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Introduction: Models for EWSB
• Particle physics can be described with great 

accuracy with the SM.

• On the other hand EWSB is just accomplished 
with an ad-hoc potential:

• This fundamental scalar Higgs introduces a 
problem in the theory: the hierarchy problem.

• A complete description of EWSB should explain 
both the mechanism and the nature of the Higgs.

V (φ) = −µ2φ2 + λφ4



• There has been different suggestions to 
complete the SM in order to give a description 
to the EWSB sector: 

- Dynamical generation of the weak scale: 
Strongly interacting theories.

- Radiative stable symmetry breaking: 
Supersymmetry.

• Let me briefly review the reasons why the first 
possibility is disfavoured with respect to the 
second.



• The idea of a dynamical origin of the EWS 
is natural in the sense that the rest of the 
spontaneous symmetry breaking of nature 
can be described in this way, e.g. BCS, chiral 
symmetry breaking in QCD,....

• There are two different approaches:

- Strong dynamics that generate EWSB: 
Technicolour

- Dynamical generation of a Higgs: PGB

• Let me discuss a bit both possibilities.



• The basic set-up is a theory analogous to QCD 
that condenses at       , and due to that 
condensation EWS is broken.

• Unitarity of            requires                    , 
whereas LEP bounds on EW observables tell us 
that any contribution to those observables with 
O(1) coefficients should be suppressed by a much 
bigger scale.

• This problems plus the lack of a complete model 
for flavour were the reasons why technicolour 
was abandoned.
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• Using the knowledge of the case of the pions in 
QCD the SM is embeded in a bigger global 
structure:

• With the Higgs belonging to the coset of those  
two groups. When G is broken to the SM the 
Higgs arises as the goldstone of the broken 
generators.

• In order to give a potential to the Higgs, G 
should not be exact.

Higgs as PGB

SM ⊂ G



• These theories have their bigger problems in 
generating a viable quartic for the Higgs.

• The advantage of PSB with respect to 
technicolour is that one can postpone the scale 
of new physics to higher values so contributions 
to the EW parameters are in general smaller 
than in technicolor.

• This type of approach to the EWSB is been 
revisited recently thanks to the RS and the AdS/
CFT correspondance.



• The MSSM has been the most studied possibility 
of physics beyond SM because:

- It provides a solution to the hierarchy problem

- It naturally accomodates unification

- It has a DM candidate

- It has a relatively small impact on EW 
observables

- EWSB can be triggered radiatively

- It does not need a UV completion

MSSM: Blessings and curses



• But not everything is as desired in the MSSM:

- SUSY must be broken and there is no an unique 
way of doing it. Moreover none of the 
mechanism available in the market is a complete 
satisfaction.

- Flavour is a big issue because most scenarios 
within the MSSM tend to predict to much 
FCNCs.

- The amount of free parameters O(100) makes 
the model difficult to work with.



• But the bigger problem of the MSSM comes from 
the fact that neither the Higgs nor any sparticle 
has been discovered and the fine-tunning that this 
fact introduces in the theory.

• The physical mass of the Higgs is given in the 
MSSM by this formula:

• Where     is the mass of the stops.
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• On the other hand hand susy particles (stops) play 
the rôle of cutting-off the quadratic divergence of 
the SM:

• So a big     will make the physical mass higher, but 
inducing a bigger fine-tunning.

Fine-tuning
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• The above plot supposes that                  
which for the upper bound already gives 
something like 1% fine-tunning.

LEP II
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• One way to try to alleviate that fine-tunning is to 
find a way to make the tree-level contribution to 
the Higgs mass bigger not to relay on the loop 
contribution to overcame the LEP bound so that 
stops can be lighter.

• I am going to present two models, one base on a 
new D-term contribution and the second one on 
a new superpotential contribution. 

Raising the Higgs mass:
D and F terms



D-term (gauge extension)

• The model is based on a                            
model broken to the diagonal at a similar 
scale where SUSY is broken.

• The matter content is such that the first          
is asymptotically free.

• Additional higgses are needed for yukawas in 
the second           .  
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• Below the scale of SUSY(m) and diagonal(u) 
breaking, integrating out massive fields, the 
following quartic is generated:   

• Upon EWSB the following tree-level mass is 
obtained:                      
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• A possible choice of parameters consistent 
with the EW fit, perturbativity and fine-
tuning:                                                                           

• Leading to the following mass:
g1(u) = 1.80, g2(u) = .70, u = 2.4 TeV MW ′ , MZ′ ∼ 4.5 TeV m = 10 TeV

∆ = 6.97 =⇒ mh = 214 GeV



• The usual NMSSM has a relatively small 
effect                   , due to perturbativity.

