces theopial mechanism of spontaneous
symmetry breaking at very high energies via the interactibthe brane tension with the scalar
fields. Moreover, we discuss whether the SSB mechanism coiffide to generate masses on the
brane and thus provide a localization mechanism. The fonewlsional masses, both of the scalar
and the gauge fields, induced on the brane are found to be ef tird four-dimensional Planck
mass. Taking the inverse of the mass as a measure of the coafihéo the brane [4], it follows
that the range of the induced interaction is short about thedy which suggests the localization of
the bulk fields about the position of the brane.

In this contribution we consider a real scalar field in thekbahd non-minimally coupled to
gravity via the Ricci scalar. [For the case of the complexasdeeld, we refer the reader to Ref. [3].]
Following the procedure described in the Appendix, we d@etiie induced equations on the brane
from the bulk action. In particular, we derive the effectp@ential on the brane and compute the
effective mass of the scalar field induced on the brane upganga non-vanishing vev in the bulk.
Finally, we analyse the implications of our results for a hmusm of localization of matter on the
brane. We keep the number of space dimensbasbitrary, rendering the results valid for any
codimension-one brane.
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2. Real Scalar Field Non-minimally Coupled in the Bulk

In this section we study the case of a bulk, real scalar figlth addition to the Einstein-
Hilbert term and the canonical kinetic and potential terrhgowe consider an interaction term
with a non-minimal coupling o to the Ricci scalar
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Here,K(ZE) = 8nGy5) = 1/M§, is the five-dimensional gravitational coupling constard 4ris a
dimensionless coupling constant which measures the naiwrai interaction. In the cosmological
constant term\ = A5 +/\(4) we have included both the bulk vacuum valyg) and that of the

brane/ 4, described by a brane tensionlocalized at the position of the branky, = gd(N).

2.1 Theinduced dynamics on the brane

First we derive the equations of motion for both the scalddt ied the graviton as measured by
an observer localized on and confined to the brane. This guoedollows closely the techniques
developed in Ref. [5] for a vector field and in particular udesresults derived therein, which for
completion are included in an appendix.

By varying the action with respect to the metric, we obtam Einstein equation in the bulk

(% + E<p2> Guv + NGy = %Tﬁ” +&519) (2.2)
where
T8 = 0000+ Guv | 58 (0o 0)(Cp0) -V (@) 23)
is the stress-energy tensor associated wignd
=i = 0u0v¢? — 9 g™ Ta g (2.4)

is the contribution from the interaction term. We note thalependence of the five-dimensional
gravitational coupling constant akin to that of the Bransk® formulation. For the equation of
motion for theg field, obtained by varying the action with respecigowe find that

"0 Ove— (9_V

5 T HR=0. (2.5)

We now proceed to project the equations in the directionalighf{denoted byA) and orthog-
onal (denoted biN) to the surface of the brane, finding for the stress-enengsord (?) that

T8 = (Ca0) (o) + s 5 [(Ce0)? + (O] V().
Tal = (0a0)(Oho) |
T = (One)(Ong) +Oun [—% [(Oc)® + (Ong)?] —V(qoz)} , (2.6)
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and similarly for the source tensﬁﬁ’\’) that

23 = (OaDs + KagOn) ¢ — gas (02 + O + KOk @2,
=& = (OaDN — KaPOg) @2,
5@ = OnOng? — gun (02 + 02+ KOy) @2 . 2.7)

Equating thg AB) components of the decomposition of the Einstein tensor atitesource terms
from the scalar fieldp, we find for the Einstein equation parallel projected on tolirene that

1 i 1
(KT + f(P2> [G,(ql?gd) + 2KacKg® — KagK — Kagn — 5948 (—KcpK®P — K2 — 2K )
(5)

— 5(0h0)(0e) + 308 | 5 [(Cc+ (Dn0) ~V(#P)] - oo

+ & [(Oa0s + KagON) @° — gas (02 + OF + KOn) ¢7] - (2.8)

To obtain the matching condition for the extrinsic curvatacross the brane, we integrate the
(AB) component of the Einstein equation in the coordinate nototéle brane. For Z,—symmetric
brane, we obtain for theAB) matching condition across the brane

i) 1
/ dN T—l—ffpz (—Kagn+0asKN)
-0 Kis)

