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Abstract: The Higgs boson is the only scalar particle in the Standard Model. Precision electroweak analyses suggest that it should be light -- less
than 200 GeV. These facts combined with the speculative nature of all electroweak symmetry breaking discussions imply significant uncertainty in
discovering a Higgs boson. | discuss the unique aspects of a Higgs sector, highlight the New Physics origins of uncertainty for its phenomenology,
and suggest a broader framework with which to approach Higgs boson phenomenology at the LHC.
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Higgs boson & New Physics
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Standard new physics origins are not what | will discuss.
although they do contribute to the fragility thesis.
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Why then more stuff?
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Why at
our scale?

The SM is merely a
description of the particles
that make up our bodies, and
copies of those particles, and
the forces between those
particles.

It Is human-centric to think

T - Cﬂ : M Eﬂt T g
that's all there is. S Mo,

There is a definite scale in nature
whose origin we do not understand: M.

No strong reason to believe that SM is
alone at that mass scale.
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1an are dream 1 your philosophy.” -Hamlet
A reasonable, non-human-centric viewpoint:
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Challenges finding New Worlds

The Standard Model matter and gauge states
saturate dimensionality of the lagrangian.

L = it~ Du + —IWe 4.

T

Any new states coupled in may come with a large
suppression scale:

P FO* ot Fe
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Relevant Operators

p—

ysics connected to SM in relevant and
marginal operators can be more powerful
probes.
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Simple, Non-
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Vodel: A complex scalar
charged under U(1)y The particle spectrum is a

ohysical Higgs boson and an X gauge field.

Pirsa: 08060048

Page 10/29




Lagrangian

Consider the SM lagrangian plus the following:

HE__H__—J_#,-*'
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Canonical Kinetic Terms

First, we make kinetic terms canonical by

( X, ) B ( VT2 0 ) ( X, )
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where n = /1 — ¥
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Higgs Masses and Mixings

DSAI Ch Sh /
\‘ a-_';H —5 } ( h H

The mixing angle and mass eigenvalues are
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Higgs and Precision EW
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It is relatively easy to get high-mass Higgs when
mixing angle is rather small. Precision EW can
always be accommodated by adding new stuff.
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wo Paths to LHC Discovery

Within this framework. we studied two ways to find
Higgs boson at the LHC:

1) Narrow Trans-TeV Higgs boson signal

2) Heavy Higgs to light Higgs decays
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Narrow

rans-

eV Higgs Boson

When the mixing is small, the heavy Higgs has
smaller cross-section (bad), but more narrow (good).
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Zeppenfeld, ‘97
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Difference from SUSY heavy Higgs boson

Haber et al. ‘01
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H decays to lighter Higgses

We can also have a heavier Higgs boson
decaying into two lighter ones in this scenario.
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Suppressed Discovery for
Light Higgs Boson
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Higgs discovery significances
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Discovery through H->hh

Considered discovery mode
Techniques: Richter-Was et al. '98):
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Heavy to Light Higgs rate
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Light Higgs accidentally narrow

________
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Sources of Invisible Decay

Many ideas lead to invisible Higgs decays -- possible
connections to dark matter.  Joshipuraetal. 93

Binoth. van der Bij, ‘97, etc.
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Invisible Higgs at LHC

Davoudiasl, Han, Logan. ‘05
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Light Z and Higgs

Decays

e

sS Is possible

With tiny kinetic mixing. a ve Z
in this framework. The light Higgs. however, could

couple to it well with impunity. This leads to
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Leptonic branching fractions and
collider sensitivity estimates

.....

Branchimg Fraction
|

Mz (GeV

Tevatron: With 4 fb-!' see A & C; with 10 fb-!1 see B & D also.
LHC: With 1 fb-! A-D, and with 10 fb-' E & F also.
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Conclusions

Very reasonable to imagine hidden world(s)
that interact with Higgs boson at the
renormalizable level.

Many opportunities for LHC to find evidence
for it in the early phase (large kinetic mixing,
ight pairs of CP-even Higgses. H->Z2'Z', etc.)
and/or in the high-luminosity phase (trans-TeV
Higgs. small kinetic mixing and heavy Z', etc.).
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