
O que aprendemos em uma década
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“We propose to build a general purpose detector

designed to run at the highest luminosity at the

LHC. The CMS (Compact Muon Solenoid)

detector has been optimized for the search of the

SM Higgs boson over a mass range from 90 GeV

to 1 TeV, but it also allows detection of a wide

range of possible signatures from alternative

electro-weak symmetry breaking mechanisms.”

Abstract of the CMS Letter of Intent, submitted to the

LHC Experiments Committee (LHCC) on 1 October 1992



O Modelo Padrão



Avanços significativos na ciência são marcados
pela confirmação de conjecturas ousadas ou
pela falsificação de conjecturas conservadoras

A. Chalmers

Busca por Nova Física



Um ano antes… (da descoberta)

G.TONELLI CERN/INFN/UNIPI                                                 Bruxelles                                                       September 11  2011            1 

CMS Physics Week in Bruxelles 





7



8



9



4 de Julho de 2012
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Do paper da descoberta:
Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
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Why measure Higgs properties ?
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“ this theory is sometimes 
dignified with the title `the 
minimal standard model´, but 
its is not really a model at all ” 

Murayama and Peskin
(hep-ex/9606003)



Mass Measurement 
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M =	125.26	± 0.21	(



Qual o spin da partícula observada?
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30 5 Study of exotic spin-one and spin-two scenarios
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Figure 5: (left) Distributions of the test statistic q = �2 ln(LJP /L0+) for the JP = 1+ hypothesis
of qq ! X(1+) ! ZZ tested against the SM Higgs boson hypothesis (0+). The expectation for
the SM Higgs boson is represented by the yellow histogram on the right and the alternative
JP hypothesis by the blue histogram on the left. The red arrow indicates the observed q value.
(right) Observed value of �2D lnL as a function of f (JP) and the expectation in the SM for the
qq ! X(1+) ! ZZ alternative JP model.

Table 7: List of spin-one models tested in the X ! ZZ analysis. The expected separation is
quoted for two scenarios, for the signal production cross section obtained from the fit to data
for each hypothesis and using the SM expectation (µ = 1). The observed separation shows
the consistency of the observation with the SM Higgs boson model or the alternative JP model,
from which the CLs value is derived. The f (JP) constraints are quoted, where the decay-only
measurements are valid for any production (Prod.) mechanism and are performed using the
efficiency of the qq ! X ! ZZ selection.

fb2(JP) JP Expected f (JP) 95% CL f (JP)
Model Prod. (µ=1) Obs. 0+ Obs. JP CLs Obs. (Exp.) Best Fit
0.0(1�) qq 2.9s (2.8s) �1.4s +5.0s <0.001% <0.46 (0.78) 0.00+0.16

�0.00
0.2 qq 2.6s (2.6s) �1.4s +4.6s 0.002% <0.49 (0.81) 0.00+0.17

�0.00
0.4 qq 2.5s (2.4s) �1.3s +4.4s 0.005% <0.51 (0.83) 0.00+0.19

�0.00
0.6 qq 2.4s (2.4s) �1.2s +4.1s 0.015% <0.53 (0.83) 0.00+0.20

�0.00
0.8 qq 2.4s (2.4s) �1.0s +4.0s 0.021% <0.55 (0.83) 0.00+0.21

�0.00
1.0(1+) qq 2.4s (2.4s) �0.8s +3.8s 0.031% <0.57 (0.81) 0.00+0.22

�0.00
0.0(1�) any 2.9s (2.7s) �2.0s >5.0s <0.001% <0.37 (0.79) 0.00+0.12

�0.00
0.2 any 2.7s (2.5s) �2.2s >5.0s <0.001% <0.38 (0.82) 0.00+0.12

�0.00
0.4 any 2.5s (2.4s) �2.3s >5.0s <0.001% <0.39 (0.84) 0.00+0.13

�0.00
0.6 any 2.5s (2.3s) �2.4s >5.0s <0.001% <0.39 (0.86) 0.00+0.13

�0.00
0.8 any 2.4s (2.3s) �2.3s >5.0s <0.001% <0.40 (0.86) 0.00+0.13

�0.00
1.0(1+) any 2.5s (2.3s) �2.3s >5.0s <0.001% <0.41 (0.85) 0.00+0.13

�0.00



Acoplamentos do Boson de Higgs
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Acoplamentos do Boson de Higgs
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Combined Measurements of the Higgs Boson Couplings at 
13 TeV (CMS)
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Figure 1: Examples of leading order Feynman diagrams for the (a) ggH, (b) VBF, (c) VH, and
(d) ttH production modes.
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Figure 2: Examples of leading order Feynman diagrams for the gg ! ZH production mode.