+5
= /4 dN[—QAB/\(4)+E((KAB—QABK)DNfPZ—gABDﬁq?z)], (2.9)

which yields

(%Jrf(PZ) (—KAB+QABK):QAB<—E—55N¢2> (2.10)
Ks) 2
for ¢? even about the position of the brane. These provide bourmdemitions for ten of the fifteen
degrees of freedom. Five additional boundary conditioespaovided by the matching conditions
from the (AN) and (NN) components of the projected Einstein equations. From atgpeof the
(AN) components we note that on the brane

Gan = KaBg — K= g ( [an GAB> — 0789 =0, (2.11)

which must vanish in order to preserve conservation of tdad stress-energﬁ’A(é") on the
brane, as read off of the right-hand side of Eqg. (2.10). Thisd@ion constrains four degrees of
freedom. ThegNN) component of the Einstein equation

(% + 5402) [— R — KepKeP + Kz] + A\
5
111

=5 [5 (One) (Ong) — % (Tco) (Cco) —V((pz)] — & (02 +KOn) ¢ (2.12)

consists of the remaining constraint.
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Similarly, we expand the equation of motion for the scalddfie

oV
[0"® (Oa0g + KaglOn) -+ OnDOn] @ — 30
+ 289 (R<‘”d> — KagK B — K2 — 2K7N) ~0. (2.13)

To obtain the matching condition fgracross the brane, we integrate in Mheoordinate discarding
all derivatives other than along

+5
, ANIKON@+OnDng — 489K ] =0. (2.14)

If we assumeZ,-symmetry across the brane, the matching conditiorpfbecomes
Ong—4EKp=0. (2.15)

Substituting Eq. (2.15) back into Eqg. (2.13), we obtain fa propagation of on the brane that

gB0A00 — Z_\c/p + 28 |RIN _ KpgKAB 4 (14-88) KZ] =0. (2.16)

Moreover, equating the matching conditions for the exitioarvature, Eq. (2.10), and for the
scalar fieldg, Eqg. (2.15), we can solve fdfag andy @ to find that

o 1/(d—1) Inco
1/kZ, + E@PlLt 8Ed/(d—1)] "
S d/(d-1)
1/k%, + E@[L+ 82d/(d 1))

(2.17)

1
K = ——
AB 2QAB

ONn@In—0 = —2¢@ IN=0 - (2.18)

We substitute Eq. (2.15) fdiyg and Eg. (2.16) foiJ2¢ in the (NN) component of the Einstein
equation, Eq. (2.12), to find fa&("d that

1 . 1 1 NV
_— (ind) _ [ — 2, = ov
(K(25)+5‘P2(1+45)>R —<4+ZE>(Dc<P) +2V+26<pa(p+/\(5)
~ Keok™ (K—§+g¢2(1_4g)> +K? (K%+E¢2(1—3252)> : (2.19)
®) (5)

Similarly, from Eg. (2.8) we find for the Einstein equatiomlirted on the brane that

-1
clind) — (K_% _|_qu2> K% +25> (Ua9)(Uso) +25¢DADB¢}
)

- —d?+d+4
- (ind) 2
gaB {R +K o2 } : (2.20)
with R(" given by Eq. (2.19).

Using the equations derived above, we realize the case winescalar field acquires a non-
vanishing vev @) which minimizes the effective potential. This can inducergganeous symmetry
breaking when the scalar field is coupled to a gauge field, ¢éindewing the latter with a mass,
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as discussed in Ref. [3]. Here, however, a non-vanishingnientail a change in the effective
cosmological constant and in the effective mass of the sdi@la. Moreover, once the scalar
field acquires a vev, no direction on the brane can be seleateith implies thatTa (¢) = O.
Consequently, Lorentz symmetry breaking cannot take pratiee presence of a bulk scalar field
only. [See Ref. [5] for the case of an explicit violation ofreatz symmetry due to a non-vanishing
vev for a vector field.]

We can read off of the induced Einstein equation the effeatimsmological constant, which
would comprise all the terms proportional to the inducedrimethich do not vanish when all the
contributions from the matter fields vanish. However, in thse that the matter fields acquire a
non-vanishing vev, the effective cosmological constariteantain the contribution of the matter
fields at the corresponding non-vanishing value. It folldinet

ov

Met (% +& <<P>2(1+4E)> = V(@) +2(0) 5

d’—d —d? 4 3d
K [(K—§+s<¢>z> ey (%‘_ss)] @)
©)

We thus observe that a hon-vanishing vev in the bulk gerematide gravitational sector a contri-
bution to the cosmological constant on the brane.

