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Models of New Physics to explain:
The (dynamical) origin of EWSB, the hierarchy problem

Many interesting talks in this conference related to these ideas

EWSB Models of Strong Dynamics from Warped Extra Dimensions

** Gauge-Higgs Unification

** Top Condensation

New Heavy Quark Signatures at Colliders
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EWSB in the SM: The Higgs Mechanism

A self interacting complex scalar doublet with no trivial quantum numbers under SU(2). x U(1)y

Higgs field acquires non-zero value to minimize its energy
V)
V(D) = u*d P+ %(CI)*(D) 2 u? <0

Y 3§ Higgs vacuum condensate v ==> scale of EWSB
m®  SU(3)c x SUR)Lx U(1)y ==> SU(3)c x U(1)em

Re(h)

The Higgs mechanism: Nambu Goldstone bosons €= Longitudinally polarized W. and Z.

Masses to W,Z and SM fermions

- One extra physical state -- Higgs Boson -~ left in the spectrum

not a real theory of EWSB, just a parameterization

Associated to the SM EWSB mechanism ==> The Hierarchy problem: Why v << M,,?

New Physics at the TeV scale is suggested




EWSB occurs at the TeV scale:

new phenomena should lie in the TeV range or below, at the reach of LHC

The Quest of EWSB is the search for the dynamics that generates the Goldstone
bosons that are the source of mass for the W and Z

Two broad classes of theories have been proposed:

** weakly interacting self coupled elementary (Higgs) scalar dynamics
Standard Model, Supersymmetry ==> examples of weak EWSB
** strong interaction dynamics among new fermions (mediated perhaps by gauge
interactions, in possible connection with warped extra dimension)

Technicolor, Top-condensation/Top-color, Higgsless models, Gauge-Higgs
Unification, Little Higgs models,....

These mechanisms generate new particles with clear experimental signatures

precision measurements strongly constrain
the existence of new particles at the TeV scale




Weak vs Strong Dynamical EVVWSB

® Excellent agreement of precision measurements of EVW observables with
SM predictions calls for a weakly coupled New Physics Model that solves
SM puzzles while minimally perturbing the SM great achievements

® On the other hand, most of the mass of matter arises dynamically from
QCD, that also breaks EW symmetry and contributes to W/Z masses
but, the scale (1GeV) is wrong

® |n any case, EWSB from strong dynamics is rather appealing theoretically




EWSB and Strong Interaction Dynamics

New Strong Dynamics at the TeV scale:

EW symmetry broken by critically strong new interactions
Analogy with QCD: scale of EWSB is exponentially separated from Mpianck
by running of coupling

No Higgs boson: e.g. QCD-like Technicolor theories, Higgsless 5D models

[talk by C. Csaki]
Composite Higgs Boson: a strong interaction postulated as an attractive
four fermion interaction which forms a quark condensate (bound state boson)

e.g. Topcolor theories (gauging of Top condensation)
Top seesaw mechanism (top-vector-like singlet condensate)
Top condensation from Warped ED KK gluons

Pseudo-Nambu Goldstone Higgs Boson: [talks by C. Csaki and WV. Skiba]

associated to a global symmetry partly broken by gauge/Yukawa interactions.

Little Higgs Models (valid up to scale of tens of TeV )
Gauge Higgs Unification Models (associated with Warped ED)




EWSB and Strong Interaction Dynamics

Flavour:

Technicolor-like models require many different flavor scales
Extended Technicolor to give masses to fermions, but induce FCNC or too
small top quark mass ==> Topcolor assisted Technicolor

Precision electroweak bounds:
Heavier Higgs/new fermions/gauge bosons contributions
strongly constrain these scenarios

These theories require a UV completion

What about the connection between theories of strong dynamics and the
existence of extra dimensions of space!




