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a cadeia de aceleradores do CERN, e o LHC
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0 magneto mais potente




Milhares dejmilhoes de colisoes (por segundo)
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the LHC detectors

f Detector characteristics
Muon Detectors Blectromagretic Calorimeters - Width: 44m
e Dlameter: 22m
= 7] | weight: 7000t
Solerwosd CARN AC - ATLAL VIWRF
Forward Calorimeters
End Cap Toroid

LHCh,

ielding Yoke 'racker
plate Coil j

RICH-

| —
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ldentificando as particulas estaveis

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

( Muon(w) | ( _Electron | | NeutralMadron | | ChargedHadron] | Photon |

Magnetic Field

O

Silicon

ECAL

¢ }-:nl] Electromagnetic

HCAL - Hadron

Superconducting

Iron return yoke interspersed

Transverse slice Muon signature: Signals in the Tracker and muon chambers; almost nothing seen in the calorimeters.
through CMS Muons are perhaps the easiest particles to identify in CMS: no other charged particle traverses the whole detector.
Being charged, they are bent by the field in one direction inside the solenoid and in the opposite direction outside. As
muons can only arise from the decay of something heavier their presence signifies that something potentially
interesting has happened.

Derived from CMS Detector Slice from CERN

). Bamey, CERN, 2004



ldentificando as particulas estaveis

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

l Muoné P’! | ‘ Electron l | Neutral Hadron I l Chaﬁ Hadron | ‘ Photon l

Magnetic Field

OF

Silicon

ECAL

% },““ Electromagnetic

HCAL - Hadron Superconducting

Iron return yoke interspersed

v, CERN, 2004

Transverse slice Electron signature: Signals in the Tracker and the ECAL; nothing in the HCAL or muon chambers. =

through CMS These electrically charged particles bend in the field and leave signals in the Tracker, enabling their paths to be
reconstructed. The amount of bend depends on the momentum they carry, with the radius of curvature, r, being given
by the momentum, p, divided by 0.3xB, where B is the magnetic field strength (3.8T in CMS). Electrons are slowed to
a stop in the transparent lead tungstate crystals of the ECAL, producing a shower of electrons, photons and
positrons along the way and depositing their energy in the form of light, which is detected. The amount of light is
proportional to the electron energy.

Derived from CMS Detector Slice from CERN

). Barne



ldentificando as particulas estaveis

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

[ Muonéu’! | ‘ Electron | INoulraIHadronI lChaﬁHadron] ‘ Photon |

Magnetic Field

ﬁ }““ Electromagnetic

Transverse slice
through CMS

Neutral
Hadron

ECAL

HCAL - Hadron Superconducting

Iron return yoke interspersed

Neutral Hadron Signature: Signal only in the HCAL; nothing in Tracker, ECAL or muon chambers.

Neutral hadrons, such as neutrons, travel straight through the Tracker and ECAL, without being bent by the magnetic
field or leaving any signals. Like charged hadrons, they are slowed to a stop in the HCAL, depositing their energy and
leaving signals in the form of light in the plastic scintillators. The amount of light is proportional to the energy of the
incoming hadron.

Derived from CMS Detector Slice from CERN

CERN

D



ldentificando as particulas estaveis

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

(o) ) (oo, ) (Mewgiteioo) (Shgedixen) (Zhen, )

Magnetic Field

O

Charged

Hadron

Silicon

ECAL

) }.‘““ Electromagnetic

HCAL - Hadron Superconducting

Iron return yoke interspersed

Transverse slice Charged Hadron signature: Signals in the Tracker and HCAL; almost nothing in ECAL and nothing in the muon UL

through CMS chambers.
Charged hadrons, such as protons and pi plus or pi minus (made of pairs of quarks), are bent by the magnetic field

and travel straight through the ECAL leaving almost no signals. Upon reaching the HCAL they are slowed to a stop by
the dense materials, producing showers of secondary particles along the way that in turn produce lightin thin layers
of plastic scintillator material. The amount of light is proportional to the energy of the incoming hadron.

Derived from CMS Detector Slice from CERN

2004

amey, CERN

DB



mas as colisdes do LHC nao sao simples ...

