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EWSB from a

INTRODUCTION Standard Model
bulk Higgs
» Warped extra dimensions are useful to solve some R

long-standing problems: hierarchy, flavor,...

They make use of a warp factor Introduction

The 5D metric does not factorizes

ds? = e_2A(y)77de“dX” + dy?

» The AdS/CFT correspondence can deal with
non-perturbative theories: technicolor, QCD,...

RS/GW model

Conformal invariance is spontaneously broken by an IR brane
(RS19) at y = y1. It can be stabilized by the GW
mechanism ?: it requires a scalar in the bulk (with a
quadratic potential) which does not generate any singularity

?L. Randall and R. Sundrum, hep-ph/9905221
bGoldberger and M. Wise, hep-ph/9907447




S ChE - EWSB from a
Another possibility is soft-wall models Standard Model

bulk Higgs
The scalar in the bulk (with an exponential potential) does y
generate a singularity at a finite distance and the extra
dimension is non-compact but of finite length: metric is AdS
near the UV Introduction

Vs
o0 > /e_A(Z)dzzys :/ dy
0

» This implies that there is a

Mariano Quirés

Naked curvature singularity at y = ys where A(ys) — oo ]

» Soft-walls have been proposed *
» For AdS/QCD
» To describe unparticles as fields propagating in the bulk
» As alternatives to RS1 for solving the EW hierarchy

IA. Kartch, E. Katz, D.T. Son and M.A. Stephanov,
hep-ph/0602229; A. Falkowski and M. Perez-Victoria, arXiv:0806.1737;
B. Batell, T. Gherghetta and D. Sword, arXiv:0808.3977



THE MODEL St Made
bulk Higgs
» To solve the EOM in the bulk we will use the 2 Mariano Quirés

" Superpotential” method: W(¢)

Aly)=W(¢), ¢'(y)=0W/0¢
V(¢) = 3(0W /0¢)? — 12W?2

BC: Ao(4(0)) = 6W(9(0)),  95A0(4(0)) = 695 W(¢(0))
» The model 3 is defined by

The Model

W(¢) = k(1 + €”?)

1 k
Aly) = ky — 5 log (1— %)
S

Hy) = — logly(kys — ky)]

20. DeWolfe, D.Z. Freedman, S.S. Gubser and A. Karch,
hep-th/9909134
3J. A. Cabrer, G. von Gersdorff and M. Quiross arXiv:090Z.536%




. . EWSB from a
» We will consider the casse where the soft-wall Standard Model
. . T " bulk Higgs
singularity is "hidden” by a brane at y; < ys
. Mariano Quiré
» It may be considered as the case of a RS1 setup riane THIes

stabilized by the previous (super)potential at two branes

located at y = 0 and y = y; where brane dynamics fixes
The Model

Xo(#) = ¢ = ¢o @ UV and Ai(¢) = ¢ = ¢1 @ IR J

1 —vo —ve 1 —vé
=5 le ™ -, k=ge®

Aly) = ks + (91— o)

» Soft-wall is the limit ¢1 — 00, y1 — ys [e.g. with a
runaway potential V; ~ e "]
» EW hierarchy

ol = afew, vy 21 |
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THE HIGGS BACKGROUND Standard Mode
bulk Higgs
» We will consider a 5D bulk Higgs Mariano Quirés
1 . = 0
H(x,y) = —= /8 oX(xy) < )
bor) =75 hy) + €(x.1))

. . . Higgs backgr
» We will assume that the dynamics of ¢ fixes y; so that

the Higgs background does not perturb the radion fixing
» We will then neglect the back-reaction of the Higgs
background
» We will consider the potentials in the bulk and branes
for the Higgs *

V(H) = a(a — 4)k?|H|?

Xo(H) = Mo|HJ?
A1 (H) = My|HP? + 7 |H|*

4J. A. Cabrer, G. von Gersdorff and M. Quiros: to appear



» The EOM and BC for the Higgs background yields R iR,

bulk Higgs
Higgs background Mariano Quirds
Vlek(4_a)(y_y1)’ a<?2

EOM = h(y) = { vye2(r—n), a>?2

v

50 Higgs backgr
Boundary conditions

(4—a)=12+M;, a<?2
BCi{ak:’yvf—F/\/ll, a>?2

4

» The value of v; should be naturally of order k (to avoid
a fine-tuning) and red-shifted to the TeV by the warp
factor

» If vi ~ k is consistent with EWSB < Higgs hierarchy is
solved

» Next we will assume ys — y1 ~ 1/k and consider the
case a > 2 (sort of dual to walking technicolor in the
RS1 case)