Strong Dynamics from AdSs models of EWWSB

A revival of EWSB from strong dynamics using ideas in extra dimensions

ds® = e_Qkynwdas“da:” T

< — 5" dimension

B T G weak/strong
|, 4D theory
UV brane —= H
~Mp, e DR 'E'ﬁar\‘j (quasi-conformal)
M: L 5 duality

y=20

e AdSin 5D«——CFT in 4D

® (Quasi) Conformal strongly coupled theory in 4D (large N) dual to
weakly coupled in 5D

® Build strongly coupled theories of the TeV scales using weakly coupled
AdSs ==> allows calculability and opens new possibilities

e Geometry of the extra dimension generates hierarchy exponentially

Higgs localized in the IR brane ==> Higgs v.e.v. naturally of order of the TeV scale




Dynamical EWSB in Warped ED with Bulk Matter Fields

#® Allowing gauge fields and matter to propagate in the bulk
= models of EWSB, flavor, GUTs, etc.

® Bulk Randall-Sundrum models: several possibilities for model building

SM hierarchical fermion masses from localization
[masses depend on overlap with Higgs/TeV scale]

KK modes localize towards the IR for
* Weak bosons, Gluons, Fermions

* As well as gravitons

Flavor: talks by A.Weiler and M. Neubert

UV brane IR brane
Higgs + KK modes

All KK modes are localized towards the IR brane
==> |arge corrections to SM gauge boson masses & couplings due to Higgs induced mixing

==> gtrong constraints on the scale of New Physics, but, if additional symmetries present:

k>1.5TeV = KK gauge boson masses > 3TeV




Gauge-Higgs Unification Models

If there is a Higgs: what is its dynamical origin ?
Or why is it localized towards the TeV brane ?

® Gauge field in 5D has scalar A
® To extract H from A; need to enlarge SM gauge symmetry.

To avoid large corrections to EWV observables impose custodial and L--R symmetry

Gauge sector enlarged to: SO(5) x U(1)x x Pr. in the bulk
broken by boundary conditions to SU(2)Lx SU(2)r x U(1)x x PrL in the IR
and to SU(2)Lx U(1)y in the UV

Extra Gauge Boson As has a zero mode with the Higgs quantum numbers

SO(5)/S0(4) — Ai(~,-) | N b e
% Higgs is a 4 of SO(4): 4 d.o.f. «—> complex SU(2)L doublet

< Gauge Bosons and Fermions are in complete SO(5) multiplets




Gauge-Higgs Unification Models cont'd

* No tree-level Higgs Potential
(one cannot write a potential for gauge fields due to gauge invariance)
==> [nduced at one-loop level| Wedina Shan. Wagner o7

e The quantum vacuum prefers that (h) 7 0O g
(consequence of large top mass) V) =) + (47:)2 /O dpp’ log p(—p*)

|

Dynamical EWSB:
e e W NS
dnven by the top YUkawa 1_ Min. arises radiatively from

interplay between top and
gauge KK towers!

V()

One can build models that explain EVVSB,
generate the SM flavor structure and be
consistent with EVV precision tests

x 3
8

4
6 =h/fy

O-
oo N

YRS

< A fundamental scalar Higgs mainly localized in the IR (PNGB of the approx. symmetry)

< Yukawa couplings arrive through gauge couplings M.C. Ponton, Santiago, Wagner 07




The Heavy Quark Spectrum

< SM left-handed fermions are in bidoublets under SU(2). x SU(2)r to satisfy custodial
and L--R symmetries

In general fermions can be:

52/3 = (2,2)2/3 D (1,1)9/3 102,53 = (2,2)2/3 D (1,3)2/3  (3,1)2/3

Hypercharge Y = T3 + Qx Electric Charge Q = T7 + T3 + Qx Qx =2/3

7

< KK fermions are vector like (each has both chiralities with same quantum numbers)

7

<+ Some KK fermions have exotic charges (5/3 or -4/3)

7/

% KK Fermion masses tend to be light:

Lightest | and 2.gen. KK bidoublet/singlet quarks masses may be ~ 400 -500 GeV
Lightest 3 gen. KK singlet or bidoublet masses must be light ~ 400 to 1500 GeV

Y/

< In realistic models of Warped ED, the new heavy doublets/singlets can couple

to SM particles in ways detectable at the Tevatron and still compatible with

precision and flavor data m.c, Santiago, Ponton, Wagner ‘07; Atre, MC, Han, Santiago’08




Heavy Quarks at the Tevatron Reach

® Due to precision measurements on light quark couplings, new vector like quarks
are typically allowed to mix sizeably only mainly with the top

® However, in models of Warped Extra dimensions vector-like quarks can couple
sizably to SM fermions without upsetting usual SM fermion couplings.

