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The LHC is here!

 The LHC is finally ready to study the
mechanism of EWSB

 Composite Higgs models are a likely candidate

* Natural realization of EWSB
» Potentially interesting collider implications
* WWeak realization in 5D models with warped ED

 Quark sector well studied

 \What about the lepton sector? @
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5D realization of CHM

 Models of gauge-Higgs unification in warped
ED realize the composite Higgs idea

2
ds® = <E> (nﬂydaj“d:c’/ — dz2), R<z<R

<

 Gauge symmetry broken on both branes contains a
massless zero mode for A« > Composite Higgs

* Finite (calculable) potential generated at loop level

 Minimal realistic models have been constructed
based on SO(5)/SO(4) symmetry breaking pattern

Agashe Contino, Pomarol '05
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EW constraints on CHM

. T and be protected Agashe, Delgado, May, Sundrum '03
by custodial (and LR)
symmetry

Agashe, Contino, Da Rold, Pomarol '06

 Main constraint: S plus
fermionic contribution
to T and Zbb (1 loop)

Carena, Pontén, J.S., Wagner '06-07

e Fermions are
expected to be much
lighter

MM fermion o 0.5 TeV
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What about leptons?

 Most models focus on the quark sector

e top is expected to be also composite
« Masses and mixing angles naturally hierarchical

* Why is the leptonic spectrum so different?
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What about leptons?
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Goes well with
hierarchical masses
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What about leptons?

* Why is the leptonic spectrum so different?

* The pattern changes for tiny neutrino Dirac masses

Agashe, Okui, Sundrum 08; Carena, Medina, Shah, Wagner 09

Hierarchical masses
and mixing angles

&

Small masses,
large mixing angles
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What about leptons?

* Why is the leptonic spectrum so different?

* The pattern changes for tiny neutrino Dirac masses

Agashe, Okui, Sundrum 08; Carena, Medina, Shah, Wagner 09

 But:

* Flavor?
* Why neutrinos so different?
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What about leptons?

* Why is the leptonic spectrum so different?

* Global symmetries (A4, T') in simple RS models

Csaki, Delauny, Grojean, Grossman 08; Chen, Mahanthappa, Yu 09

Use see-saw to generate the right neutrino scale

Discrete symmetries predict the mixing pattern

Added bonus: flavor protection (very useful in
models with warped extra dimensions)

AT e "
. .4----0-.,‘,-j *‘w‘ 'g-'\- .

e i S T . s 3 e

SRR ! i Pl o) & \ e %

PSS i . e ¥ \v"w*wwﬁcw‘.;'mﬁ?’ e, . L

[ BB i 4 . - { Y . s i, ) i B T sl oy - 5 %) ’ S ot U
T K et il ek SRt nder il | L s

v - : Lo O
. = U ..‘-:'-.--w—-:_____ o —— " .'.k_' I,,‘._-_‘_J.'




mixing
Il

Tri-Bi-quj mal

ie]

;_'.”'-



Leptons in the MCHM,

« Roadmap

e 5D realization of CHM: SO(5)/S0O(4) (x U(1))

* Use identical structure for the quark and lepton
sectors for MCHM5 Contino, Da Rold, Pomarol 07

. Impose a global A, x G_ symmetry

 Compute spectrum: lepton masses and mixings
 Compute constraints: PMNS, EWPT, LFV
» Study collider implications (in progress)
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Recall

50(4) ~ SU(Q)L X SU(Z)R

5=(2,2) & 1
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Leptons in the MCHM,

» Global A, broken by brane scalars to Z, and Z,
(to ensure TBM mixing)
UV : {(¢) = (0,0,0) IR : (¢') = (V',v',v)

* Write the most general terms allowed by the
symmetries

o ,,) U, + (¢ ‘u)

U
.'k" -"? ‘tfi@h"‘ﬂ \11@3.}‘[4—??} Xv! qujl_|_hc + .

R s



Leptons in the MCHM,

. After A, breaking
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Leptons in the MCHM,

. After A, breaking

e Yukawas suppressed by v’ /A" ~ 0.1 — 0.01
Charged lepton Yukawas: diagonal and hierarchical
* Neutrino Yukawas: proportional to the identity

* The only source of mixing is the (UV localized)
neutrino Majorana mass
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Leptonic spectrum in the MCHM,

* Neutrino masses generated through see-saw
o = —Mp(My) ™ (MP)*
oc (Myy)™" = Unps MaiagUfips

» Charged lepton masses naturally hierarchical
(suppressed with respect to v) and diagonal in
current eingenstate basis: No tree level LFV

« Small corrections if fermion KK modes and non-
linear Higgs effects taken into account
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Higher order corrections

e Can higher dimension operators destabilize this

pattern? -2

* New corrections are ™~ 33
» Corrections to TBM mixing and LFV
« Easy to classify to all orders

(¢)° ~ (#) (¢)° ~ 1+ (')
- New structure for the Majorana mass

- Diagonal but non-universal neutrino Yukawas
- Non-diagonal charged lepton Yukawas
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Higher order corrections

* As expected, there is more flavor violation in
composite Higgs models than in simple RS

Csaki, Falkowski, Weiler 08

« But there is an extra flavor protection from
custodial + LR symmetry + splitting in two
sectors (neutrino and charged lepton sectors)

Agashe 09
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Higher order corrections

* As expected, there is more flavor violation in
composite Higgs models than in simple RS

Csaki, Falkowski, Weiler 08

» But there is an extra flavor protection from
custodial + LR symmetry + splitting in two
sectors (neutrino and charged lepton sectors)

Agashe 09
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Constraints on the model

. Fixthe IR scale to 1.5 TeV (m , ~3.5 TeV)

* Check constraints:
* Lepton masses
« EWPT: 0g/9 < 0.2%
* Lepton mixing: UpMINS
* Tree level LFV: ©w—3e, pire,...
 One loop LFV: [ —> ey
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[Requires IR localized VR, TR}

Sizable but OK for
U/A<01 63>055
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[Requires IR localized VR, TR}

vector

E t partners




[Requires IR localized VR, TR}

vector

E t partners + leptons




Conclusions

* Fully realistic composite Higgs model from 5D:

 Correct EWSB and quark spectrum

« Correct lepton spectrum with discrete symmetries

— Hierarchical charged lepton masses
— Correct neutrino masses and mixing

— Double layer of flavor protection

A4 symmetry
» Custodial + LR symmetry+ structure of MCHMS5

 New quark and lepton resonances at the LHC!

. LFV close 16} observable limits
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