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Hunting 
the Composite Higgs 
at the LHC
A look to the Higgs searches without prejudice

Roberto Contino

Sapienza University of Rome

[ based on work in progress with A. Azatov and J. Galloway ]



Determining the Higgs properties and 
understanding its role in the EWSB 
mechanism without theoretical prejudice

Goal:



The theoretical framework: 
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Controls the hWW, hZZ couplings
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most general Lagrangian for a light Higgs 
[ assuming custodial symmetry ]
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O1 = Tr
�
(DµΣ)†(DµΣ)

�
(∂νF1(h))2

O2 = Tr
�
(DµΣ)†(DνΣ)

�
∂µ∂ν

F2(h)

OGG = GµνG
µν

FGG(h)

OBB = BµνB
µν

FBB(h)

OW = DµW
a
µν Tr

�
Σ†σa

i
←→
D νΣ

�
FW (h)

OB = −∂µBµν Tr
�
Σ†

i
←→
D νΣ σ3

�
FB(h)

OWH = iW
a

µν Tr
�
(DµΣ)†σa

D
νΣ

�
FWH(h)

OBH = −i Bµν Tr
�
(DµΣ)†(DνΣ)σ3

�
FBH(h)

OW∂H =
1
2

W
a

µν Tr
�
Σ†σa

i
←→
D

νΣ
�
∂ν

FW∂H(h)

OB∂H = −1
2

Bµν Tr
�
Σ†

i
←→
D

νΣσ3
�
∂ν

FW∂B(h)

∆L(4) =
�

i

Oi Fi(h) = α(0)
i + α(1)

i h + α(2)
i h2 + . . .

Modify gg production and !! decay

Contribute to the S parameter
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Notice:  LEP precision tests only constrain a
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SM case: 

all other couplings = 0

a = b = c = d3 = d4 = 1

Composite Higgs examples: ξ =
�
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SM limit
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fermiophobic limit
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Lyuk = λtf sin[2(θ + h(x)/f)] t̄LtR + h.c.

for this talk: a , c we set all other couplings = 0

Minimal Conformal TC
[ Galloway, Evans, Luty, Tacchi, JHEP 1010 (2010) 086 ]

[ Agashe, R.C., Pomarol, NPB 719 (2005) 165 ]

[ R.C., DaRold, Pomarol, PRD 75 (2007) 055014 ]



What do current SM searches do ?

combined limits on
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Figure 14: Values of µ̂ = σ/σSM for the combination (solid vertical line) and contributing

channels (points) for four hypothesized Higgs boson masses as indicated on the plot legends.

The blue hatched band corresponds to the ±1σ errors on the overall µ̂ value. The red horizontal

bars indicate the ±1σ errors on the µ̂ values for individual channels.
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What would a theorist need ?  (to perform his own analysis) 

[1] The likelihood                     for each channel

[2] The cut efficiencies       for each channel     and Higgs production mode
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[1] + [2]   allow one to derive the 2D likelihhod: pi(µi(a, c)|data)

neither [1] nor [2] are currently provided by ATLAS and CMS !!



Our technique to reconstruct the likelihood from the 95%CL limits

• in general                          depends on 3 unkowns (         ,      ,         ) nbnSM
s

• BUT:   in the asymptotic (Gaussian) limit                     only 2 combination appear:
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[2] Observed   95%CL exclusion limits
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[2] Observed   95%CL exclusion limits
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Including systematic errors

Systematic errors are modeled by ATLAS and CMS as nuisance parameters with Log-Normal pdfs:
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Combination using our technique (Gaussian approx.) vs official one (CMS)

Notes for Composite Higgs
Working Group

Notes on our Combination Method
We have a fairly accurate method for extracting likelihoods that can be illustrated in a couple of ways.  We have the straight
comparison of observed exclusions to the collaboration’s (CMS) result (I wouldn’t show the plot with all channels as it is
very cluttered):
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We can also show the ratio, comparing also to a combination in inverse quadrature and what we gain with the new method
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Exlusions for MCHM4 and MCHM5
I suggest here we use the signal strength modifier (i.e. 1-D integral) method.  I’ve stuck also with the combined WW since
these plots will be very easy to compare to collaboration results: we’d like this comparison to be straightforward, and the
points about increasing sensitivity for the fermiophobic case by treating WW channels separately can be made later.

With this, we have the following plots to consider presenting
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though not much off
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Testing our technique (Gaussian approx.) :  the WW channel (CMS)
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• CMS WW search:    5 event categories (0jets OF/SF, 1jet OF/SF, 2jets)  

two kind of analyses:  BDT and Cut-Based

• Numbers of events (sig, back, obs) are provided for each category for the 
cut-based analysis:  likelihood can be constructed !

Excluded by 
CMS @ 95%CL

Gaussian app.

