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Unlocking Secrets of the Universe at CMS CERN 

With Science and Technology  



CERN: Fundamental research is a driver of innovation, and investment in basic 
research through mega-science projects is essential to unlock that potential 

with a wide societal impact

Higgs Boson Large Hadron Collider Birth of the Web Antimatter High-Luminosity LHC

    Fundamental research thrives in international collaboration, and the 
investment in such collaborations pays societal dividends over time.



Collision Energy



OUR CURRENT UNDERSTANDING OF 
CONSTITUENTS OF MATTER
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BUT HOW DO WE KNOW THIS?
Smash things together and see what happens!
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Multiply by billions and billions…
& you get…the Universe! But that is not the end of the story…



Open questions 

Origin of mass? 
Nature of Dark Matter? 
Matter versus antimatter ? 
Primordial plasma ie matter state at BB?



Accelerator Energy

The collision energy was used  
to create something new, that  

*did* exist but does not any more!

Accelerator Energy
Courtesy D. Barney



Two beams of protons collide and generate, in a very tiny 
space, temperatures over a billion times higher than 
those prevailing at the center of the Sun. 

Produce particles that may have existed at the beginning 
of the Universe, right after the  

Big Bang



The largest 
microscope 
on the 
planet !





How?



LHC – the lord of the rings
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The Large Hadron Collider – the four experiments 
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The Higgs Hunters at the LHC

The ATLAS experiment

The CMS experiment

These experiments use different 
technologies for their detector 
components
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This Search Requires…….
1.Accelerators : powerful machines 
that accelerate particles to extremely 
high energies and bring them into 
collision with other particles 

2.Detectors : gigantic instruments 
that record the resulting particles as 
they “stream” out from the point of 
collision. 

3.Computing : to collect, store, 
distribute and analyse the vast 
amount of data produced by these 
detectors 

4.Collaborative Science on 
Worldwide scale : thousands of 
scientists, engineers, technicians and 
support staff to design, build and 
operate these complex “machines”.





Evolutions & revolutions of the elements



Evolutions & revolutions of the elements



Evolutions & revolutions of the elements



Standard Model of Particle Physics
26 [ http://cern.ch/go/dW6z ]



Standard Model of Particle Physics
27 [ http://cern.ch/go/dW6z ]



Higgs spotted in CMS
[ http://cern.ch/go/dJf7 ][ http://cern.ch/go/Sx8m ]



The Standard Model of Particle Physics
Electromagnetic force – light Weak force – star combustion Strong force – protons and neutrons



Evolutions & revolutions of the elements

Almost 50 years !



@DrAndreDavid
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@DrAndreDavid

July 4, 2012: looking up to a new boson

UMN-SPA - October 2018

[ http://cern.ch/go/q8jx ]32



For the record

□ ~5 kiloauthors. 
□ Found that there are two: 
! Archana Sharma 

(both in CMS) 
! Andrea Bocci 
! Muhammad Ahmad 
! F. M. Giorgi 

(one in CMS, one in ATLAS)
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Higgs Hunters
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What gets produced in collisions
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What gets produced in collisions
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CMS example
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What we can detect

■ Directly observable particles must:
▪ Undergo strong or EM interactions.
▪ Be sufficiently long-lived to pass the detectors.

■ We can directly observe:
▪ Electrons, muons, photons.
▪ Neutral or charged hadrons:
▪ Pions, protons, kaons, neutrons, …
▪ Many physics analyses treat jets from quark hadronization 

collectively as single objects.
▪ Use displaced secondary vertices to identify jets originating from b-

quarks.

■ We can indirectly observe long lived weakly 
interacting particles (e.g. neutrinos) through missing 
transverse energy.
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Peeling the hermetic onion

■ Inner tracking
▪ Measure charged particles disturbing them the least possible.
■ Calorimetry
▪ Measure as much as possible the energy of all particles.
■ Outer tracking
▪ Measure muons.
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Particles and their decays
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In the end it is all charged particles

■Ultimately all detectors end up detecting charged 
particles:
▪ Photons are detected via electrons produced in different ways.
▪ Neutrons are detected through transfer of energy to charged 

particles in the detector medium (shower of secondary hadrons).
■Charged particles are detected via EM interaction with 

electrons or nuclei in the detector material:
▪ Inelastic collisions with atomic electrons → energy loss.
▪ Elastic scattering from nuclei → change of direction.
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The cosmic muon that crossed all



Momentum resolution





ATLAS vs. CMS – classroom exercise

■ 7000 tonnes 
in a cylinder about 26 m long 
and 25 m in diameter.

■ Average density of 0.6 g/cm3 

or 30% less than an apple.

■ 14000 tonnes 
in a cylinder about 21.5 m long 
and 15 m in diameter.

■ Average density of 3.7 g/cm3 

just like a diamond.

■ [ http://cern.ch/go/BXt9 ] ■ [http://cern.ch/go/Rfq9 ]

■ ATLAS would float in water but CMS would sink. 
CMS is 7 times denser than ATLAS, hence the C for Compact.

■ But first you'd need to get them out of the caverns. ☺





The cosmic muon that crossed all



Finding muons: not just outside in

Inefficiency at eta cracks



Level-1: a sufficient look

■Not all information is needed to decide to if an 
event should be kept.
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Level-1 Muon trigger



Event building



physics.is.great@cern.ch

CMS 3D event builder

PTLTP - 2019 56



Trigger menus



Higgs ! 2 photons!! Higgs ! 2Z !4 leptons!! Higgs ! 2W !2l2ν!!

Summer 2012: Results



July 4th 2012
• Official announcement of the discovery of a Higgs-like 

particle with mass of 125-126 GeV by CMS and ATLAS. 
• Historic seminar at CERN with simultaneous transmission 

and live link at the large particle physics conference of 
2012 in Melbourne, Australia 

CERN

Melbourne 

Followed live around 
the world…



Tuesday 8 October 2013 Nobel Prize



Archana Sharma April 19, 2021Institut français en Inde 
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Congratulations!!!!Francois Englert Peter Higgs 

INDIA CMS



New projects at CERN on the horizon … until 2050
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A Mega Science Project 
like CERN is a vehicle Anyone can

with 
Collaboration

Particle 
physicists / 
Scientists are 
sought after in every 
domain.

The skill set is unique 
– “a new value” 
creation: 
Multidimensional 
Growth



Thank you for your attention !


