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The Higgs boson plays a 
fundamental role explaining the 

masses of all the particles.

H 
Higgs 
boson



The Higgs sector is special  
The Higgs boson is a fundamental(*) scalar particle and  

its theory is unlike anything else we have seen in Nature

A Yukawa interaction  
unlike anything we have probed 
before. It provides naturally mass 
terms to the fermion.A gauge interaction  

much like what we have seen before. 
It generates the masses of the vector 
bosons (W, Z0 bosons). 

(*) maybe composite?

Α potential V(!)~-μ2(!!†)+λ(!!†)2  
the keystone of the Higgs  
mechanism and SM, never probed



The experimental apparatus 
LHC   
the world’s largest and most powerful particle accelerator 

CMS detector 

Performance  
Pixel tracker 10 μm in (r,φ) plane / 20 μm in z direction 
Electromagnetic  resolution down to 0.3% 

14000-tonne weight 
21 metres long, 15 metres wide and 15 metres high 
4 Tesla field (~100,000 times the magnetic field of the Earth) 



sufficient to produce the Higgs in bulk, and it gives the new particle 
a rich variety of decay modes that will make it easier for physicists to 
study its interactions with other standard-model particles.

One priority, for example, is to check the standard model’s prediction 
for how the Higgs interacts with standard-model fermions: entities 
such as electrons, muons and quarks that have an intrinsic angular 
momentum, or ‘spin’, of ½ in quantum units. The probability of an 
interaction with each particle is supposed to be proportional to its mass 
— not least because, in the standard model, interaction with the Higgs 
is what creates the mass.

Another priority is to verify that the new particle’s own intrinsic spin 
has the standard-model value of 0. The LHC physicists can already say 
that the new particle is a boson — meaning that its spin in quantum 

units is 0, 1, 2 or some other integer — and that the integer cannot be 1; 
both conclusions follow from the particle’s observed decay into pairs of 
photons, which are spin-1 bosons. Physicists do not have crazy theories 
involving bosons with a spin greater than 2, says CERN physicist Albert 
de Roeck, a scientific coordinator for the team working on the Compact 
Muon Solenoid detector at the LHC, so their task now is to determine 
whether it is a spin-2 or a spin-0 ‘scalar’ boson as predicted. 

The LHC will settle the spin question, says CERN’s director-general 
Rolf Heuer, but it is less clear how far the LHC can go in testing the new 
boson’s couplings to other particles — in particular the ‘self-interaction’ 
by which the Higgs gives itself mass. At present, all the LHC physicists 
can say is that the new boson’s interactions with other particles are  
consistent with the standard-model predictions within the present 
measurement uncertainties of 30–40%. According to de Roeck, the  
collider should get those uncertainties down to 20% by the end of 
this year, and conceivably down to “a few per cent” over the next  
10–15 years. 

But that, for many physicists, is precisely why they need a next- 
generation machine. A truly stringent test of the standard model, which 
would reveal tiny deviations that could point the way towards bet-

ter models, demands that researchers measure 
the Higgs’s interaction with other particles 
to within 1% uncertainty, possibly as little as 
0.1% should the precision of theoretical pre-
dictions also improve in the next few years. 
And that is a level the LHC is unlikely to reach. 
The machine is like a sledgehammer: it crashes 
together beams containing hundreds of billions 
of protons at energies that will eventually reach 

7 trillion electron volts (TeV) per beam. This is good for discovering 
new massive particles, but less so for making precision measurements, 
because protons are chaotic seas of quarks and gluons that make the 
collisions messy. 

Instead, every proposal for a next-generation machine calls for some 
form of lepton collider (see ‘After the Higgs’). Leptons, a group of light 
particles that includes electrons, muons and neutrinos, sidestep the 

THE NEW PARTICLE LANDSCAPE

“WE KNOW THAT THERE MUST BE  NEW 
PHYSICS BEYOND THE STANDARD MODEL.”
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Pre-LHC : we made discovery potential studies 

After the LHC start : we performed the first Higgs boson searches

We were key players of the Higgs boson discovery

Nowadays : we study the complete Higgs Boson profile

Future colliders

       within the Higgs boson landscape 



Key example : H➞ZZ➞4l channel “           a world leader”

Clean signature:  
narrow resonance of four 
primary and isolated leptons. 

From the discovery towards the 
complete study of the strength and 
tensor structure of the Higgs-boson

Nobel Prize in Physics (2013)
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Clean signature:  
narrow resonance of four 
primary and isolated leptons. 