• We can make use of the previous set-up to increase the 
maximun value for    since now runs with the strong    
SU(2) .

• Imposing pertubativity up to        , with similar 
parameters:

F-Term (NMSSM)
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• Other interesting features of this 
asymptotically free NMSSM, is the opening of 
parameter space                  or charged higgs 
the lightest. 
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Composite Higgs?

• Having worked with strong interactions to increase 
the Higgs mass one may ask: what happens if we let 
the group confine?.

• I am going to present  a model where the Higgs and 
the top quark are composites.

• With this set-up the large yukawa of the top can be 
explain due to the compositeness of those particle 
and thus related to the strong dynamics.

• EWSB is aided by a singlet and is generated at tree-
level.



• The model is based on the gauge structure:

• Where the            will eventually condense and 
produce some of the SM particles as composites

• The preons of that groups are sumarized in the 
following table:

SU(3)s × SU(3)c × SU(2)W × U(1)Y

SU(3)s

SU(3)s SU(3)c SU(2)W U(1)Y Z2

P3 1 0 +

P1 1 1 −2/3 −
P 2 1 +1/6 −
P 1 1 1 +2/3 +

P 1̃ 1 1 −1/3 −
P ′ 1 1 +1/3 −
P

′
1 1 −1/3 −

Table 1: The SU(3)s-charged Preons. The first set are those participating in the s-confining phase.
The second category are integrated out, triggering s-confinement.

a “SUSY QCD” theory, but this should not be confused with the usual color interaction

of the MSSM, SU(3)c. Note that the MSSM gauge groups are gauged sub-groups of the

SU(F )×SU(F )×U(1)B chiral symmetries. The set of preons is non-anomalous (in fact, it

is vector-like) with respect to SU(3)s, and there are no mixed anomalies between SU(3)s
and the MSSM gauge groups. However, the MSSM gauge symmetries are anomalous with

respect to themselves. This is in fact related to the point that it will eventually give

rise to a composite Q3, tR, H, S and H, but not to bR, L3, or e3. Thus, we introduce

a set of fundamental fields uncharged under SU(3)s in Table 2. The first and second

generation superfields appear as fundamental fields, as in the MSSM. Also indicated are

the charges of the fields under a Z2 “R-parity” which plays the same role to suppress

dangerous renormalizable baryon- and lepton-number violating processes as it does in the

MSSM. The assigment of preon hypercharges is not completely determined by requiring

the correct hypercharges for the composites, and the particular choice we make is based

partly on aesthetics (requiring that all exotic colored particles have charges ±1/3 or ±2/3

and all exotic uncolored particles have charges ±1 or zero), and partly motivated by gauge

coupling unification as we shall see below. Many fundamental Yukawa interactions can

be formed out of these fields. To preserve readability, we discuss these in groups in the

subsections below.

SU(3)s SU(3)c SU(2)W U(1)Y Z2

Li 1 1 −1/2 −
ei 1 1 1 +1 −
Q1,2 1 +1/6 −
di 1 1 +1/3 −
u1,2 1 1 −2/3 −
q1 1 1 −2/3 +

q2 1 1 +1/3 −
H ′ 1 1 +1/2 +

H
′

1 1 −1/2 +

Table 2: Additional fundamental fields for the SU(3) model. The index i = 1, 2, 3 denotes the
usual generation number.

– 3 –



• This model has anomalies with respect to the SM 
gauge group which simply show that NOT ALL of the 
SM fields are composite.

• We have the following fundamental fields:
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• The strong group has 3 colours and 5 flavours so is 
in the conformal window, but if we include the 
following superpotential:

• Below the scale M the theory will condense and  
can be described with the following fields:

W = MP
′

P
′

SU(3)c SU(2)W U(1)Y Z2

B1 ↔ tR P3P3P1 1 −2/3 −
B2 ↔ S P3P3P3 1 1 0 +

B1 ↔ H P 2P 1Pe1 1 +1/2 +

B2 ↔ ψ P 2P 2P 1 1 1 +1 +

B3 ↔ χ P 2P 2Pe1 1 1 0 −
M1 ↔ Q3 P3P 2 +1/6 −
M2 ↔ q1 P3P 1 1 +2/3 +

M3 ↔ q2 P3Pe1 1 −1/3 −
M4 ↔ H P1P 2 1 −1/2 +

M5 ↔ χ P1P 1 1 1 0 −
M6 ↔ ψ P1Pe1 1 1 −1 +

Table 3: Composites of the SU(3) model.