® Simple example: Atre,MC, Han and Santiago 08
SM fields plus two vector like quark SU(2). doublets withY = 1/6 and 7/6

(0) ( QE;O,);{ ) +(0) ( xg)ﬁ ) Electric charges equal 2/3 for ¢* and <,
- ) L,R —
1/6 7/6

L,R =
QE;O’)Rd X(I?’)g 1/3 for g% and 5/3 for y*

with degenerate masses (same higher multiplet) and coupling to ur,
Yukawa mixing only with ur in the basis of diagonal up-type Yukawas

L=CLxg— [Azq—g”i@ugg” + 25V 0d 7 1 00 (O3 + X Vo) u®) + mo (@1 QW + X x ) + h.c.]

In the physical basis: DX and Q @=>3 and U =2 couple to u-quark via CC and NC
and from 5D localization of SO(5) multiplets Aq =~ 1, and A, ~ 107"

Single production of new heavy quarks becomes an ideal discovery process, without any
observable trace of their existence in SM interactions




Model-independent study of single heavy quark production at the Tevatron

Two new quarks, U (charge = 2/3) and D (charge = -1/3)
with CC and NC gauge interactions of arbitrary coupling strength

iI/V—i_(/ﬁlup ﬂR’Y'uDR + KaU ER’)/MUR) + LZM(K;UU upY'URr + KapD ER’}/“DR) + h.c.

\/§ H QCW
RqQ = (V/mQ) I%qQ, v =174 GeV

KqQ 18 a dimension parameter that encodes the model dependence

From Warped ED Gauge-Higgs Unification models we have

Rl = —\@AQ ~ O(1) and Ryp ~ —Aq ~ O(1)

Similarly, aVWarped ED model with 2 vector-like doublets with hypercharges 1/6 and -5/6,
mixing only with dr will generate ~qu and K4p




The model-independent study is flexible to include

® Extra quarks with exotic charges (5/3 or -4/3) that may couple with up
and down quarks via CC can be included via enhanced production rates

® Heavy quark-Higgs couplings are not considered in the production
mechanism since such contribution is negligible, but they are allowed in
the heavy quarks decays —» One can reabsorb Higgs decay modes in
the BR’s which are treated as a free parameter

® Study does not depend relevantly on chirality of the couplings since no
angular correlations are considered
-- Right-handed CC and NC gauge interactions appear in the case of
vector like doublets
-- Left-handed CC and NC gauge interactions appear in the case of
vector like singlets
both type of New quarks can be present in Warped ED models




Heavy Quark Production at the Tevatron
QCD pair production vs electroweak single quark Production

Atre, M.C,, Han, Santiago

— D-cC ® NLO corrections included via
K factors:

K~ 1.5 (pair prod.)

K ~ 0.96 (single prod.)
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Heavy Quark Signals:

via Charged Current or Neutral Current Interactions

D —-W~u, Zd, hd, U — WTd, Zu, hu.
q

G2

W/Z

W/Z W/Z

wiz "

G

pp(pﬁ) — qQ — quW — qulu — Signal : 2j + [ —I—ET
pp(pp) — qQ — quZ — quiTi~ = Signal: 2j 4171~
pp(pﬁ) — qQ — quZ — quyp — Signal : 2j —I—ET

Both D and D or U and U considered




Single Quark Production Cross Section

define production cross section with heavy quark BR’s as free parameters

olpp — q1g2ff) = SCCQC(NC) Ugrc;(dl\;f) Br(V — ff)

under narrow width approximation

agri(dljlc) is only dependent on the mass of the heavy quark
So~ " encode model-dependent mixing terms

cc

NC —
Q prodn/o-prodn

Q and Qg

Model-dependent mixing terms = Oprodn/ Oprodn

are defined as are the ratios of the production cross section
of the heavy quarks via CC and NC

S5¢ = (Rup +ag” ’%dD) r(D — qW),
S5 = (Ray + g Ray) Br(U — qW),
NC _—_ (2 NC ~2
SZ L (’ng + aNC i p) Br(D = q2), In the case of degenerate bidoublets only
So° = (R + o Rgy) Br(U — q2), one gauge boson decay mode is available

for each new quark

BrjQ — qW(Z)]is 100%  Sg¢ = Rk.p and S5¢ = k2




Background Processes

o W +2jets, Z + 2 jets with W, Z leptonic decays; (dominant background)

o WTW— ,W*Z, and ZZ with semi-leptonic decays:

e single top production leading to W=b q.

