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Higgs = “raison d’être” 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 

introduction 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
 ~3x106 references in google.com 
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Higgs = “raison d’être” 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 

introduction 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
 ~3x106 references in google.com 

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?

Reasons of a success

 ... no Nobel prize (so far)
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom

Where are these Goldstone's coming from? !!
massive W±, Z: 3 physical polarizations=eaten Goldstone bosons 

SU(2)LxSU(2)R

SU(2)V

what is the sector responsible for the breaking SU(2)LxSU(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

Where are these Goldstone's coming from? !!
massive W±, Z: 3 physical polarizations=eaten Goldstone bosons 

SU(2)LxSU(2)R

SU(2)V

what is the sector responsible for the breaking SU(2)LxSU(2)R to SU(2)V?

with which dynamics? with which interactions to the SM particles?

common lore: from a scalar Higgs doublet

Higgs doublet = 4 real scalar fields
3 eaten 

Goldstone bosons
One physical degree of freedom

the Higgs boson

H =
(

h+

h0

)
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Good 
agreement 

with EW data

Is the Higgs Really There?

• Standard Model with a light Higgs provides a good 
fit to all data, indirect determination of H mass:

MH < 186 GeV (95% c.l.)
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• Standard Model with a light Higgs provides a good 
fit to all data, indirect determination of H mass:
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(doublet ⇔ !=1)

common lore: from a scalar Higgs doublet

The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom

Where are these Goldstone's coming from?

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

!!

Higgs doublet = 4 real scalar fieldsH =
(

h+

h0

)

massive W±, Z: 3 physical polarizations=eaten Goldstone bosons 
SU(2)LxSU(2)R

SU(2)V

“Myth or fact?” (H. Murayama) 
How close to reality is the SM Higgs boson?
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Deformations of the SM
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Deformations of the SM

RandallSundrum 5D Higgsless
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Multi-fields

Higgs-radion mixing
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2 HDMs

pseudo-scalar mixing
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SM Higgs as a peculiar scalar resonance
A single scalar degree of freedom with no charge under SU(2)LxU(1)Y 

LEWSB = a
v

2
h Tr

(
DµΣ†DµΣ

)
+ b

1
4

h2 Tr
(
DµΣ†DµΣ

)

‘a’ and ‘b’ are arbitrary free couplings

For b = a2: perturbative unitarity also maintained in inelastic channels 

‘a=1’ & ‘b=1’ define the SM Higgs

Lmass + LEWSB can be rewritten as DµH†DµH

H =
1√
2

eiσaπa/v

(
0

v + h

)

growth cancelled for 
a = 1

restoration of 
perturbative unitarity

h and πa (ie WL andZL) combine to form a linear representation of SU(2)LxU(1)Y

A =
1
v2

(
s− a2 s2

s−m2
h

)

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

SM limit Technicolor limit
all resonances of strong sector,

except the Higgs, decouple
Higgs decouple from SM;

vector resonances like in TC

ξ = 0 ξ = 1

Composite Higgs 
vs. 

SM Higgs
a

1

1
SM

LEWSB =
(

a
v

2
h + b

1
4

h2

)
Tr

(
DµΣ†DµΣ

)

Composite Higgs
universal behavior for large f

a=1-v/2f  b=1-2v/f
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(weak scale)2

(strong coupling scale)2

b



Christophe Grojean Beyond the Higgs Milano, March’10

Continuous interpolation between SM and TC 

SM limit Technicolor limit
all resonances of strong sector,

except the Higgs, decouple
Higgs decouple from SM;

vector resonances like in TC

ξ = 0 ξ = 1
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)

Composite Higgs
universal behavior for large f

a=1-v/2f  b=1-2v/f

ξ =
v2

f2
=

(weak scale)2

(strong coupling scale)2

b

Composite Higgs 
vs.

Dilaton

Dilaton
b=a2
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Higgs: elementary vs. composite
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composite Higgs
decay rates depends only 

on mH & Higgs compositeness scale (4πf)
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EWSB @ LWSC’10: 20 talks

 Higgs BRs 
Kohei Yoshida
Hiroaki Ono

Luminosity measurement Ivanka Bozovic-Jelisavcic

Pankaj Sharma
Tao HanZZH and γZH couplings (including CP)

Yosuke TakuboWWH couplings

Jumping TianHiggs self-couplings

Henge Li
Jean-Yves HostachyHiggs mass measurement

Tomohiko Tanaba
Sven HeinemeyerHiggs-top sector

Yu Matsumoto
MamtaTriple gauge boson couplings

K. Ikematsu
Daisuke HaradaHiggs production

Shigeki MatsumotoHiggs/Dark matter couplings

C. Grojean
Mikael BerggrenNew physics searches

Yosuke TakuboLittle Higgs models

Shinya KanemuraHiggs-neutrinos couplings

Higgs couplings
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Conclusions
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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Conclusions
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 need a LC to have the final words 
on the nature of the “Higgs”

Higgs

Fact
Experimental reality

Myth
Theoretical speculation

LHC

LC


