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Particle identikit

Nelle collisioni si producono
diversi tipi di particelle

Ogni particella lascia un segnale
caratteristico diverso

Per ciascuna particella che si crea &
vogliamo misurare: =
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— L'energia
— La carica elettrica
— Sapere che particella e’
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Come e fatto un esperimento all’LHC

Un disegno generico di Atlas o CMS e fatto cosi :

- Forma cilindrica attorno al tubo del fascio

collision

dall’interno verso l'esterno:

* Tracciatore

« Calorimetro elettromagnetico
» Calorimetro adronico
 Magnete

« Camere per muoni




Magnete

Il tracciatore e immerso in un campo magnetico.

Usando la Forza di Lorentz: F = qu X B

g<o

possiamo misurare la
— . carica delle particelle




Our sophisticated camera

CMS




Cristallo DI ECAL (calorimetro elettromagnetico)

Fotoni ed elettroni
interagiscono con il
materiale, frammentandosi
in una cascata di particelle.
Misurando I'energia
depositata da questi
prodotti secondari,
possibile risalire all’'energia
del fotone o dell’'elettrone
iniziale.
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The W and Z bosons

A W and Z bosons are the particles mediator of the weak force

A They have been predicted inthe 1 96 @ s ex p| &etmd6 t he
decays observed well before by Fermi

A Theory predicted W and Z masses
around 100 GeV and physicists at
CERNbDuiltinearly 1 9 8 @he fast
most powerful collider able to
reach such high energies: the  SppS
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Discovery of a new particle

A The Zand W bosons produced at LHC do not live long, but

decay immediately to other elementary particles that can be
measured by the CMS and ATLAS detectors
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A Sowhen inan LHC collision we produce a Zor W particle , what
we detect inthe our experiments are only electrons and muons'!
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The Z boson mass reconstruction

A Measuring the energies and the of the two
electrons or muons, we can compute the mass of the particle that

have produced them in itsdecays :

mx = \/2F 1 (1 — cos)

A Ineach event where we have two electrons /or muons we compute
the Zmass with this formula and we fill an histogram of events:
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The Z boson mass reconstruction

A A peak of events will appear close tothe true value of the mass of the
Zboson if the Zexists

A Ifthe oexcess 0 of events issignificantly big © we discovered a new particle
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The Z boson Nobel Prize

A A peak of events will appear close tothe true value of the mass of the
Zboson if the Zexists

A Ifthe oexcess 0 of events issignificantly big © we discovered a new particle

A In 1983 the UAL1 and UA2 experiments at CERN: discovery ofthe W
and Z boson

UA1 + UA2
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The Z role In the Higgs discovery

A The discovery ofthe Zboson opened the opportunity t o 0O us eéently h e
discovered particle for the quest of the Higgs boson :
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A Either decays of the Zto are considered
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The Higgs discovery

% T T T
2 3500 Data
- ——— Sig+Bkg Fit (m =126.5 GeV)
’g -------- Bkg (4th order polynomial)
1 1 | Al Ll T L | T Ll L | Ll L | T 9 zsm
= | I 1 I e
& [ o Dee ATLAS 2000
> 25 Il Background zz” ) 1500
i " H—ZZ ‘-4l 1000
4‘3 - [l Background Z+jets, t f5=8 TeV, fLat=5.9b
Q - i =
ook D Signal (mH 125 GeV)
L

[ %/ Syst.Unc.
(s =7TeV:|Ldt=4.8fb"

=
(9]

g

Illlllllllllllllllllll

2

m

2

3

i &

[ . -200

[fs=8TeV:Ldt=58 " > -
5 o B 4  Data S/B Weighted a
10 o — Sig+Bkg Fit (m =126.5 GeV) ]
A % - FON, e Bkg (4th order polynomial)
" S 8op 0
K = - i
S N W60 -
i a0F- =
0 "3 -
100 150 200 250 C () 5
m,, [GeV] - =

'
[#+]

 weights - Bkg
hoso

100 110 120 130 140 150 160
m,, [GeV]

18



Now 1 tOos your turn

A Today we will look atthe REAL DATAcollected by CMS at LHC
and we wi RBDISCOMERt d Zuedthe W boson

A We will learn how to  work in team in data analysis and how to
present our own results like in a major physics conference !
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ISpy tool 0 CMS event

Different planes views

2 Detector CMS Experiment at the LHC, CERN ; / ,‘
Data recorded: 2012-Aug-23 17:40:00.692069 GMT
V' Imported Run / Event / LS: 201602 / 760006400 / 558
¥ Provenance
Event v
v Tracking
Tracks (reco.) [179] v
v ECAL | ‘
Barrel Rec. Hits [530] v \
Preshower Rec. Hits [18] ] 1
Endcap Rec. Hits [389] v SSSS= ; .
SuperClusters [7] A [ ] : N / / [ f
¥ HCAL N
Barrel Rec. Hits [50] v
spt ¢ charge s$rp < phi S eta $ calo_energy
17.226 0.000687702,0.00069938,-0.100233 0.344044 0.205445 0

Subdetectors and physics
objects visualization




Particles Identification

21 02:48:46.501155 GMT
/338301459 / 3307

Muon
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Charge ldentification

e LHC, CERN
Apr-16 15:56:32.353841 GMT
D09 / 39626565 / 93

X-Y view;
clockwise:
positi\7¢

XDV view:
counterclock
negative

-wise:
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xperiment at the LHC, CERN
corded: 2011-Aug>17 06:01:53.815545 GMT
vent / LS: 173389 / 490513283 / 370




:17.116594 GMT
602 / 368




e LHC, CERN
pr-16 15:56:32.353841 GMT
D09 / 39626565 / 93




, CERN
02:48:46.501155 GMT
338301459 / 330




BACKUP



Many resonances around!

2.7 " (13 TeV)
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