Basic Cuts

pr(jet) >15GeV  In,, 1<3  AR;>07
pr(lep) >15GeV Iy, 1<2 AR, >0.5
py(miss) >15 GeV AR,, >0.3

pr(f) > 15 GeV, |/ < 2 and AR(5¢) > 0.5
NC: veto events with any lepton or w/ i > 15 GeV

Energy  AE/Er=0.135/\/E/GeV & 0.02
Smearing:  AE;/E; =0.75/\/E;/GeV ©0.03

Tevatron
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Signal vs Background Distributions
Improved Cuts |

Jet associated with W/Z channel exchange is soft,

jet from heavy quark decay is very energetic

Similarly, W/Z from heavy quark decays are energetic
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Improved Cuts 2

Decay products of W/Z very energetic, tend Pseudo-rapidity of the soft jet associated to

to be more collimated than the background. WI/Z t-channel exchange peaks at |7;,| ~ 2
Design mass based cut on Q¢p, Qep 0.5 < |n;,] < 3.0.
10° 300 GeV ' ' I ' ' ' E - | | | - iﬂggﬁﬁ
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107, 100 200 n(j,)

o, (deg)
Identify Q vs anti-Q from lepton em charge
! Soft jet forward (backward) imply anti-Q (Q) production
Also tigthen the cut on AR 5\ 1 4 <ot jetand I (1) indicate U (D) production
AR i 1.5 AR it = 0.8 Forward soft jetand I* (I') indicate anti-D (anti-U) instead
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Improved Cuts 3
Mass peak reconstruction of the heavy quark

Straightforward for the decay of Z to I*I-. For the decays W — (v and Z — v
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Suggest Mass Cuts: 0 200 400 600 300
1 , My (jpW)
mg —-mg < Mr(inW/Z) < mg + 50 GeV.
Qe Q , : .
Real analysis must consider several window

mg — 30 GeV < M(jnZ) < mg + 30 GeV. cuts and include statistical dilution factor




Total cross-sections (in fb) for the signal with mg = 400 GeV
and the leading SM backgrounds

CC current, with So“¢=

NC current, with SoN¢=|

channels Basic cuts (10)|High pr (11)|mg (12)
D — Wq 270 190 160
U— W*q 49 35 29
W+ + 25 79000 1200 280
WEWT(— 27) 1500 15 1.4
W*Z(— 25) 230 4.7 0.52
single top: W*b j 330 10 2.9
tt: fully leptonic 170 (79) 2.0 0.40
tt: semi-leptonic 600 0.19 -

channels Basic cuts (9) |High pr (10) |mg (11)
D — Z(— th)q 8.8 6.0 5.7
U— Z(— U)q 22 15 15
Z(— 00) + 2j 6962 118 14
Z(— E@)W (— 27) 60 0.65 0.08
Z(— ) Z(— 2j) 5%) 1.1 0.11
tt: fully leptonic 162 (1.70) - -

D + D and U + U and the leptons ¢ = e, u

For tt

a veto on events with two isolated leptons.

¢ =e,u For tt a veto on events with
channels Basic cuts (10) High pr (11)|mg (12)
D — Z(— vv)q 31 22 18
U — Z(— vw)g 79 56 46
Z(—vv)+2j 28000 630 160
Z(— vv)W*(— 2j) 240 3.4 0.30
Z(— v)Z(— 2§) 220 6.1 0.76
tt: fully leptonic 260 (12) 1.5 0.89
tt: semi-leptonic 880 (290) 2.3 1.1

V= Ve, Vy, Vr.

