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The Randall-Sundrum model

We consider two branes with tension
interacting with gravity In a five-
dimensional space-time E=M, xS'/Z,

In this report the brane separation is
assumed to be stabilized by a two-

component complex scalar field. On “our”
brane it will implement the Higgs
mechanism of spontaneous symmetry
breaking.
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The guestion about the stabilization of the extra
dimension size with the help of the bulk Higgs
fleld was raised earlier in the papers:

* L. Vecchi, “A Natural Hierarchy and a low New
Physics scale from a Bulk Higgs,”(2011);

* M. Geller, S. Bar-Shalom and A. Soni, “"Higgs-
radion unification: Radius stabilization by an

SU(2) bulk doublet and the 126 GeV scalar,”
(2014).

In the last paper a perturbative stabilizing
solution without gauge fields was considered.
We attempt to take the gauge fields into
account and to find an exact solution.
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The background equations

Let us consider the scalar field ¢ = £¢1j. The action S of the model:
2

S:Sg+S¢+S S

brane+SM

\

gravitational scalar field gauge fields branes and the SM

L
. 3f 44 :
Sy =2M jd deyR\/E’ The gauge field:
- SU2) — A,

S¢ = de4xde[(DM¢)+ DM¢_V(¢+¢)1\/§’ U(l) N BM

gauge +

‘ 1 . .. 1
Sgaugez__“d“xj;dybpz AG AN +4_0|ZBMNBMN Jo;

Suranecsu ==, A XAFON=T+ [ dX-4,6"0)+ Lo (6.6° -G
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A solution Is sought in the form, which
preserves the Poincare invariance in any
four-dimensional subspace y=const.

The metric:

ds® = yyn X" dx" =e*¥p dx“dx” —dy®.
The scalar field: ¢(x,y) =ao(y).
The gauge fields:

A% y)=0,  A(xy)=Aly)
Bu (X’ y) =0, B, (X’ Y) =B, (y)
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By the variation of the action we get the
following equations of motion:

8 P+V + %5@) + %5@ —L)=12M2(A"—2(A'})

2AM2(A'Y +V —¢"* ¢’ =0,

dv. 1 dA, L dA, oo o e g

d¢+Md¢5(y)+l\/l OI¢(S(y L)=¢"" —4A'¢",

dv. 1 dA, 1 dA oo v A

d¢++Md¢+5(y)+Md¢+5(y L)=9¢"-4A'¢,
A, =B, =0.
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The equations for the field

fluctuations

In order to build the linearized theory we

represent the metric and the fie
1

gI\/IN (X1 y) :yl\/IN (y)+ W
#(X,y) = (y)+ T(X, ),
Au (X, y) =0+ay (x,Y),

By (X, ¥) =0+by, (X, y).

ds as follows:

qMN (X1 y)v
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The equations of motion for the scalar fluctuations:

1 - 1 T B S
Z(a“avh —26yavh44)—zyw(808 120, == 0,0,01 | =2 7,.A (40,7 +30,h, )+

+%7/W(A')2(12h44+ﬁ)—%yWA”(ﬁ +6h44)+ﬁ7w[¢5+f’ (g —ang)i]=o,

30 AT an 2 .
00,0 ~3A 6ﬂh44+‘/m¢0 8,f =0,

35 aﬂﬁ+3A'a4ﬁ+i2Vh44+,/i 5+f'—— M NVlg
4" 2M M 2\ dg dg*

M 1€ 1 dzv + dzv _ 1 1 ' o " 1ot
M[&Mﬁ ARt e (d¢+)2j m[2¢o(a4h+a4h44)+(¢o 4A¢0)h44}+

dﬂ“ + f° 2% 2/1 f+f" d% o(y—L
[W <d¢>J” [dw ' <d¢+>2} b

1 [da dA
o) 25 L)YIh, =0. And the h.c.
' 2+/2M° {d¢+ )+ dg’* - )} * equation
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The radion-like Iinteractions of the
Higgs boson

Here the Higgs boson = the radion.
Consequently, it has the interaction with
the energy-momentum tensor untypical for
the usual Higgs boson:

S5 [ dx jL dyT"Nh,, /7 =— L [ dx jL dy(%Tﬂ“+T44jeZAg

NEIYE NEIYE

where g =e""h,,.
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Let us consider the vector field Z,,:

1 1
L, ==5 Zun 2™ +§¢OZZMZM.

The mode decomposition (if Z,=0):
X,Y)= > 2,(x)Z,(y)
Consequently, the interaction term:
WZIdxjdy( n*°z) ( Zz X)B,,, + M’z (x)zV”(x)jnWeZAgZZ(y)

jdye‘“céo (Y)Z,(y)

The KK number non-conservation!
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Specific example of an exact
background solution

Let us choose an ansatz:
y_ldwdw 1

" 4.dg dgt  24M? W),

§(y) =sion( ) j;v () =sign( y)

1aw
2 do

W(s'¢), W =24M%k—2ug*s.

A'(y) =sign( y) YIVE

The brane potentials:

4 (¢79) =MW (¢"¢) + ﬂ1(¢+¢ - \/212) , A Higgs-like

potential
2 jz /

(4" ¢) =—MW (¢7¢) + ﬂ2(¢+¢_\/22
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We finally get:
0
#(y) = u(ykL) |, V=246 GeV,
ﬁ
2
A(Y) = ka‘ — |_)_|_V—(e‘2U(M—'—) _1)

96M *

The interbrane distance is defined by the boundary
conditions for the scalar field and is expressed in terms
of the parameters of the model by the relation:

inln(ﬁj,
u \\v

so we have the size of the extra dimension stabilized.
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An estimate of the model

parameters

After the mode decomposition of g we get the equation in
the Sturm-Liouville form:

d e2A eZA , e4A
On |- 0, =49, . yel(o,L
dy[(qﬁ;)z j 6M * () oL)

and the boundary conditions on the branes:

2 "
( L G ﬂi—%]ghﬂﬁe“gn =0,

M 4 g,

1 d°A, 4,
( 22 + ¢€jgn _:ur?eZAgn =0.
M dg2 g,
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In case uL<<1 for the lowest excitation of the scalar field
identified with the Higgs boson we have

, VU Bv:—uM
" 3M? gvi4uk
If we choose M =2TeV and S, —» o we get the model
parameters as follows:

u=1.76 TeV, ¢ =345TeV,

k~186TeV, L=02TeV*'~2-10%%cm.

The coupling of the Higgs boson to the trace of the SM
energy-momentum tensor:
K

Loey 0ol &= _\/24I\/I 3
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Summary

* The stabilization of the interbrane distance in the
RS model and the spontaneous symmetry
breaking on “our” brane are explained
simultaneously with help of the bulk Higgs field.

* The background equations of motion are found
and it is shown that the bulk gauge fields vanish.

* The second variation Lagrangian is derived and
the equations of motion for the field fluctuations
are obtained. The scalar fluctuations of the
gauge fields vanish.
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* The Higgs boson is the radion at the same time,
SO it now has an interaction with the energy-
momentum tensor. This interactions with the
bulk fields are studied and it is shown that the
KK number conservation is violated.

* The specific example of the exact stabilizing
vacuum solution iIs found.

« Based on it, the possible values of the model
parameters are estimated, which give the correct
value of the Higgs boson mass.
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Thank you for your attention!
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