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It all starts with an hydrogen bottle
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Colliding protons

Some numbers at the LHC:

Number of bunches / beam = 2808

Number of protons / bunch = 1011

Energybeams = 3,9x1015 TeV ~ 0,6 GJ 

0,6 GJ is the kinetic energy of a 

TGV running at 200 km/h !

...or of my car 

at 3000 km/h !

E=mc2
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Proton-proton interactions

In our data, protons had a maximum energy of 3.5(4) TeV each:

2 x 3.5(4) TeV = 7(8) TeV

The quarks and gluons, constituents of the proton, that collide only

have a fraction of this energy. New particles created in the

collision always have a mass smaller than this fraction of energy.
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Tau

What particles can we detect?

Direct 

detection

Very weak interaction. 

Very difficult to detect!

Indirect detection 

through jets of particles 

or composite particles

Indirect

detection

Decays in other particles

+ the photon!

Indirect detection 

through jets of particles 

or composite particles

How do we detect them?
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ATLAS – Episode II – 1st 3 mins.



We’re looking for the Z boson, a  particle 

without electric charge that decays 

quickly in a muon-antimuon pair

or in an electron-positron pair*.

*The Z boson has other decays… but we are not interested in those.

What do we know of the total

electric charge of the pairs? 

What is the electric charge of the Z?

Production and decay of particles
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Production and decay of particles

The long sought Higgs boson (H) was 

discovered in the ATLAS and CMS 

experiments at the LHC/CERN in 2012.

We can have Higgs boson 

candidate events in the decays:

• H => ZZ* => 4 leptons(*)

• H => γγ (2 photons)

(*)𝑒+𝑒−𝑒+𝑒−, 𝒆+𝒆−𝝁+𝝁−, 𝜇+𝜇−𝜇+𝜇−
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Background events

Often, quarks are scattered 

in collisions.

These quarks originate jets 

of particles.

Low energy electrons and 

muons can be produced in 

the jets.

They are NOT what we are 
looking for!
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Particle decays

A “di-muon” or “di-

electron” may be the 

decay of the particle in 

which we are interested.

It may be difficult to tag 

the tracks we want, if we 

don’t eliminate the tracks 

due to particles with low 
transverse momentum.
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Invariant mass – our discovery tool!

If we select only tracks with 

transverse momentum higher 

than 10 GeV, we get a 

picture more clean.

Today we shall select several 

candidate events

𝑍 → 𝑒+𝑒− and 𝑍 → 𝜇+𝜇−

and use the information from 

the [invariant] mass, m[.c2]

to know if we discovered the 
Z boson or other particles.

θ12

 mc
2 2E1E2(1- cosq12 )

𝐸 = 𝑚𝑐2

𝑚 = 𝐸1 + 𝐸2
2 − 𝑐2 Ԧ𝑝1 + Ԧ𝑝2

2/𝑐2

𝐸 = 𝐸1 + 𝐸2 𝑝 = | Ԧ𝑝| = Ԧ𝑝1 + Ԧ𝑝2

⟹ 𝐸2 = 𝑚2𝑐4 + 𝑐2𝑝2
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Mass spectrum: 

number of events as 

a function of mass

Di-muons mass spectrum
▪ Events with a muon-antimuon

▪ Search for X particles that  

decay into two muons;

...and build a distribution of:

Example:

𝑚 𝑋 =
2𝐸1𝐸2 1 − cos 𝜃12

𝑐2
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Higgs to 2 photons

H ➔gg
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H→γγ results: 

Sum of distributions from event classes, weighted by Signal/Noise ratio

In the γγ invariant mass 

distribution, an excess of 

events over background, for 

masses ~ 125 GeV/c2, is seen.

The observation of the final 

state in two photons implies 

that the new particle is a 

boson, not a fermion, and that 

cannot be a “spin 1” particle.

There is no other 

fundamental particle with 

such characteristics!

The invariant mass distribution of a photon pair, m(γγ)
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ATLAS: Distribution of the di-photon mass, m(γγ )
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H decaying into ZZ*
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Masss distribution for the

4 leptons
(two electron-positron pairs, or

two muon pairs,or an 

electron-positron pair and a

muon-antimuon pair). 

4 leptons mass distribution, m(4l)
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HYPATIA – ATLAS Events Visualizer

=> cuts: Pt > 10.0 GeV
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HYPATIA:   Z => e+ e– (electrons)
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HYPATIA:   Z => μ+ μ– (muons)
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HYPATIA:   Z => μ+ μ– (muons)
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HYPATIA:   H => γ γ [γ γ] (photons)

22/28



HYPATIA:   Z => jets (background)
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HYPATIA:   Save the data!!!

UPLOAD para:    http://cernmasterclass.uio.no/OPloT/

Use the name:

Invariant_masses.txt
and choose Desktop

as destination folder
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Look to the plots!

Well defined peak?

Tails: low frequencies 

Where are the peaks?

What particles do we identify?

Any peak in m(4l) distribution?

Any peak in m(γγ) distribution?
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Look to the plots!

Two peaks?: 
➢ Poor signal definition or

➢ Two different signals?

In Particle Physics, we could get:

➢ Two different particles 

or

➢ Large background 

contribution with a little heap 

associated to the searched 

particle.
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Let’s go to work on the Z!

!
Teams of two.

Practice a little (for example, do a 1st pass over all 

data).

Talk to the scientists.

Find good Z candidate events.

What events will you include in your M(X) plot?

What particles will you choose to make the Z mass?

Have you found any Higgs candidate event?

…and Make the Distribution!

Report! Laugh! Relax! Enjoy!
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Thank you for your

PATIENCE!
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