For tt a veto on events with isolated leptons.




Sensitivity plots in the model-independent parameter So““ or SQN¢
vs. the heavy quark mass mqg = my or mp.

95% CL Tevatron
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The Planck Scale from Top Condensation

Top-condensation models (Nambu; Bardeen, Hill, Lindner ):
EWS broken by (¢t) # 0

® Top quark is too light: m; ~ 600 GeV if A ~ O(1) TeV.
Or A ~ 10'° GeV if m; ~ 200 GeV.

® What is the underlying interaction that produces the condensate!?

However, if you are willing to buy one extra dimension... many things follow:

e 4-fermion interactions induced by KK gluon exchange

e the EW symmetry is broken dynamically

e the Planck/EW scale hierarchy is natural

Given by Top Condensation via Radion Stabilization
Bai, M.C, Ponton ‘08




k ~ Mgy ~ Mp

(just sets the units)

(KK scale)
k = ke kb

VEw(L)

(from top condensation)

Energy

1

T

t

The scales of the Model

N\

Large hierarchy via
RS mechanism

> Radion relaxes to min.
Little Hierarchy (~200)

(weakness of gravity explained)

e A single dimensionful scale: &

e OK. 5D theory also has cutoff
A, but not too different

e Other dimensionless parameters:
cy: fermion localization
g5V'k : KK gauge interactions

e Other scales generated dynamically

o <LTLtR> # s VEW

e Radion field: (¢) = L
(potential results from EWSB!)

e Upshot: model induces two ratios

e Planck/EW (already measured)
e KK/EW (prediction)




The Mechanism: a toy model

Consider a SU(N.) theory with two flavors: ¥; o (fundamental rep.)

gc
* KK gluon exchange — attractive interaction (among fermion 0-modes) K

e If attraction sufficiently strong (¥¥) # 0
e But strength (g9:) and range (Mxk) are L-dependent:

radion potential <—— fermion condensation == V ((VW), L)
S g L O

Will show that minimize simultaneously

e Only 0-modes near IR brane condense (can understand in 4D effective theory)

e Potential has well-defined minimum
e Easily kLpin = O(10)

e Hierarchy of scales vEw < Mgk < Mp




The Mechanism: a toy model (cont'd)

Assume VY7 has LH 0-mode and W5 has RH 0-mode. ) )
e Jeq (Y

Can understand analytically in large Nc limit...

(0) 9 E(O)
At low-energies £ < Mgy , 4-fermion interactions induced: %

R Lol (ElLTA7M¢1L)(E2RTA’7Mw2R) = ey @1L¢2R)@2R¢1L) iy O(l/NC)

Couplings arise from overlap of wavefunctions

s
L 1 [ First gauge KK-mode — |1
95 2 (1) JG—okL _
9o = 22 |t PIP W) ~gux ] VO ]
0 —1/vkL 43_
s R
e Other KK modes have more nodes: destructive interference [
(more weakly coupled) 0:
e Only most IR localized fermion 0-modes condense 0 L

(attraction from exchange of first KK gluon)




Recall: NJL and fermion condensate

Well below the KK scale, condensate and scalar bound state. Simplest way to see this:

Lo =ith1 Prr + ihop Pi2r — Mg H'H + (94 Hpy 2R + hoc.)

Integrate auxiliary I out to recover ]\j—g (@1,;1#23)(@231?11;)
KK

2
- il = G b
But at low scales H becomes dynamical: ALl

A
ZuO,H'0"H — m3 HVH — 5(HTH)Q

Largest effect from Yukawa interactions (include gauge and quartic interactions later...)