2.2 Thegéeffective potential on the brane

Whether a non-vanishing vev for the scalar field can be obseon the brane depends on
the form of the effective potentidles(¢@?). The parameters of the potential will influence the
magnitude of its minimum and consequently the mass of tharsfiald ¢ measured on the brane,
defined as the value of the second derivative of the effegtdtential evaluated at the vev of the
scalar field(@). We first determine the effective potential measured on theeband then proceed
to study the conditions for a non-vanishing vev.

The evolution ofp on the brane, as described by Eq. (2.16) and ®if) given by Eq. (2.19),

ONVerr (1 2 2
30 <Z+ZE> (Cco) U7, + & @211 40)

is determined by a damping term as well as by the effectiverial induced on the brane. Here,

Vet 1 v (1
o 1/K(25)+E<P2(1+4E){ 0] (K(25)+E<p2>

1

K%<—§+2+8§>+E¢2<—§+2+125>”, (2.23)

5
whereV (¢?) is the bulk potential, which is assumed to have a Higgs typa ¥6( @) = u(25) (¢?/2)+
A(s)(cp4/4) with A5y > 0. We computé/e by integrating Eq. (2.23) to find that

2 2
B Hs oo 1 Hs oo 1 1 1 1
Vert(¢) = ‘pzl 2 1148 4 l—|—4f+)\(5)fK(25) saraczl\at®

g*B0AOsp —

=0 (2.22)

+ 28 pK?
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+ ¢*

)\(5) 1 1
4 [1+4E _4(1+4§)}
+In |14 & @1+ 48)|

, 1 1 1 1 1 1
" [“@ £k 211 47 (34) -2 (k%7 21+ 42)° (a+4)

1
‘m”@]
o? d?
16(dr1d_1)
[—2/d+2(1+4&)](8d/(d — 1)) — 4 1
1+8&d/(d—1) 1/KG +&¢2[1+88d/(d 1)
K d—1/ 2 14+ EKG 97 (1+48) ”

“eara(grreee)n L & ¢P{L+ 82d/(d - 1)

(2.24)

for & £ —1/4. Notice that, in the limit wher§ — 0, one recovers the original bulk potential with
an extra term on the brane tensidtig?) + (3/4)0%k 5, d?/[(d +1)(d — 1)]. Itis natural to expect
that there exists a hierarchy of scales depending on whethearev (@) is related to the Standard
Model (SM) scale or the grand unified theory scale. Thus|grf| < 1/K(25), we can expand the
denominator of the first term io about 1/K(25), keeping terms up to order six ip, (€ ¢?)3. The
effective potential can thus be written as

2 2

u 1 u 1 1 1 1
2y — R )] -
Veff("’)—"’z{ 2 1+48 4 1+48 O FKE 21+ &) <4+4E>

1 d? 2 8d
_EGZK(25)(EK(25))—(d+1)(d 5 [(—a +2(1+ 45)) 1 —4} }

Jre 1 A 1
e {Tl+4€ T4 4144
1 22120 d? 2 8d 8d
T16° K(S)E(EK(S)) CESICE) {(—a+2(1+45)> dTl_A'] (H—EdTl)}
1
- O[‘PG]EGZK(ZS)E(EK(%))?’
+In [l—I—EK(25>¢2(l—|—4E)] x
, 1 1 1 1 1 1
X [“(5) EK(25) 2(1+4£)2 (é +4E> —A5) (EK(25))2 2(1+4&)3 <Z+4E>
1
“1ag®
2
+ i02K2 d

16° “®Od+d—_1) "
. [[—2/d+2(1+ 4%))(8d/(d 1)) — 4

1+8&d/(d—1)
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_ 14 Ek2 @P(1+ 4
1d 1<—3+1+85>|n mLCLAC] ” (2.25)

CEd+1\ d 1+&K3 ¢?[1+8Ed/(d - 1)]

We thus observe that, up to sub-dominant logarithmic tetheseffective potential is of the form
Vett = UZ¢(9?/2) + Aert(@*/4) + O[¢°], where

Bt ~ Hi+Aw) — 028K , (2.26)

1
2

£k

Aett ~ A+ O'ZEZK(%) . (2.27)

If u2;; < 0andAets > 0, then one expects a non-vanishing vev for the scalar fiid.fifst condi-
tion guarantees that a non-vanishing minimum exists, véseitee second condition guarantees that
such minimum is finite. Conversely, p‘gff > 0 andAgss > 0, then symmetry is always unbroken.
Thus, imposing thadest > O, it follows that A5 > —GZEZK(GS). Consequently, in order to verify
the conditionuig; < 0, we must have thai) < —20%E k(.