4 1 Introduction
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Figure 3: Examples of leading order Feynman diagrams for tH production via the (a,b) tHW
and (c) tHq modes.
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Figure 4: Examples of leading order Feynman diagrams for Higgs boson decay in the (a) H !
bb, H ! tt and H ! µµ, (b) H ! ZZ and H ! WW, and (c,d) H ! gg channels.

CMS–PAS-HIG-17-031



Parametrização do Sinal

Para um sinal experimental i -> H -> f, podemos extrair:

De um fit global de todas as analyses, com um parâmetro apenas, 
podemos extrair um fit global:

7/4/22
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16 6 Signal strength and cross section fits

luminosity measurement and in the modeling of additional collisions in the event (pileup) are
correlated between all of the input channels. Certain channels, namely the H ! tt, VH(bb),
and ttH(bb) channels are able to further constrain the jet energy scale uncertainties determined
in auxiliary measurements. The jet energy scale uncertainties are correlated among these chan-
nels but uncorrelated with the other channels. The jet energy scale uncertainties are assumed
to be correlated between the channels which are not able to constrain these uncertainties. The
uncertainties in the b tagging efficiency are correlated between the ttH channels, but are uncor-
related from the VH(bb) channel which is sensitive to different kinematic regions. A separate
set of nuisances parameters to describe the uncertainty in the b tagging efficiency is used in the
H ! WW, H ! gg, and H ! ZZ channels. Finally, the uncertainties in the lepton efficiency
and misidentification rate in the ttH-th and ttH-e/µ event classes are correlated, since the same
reconstruction and identification algorithms were used. In other channels, different algorithms
were used and therefore the uncertainties are assumed to be uncorrelated.

The free parameters describing the shapes and normalizations of the data-driven background
models, and discrete nuisances which allow for switching the background parametrization
choice in each of the H ! gg analysis categories are fully determined by the data without any
additional constraints, and are therefore assigned to the statistical uncertainty of a measure-
ment. The remaining uncertainties are assigned to the systematic uncertainty.

6 Signal strength and cross section fits

The signal strength modifier µ, defined as the ratio between the measured Higgs boson yield
and its SM expectation, has been extensively used to characterise the Higgs boson yields. How-
ever, the specific meaning of µ varies depending on the analysis. For a specific production and
decay channel i ! H ! f , the signal strengths for the production, µi, and for the decay, µ f , are
defined as,

µi =
si

(si)SM
and µ f =

BR f

(BR f )SM.
(2)

Here si (i = ggH, VBF, WH, ZH, ttH) and BR f ( f = ZZ, WW, gg, tt, bb) are, respectively,
the production cross section for i ! H and the decay branching ratio for H ! f . The sub-
script ”SM” refers to their respective SM predictions, so by definition, the SM corresponds to
µi = µ f = 1. Since si and BR f cannot be separately measured without additional assumptions,
only the product of µi and µ f can be extracted experimentally, leading to a signal strength µ

f
i

for the combined production and decay,

µ
f
i =

si · BR f

(si)SM · (BR f )SM
= µi ⇥ µ f (3)

In this section, results are presented for several signal strength parametrizations, starting with
a single global signal strength µ, which is the most restrictive in terms of the number of as-
sumptions assumed. Further parametrizations are defined by relaxing the constraint that all
production and decay rates scale with a common signal strength modifier.

The combined measurement of the common signal strength modifier is,

µ = 1.17+0.10
�0.10

= 1.17+0.06
�0.06 (stat.) +0.06

�0.05 (sig. th.) +0.06
�0.06 (other sys.),

(4)

CMS!=1.002 ±0.057



Produção e Decaimento: Diferentes modos

19



Acoplamentos do Higgs
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Acoplamentos
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Seção de Choque
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O que aprendemos?
Estudamos a produção e decaimento em vários canais
q Conhecemos a massa com precisão
q Conhecemos a largura de decaimento
q Sabemos o acoplamento com bosons de gauge e a maioria dos fermions
q Conhecemos o spin

Ao que tudo indica: é o boson de Higgs do modelo padrão
q Surpresa? (Como pode estar certo o modelo mínimo?)
q Decepção? (Queremos uma revolução?)
q Possíveis pistas para o futuro?
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