2 4
9y Ne ; g Nc M2
ol [1 = (11\5;%K)] eter ln( u§K>
872
If gi>Giz N then m% < 0 for p < Mkxk

L ~ 26 for N, =3




The Radion Potential

Only fields getting VEV’s contribute to the radion potential:

o A DAy 2
_ =2 g7f et iy {18 0 e G P 0 2l ULl
V(H,L) ="y H'H + 2 (H'H) _Q[HH v°] = i
4 ’ . @criticalL
Effective radion potential: or e
e I
eﬂ( ) N = 25\ ( &= c) no condensation
2 ~
1 1 =
Miex (Gg = E) 5
o= - (L —L.) =
N, Mg
3 log T
Min. indy€ed by EWSB
L-dependence from:
L
MKK — CElk G_kL Jigetae 2%

fa(er, c2) 1

_,_>0 i:(962k
g +4k2L2 ESD if (6g5k)

= Uyt = i@, @) =




Hierarchies without Tuning

Fix gauge coupling (g5V'k ~ 5if QCD) and localize fermions near IR brane: {(115%25) # 0

e Mp/vEw determined by how close fermions to IR

2 fale, c2) I e Re

9y — T fi,f2 >0 0
v

? g
Choose 10% above G2 (= 87%/N.,) Prediction

to get observed Mp /vpw

e As L slides to min, gfb brought very close to G-

(from above)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

input

VEW MKK 2G2

\/7 MKKXO I/GB)

Numerically: Mgk ~ 200 vgw ~ 35 TeV

iF

Also:
> 0] S

iV peel— ~ 0.068

s (p =

400 -

'Prediction

100 -

Cl =Cp

gy k =508

k = 2x10" GeV

<— (H) = vgw

Prediction




A new way of dealing with the Hierarchy Problem

4D toy Model contains:
e a scalar (~500 GeV) that gets a VEV (H) = 174 GeV

e a fermion with a dynamically induced mass (~400 GeV)

oX Al cutaiat=S SRl

There is no light "new physics” to cut off fermion loop contribution to H mass

W o
From 4D point of view: Tl e gf W Appears like fine-tuned
8T cancellation
bare loop

However, the two terms are close for a dynamical reason (radion seeks minimum)!
Note: radion field is light (few GeV) but couples weakly to matter...

A fully realistic model based on top condensation with top seesaw:
Add one new 5D quark, singlet under SU(2) and Y = 4/3 (quantum numbers liketg)




EWSB from Top Condensation via Radion Stabilization

Bai, M.C, Ponton

® Strong interactions responsible for fermion condensation related to the
5D SU(3)c QCD interactions: Gluon KK modes

® Relaxation of the radion field to the minimum of the potential energy
ensures that the fermion closest to the IR brane condenses ( gsr > g4r°)
* strength of the fermion KK gluon coupling depends on fermion
localization

® Condensation involves the top quark ==> Topcolor
To reproduce the top quark mass, a TopSeesaw mechanism is necessary,
==> condensatex< tLxr >
With X r a linear combination of the top quark and a new vector-like
fermion singlet

® Physics that leads to top condensation automatically induces a potential
that stabilizes the distance between the UV and IR branes
==> the electroweak-Planck hierarchy determined dynamically
and the KK scale predicted to be about 35 TeV




Spectrum:
A heavy (composite) SM-like Higgs with mass of about 500 GeV

A vector-like “singlet” quark with mass ~1.6 - 3 TeV,
and large mixing with the left top quark via condensation mechanism

Single heavy quark production at LHC with decays into Higgs and
gauge bosons plus third generation quarks
Previous studies show sensitivity in the 2 TeV range

A radion with mass a few GeV very weakly coupled to SM particles

KK scale is in the 30 TeV range (No KK excitations accessible at LHC)




Outlook

Warped ED inspired, strong dynamics models
-- Gauge-Higgs Unification and Top Condensation via Radion Stabilization Models --
may offer elegant solutions to SM unsolved mysteries :
The hierarchy problem and the Dynamical Generation of EVWSB

To provide such solutions at least some new particles are
expected at the Tevatron/LHC reach, and
a SM-like Higgs is expected to be there as well.