We notice that the bulk scalar fiegl being a five-dimensional field, has dimensjgh= M3/2.
Accordingly, 15 has dimension of mass aAd dimensions of inverse of mass. In order to recover
characteristically four-dimensional quantities, we detime four-dimensional scalar fiefelas the
rescaling ofg by an appropriate mass scél,. In the mode expansion of a bulk field, this mass
can be identified with the mode function dependent on thetiineN evaluated at the position of

the brane in the bulk. Thus, fag = M;,/ZCD, the induced equation of motion fd@p on the brane
becomes
1 OVets 1 2EM,®
AB € 2 %
g Ua0d — — + <——|—2§> (OcP) =0. (2.28)
My 0O 4 1/Kfs) + EMp®?(1+48)
Consequently, the parameters of the effective potentihbeale as
1 ®? o*
M—veff(qaz) = ugff7 + et Mo + MZ0[®°] . (2.29)
@
with equations (2.26) and (2.27) becoming
Pt ~ U2 —20%EK(y) (2.30)
Mplett ~ A +Mpo?E2Kk, , (2.31)

whereu = 5y andA = MgAs). Here, foré > 0 we have two possible mechanisms for the gener-
ation of a non-vanishing vev: the canonical way, via the itk associated with the scalar field,
and the braneworld way, via the interaction of the scalad figth the brane tension. For the latter
to be viable in the context of the SM, then

it
M(p)\eff

1 1
£V, K(25> (2.32)
must be of ordeiTeV?, and (®) = 246 GeV. However, in order to recover the four-dimensional
gravitational coupling constant in Eq. (2.20), we find frdme ¢ contribution thaMF]%A,) = K(25)|\/|¢,
and hence that

MBI = =5 = M3y M. (2.33)
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This implies that

2
Het

1
M2 > TeV?, 2.34
Mtp)\eff PI(4) ( )

T

which renders the brane mediated mechanism of SSB unviabjgénomenological reasons. This
means that the phenomenological hierarchy between the gikbtyenergy scale of orddreV and
the Planck scale of the gravitational effects of the physitghe brane cannot be accounted by the
SSB brane mechanism, since the characteristic scale ohtheed dynamics of the scalar field
is the Planck scale. It is easy to see th@) ~ Mpy4). Thus, the scalar field becomes a short
range field about the brane and therefore strongly locatizetin. However, it is the non-minimal
coupling that, upon spontaneous symmetry breaking, altbergnatter localized on the brane to
interact with bulk matter fields with typically gravitatiahstrength.

Moreover, from the expression for the five-dimensional acolggical constant in the case
of a vanishing effective cosmological constant, we find tha ~ —Mq,V((CD> ) — GZK( 5> and
consequently that

0% ~ Maj Mg [~ — MgV ((9)%) | . (2.35)

2.3 Theeffective potential as a measure of the thickness of the brane

In what follows we argue that the mass scale generated bySBen8chanism sets the range
of the fields on the brane and hence the thickness of the birapeder to understand the role of the
massM,, we expand the vev ob observed on the brane about the value expected in its absence
Defining

pz = ZGZEK(“S), Ao = M(pazfzK(GS), (2.36)

then equations (2.30) and (2.31) become

Wes ~ s+ K2, (2.37)
It follows that
[T 1 Ag ( >2
(Y= +ud)——— 1
< > M(p)\eff (“(5) “0)M¢A(5)< M¢A(5)

2

H 2 A

5 M e M o[22 (239)

MpAis)  MgAis) MgAis) - MgAs)

keeping only the lowest power in the parameters indexed/e can now distinguish between two
cases, depending on whichkindexed term on the right hand side dominates.
For the case when the second term dominates over the thaml, th

2
He'tf

2
it - H(s)
Mqo}\eff

MpAett =~ MgpA(s)

His)

(2.40)
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For an increasingly important contribution of the branesien, both the minimum and the inflexion
point of the effective potential converge (®) — 0, whereas/est — Aets(D*/4).

