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BUT ..still many questions remain unanswered:
\"

e CP violation

 Matter-Antimatter asymmetry
 Neutrino masses

e Hierarchy problem
e Dark Matter & Dark Energy



High Enerqgy Physics

A possible answer may come from the study of
High Energy Physics
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LHC

CMS DETECTOR

Total weight 14,000
Overall dameter @ 15.0m
Owerall length 28.7m
Magnetic Selc
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LHC & CMm$ Experiment

IS a proton accelerator:

Collisions at /s = 13 TeV LHC
Protons in bunches containing o
101" particles, colliding every \(@5 9/
25 ns (40 million times a second!!) Y~
About 40 proton-proton collisions p };_-_-\

for every bunch crossing mSH P )

CMS is a general purpose experiment,

STEEL RETURN YOKE made u p Of many SUb-deteCtOrS:
A I st e Pixel+Strips: to reconstruct

/ LRI tracks from charged particles
S e  Superconductive Solenoid: to bend
| particle tracks and measure

T et 13110 s their momentum

FORWARD CALORIMETER o ECAL+HCAL: calorimeters to

reconstruct the energy of charged

and neutral particles

 Muon Chambers: to detect muons

o Trigger: to reduce event rate from
10° to 102 Hz and still keep all the
physics interesting events




?hvsws @ CMS

Record the
particles with CMS
sub-detectors

Analyse data
to extract
information

Obtain
Physics results
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How al amai,vsis works: X—yy

 The goal is to search new particles decaying in two photons

* Select 2 energetic photons:

e from which Primary Vertex?

* are these real photons? Machine Learning

. Techniques
(or just background?)
e (Create the yy invariant mass spectrum...
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How ain amatjsis works: Hott

* The goal is to reconstruct the Higgs Boson decaying in two tau leptons

* Reconstruction of tau leptons

(r leptons decay before reaching

any sub-detector)

o (Creation of m(tt) spectrum
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e Estimation of different
background contributions:

/—rr, QCD, W-Jets ...

l

...and search for
excess of events




CMS & Milano-Bicocea: Analyses

Standard Model analyses
Search for the Higgs Boson and
measurement of its properties:

e H—o7r

e H—yy

e Vector Boson Fusion (VBF)
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b Beyond Standard Model analyses
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CMS & Milano-Bicocca: Hardware

 ECAL calibration
« ECAL barrel upgrade

* Development of tfast
Pixel Tracker timing detector
e Study of track reconstruction
* Development of pixel detectors
for CMS Upgrade




Conclusions

CMS PhD students at Bicocca involved in several activities:
 Data analysis
« Software & Hardware development

e (Collaboration with international laboratories:

 CERN (Geneva)
* Fermilab (Chicago)



