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Higgs = “raison d'étre”

of LHC (/ILC?)

@ 16 talks at this workshop have a title refering to the Higgs
@ ~b00 physics papers over the last b years have an

infroduction starting like

>"The main goal of the LHC is to unveil the mechanism of electroweak symmetry breaking”,
>"How the electroweak gauge symmetry is spontaneously broken is one of the most urgent and

challenging questions before particle physics.”

@ ~9000 papers in Spires contain "
@ ~3x10° references in google.com
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Higgs = "raison d'etre” of LHC (/ILC?)

@ 16 talks at this workshop have a title refering to the Higgs
@ ~500 physics papers over the last 5 years have an
infroduction starting like

>"The main goal of the LHC is to unveil the mechanism of electroweak symmetry breaking”,
>"How the electroweak gauge symmetry is spontaneously broken is one of the most urgent and
challenging questions before particle physics.”

@ ~9000 papers in Spires contain "Higgs" in their title
@ ~3x10° references in google.com
@ ... no Nobel prize (so far)

Reasons of a success

@ last missing piece of the SM?

@ at the origin of the masses of elementary particles?
@ unitarization of WW scattering amplitudes?

@ screening of gauge boson self-energies?
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <

what is the sector responsible for the breaking SU(2).xSU(2)r to SU(2)v?
with which dynamics? with which interactions to the SM particles?
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <

what is the sector responsible for the breaking SU(2).xSU(2)r to SU(2)v?
with which dynamics? with which interactions to the SM particles?

common lore: from a scalar Higgs doublet /ﬁ~
=

] ( h* > Higgs doublet = 4 real scalar fields

0
h 3eaten «—  — One physical degree of freedom
Goldstone bosons the Higgs boson
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <=

common lore: from a scalar Higgs doublet @‘

L ( h* > Higgs doublet = 4 real scalar fields

Good
agreement
with EW data

(doublet = p=1)

But the Higgs
hasn't been
seen yert...

"Myth or fact?" /. murasana
How close to reality is the SM Higgs boson?
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Deformations of the SM

(v /#)?

N deviations of %395
1 couplings +ror SM
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Deformations of the SM

3 ca/ /ng dimension
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Deformations of the SM

3 ca/ /ng dimension

(v /#)?
deviations of Y//\ig\f

1 couplings +ror SM
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Deformations of the SM

3 ca/ /ng dimension

(v /#)?
deviations of Y//\ig\f

CO//(p/ /)755 £ronr SM

pseudo—scalar miXxing 1
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SM Higgs as a peculiar scalar. resonance
A single scalar degree of freedom with no charge under SU(2).xU(1)y

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

‘a’ and 'b’ are arbitrary free couplings

o | growth cancelled for
H(ﬁﬁf A—i Sl a’ s” a=1

#0 V2 s —ms restoration of

i+

perturbative unitarity

*
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ﬁmass i 'CEWSB can be rewritten as DuHTDuH
1

R i A 5 0
#e e
Lh and 7 (ie WL andZ.) combine to form a linear representation of SU(2).xU(1)y

Higgs properties depend on a single unknown parameter (mu)
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Continuous interpolation between SM and TC

k. (weak scale)?

f?  (strong coupling scale)?
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Continuous interpolation between SM and TC

k. (weak scale)?

f?  (strong coupling scale)?
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SM limit

all resonances of strong sector, Higgs decouple from SM:

except the Higgs, decouple‘y.s “..  vector resonances like in TC
-------------- Dilaton
------------------------- b‘ b:az '-.-.---...............

SM

Composite Higgs ; J\
VS.
Dilaton
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\ Composite Higgs

,@ universal behavior for large f
a=1-v/2f b=1-2v/f
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Higgs: elementary vs. composite

SM Higgs

decay rates depends only on my
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Higgs: elementary vs. composite

SM Higgs

decay rates depends only on my

composite Higgs

decay rates depends only
on my & Higgs compositeness scale (4rf)
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EWSB @ LWSC'10: 20 talks
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— Higgs production
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LHC is prepared to discover the "Higgs"

collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)
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LHC is prepared to discover the "Higgs"
collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)
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LHC is prepared to discover the "Higgs"

collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)

. we'll néed a LC to have the final words
on the nature of the "Higgs"”
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Myth s Fact
Theoretical speculation Experimental reality
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