For the case when the third term dominates over the secomudl thie opposite relation holds
and the minimum and the inflexion points become larger witimareasing brane contribution. We
observe that the presence of the brane affects the chasticeeof the potential and consequently
the SSB mechanism and the scales generated thereby. Tisug, drder to comparé®) with the
inverse of the thickness of the brane, estimated to be of dheesffective masg;s. We find that
MgAeft ~ 1. From Eq. (2.34), this also implies thaf; ~ M3 .

The present analysis can be extended to a complex scalatHieldupled to &J (1) gauge,
resulting quite similar conclusions [3]. Both the complealsr field and théJ (1) vector field
acquire, upon SSB and through a non-minimal coupling of dlmNJll_JR, masses of order the
Planck mass as well.

3. Discussion

In this contribution we have examined the mechanism of spa@dus symmetry breaking due
to a scalar field in the bulk spacetime coupled non-minimedigravity. We have shown that a
non-minimal coupling can be a source of symmetry breakinghenbrane but only at very high
energies. We derived the conditions which allow for the texise of a non-vanishing bulk scalar
field vacuum configuration and demonstrated that the scélbgs induced masses are of order the
four-dimensional Planck scale, thus failing to accommedt the brane the typical scales of the
Standard Model. We notice, however, that this implies thattulk scalar fields become very short
range about the position of the brane and thus stronglyikazhtherein.

Furthermore, we observe that in the absence of the non-rairdoupling of the bulk scalar
fields to gravity, i.e. fo = 0, the effective potential on the brane of a bulk scalar fieldiced in
both cases tWesf = u(zs) (9%/2)+ As) (9% /4) + (3/4) GZK(ZS)dZ/[(d +1)(d —1)]. The realization of
a braneworld universe as a codimension-one surface ofzedaatter contributes a constant term
proportional to the brane tensi@nto the effective potential. The brane tension does not, kewe
contribute to the mechanism of spontaneous symmetry mgadbserved on the brane unless the
bulk scalar fields are non-minimally coupled to gravity. 9 observed in the dependence on the
coupling parametef of the parameter;sgff andAqs. Moreover, the mixing of the discontinuity in
the extrinsic curvature with the discontinuity in the notmerivative of the scalar field, as encom-
passed by the corresponding matching conditions, is&stependent. Such mixing is switched
off whené = 0, as already noticed in Ref. [6] and also found in Ref. [5]. Ehekservations seem
to suggest that the matter localized on the brane will ictesgth bulk matter fields through gravity
only if a non-minimal coupling exists. We have also argued the characteristics of the potential,
and in particular the vev of the scalar field, can be relatati¢cestimated thickness of the brane,
given that the former sets the effective range of the fieldds $uggests that the SSB mechanism
is closely related to the localization process of fields antifane.

On the technical side, our approach goes a step furthertingep the framework for studying
the brane induced physics which arises from the presencaténiields in the bulk. The case of
a vector field coupled non-minimally to gravity was previgusonsidered and its implications for
Lorentz symmetry on the brane studied in Ref. [5]. The casthefscalar field, both real and

10
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complex, coupled non-minimally to gravity is treated in R&f. Our approach allows to relate the

cosmological constant problem and the scale of gravityearikechanism of origin of mass, which

suggests to relate to the process of localization of bulkigieln the brane by setting the nature of
the interaction between brane and bulk fields to be essigrdiavitational.
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A. Geometry and Matter Sources

In this section we systematize the procedure that we usegriteedhe equations of motion on
a codimension-one brane from a given bulk action.

