R ealistic Composite Higgs Models:
Constraints and Collider
mplications

Work done |n coIIaboratlon Wlth A. Atre, M Carena T Han G Panico,
E. Pontdn, M. Serone C. Wagner




E <TeV

- Some are. more '"'pa

I-II._

o - ‘ _. — - ”ﬁu :bﬁ = d‘l y
-. 4 e : A~

]

L “f

,.‘ﬁ'-m




i fundamental
scalar:

‘4

v Lack of a dynami al ¢
\ - . .“ e ___"’-_‘:': - _. — .u».l_.,':,,_'_._"_:a_

.~§"\ . i >

H ierarchy:

=

ORRAET A



« Natural

. dynamically

« Unitarize




f~TeV




(5) = (4,1)
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H lives here (coupling to SM) Determined by dynamics
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Gr = No EWSB

sp < 1 Linear EWSB (SM like)
Maximal EWSB (effectlvely Hig sless)
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Composite Higgs Models

Non-linear realization reduced couplings to SM

On/y partial unitarization of V V scattering
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> mpy ~ gpf

. f
sp < 1 = Fine-Tuning

. sp ~ 1= EWPT problems










Warped Extra Dimensions 101

+ KK modes have masses ~TeV:

localized near the IR brane

(flat towards UV brane)

~ Fermion zero modes:
exponen'l'ia/ localization
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Higgs + KK modes




- Solves hierarchy problem

. - Natural redlization of flavour

- FCNC and higher-dimensional
operators suppressed for light

Higgs + KK modes

fermions
. Large effects on 'I'op/ bottom

- Wedadlth of new /oar‘l'lc:/es
Te\/ scale



] - Might need some additional
flavor structure

. « Natural readlization of flavour

- FCNC and higher-dimensional

operators suppressed for light
fermions

Higgs + KK modes

. Large effects on 'fop/ bottom



AdS/CFT




AdS/CFT
CALCULABLE!




The problems with WED..

The usual suspect:

Agashe, Csaki, Grojean, Reece 07

Cacciapaglia, Csaki, Grojean, Terning '04
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The problems

The usual suspect:

with WED..
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The problems with WED..

The usual suspect:
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The problems with WED..

+ KK states (composites of the 4D strongly coupled
theory) difficult to produce at LHC

* Heavy and weakly coupled to light fermions (and gluons)

« It might be that in composite Higgs models, all
resonances but the Higgs are close to or even

beyond the LHC threshold

* An effective Lagrangian approach is possible and

useful as a complemenfary probe
Giudice, Grojean, Pomarol, Rattazzi 07

- Size of effective operators given in terms of
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Ik parameter




sz,bz, coupling
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SU©2)r x U1y

A ~ (—,—) Zero mode: scalar in a (4) of SO(4) HIGGS

AZ ~ (+,+) Massive modes: eaten Goldstone bosons

dA A




Recipe for a Realistic Composite
Higgs Model

+ The Higgs PO'I'en'I'ia/ is zero at tree level and given
by the Coleman-Weinberqg potential at one loop

V() = 34755 | dpr®loglp(—)

Hosotani '83-’07
Agashe, Contino, Pomarol ’05

h) ~ h/f) — sin?(h Falkowski '07
V( ) COS( /f) Sl ( /f) Medir‘iva, Shah, Wagner ’07

Panico, Ponton, , Serone, ‘08
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Constraints from EW®PT

New particles at the TeV scale are quite
constrained by experimen'l'a/ data

Global fit to EW precision data required

Carena, Ponton, , Wagner 06
Carena, Ponton, , Wagner ’07

MEE > 2.5 — 3.5 TeV
Migm- > 0.3 -1 TeV
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F orward jet

Valence quark

Hard decay

~ products
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Novel Vector-like Quark
Phenomenology

Sing/e Producﬁon at Tevatron Atre, Carena, Han,

200 GeV
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Novel Vector-like Quark
Phenomenology

Sing/e Producﬁon at Tevatron Atre, Carena, Han,

200 400 600 800 1000
my, (GeV) '_ At
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Novel Vector-like Quark
Phenomenology

+ Signature quark: charge 5/3 quark mixing with top
Contino, Servant 08
+ Very early discovery with
same-sigh leptons

= 100 /ob" for Mg=500 GeV
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Novel Vector-like Quark
Phenomenology

+ Strong indication but need full reconstruction

+ Charge 5/3 come in bidoublets or triplets
+ Both have charge -1/3 and charge 2/3 quarks
-+ Charge 2/3 have different decays depending on the

quantum numbers:

+ Didoublet: mainly neutral decays, Zt and Ht
. Tri/a/ef: similar to singlet Wb, Zt, Ht in 211 ratio

-~ Study charge 2/3 quarks to discriminate quantum




pp =TT — ZZtt — ZZW W bb

ttZ + forward jet
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Dark Matter in Warped ED

Partial T‘PC"’ H'Y Panico, Ponton, , Serone, 08

New collider sighatures with large amounts of missing ET
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VioxVa+ Vg

SM and
hy X YA + Yo 0

new particles

New partlcles ¢
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« Gauge-Higgs unification

J.S.




« Gauge-Higgs unification

J.S. *




« Gauge-Higgs unification







A full model: ZZ MCHMS

. Top sector contains three mu/'l'ip/e'l's:
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A full model: Zz /V\CH/V\S

+ The Higgs PO'I'en'I‘ia/ is zero at tree level and given
by the Coleman-Weinberqg potential at one loop

V() = 34755 | dpr®loglp(—)

Hosotani '83-’07
Agashe, Contino, Pomarol ’05

~ _  gin? Falkowski *07
V(h) COS(h/f) S (h/f) N?ed(i)r‘ivai 1Shah, Wagner 07

Panico, Ponton, , Serone, ‘08
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A full model: Zz /V\CH/V\S

+ Good region of parameter space: right AWAYE
pattern, top and Higgs masses, EW precision
observables

Original MCHMS

No EWSB ~ No EWSB

Full EWSB

Full EWSB
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A full model: Zz /V\CH/V\S

AWAYE prefers the region where coannihilations are
relevant

mg_ ~ myg_ for ¢, — 1/2

Full EWSB

- Good agreement with
the observed relic
abundance in the region

Wil AVTAYE

» Also positive contribution to T (improved fit to EW
~—"¥precision: dcn‘a) :
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. WWwtt WWwhbb
. MET+ tt, bb, jj

. top couplings to H W and Z
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« And the weather . . . while you can!
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