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The Higgs mass as a precision observable

Precision Higgs physics at a LC will be crucial for verifying the
Higgs mechanism and for determining the Higgs boson profile

The mass of a light Higgs will be a precision observable that
can be used for testing the underlying physics in the same

way as we nowadays use My, My, G, a, sin O, T'z, 9, — 2,
etc. to constrain possible effects of new physics
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The Higgs mass as a precision observable

Precision Higgs physics at a LC will be crucial for verifying the
Higgs mechanism and for determining the Higgs boson profile

The mass of a light Higgs will be a precision observable that
can be used for testing the underlying physics in the same

way as we nowadays use My, My, G, a, sin O, T'z, 9, — 2,
etc. to constrain possible effects of new physics

How precisely would we want to know Mpy?

= Fundamental parameter of nature; it is desirable to
measure It as precisely as possible (as for My at LEP)
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Comparison: Higgs mass measurement vs.
theory prediction

Exceptional case: the Standard Model
Higgs mass is a free parameter; indirect theory prediction via
0g. dependence of electroweak precision observables on My

Higgs mass measurement = information on vacuum stabillity,
cosmological implications
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Comparison: Higgs mass measurement vs.
theory prediction

Exceptional case: the Standard Model
Higgs mass is a free parameter; indirect theory prediction via
0g. dependence of electroweak precision observables on My

Higgs mass measurement = information on vacuum stabillity,
cosmological implications

In general: expect to directly predict the Higgs mass

Theory prediction: significant dependence on the top quark
mass

One-loop correction ~ G,,m;
Example SUSY Amt R io 1 Gev (ILC) = Amy, ~ £0.1 GeV
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Comparison: Higgs mass measurement vs.
theory prediction

= Precision Higgs physics needs precision top physics
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Comparison: Higgs mass measurement vs.
theory prediction

= Precision Higgs physics needs precision top physics

= Prospective ILC precisions on m; and My fit well together
AMy ~ 50 MeV will make high-precision physics possible
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Comparison: Higgs mass measurement vs.
theory prediction

= Precision Higgs physics needs precision top physics

= Prospective ILC precisions on m; and My fit well together
AMy ~ 50 MeV will make high-precision physics possible

It Is not obvious how to fully exploit the higher accuracy on My
achievable in s-channel production at a muon collider
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Higgs coupling measurements: high precision Is
crucial for revealing the underlying physics

LHC: Only ratios of couplings can be determined in a
model-independent way

Need additional theory assumptions to extract absolute
values with th. assumption

20—-40% accuracies on squared couplings to fermions and
gauge bosons achievable

ILC: Recoll method (Higgs discovery independently of decay
properties)

— Absolute determination of squared couplings to fermions
and gauge bosons at 5% level
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Impact of ILC precision for the Higgs couplings

SM vs. BSM physics:

Deviation from S value
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Model Independent Analyses

- 2HDM/MSSM

= Precision measurement of Higgs couplings allows
distinction between different models
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The Higgs as a composite object

Renewed interest in composite Higgs models, mostly from

extra dimensions
[N. Arkani-Hamed, A. Cohen, H. Georgi '01]
[K. Agashe, R. Contino, A. Pomarol '05], . ..

Composite Higgs: light remnant of a strong force
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Composite Higgs: light remnant of a strong force

Relation extra dimensions < new strong forces?

Correspondence (AdS/CFT):
Warped gravity model < Technicolour-like theory in 4D
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The Higgs as a composite object

Renewed interest in composite Higgs models, mostly from

extra dimensions
[N. Arkani-Hamed, A. Cohen, H. Georgi '01]
[K. Agashe, R. Contino, A. Pomarol '05], . ..

Composite Higgs: light remnant of a strong force

Relation extra dimensions < new strong forces?

Correspondence (AdS/CFT):
Warped gravity model < Technicolour-like theory in 4D

Signatures at LHC: new resonances, W', Z/, t/, KK excitations
Under pressure from electroweak precision tests
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Effective field-theory description of a
composite Higgs

Agreement with electroweak precision data can be improved Iif
there is a strongly interacting light Higgs, e.g.

Little Higgs [N. Arkani-Hamed, A. Cohen, E. Katz, A. Nelson '02]

Holographic Higgs [R. Contino, Y. Nomura, A. Pomarol ‘03], [K. Agashe,
R. Contino, A. Pomarol '05], ...

Effective Lagrangian formalism for model-independent

analysis of effects of a Strongly-Interacting Light Higgs (SILH)
[G. Giudice, C. Grojean, A. Pomarol, R. Ratazzi '07]

— Specific pattern of modified Higgs couplings
Strong WWW scattering at high energies despite light Higgs

= Need precision measurement of Higgs couplings
+ test of longitudinal gauge-boson scattering
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Strongly-Interacting Light Hig

gs: deviation of

o x BR from the case of a SM Higgs

|G. Giudice, C. Grojean, A. Pomarol, R. Ratazzi '07]
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Sensitivity at LHC: 20-40%, ILC: 1%
= |ILC can test scales up to ~ 30 TeV
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Conclusions

# Higgs mass: with AMy < 100 MeV the Higgs mass will be
a new electroweak precision observable

Comparison of My measurement and theory prediction
will be important for constraining the underlying physics
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Conclusions

# Higgs mass: with AMy < 100 MeV the Higgs mass will be
a new electroweak precision observable

Comparison of My measurement and theory prediction
will be important for constraining the underlying physics

# Higgs couplings: provididing high-precision
measurements of Higgs couplings to fermions and gauge
bosons must be a top priority for the LC physics
programme

o Further crucial measurements: Determination of spin, CP
properties, access to Higgs self-coupling(s)
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