
Particles and the Universe 



What are the 
fundamental 
constituents of 
matter?

Which are the fundament 
interactions among particles?
How does the world function?



“Elementary” particles as a 

function of time… 
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Constituents of matter 
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Bound State of  3 quark  = Baryon 
Bound State quark  anti-quark = Meson



Cosmic Rays



What does it come from the sky? 



How do we measure cosmic rays?

200 particles / m2 / s 



From where?

 From our Sun

 From Galaxies

 From Supernovae



Spark Chamber



Cloud Chamber



Fermi Telecope



Map of gamma rays from Fermi 



Fermions (Matter)
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Particle Interactions  



CERN: European Organization 

for Nuclear Research 

Presso Ginevra a cavallo fra
Svizzera e Francia21 Stati membri

Le missioni del CERN: Ricerca, Tecnologia, Collaborazione, Educazione



Three Frontiers 



17

CERN Accelerators

A unique complex

Neutrinos to 
Gran Sasso
(until 2012)

NA62

Large Hadron Collider

Extracted beams:
Muon, K, Ions, p



Example of LHC Detector: CMS 

CMS

Detectors are instruments
That enable us to record the
Results of the collisions



Compact Muon Solenoid (CMS)



The challenge of data taking at LHC

How many p-p interactions can you find ? 



Ze+e-

Can you find the electron pair?

A few examples of nice 
Collider events…….



Z  m+m-

Muons (m) are like electrons..but ~200 times heavier…
Can you explain why they escape  from the inner detectors?



W+
 e+ n

Can you see the neutrino (n)???



Triggering on di-muons at 1032-1033 with CMS

The invariant mass M is a Lorentz scalar: what does it mean?

How many “resonances” can you find?

),(~

)()()~,~( 2

21

2

2121

PEp

PPEEppM







---

What is a “four-vector”??



DISCOVERY OF THE HIGGS

ATLAS              CMS



CMS: H→gg



H→ Z Z* →m+ m- m+ m-



H→ Z Z* →m+ m- m+ m-



H→ Z Z* →m+ m- m+ m-
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How to make a neutrino beam
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Long Baseline neutrino beam 

produce
muon-neutrinos

measure
tau-neutrinos
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~4·1019 p/year        ~2·1019 nm/year ~2 nt/year 
(~1·1017

nm/year)
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Superkamiokande
Neutrino
Detector (Japan)

Do you know what the 
Detector is made of?



ICARUS Bubble Chamber 
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Shown at NEUTRINO-2012 
In Kyoto by F. Pietropaolo



Baryon Asymmetry of the Universe

(BAU)      

nquark-nantiquark/nquark (Proto Universe) ~nbaryon/nphoton (Today)~5×10-10

?
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Ultra-rare K Decays

 The contribution to

these  processes due to the 
Standard Theory is strongly 
suppressed (<10-10) and  
calculable with excellent 
precision (~%)

 They are very sensitive to 
possible contributions from  
New Physics 

nnK
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Ultra-Rare K decay 

experiment CERN-SPS



Dark Matter? Dark Energy

 Dark Matter is matter that 
emits minimal to no light. 
Its evidence comes, for 
instance,  from the orbits 
of galaxies in galaxy 
clusters

 Dark Energy is the term 
used to explain the 
accelerating expansion 
of the Universe 
(Cosmological 
Constant?)



2011 Nobel Prize in Physics

Accelerating Universe

S. Perlmutter, B.P. Schmidt, A.G. Riess