Gauge -Higgs Unification models may contain heavy quarks with masses below one TeV
and production cross sections at the Tevatron reach

We are entering a new era with the LHC
BUT
In the next couple of years the Tevatron may still make discoveries
to answer one of the essential puzzles in particle physics




EXTRAS




KK Fermion Signatures from Warped Space at the LHC

3rd. generation KK fermions with masses ~1TeV accessible at the LHC with ~ 100 fb"

Aguilar-Saavedra ‘05;

pp — tt '— W'bW b with one W decaying leptonically ks, Tuckersmito7

Holdom’07

For smaller masses ~500 GeV < 10 fb-! suffice + observation in Higgs decays viable

Exotic quantum numbers of the KK fermions ==> spectacular new signatures
Quarks with charge 5/3 and -1/3 have similar decay channels:

D — q/q/ — W+W_tf_> W—I_W—l_W_W_bE Servant, Contino ‘08

Non-negligible BR of KK fermion of Q= 2/3 decaying into KK fermion of Q= -1/3

e PP Uy WA W, —> AW + 1t — 6W +bb

Channels with 4 or even 6 W’s may allow early discovery of g’

MC, Ponton, Santiago, Wagner ‘07

Dennis, Unel, Servant, Tseng ‘07




KK fermions in the decay of KK gluons

® |n simple Gauge-Higgs unification models, consistency with precision measurements

demands the presence of light KK right handed top quark states.
M.C., E.Ponton,J. Santiago and C.Wagner

® The KK gluon may decay into these additional KK modes, which are strongly
coupled to it and decay mostly into weak gauge bosons and third generation quarks,

I'(t' - Wb) =21 - tZ) = 2Tt — Ht)

® Fermion KK modes enhance the width of KK gluon and reduces the branching ratio
of its decay into top quarks

Gluon KK search becomes very difficult,
but search for fermion KK modes still
possible, due to constructive interference

of contributions to the gluon and KK g
gluon induced production cross section. 10"

Reach of ¢ up to masses of about [.5 TeV § 10?

may be achieved.

cross section (

10°
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Single i production may be used as a

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1
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t' Mass [GeV]
M.C., A. Medina, B. Panes, N. Shah and C.Wagner

1 |600| 1

10° 200
complementary channel. 400




The search for the SM Higgs from Warped Space at the LHC

New possibilities for early discoveries:

Recent results:  |[pp — TT — WTbHT/HtW b — W TbW bH

pp — TT — HtHt — W+bW_EHH Aguilar-Saavedra’06

T is a vector-like “singlet” = BR(T — Ht) ~ 25%

==> only channel to search for H to bb at LHC

as the SM ttH process
shown recently to need at least 60 fb™"

Kinematics and high b jet multiplicity, plus mt mass reconstruction help
against tt+nj background

50 discovery for mt=500 GeV and mny=115 GeV with 8 fb-"

Gauge-Higgs Unification models:

multiplicity of KK 3.generation fermion doublets with same mass
+ enhanced BR(t'--> Ht) ~ 40 --70 % ==> Very promising! —>




N S T

Interesting new possibilities for Higgs searches at the LHC

New Higgs production mechanism mediated by g’ pair production

100 : : : : : : : : :
gg—h (SM) Gluon fusion production
e ) pp—shhtt (2 g’ 400 GeV BR=60%) | reduced up to a factor 0.65
10 Eovvn ..................----h"-.-.'.'.'.'.'.'.‘.'.'.‘.'.'.'.'.'.-.'.'.'.'.‘.'.'.'.'.'.'.'.'.'.'.'.'.'T.‘Trrnhm_.._‘._..__.‘.:_..: / Top mixing with KK modes
) ==> reduced top Yukawa
1 .Zh | Major enhancement of Higgs production
-""-.‘ “.. Wh qu . . . '
R by new mechanism associated with q
0.1t — ; (for Mg’ ~ 400 - 500 GeV)
ﬂ-l. RE IS N e nag e e .' .I.‘r?-.:‘-rﬁ.”-;'-;.h- II ..I” - /_/
oot | e o (pp — ¢'q — 2H2j) ~ a(gg — H)
bbb "]

1 I:':D EIIIJ 2'30 3;:!3 3I:':D 4III] 450 500
g | eV
light 3. generation KK fermions are a solid prediction of the model tied to the
mechanism of top quark mass generation

Sizeable enhancement of inclusive Higgs signal. Some backgrounds (WW/ZZ +jets) enhanced
pp—>q'q' > 2H+2j—>4b+2j
New chan.nels may allow tq > D q'G > 2H+2j—2b+2W +2
explore different mass regions PP —q'q —2H+2j— AW +2j




