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Outline

• Motivation

• General setup: Minimal Composite Higgs: 
Higgs as a PGB of extended gauge 
symmetry with SO(5)/SO(4) breaking
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Motivation

♦The discovery of the Higgs boson at the LHC is a great 
victory for the SM.

♦However, the fact that the Higgs mass is subject to 
additive renormalization implies that the EW scale is 
unnatural.

♦The solution of this UV sensitivity problem requires 
new dynamics characterized by energy scale close to the 
weak scale.
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Motivation

(via Altarelli’s talk on Monday)
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Motivation

• Just as pion (PGB) is the lightest states in 
QCD, Higgs is a PGB of a new strong sector  
=> Higgs is lighter than other resonances               

• minimal model: SO(5)/SO(4) with 4 GBs => 
Higgs doublet

Composite Higgs
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Motivation

• Higgs potential radiatively generated by 
resonances loops (top is the largest 
contribution)

• Top contribution to the Higgs potential:
Contino et. al, 

Pomarol, Riva 12

5 of SO(5) =4 + 1

with EM charge 5/3,2/3,-1/3,...
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Motivation

• Higgs potential radiatively generated by 
resonances loops (top is the largest 
contribution)

• Top contribution to the Higgs potential:

=> light top partners (< 1 TeV)  are required to 
obtain 125 GeV Higgs mass

Contino et. al, 
Pomarol, Riva 12

5 of SO(5) =4 + 1

with EM charge 5/3,2/3,-1/3,...
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Motivation

But, top partner searches pushes the limit of t partner 
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Motivation (light gen. compositeness)

♦It was demonstrate that in SUSY, the top squark flavor 
eigenstate can consist of an admixture of would be stop-
like and scharm-like mass eigenstate. 

=> the bounds from direct bounds are somewhat 
relaxed as direct scharm searches are currently limited 
in reach

Blanke, Giudice, Paradisi, Perez, Zupan 13

♦Another motivation: MFV
Redi, Weiler 11

(RH-compositeness with vector 
resonance) Redi, Sanz, de Vries, Weiler 13 

♦or 5D flavor trivial model (alignment for right-handed 
up type quark compositeness) Delaunay, Gedalia, SL, Perez,Pondon 10

Mahbubani, Papucci, Perez, Ruderman, Weiler 12
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General Set-up

♦As a setup we choose the minimal composite Higgs model based on 
SO(5)/SO(4). We use the CCWZ construction. Coleman, Wess, Zumino 69,   

Callan, Coleman 69 

the strong sector resonances are classified in terms of irreducible representations of the unbroken global SO(4)

Note: possible vector resonances are “integrated out” and do not appear directly in the effective description 
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General Set-up

♦

♦

5 = 4 + 1
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Partial Composite quarks

♦

♦
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Partial Composite quarks

♦

♦

yL<<1, the Lagrangian for the composite 
states and

the right-handed up quark becomes invariant 
under the custodial symmetry SO(3)c

=> uR, higgs, U, and one comb. of 4-plet are 
singlet,

while GB, and three comb. of 4-plet are triplet 
under SO(3)c

~
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Partners in Singlet

♦

♦
♦

♦
♦
♦
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Partners in 4-plet

♦

♦

♦

♦
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Partners in 4-plet
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Bounds on u partner from 7TeV LHCATLAS analysis of Zjj and Wjj final states using 4.64 fb−1 of 
integrated luminosity of the 7 TeV run [11]:In this experimental 
analysis ATLAS searches for light family partners single produced 
by looking for final states with a jet with high transverse 
momentum, a sub-leading jet in the forward direction and an 
isolated hard lepton(s) coming from the decay of the W(Z) boson. 
In the case of just one lepton in the final state a large transverse 
missing energy is also required for the final state. The search 
takes advantage of these special kinematic features together with 
the collinearity of the products of the gauge bosons by imposing 
rapidity and azimuthal cuts in between the different reconstructed 
objects in the final state. These cuts are optimized using 
multivariate analysis techniques. Finally the fitted mass is used to 
look for resonances and place limits on their existence.
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Bounds on c partner from 7TeV LHC
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Bounds on u/c partner from 8TeV LHC
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Partners in 4-plet
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General 5-plet case: 4 + 1

♦For M1 < M4, cascade decay of 4-plet into singlet can hide 
4-plet partner searches (also applicable to top partner case)
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Summary

♦Composite Higgs model (with H as PGB) provide a viable 
solution to the hierarchy problem and generically predict partner 
states to the fermion

♦The phenomenology of light generation differs from top partner 
phenomenology

♦Bound on charm partners bound is much weaker than that of up 
and top partners (charm tagging may help probing charm partners)

♦4-plet bound can be substantially weakened when considering the 
generic case where both 4-plet and singlet  partners being present 
with M4>M1 (interesting implication for top partner searches as 
well).
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