I 1

om im

Key

Muon

Electron

Charged Hadron (e.g. Pion)

= = = = Neutral Hadron (e.g. Neutron)
""" Photon

[feadfwg order]

o [higher order corrections) objects are finally reconstructed
using information from different detector subsystems

combined in a particle flow algorithm

» electrons radiate via bremsstrahlung

» photons may convert to e*e" pairs in the tracker

» jet (q,g) energy is formed of charged/neutral hadrons (65%/10%)
and photons (25%): calorimeter and tracker info exploited

» missing Et requires full event’ reconstruction
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1 10 102
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A re-descroberta do Modelo Padrao, 2010 (primeiros dados do LHC)
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electrao + positrao

CMS Experiment at the LHC, CERN
Data recorded: 2015-Aug-22 02:13:48.861952 GMT GMS Experiment al LHC, CERN 1

Data recorded: Sat Aug 22 04:13:48 2015 CEST
Run/Event: 254833 / 1268846022

Run / Event / LS: 254833 / 1268846022 / 846 Lo secton: 846

Electron 1,
pt=1278.63
eta=-1.312

phi = 0.420

Electron 0,
eta=-0.239
— = N phi = -2.741

— )
E\§\\ R

CMS Experiment at LHC, CERN
1 St Data recorded: Sat Aug 22 04:13:48 2015 CEST
..... u hbbbisi N v Run/Event: 254833 / 1268846022
. — _— Lumi section: 846

——
i s
/ \\
Electron 0, g \
pt = 1256.20 ‘
eta=-0.239 | | Electron 1,
phi=-2.741 | | § pt=1278.63

eta =-1.312
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Dois fotoes

CMS Experiment at the LHC, CERN
Data recorded: 2015-Nov-02 21:34:00.662277 GMT,
| Run/Event/LS: 260627 / 854678036 / 477

myy ~ 750 GeV

[FNT CMs Experiment at the LHC, CERN
| Data recorded: 2015-Nov-02 21:34:00.662277 GMT
2 J Run/Event/LS: 260627 / 854678036 / 477




CMS Experiment,at the LHC, CERN
Data recorded: 2015-Oct-27 11:51:17.472320 GMT

Run / Event / LS: 260023/ 9941¢
g

m->> ~ 700 - 800 GeV



muao + energia-em-falta + (fundo)

CMS Experiment at LHC, CERN
Data recorded: Wed Jul 8 23:50:40 2015 CEST C
2 4 Run/Event: 251251 / 39089589
- . .
Lumi section: 64

Fr

7

mas ... e os Neutrinos?

0S heutrinos quase que nao
interagem com a matéria

Sao detectados indirectamente,
garantindo o balanco de energia
(no plano perpendicular ao
feixe)

Os neutrinos correspondem Ad (u-MET) = 3.0
assim a energia em falta (‘MET’) m;=1.1TeV

19



20

JAp
¢ - - RS
g,
2 .““.4\'\
D o
10°E S 8

o
i

\

A1




MEDIDAS DE
PRECISADO

Novas

f PARTICULAS
“\ /

utw invariant mass [GeV]
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http://opendata.cern.ch/visualise/events/CMS

opendata.cern.ch/visualise/events /CMS C v Search ’»§ % ‘ /A
opendata ABOUT SEARCH EDUCATION RESEARCH

v Detector

Pixel Barrel

Pixel Endcap (+)

Pixel Endcap (-)

Tracker Inner Barrel

Tracker Outer Barrel

Tracker Inner
Detector (+)

Tracker Inner
Detector (-)

Tracker Endcap (+)

Tracker Endcap (-)




/\(:)@ opendata.cern.ch (c; ] @Search ) wBa $§ A | =

opendata ABOUT SEARCH EDUCATION RESEARCH

CERN

Education Research

Visualise events, check
reconstructed data,
run tools or build your
own!

Get the genuine

working environments, @
virtual machines and
datasets to start your
research

Start analysing

Start learning



Detector Model
Tracker

ECAL Barrel
ECAL Endcap
ECAL Preshower
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* obtendo a distribuicao de massa dos candidatos Z

" CMS preliminary 2010 Vs =7TeV
A LR I RN UL IR
<D3OL ~data B
/ O 7 ‘-Ldt=198nb“ T
/ ~ | [Z-up . -
\ B [ n
/ 5 ol -
/ 0 20+ -
X o .
s | ]
‘é I ]
c = -
K l-%- lllllllll J

1 . Loy
60 70 80 90 100 110 120

)\, M(u* 1) [GeV]

EvNo E1l px1 pyl pzl ptl etal phil Qi1 E2 px2 py2 pz2 pt2 eta2 phi2 Q2 M
128943239 72.89895 13.36098 -26.087 66.74727 29.3095 1.5612 -1.09746 1 37.6277 -10.9181 35.80517 -3.82334 37.3966 -0.10197 1.86677 -1 90.31227



Busca de acontecimentos raros




* Acontecimentos H ->yy

Jet

Depdsitos de energia no ECAL,
Sem deixar sinal do tracador

(detectores de silicio)
o



