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Why strong EWSB?
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Why not weak EWSB?



BMCHMWhat about the hierarchy?
If SUSY, why haven’t we seen any superpartners yet?

Figure 2: The phase diagram of the minimal supersymmetric SM, assuming a universal
scalar mass m2, a gaugino unified mass M , a Higgsino mass µ, and trilinear term A = 0,
with all parameters defined at the GUT scale. The top Yukawa coupling is fixed such that
mt = 172.7 GeV and tanβ = 10 in the usual phase with electroweak breaking. Some
contours are shown for masses of the lightest stop (Mt̃1), the gluino (Mg̃), and the lightest
chargino (Mχ+). The green (gray) area shows the region of parameters allowed after LEP
Higgs searches.

involved in the conventional SU(2) × U(1) breaking pattern (third-generation squarks and

the two Higgses).

More interesting is a special multi-critical point, separating the various Higgs phases,

that corresponds to vanishing Higgs bilinear terms (m2
1 = m2

2 = m2
3 = 0)2. This point,

which is actually a surface in the case of general soft terms, occurs at negative m2, in the

example we are considering. Moving away from the multi-critical point, different phases

emerge, depending on the signs and the values of m2
1 and m2

2 at the scale MS. For positive

2These three conditions cannot be in general satisfied in the case of only two free parameters. However,
fig. 2 corresponds to fixed tanβ, and thus m2

3 automatically vanishes, whenever m2
1 = m2

2 = 0.
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Giudice and Rattazzi, 0606105



BMCHMWhy strong EWSB?

I A natural hierarchy, cf. QCD



BMCHMWhy not strong EWSB?

I Electroweak precision tests
I Flavour changing neutral currents



BMCHMStrong EWSB and FCNC

Two ways to get fermion masses:

(i) Bi-linearly: L ⊂ fLOH fR
Λd−1

F

I L ⊂ fLfR fLfR
Λ2

F

I FCNC =⇒ ΛF & 103−4TeV =⇒ d . 1.2−1.3
Strassler, 0309122

Luty & Okui, 0409274

I This seems to be impossible Rattazzi, Rychkov & Vichi, 0807.0004

Rychkov & Vichi, 0905.2211
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BMCHMStrong EWSB and FCNC

Two ways to get fermion masses:

(ii) Linearly: L ⊂ yLfLOR + yRfROL + gOLOHOR
D. B. Kaplan, 1991

I Relevant operators
I Flavour can be decoupled
I RS-GIM Gherghetta & Pomarol, 0003129

Huber & Shafi, 0010195

Agashe, Perez & Soni, 0406101
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BMCHMStrong EWSB and EWPT:

Contributions to EWPT ∼ m2
W

m2
ρ

are too large.



BMCHMStrong EWSB and EWPT:

The lagrangian we know and love:

L = Π+−W +W−+ Π33W 3W 3 + Π3Y W 3B + ΠYY BB

I Π(q2) = Π(0) + q2Π′(0) + . . .

I Π+−−Π33 ∼ T
I Π′3Y ∼ S

Peskin & Takeuchi, 1990; 1992

I Can we make these�m2
W /m2

ρ?
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BMCHMStrong EWSB and EWPT: T

Enlarge the global symmetry of the strong sector:

SU(2)L×U(1)Y
U(1)Q

→ SU(2)L×SU(2)R
SU(2)V

= SO(4)
SO(3)

Sikivie, Susskind, Voloshin & Zakharov, 1980

I T ∼ Π+−−Π33 is 5 of SU(2)V



BMCHMStrong EWSB and EWPT: S

There is no symmetry for S ∼ Π′3Y . . .



BMCHMStrong EWSB and EWPT: S

There is no symmetry for S ∼ Π′3Y . . .

. . . except SU(2)L×U(1)Y .
Inami, Lim & Yamada, 1992

I =⇒ S ∼ v2/Λ2

I Put back Higgs: SO(4)/SO(3)→ SO(5)/SO(4)

I v/Λ dynamical
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BMCHMThe Minimal Composite Higgs Model

Global symmetry SO(5)/SO(4) Agashe, Contino & Pomarol, 0412089

I Light d. o. f.: SM Higgs
I mρ ∼ 3TeV
I Looks a lot like SM @ LHC!
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BMCHM

Why stop at the minimal model?



BMCHMBeyond MCHM

What about SO(6)/SO(5), for example?
BMG, A. Pomarol, F. Riva, J. Serra, 0902.1483

I Light d. o. f.: SM Higgs plus singlet
I The singlet can be light
I Non-standard Higgs decays: h→ 2η → 4f
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BMCHMBeyond MCHM

What else?
I Flavour =⇒ fermion masses arise linearly
I EWSB sector carries colour charge.
I Coloured baryons =⇒ Coloured mesons?
I TeV -scale, composite leptoquarks
I LHC decays: 2b or 2t and 2τ or 2ν

BMG, 0910.1789
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BMCHMSummary

I Strongly-coupled EWSB has problems
I Weakly-coupled EWSB has problems
I Let the LHC decide
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