EWS B EWSB from a
Standard Model

L . . . bulk Higgs
We will illustrate the mechanism with an abelian example

» The action is invariant under 5D gauge transformations

Mariano Quirés

1
AM(X7y) = AM(Xuy) + gal\/la(xay)

1
X(6y) = x(y) + ga(xm) EwsB
» We will take the 5D gauge condition

O'A, — Mix + (e As) =0, Ma(y) = gsh(y)e )

» The Goldstone boson and pseudoscalar

/
G(x,y) = M3x — (e‘2AA5) . K(xy)=x"—As



» The 4D theory is invariant under a(x) gauge
transformations [a(x,y) = «(x) - f(y)] and contains:

4D degrees of freedom

» With profiles

m2f + (e ?Af") — M3f =0, Neumann
/

/
mon + [mf (e‘2AI\/If\77) ] — M2 =0, Dirichlet
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» We can find an approximation for the light gauge boson
mode in the limit where the breaking is small and thus
there is a light mode with almost constant profile

Analytical approximation

fa(y) =1—da+ 6fa(y)

4 24t [ 2 2
5fA(}/):/O dy'e (y)/o dy” [MA()/”)—’"fg}

1 Y1
5A = — / dy 6fA(y)
Y1 Jo

» The light mode mass
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ELECTROWEAK CONSTRAINTS Standard Model
bulk Higgs
> In our 5D model (for fixed values of the parameters R

v, y1,...) we have the free parameters (gs, gz, vi, a)
which fix the physical spectrum of light mode masses
» Once we have fixed the condition

mg, = mz

then vy for A(y1) = 35, v = 1.5 (left)[a = 2 (right)] -

2<a<3 v 207
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i i Standard Model
» We will be assuming here (ool (3

that fermions are localized on the UV Mariano Quirés
brane in which case

gv = g™ (0) = gv[l — dv(a, mkk)]

» The latter changes the definition of the Fermi constant
measured in the p-decay and the Z widths which

EWPT
constrain the

EWPT Parameters

I 2A(u) u A2 2
6Z:ﬁ A due 1—— A du’ (Mz(u") — m%)

1

5W = Cavéz

through the observables El?, [ pto—seee



EWSB from a

» We can also express the departure with respect to the Sttt Dt
SM predictions in the language of the usual parameters Qe
(5 T U) Mariano Quirés

) )

» |t turns out that
(S, T, U) parameters

a(mz)T = sﬁvéz
EWPT

a(z’"ﬂ) S =24,
4si/ciy

a(mz)
S+U)=-29
455‘/ ( + ) w

» Or using the relation dyy = cﬁvéz

a(mz)T = sﬁvéz , a(mz)S = —855Vcav<52 , a(mz)U ~0 }

» The strongest constraint is on S



» We can understand that the bounds will go down with
v as N in the holographic theory (v — oo is RS1)

Nig =~ [ML(y1)]*? Vs. v [k(ys — y1) = 1, A(y1) = 35]

08| i

06| i

Nir
Nuv

0.4 ]

02} ]

0_07\ S S S S WO R \7
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» The bounds will go down with increasing ys — y1

N/R VS. k(ys — _y]_) [I/ = 1, A(y]_)

Mariano Quirés

EWPT

Nir
Nuv

k(Ys— Y1)




NUMERICAL RESULTS
First KK mode lower bound mass Vs. v 2 0.7

a=2, k(ys—y1)=1, A(yr)=35

m) (TeV)
w

1.0 1.5 2.0 2.5 3.0

Note that 6y <0, S >0
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First KK mode mass Vs. a

m) (TeV)

4.5

4.0
3.5
3.0
25
2.0
1.5
1.0

v=07, k(ys—y1)=1, A(y1) =35

Higgs

graviton

/
g. boson

2 2.2 2.4 2.6 2.8 3.0
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a=2 v=07, A(y1)=35

‘Higgs
4+ graviton
— radion
z 3 o
umerics
\P_L 0. boson
= 2
B
1/
0

05 10 15 20 25 30 35 40
k()/s - Y1)




Sensitivity of the light Higgs mass with BC at IR

a=2, v=0.7, A1) =35

An(E'/€)
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CONCLUSION
» We have stabilized the brane distance with an
exponential potential which creates a naked singularity
@ y, next to the IR brane @ y; < y;
» The model depends on a real parameter v such that
» RS1 is the limit v — oo
» Unparticle background with a mass gap is the limit
n—Yys v—1
» Near the UV brane the model is AdS
» The smaller the v (and k(ys — y1)) the larger the
departure from AdS at the IR brane, the smaller Njr of
the holographic dual and the milder the constraints
from EWPT
» One can get from EWPT lower bounds as
mkk Z 1 TeV
» A light Higgs mode does appear if k(ys — y1) < 1 with

some fine-tuning (1-5%) in the boundary conditions
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