4l invariant mass

“           a world leader”

Towards the precision physics era

discovery (2012) nowadays

36 7 H ! WW

The distributions of the reconstructed Z1 and Z2 dilepton invariant masses for the events in the
signal region are shown in the left and right plots of Fig. 19, respectively. The Z1 distribution
has a tail towards low invariant mass, indicative that also the highest mass Z is often off-shell.
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Figure 18: Distribution of the observed four-lepton invariant mass from the combined 7 and
8 TeV data for the H ! ZZ ! 4` analysis (points). The prediction for the expected Z+X and
ZZ(Zg⇤) background are shown by the dark and light histogram, respectively. The open his-
togram gives the expected distribution for a Higgs boson of mass 125 GeV.

The two-dimensional distribution of the kinematic discriminant KD versus the four-lepton re-
constructed mass m4` is shown in Fig. 20 for the individual selected events. Superimposed on
this figure are the contours of the expected event density for the background (upper) and a SM
Higgs boson at mH = 125 GeV (lower). A clustering of events is observed in the region around
m4` = 125 GeV with KD � 0.7. The background expectation is low in this region and the sig-
nal expectation is high, corresponding to the excess of events above background seen in the
one-dimensional m4` distribution.

The observed distribution of the KD discriminant values for invariant masses in the signal
range 121.5 < m4` < 130.5 GeV is shown in Fig. 21 (left). The m4` distribution of events sat-
isfying KD > 0.5 is shown in Fig. 21 (right). The clustering of events is clearly visible near
m4`⇡125 GeV.

7 H ! WW
The decay mode H ! WW is highly sensitive to a SM Higgs boson with a mass around the
WW threshold of 160 GeV. With the lepton identification and E

miss
T reconstruction optimized

for LHC pileup conditions, it is possible to extend the sensitivity down to 120 GeV. The search

Key example : H➞ZZ➞4l channel 

Nobel Prize in Physics (2013)



Groupe CMS au LLR
Expérience CMS:
Prix EPS HEP 2013, Mention pour l’attribution du Prix Nobel 2013



Intermezzo : awards
Our collective work contributed to 2013 Nobel Prize.  
We were awarded of the High Energy and Particle Physics Prize 2013. 
In the group there are a CNRS silver medalist and French Academy of Sciences Prize winner.  
Last but not least, our students are regularly awarded !   

• 2001 I. Puljak “CMS discovery potential for the Higgs boson in the H to ZZ* to 4e decay channel. Contribution to 
the construction of the CMS electromagnetic calorimeter”  ! CMS Thesis award(*)  

• 2005 C. Rovelli “The CMS electromagnetic calorimeter and the search for the Higgs boson in the decay channel 
H to WW(*) to 2e2v”  ! CMS Thesis award(*) 

• 2013 L. Bianchini “Search for the Standard Model Higgs boson decaying to tau leptons with the CMS 
experiment at LHC” ! CMS Thesis award(*) 

• 2015 L. Mastrolorenzo “Search for the Higgs boson decaying into τ lepton pairs with the Matrix Element 
Method and τ trigger optimization in the CMS experiment at the LHC ” ! École Polytechnique Thesis award  

• 2017 T. Strebler  “Probing the Higgs coupling to the top quark at the LHC in the CMS experiment ”   
! École Doctorale Thesis award  

• 2017 L. Cadamuro  “Search for Higgs boson pair production in the bbττ decay channel with the CMS detector 
at the LHC” ! CMS Thesis award(*)

 (*) O(100) completed PhD Theses/year inside the CMS collaboration



Towards Higgs boson self-coupling “           a world leader”
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hhh

Essential in EWSB, need to measure the 
Higgs boson trilinear coupling ("HHH) via  
double Higgs boson production 

Production cross section  
<1/1000 signal Higgs boson production   

The shape of the potential is linked to 
many open questions of particle physics 
and cosmology 
Its modification makes the EW vacuum 
metastable 
Its stability at high energy has an impact on  
the role of the Higgs as an inflation in the 
primordial Universe



Upgrade of LHC : 

High Luminosity LHC
➝10 higher collision rate



x`x

Endcap calorimeters

The upgrade of CMS detector for HL-LHC
 and               involved in one of the most challenging projects for HL-LHC 



Future colliders 
ee collider : towards high precision 

Strong synergy at                from concept to prototypes towards physics  

pp collider: towards high energy  

FCC-hh 
16 T magnets for 100 TeV collisions 
100-Km tunnel

FCC-ee 
same tunnel as FCC-hh 
√s = 180 - 380 GeV, L = 150 - 1.5 ab-1 

Linear collider 
super-conductive RF cavities  
staged, √s = 250 GeV - 1 TeV, L ~ 1-3 ab-1  


