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The race for the Higgs is heating up!
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The Higgs wants to be as heavy
as the heaviest physical scale

Finite size: insensitive to UV




Outline

e Composite Higgs models
e Partial compositeness
* Necessary ingredients: Custodial symmetry

* Light new resonances: fermion custodians

e Quark custodians

e Lepton custodians:

- Neutrinos, A4 symmetry and light lepton custodians
- New physics at the LHC with taus

. Conclusmns
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Composite Higgs Models

 Two scale symmetry breaking: Georgi, Kaplan, et al. 84-85

- SMCH

~ T H
! iy - Higgs is a pNGB in G/H

v EWSB  v/f suppression of new
physics effects

(i LR e Flavor under control if
J elementary sector

couples linearly

e 5 > Kaplan 91
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Composite Higgs Models

Kaplan 91
e Partial Compositeness: Contino, Kramer, Son, Sundrum 06

 SM: elementary states external to the strong sector
* Linear coupling: degree of compositeness
qL Qr H 17, tr

~ vAsin(¢r ) sin(¢r)

 Natural realization of flavor

* Heavier fields are more composite (stronger
interaction to new physics)
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Necessary ingredients

 New strong sector accessible at the LHC?
Agashe,

» Custodial symmetry: AT =0 (tree level) Deluada; May,
unarum

» Custodial protection of Zi1 coupling Agashe, Contino, Da
Rold, Pomarol 06

SU(Z) S SU(Q)L X SU(Q)R

Prr

@rﬁ#"ﬁ .

,,,,,

{# v * 2






Necessary ingredients

 New strong sector accessible at the LHC?

o Custodial symmetry: AT =0 (tree level)
» Custodial protection of Zip coupling

* Very light new fermions allowed!!!

Anastasiou, Furlan, Santiago 09
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Fermion Custodians

» Cancellations due to extra fields (custodial
partners of the composite with SM quantum
numbers)

. of very composite SM fields are
light and couple strongly (in a custodially
protected way)

* Natural scenario: new light vector-like quarks
with a large coupling to the top see JAASs' talk

Contino, Servant 08
Aguilar-Saavedra 09

e R - Mrazek, Wulzer 09
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Quark Custodians

Atre, Carena, Han, Santiago 09

e Tevatron analysis
 NC channel

% CL Tevatron |

5
Exclusion Limit

9

 LHC analysis in
progress

Atre, Azuelos, Carena, Han,
Ozkan, Santiago, Unel

600 800

- ...n;,‘-:‘{...:‘_( Lg:}“‘- 4 ’

mpry

e e e
it By Ay g & ""f“"--mq.. T 1F i
L ik . oG

1000




Lepton Custodians

Aguila, Carmona, Santiago 10

o All (of composite Higgs models)
so far have

» Small neutrino masses and large mixing
angles can be naturally realized in
composite Higgs models

« An  symmetry predicts
mixing, correct scale of

and
constraints
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¥~ A4 breaking
-4 UV scale

very composite




Lepton Custodians

Aguila, Carmona, Santiago 10

* Tau couplings protected (custodial symmetry)

» Explicit realization: two degenerate doublets
with hypercharges -1/2 and -3/2
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Lepton Custodians

Aguila, Carmona, Santiago 10

* Tau couplings protected (custodial symmetry)

e Explicit realization: two degenerate doublets
with hypercharges -1/2 and -3/2
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New Physics with Taus

Aguila, Carmona, Santiago in progress

 EW production (relatively low xsection)

» But very light resonances (and high
multiplicities -many custodians) allowed

* Multi-lepton final state: negligible backgrounds

e Pair production
* Require one leptonic Z
* Require leptonic decay of the two taus




New Physics with Taus

Aguila, Carmona, Santiago in progress

e Signature pp — IT17I'M1" 55 Er LU =e, i

° CrUCiaI featu re: Plehn, Rainwater, Zeppenfeld '99

e Taus can be fully reconstructed

- They are hard their decay products are very
collimated: we assume full collimation to reconstruct
tau momentum

Require no further missing energy
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New Physics with Taus

Aguila, Carmona, Santiago in progress

e Signature pp — IT17I'M1" 55 Er LU =e, i
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New Physics with Taus

Aguila, Carmona, Santiago in progress

e Production x section
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PRELIMINARY
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New Physics with Taus

Aguila, Carmona, Santiago in progress

e Mass reconstruction

s (fb/8 GeV)
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New Physics with Taus

Aguila, Carmona, Santiago in progress

* Discovery luminosity




New Physics with Taus

Aguila, Carmona, Santiago in progress

* \Work in progress:

e Cuts must be optimized

e Early run analysis in progress (very light
resonances with large couplings allowed)
- 1fb" @ 3.5+3.5 TeV

» Comparison with single production
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Conclusions

 Composite Higgs models are a natural
candidate for a theory of EWSB

e Custodial symmetry allows for new very
light fermionic resonances with large
couplings to SM fermions: custodians

 New physics in multi-lepton final states (with
taus): strong background reduction
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Quark Custodians

Atre, Carena, Han, Santiago 09

* Also possible for light generations: new very
light vector-like quarks with a strong mixing to
valence quarks




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