This theory is SUSY SU(3) QCD with 5 flavors, which is inside the conformal window

[13]. From any value of the SU(3)s gauge coupling at very high scales, it flows (assuming,

as we will do so, that all of the fundamental Yukawa interactions are not strong enough to

disrupt the approximate scale-invariance) at lower scales to the fixed point at,

g2
∗ #

4π2

3
(2.2)

We include a super-potential mass for P ′ (and for the uncolored H ′),

Wm = MP
′
P ′ + MHH

′
H ′. (2.3)

Below M , the P ′, P
′
flavor may be integrated out and the theory loses conformality, flowing

to an s-confining phase [14]. We denote the confinement scale by Λ, and estimate from the

large fixed point coupling g∗ that the two scales are approximately equal,

Λ # M . (2.4)

The scale M must be input by hand, and determines the strong coupling scale Λ.

2.1 Composites and Dynamical Super-potential

Below the confinement scale, the theory can be described by composite SU(3)s-invariant

mesons (M) and baryons (B, B), listed in Table 3. A dynamical super-potential is gener-

ated with form,

Wdyn =
1

Λ3

{

BMB − det M
}

→ λ

{

HQ3tR + HHS + ψq2tR + ψψS + χχS + χq1tR −
λ

Λ
detM

}

, (2.5)

where in the second line we rescaled the baryons and mesons to canonically normalized

super-fields. It will not be very important for our purposes, but we note for completeness

– 4 –



• Upon condensation the following superpotential is 
dynamically generated:

• So among some other terms we generate both the 
yukawa for the top and a quartic coupling for the 
Higgs.

• We are left to calculate the value of the 
condensation scale.

W =
1

Λ3
(BMB − detM)

→ λ(HQ3tR + HHS + . . .)



• For                       we manage to reproduce 
the observed top mass. 
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Figure 1: The RGE evolution from λ = 1000 TeV to v of the strong coupling g3 (solid curve),
top Yukawa interaction yt (dashed curve), SHH interaction λH (dotted curve), and Sψψ and Sχχ
interactions λψ and λχ (dot-dashed curve).

2.2 Electroweak Symmetry Breaking

We include a Yukawa coupling in the fundamental theory,

WS = −ySεαβγPα
3 P β

3 P γ
3

→ −
(yS

4π
Λ2

)

S , (2.12)

(where α, β, and γ are SU(3)c indices, and the SU(3)s indices are similarly contracted

anti-symmetrically but not shown for clarity) which becomes a tadpole for S below Λ.

Combined with Wdyn, this results in Higgs super-potential,

WH = λHS
(

HH − v2
0

)

+ λψSψψ + λχSχχ (2.13)

where v2
0 has NDA estimate (at scale Λ),

v2
0 ∼

yS

λ (4π)
Λ2 ∼

yS

(4π)2
Λ2 (2.14)

– 6 –

Λ = 1000 TeV



• EWSB is not radiative but tree-level adding the 
following superpotential coupling:

• This will add up to the following Higgs potential:

• Where 

Ws = −ysεαβγPα
3 P

β
3

P
γ
3

→ −

( ys

4π
Λ

2

)

S

V = λHS(HH − v
2

0)

v
2

0 =
ys

16π2
Λ

2



• The rest of yukawa couplings for the fundamental 
fermions are generated through superpotential 
couplings between preons, they are naturally smaller 
than the yukawa coupling of the top.

• Phenomenology of the model include an extra stable 
particle apart from the LSP, and a long lived one.

• The Higg mass is naturally greater than the LEP 
bound.

• Unification can be accomodated but not in a GUT.



• Here we have the cross-section for 
production of the charged quasi-stable 
particle for the TEVATRON
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• Here we have the cross-section for 
production of the charged quasi-stable 
particle for LHC
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• The breaking of EW symmetry remains as the only 
ingredient left to be discover within the SM.

• Although the real mechanism of generation of that 
breaking is part of the realm of physics BSM.

• There has been during the last decades different 
possibilities to explain the origin of that breaking.

• Among them perhaps SUSY has been the most 
studied, but nowadays the MSSM is not in the healthy 
shape it was before LEP-II.

Conclusions



• In this sort of review talk I have tried to go through 
the different possibilities in the market.

• NONE of them is complete, and moreover if we 
allowed for 10% fine-tunning MANY of them are 
allowed.

• I have also showed how the fine-tunning of SUSY 
theories related to the Higgs mass can be reduced in 
theories with enhanced gauge symmetries.

• Even maybe the Higgs can be both composite and 
supersymmetric getting benefits from both worlds.