We begin to parametrize the worldsheet in terms of coordadt = (t,,xy) intrinsic to the
brane [7]. Using the chain rule, we may express the branestdragnd normal unit vectors in terms
of the bulk basis as follows:

€= Sq :X’f\laxu = XK&,,
&N = %:N“%:N“éu, (A1)
with
guwNHNY =1, guuNHXR =0, (A.2)
whereg is the bulk metric
9= 0uwéu®8& =09aBEr®@E+0an EA @ EN +OnB EN ® EB+OnNN EN @ En. (A.3)

To obtain the metric induced on the brane we expand the budls hactors in terms of the co-
ordinates intrinsic to the brane and keep the doubly branget& components only. It follows
that

gaB = X:Xg Ouv (A.4)

is the(3+ 1)-dimensional metric induced on the brane by the- 1)-dimensional bulk metrigy,,.
The induced metric with upper indices is defined by the retati

9aB 0°° = 0" (A.5)

It follows that we can write any bulk tensor field as a lineambination of mutually orthogonal
vectors on the brane,,”and a vector normal to the brareg,. We illustrate the example of a vector

11
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By and a tensof,, bulk fields as follows
B = Ba ér+By &\, (A.6)
T=Taséa®+TaNEA®EN+ TN &N ®E+ Tun EN ® EN. (A.7)
Derivative operators decompose similarly. We write thevadive operatoi] as
0= (XA +N*)0, = Oa+ On. (A.8)

Choosing Fermi normal coordinates for the neighborhoodpaiiat on the brane, all the Christoffel
symbols of the metric on the boundary are zero. The partiavateres, however, do not vanish
in general. The continuation of the coordinates off the loauy is given by the Gaussian normal
prescription. The non-vanishing connection coefficienéstus

Oaés = —Kag &,
Oaén = +Kag ég,
Onéa = +Kag ég,
Onéy = O. (A.9)

For the derivative operatanl] we find that

DD = guVDIJDV
= ¢*P [(XA’DH)(XQ’D\,) _XK(Dqu)Dv} +g"N [(N“Du)(NVDV) - N“(D“N")DV]
= ¢"B[0a0s + KagOn] + OnOn. (A.10)

We can now decompose the Riemann tenBgy, 4, along the tangent and the normal directions to
the surface of the brane as follows

RaecD = RXE%QD%- KapKec — KacKep;, (A.11)
Rnecp = Kecp — Kepye, (A.12)
Rnenp = KecKpe — Kepy, (A.13)

from which we find the decomposition of the Einstein ten€g)y,, obtaining the Gauss-Codacci
relations

: 1
Gag = G 4 2KacKeC — KagK — Kagn — S0 (—KepKP—K2—2Ky),  (A.14)

Gan = KaPg — K, (A.15)
1 .
Gan = 5 <—R<'“d> ~ KepKPC + K2) . (A.16)

We have now the tools to express the bulk equations of motivetl from the bulk action as a
decomposition along the parallel and orthogonal direstiimrthe brane as defined by the Gaussian
normal prescription.

Next we define the boundary conditions compatible with tlesence of the brane. We regard
the brane as shell of thicknes$ i the limit 8 — 0 and separating the bulk into two mirroring
regions. Two consequences follow. Derivatives of quagitliscontinuous across the brane gen-
erate singular distributions on the brane. The integratibthese terms in the coordinate normal

12



Non-minimal coupling as a mechanism for spontaneous symimetaking Orfeu Bertolami

to the brane relates the induced geometry with the locaizadf the induced stress-energy in the
form of matching conditions. Moreover, te-symmetry establishes the continuity conditions for
the fields across the brane. From the continuity of the qtiesiton the brane, it follows that the
parallel components must be everNrand consequently that the orthogonal components must be
odd in N, with each additional orthogonal component reverting thetypa[See Ref. [8] for odd
fields about the brane.] In particular, for a scalar figldnd a vector field we have that

P(=0) = +@(+0), (On@)(=0) =—(Ong)(+9),
Ba(—0) = +Ba(+9), (OnNBa)(—0) = (DNBA)(+5)
Bn(—90) = —Bn(+9),  (OnBn)(—98) = +(OnBn)(+9). (A.17)

Similarly, we have for the metric thahg(N = —d) = +gag(N = +9), which implies that
Kag(N = —9) = —Kag(N = +9). (A.18)

After extracting the singular terms from the projected digus and into the matching condi-
tion, we obtain the equations of motion induced on the br&iace the original equations were
derived from a bulk action, the induced ones will be expreésseéerms of bulk parameters, which
must be rescaled in order to reproduce the observed chaséctdly four-dimensional parameters.
The rescaling parameter is expected to be related to a neeafsitire thickness of the brane.
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