Exact combo

Observed 95%CL exclusion - mH=120GeV

Gaussian approximation works well

• Efficiencies are not given: we assume gg-fusion 
dominates in 0jet, 1jet categories, and VBF 
dominates in 2jet 

Inclusive analysis

An inclusive analysis (1 category) + 
assuming constant efficiencies gives a 

much less strong exclusion in the 
fermiophobic limit



Results :  models with a universal rescaling (MCHM4, MCTC)
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Exlusions for MCHM4 and MCHM5
I suggest here we use the signal strength modifier (i.e. 1-D integral) method.  I’ve stuck also with the combined WW since
these plots will be very easy to compare to collaboration results: we’d like this comparison to be straightforward, and the
points about increasing sensitivity for the fermiophobic case by treating WW channels separately can be made later.

With this, we have the following plots to consider presenting

CMS Combined:
Official
Bayesian
Quadrature

LHCLEP

Favored by EWPT

100 200 300 400 500
0.0

0.2

0.4

0.6

0.8

1.0

mh

Ξ

Universal Rescaling: 95� CL Exclusions

2   CH_Notes.nb

Gaussian

Observed 95%CL limit - all channels combined

• Official CMS combination can be used:

• Heavy Higgs is excluded unless gHiggs � 0.5 gSM
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Results :  MCHM5  (model with a non-universal rescaling)
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MCHM5: 95� CL Exclusions

Exclusions in a � c Plane
Here we use the 2D integral,  i.e.  construct likelihoods in the plane and then plot contours bounding 95% and 99% CL
regions, for instance.  

� Treating WW Channels Separately

Here we also consider all the WW channels separately; this can be done one of two ways.  First we can take the five cate-
gories and extract (approximate) likelihoods as we describe in the first section.  Second we can limit our scope to the seven
mass points for which we are actually provided the number of background, signal, and observed events.  To get an idea of
the difference between these two methods, we can look only at the WW contribution for some representative mass points,
extracting the data either directly, or indirectly using our extrapolation method.  The following plots show the resulting
differences.
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• heavier Higgs still allowed if (moderately) fermiophobic (                          )

Fermiophobic region

|ghtt/gSM
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Results :  a model-independent analysis
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The 125 GeV excess:   a theorist’s look at the dataDiscussion of mh � 125 GeV
To discuss the bump at 125 again we separate the WW channels and consider the result from using our extrapolation versus
interpolating between the direct event numbers provded for 120 and 130.  At 68%, 95%, and 99% CL, the exclusions for
these two methods are shown below; our extrapolation trick first, interpolation of likelihoods second.
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Figure 14: Values of µ̂ = σ/σSM for the combination (solid vertical line) and contributing

channels (points) for four hypothesized Higgs boson masses as indicated on the plot legends.

The blue hatched band corresponds to the ±1σ errors on the overall µ̂ value. The red horizontal

bars indicate the ±1σ errors on the µ̂ values for individual channels.

CMS data - all channels combined

the SM solution gives a good fit

a second solution                             is 

singled out (with higher probability) where:

(a, c) ∼ (0.7,−1)

R(γγ) ∼ 1.5 R(WW ) = R(ZZ) ∼ 0.5

R(i) ≡ σ ×BR(i)
[σ ×BR(i)]SM

mH = 125 GeV
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The 125 GeV excess:   a theorist’s look at the data
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The 125 GeV excess:   a theorist’s look at the data
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The 125 GeV excess:   a theorist’s look at the data
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degenerate region with an inclusive !! analysis

degeneracy can be lifted by an exclusive 
!! analysis (up to twofold ambiguity)

[ Azatov, R.C., DelRe, Galloway, Grassi, Rahatlou,  
work in progress ]
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The 125 GeV excess:   a theorist’s look at the data
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best fit for                            where:
mH = 125 GeV

(a, c) ∼ (1.5, 0.4)

R(γγ) ∼ 2 R(WW ) = R(ZZ) ∼ 1.4
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Figure 8: The best-fit signal strength µ = σ/σSM as a function of the Higgs boson mass hypothesis for

the H → γγ (a), the H → ZZ(∗) → !+!−!+!− (b) and H → WW (∗) → !+ν!−ν (c) individual channels.

The µ value indicates by what factor the SM Higgs boson cross-section would have to be scaled to best

match the observed data. The light-blue band shows the approximate ±1σ range.
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more inclusive WW analysis of 

ATLAS less powerful than the 

one of CMS for small c



The 125 GeV excess:   a theorist’s look at the data
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Conclusions
A model-independent analysis of the Higgs searches is possible and should be 
carried through by the experimentalists

Exclusive searches vs inclusive ones give a better sensitivity (ex: WW, !!)

Experimental collaborations should provide Likelihoods and efficiencies

We have described an approximate method valid in the asymptotic (Gaussian) limit 
to extract the Likelihoods from published limits 

Best fit of CMS data for:  (a~0.6, c~-1) with R[!!]~1.5, R[WW,ZZ]~0.5

More data will tell !

Best fit of ATLAS data for:  (a~1.5, c~0.4) with R[!!]~2, R[WW,ZZ]~ 1.4
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