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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT ’

Run/Event: 194108 / 564224000
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Os primeiros aceleradores
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O ciclotrao
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O acelerador Imear
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O Sincrotrao
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Exemplo de um acelerador...

Tubo de raios catoédicos
. fonte de particulas

. campos electromagneticos
para as acelerar e guiar
. meio de deteccao (detector)

Revestimento metalico interior

Sistema de (alta tensao positiva) \
focalizacdo Placas de deflexdo \wﬂf, ------- \
vertical ,,// \
_/’F'HF .
Filamento N e Revestimento—*
aquecido 3 ‘( .E | ]f: T de fésforo
I' — iz Feixe de }
"‘\_&  Pyat g .
Cétodcl Placas de deflexao “mNeleCtl'Qeg -
Grade de controlo horizontal . ]
05/03/18 Masterclasse - Vila Real - ! 11

H"‘\J



Para que precisamos de aceleradores?
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Detectores

Impulsos
A B Eléctricos

Os raios de luz viajam
do objecto até aos olhos

Nervo optico

A imagem é invertida pois os raios Lente
de luz cruzam-se no olho.
O cérebro interpreta a imagem
para que a possamos ver concct.’“ﬂnn e.

05/03/18 asterclasse - Vila Real

13



EM calorimeter: |n|<3.2
Pb-LAr Accordion

o/E = 10%/VE @ 0.7%

.. i
$ Hadronic calorimeter:
| |m|<1.7 Fe/scintillator

% 1.3<|n|<4.9 Cu/W-Lar
d O/E..=50%/VE ® 3%

jet™

L=44m,J=25m
*7000 tonnes
*=108 electronic channels
*3-level trigger reducin
veltrige Slelnis, Inner Tracker: |n|<2.5, B=2T

40 MHz collision rate to Si pixels/strips and Trans. Rad. Det.
200 Hz of events to tape G/p; = 0.05% p; (GeV) @ 1%
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Particle identification

Muon
Spectrometer
Hadronic
Calorimeter
£ The dashed tracks
are invisible to
the detector
Electromagnetic
Calorimeter . _
1 1P s 34
Solenoid magnet I3 * o’ 48237 sesse!
Transition 33 ¥

Radiation SR e
Tracking € Tracker ¥ ATI- A
Pixel/SCT EXPERIMENT
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CERN

European Organization for Nuclear Research

Fundado em 1954 por 12 paises

Actualmente: 22 estados membros (1986-Portugal)
2500 Engenheiros, Fisicos, Técnicos, Administrativos

Mais de 13000 utilizadores de todas as partes do
mundo ~1100 M€ / orcamento anual
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LINAC2 - 50 MeV Proton Synchroton (PS) = 25 GeV
Booster - 1.4 GeV Super Proton Synchrotron (SPS) - 450 GeV
Large Hadron Collider (LHC)—> 7 TeV

M
LEP/LHC

Norith Area

SPS ~_, >
\/ ”G(,%o

STV IL s T T WeSt Area CN GS
' I to Gran Sasso
East Area
1
|}
Linac
BOOSTER ISOLDE lons /Y Leir
N
3 AD Antiproton Decelerator LHC Large Hadron Collider
| antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight

SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso
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LHC - B CERN

sozaroint 8 == ATLAS ALICE
: .| Point 1 “=z Point 2



Portugal no CERN

O LIP é a referéncia para a Fisica de Particulas experimental em
Portugal

* Delegacoes do LIP em Lisboa, Coimbra, e Minho

* Trabalhamos no CERN mas também com outras organizacoes
internacionais

— ESA, ESO, Snolab (Canada), observatorio Pierre Auger (Argentina), etc
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- Entdoe o trabalho de hoje?
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Decaimentos de Particulas

Estamos a procura do bosao Z, uma
particula sem carga eléctrica que
decai num par muao-antimuao ou
num par electrao-positrao .

O que sabemos das cargas
eléctricas dos pares?
Qual a carga eléctrica do Z?

*( bosao Z tem outros decaimentos... mas ndo estamos interessados nesses.




MATERIA ATOMO NUCLEO PROTAO

O Modelo
Padrao da Fisica
de Particulas e,
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NOME
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Producao e Decaimento de Particulas

O bosao de Higgs (H) foi encontrado
nas experiéncias ATLAS e CMS no
LHC do CERN em 2012.

Podemos ter acontecimentos
candidatos a bosoes de Higgs
nos decaimentos

« H->2ZZ -> 4 leptoes

* H->1vv (2 fotoes)




Decaimentos de Particulas

Frequentemente quarks
sao dispersados em
colisoes.

Estes quarks dao origem a
jatos de particulas.
ElectrOes e mudes de baixa
energia podem ser
produzidos nos jatos.

Nao sao o que estamos a
procural

muon-like \
signal *




Decaimentos de Particulas

Um acontecimento “di-
muao” ou “di-electrao”
pode ser o decaimento
da particula em que
estamos interessados.

Pode ser dificil
reconhecer os tracos
gque queremos, se nao
eliminarmos os tracos de
baixo momento
transverso.




Se selecionarmos so 0s
tracos com momento
transverso superior a 10
GeV, ficamos com uma
Imagem mais nitida.

Hoje iremos seleccionar
varios acontecimentos
Z>ee- e Z2>u'u e usar
a informacao de massa

[invariante] m [.c?] para
saber se descobrimos o

bosao Z ou outras
particulas.

Decaimentos de Particulas
mc? — B2 = m2c? -+ p2(34
By + Eo
p] = |[p1 + P2

V(E1 + E2)? + (P + pa)?
2

C

.0
ﬁ m.m.b
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Visualizador de Acontecimentos HYPATIA

=> cuts: Pt > 5.0-10.0 GeV
@ Hybrid puplils' analysisiol for Hns in i versi)nﬁwmd‘ =T ]l 28 |

File View Histograms Preferences Help

ETMis [GeV]
19.626

File Name
00036_JiveXML_166964_987982.xml

Track ziriGeV] M) [GeV] | ely

P [GeV] +- !
-1.464 95.325 |u
{

112.6

Pt[GeV] (0] n
1.441

-1.720

Tracks 3
Tracks 69

2010-10-18 04:39:34 CEST run:166964 ev:987982

+

49.4
459

-1.378

» HYPATIA - Track Momenta Window.
& P> 8

Previous Event  Next Event Insert Electron
ETMis: 20.808 GeV @: -2.415 rad

4 Canvas Window -

Insert Muon Delete Track Reset Canvas
Collection: MET RefFinal

iH“C:\instalIers\HYPATIA\groupA\00036_JiveXlulL_166964_987982,xml |<¢[» o+ ot of

ATLAS HYPATIA

Reconstructed Tracks

|

Track +/- P [GeV] Pt[GeV] [i]

',. Tracks 3 + 112.57 49.42 1.441 2.687
Tracks 69 - 96.83 45.88 -1.720 2.648
Tracks 127 - 37.93 30.81 1.803 0.948
Tracks 128 2573 12.70 0.303 2.625
Tracks 134 121.30 89.22 -0.597 2.315
Tracks 136 - 34.18 8.63 -3.123 0.255
Tracks 154 + 14.19 8.35 -2.346 2513
Tracks 176 - 13.53 12.74 0.259 1.915

) =

" Parameter Control [ interaction and Window Control | Output Display |

Projection

Hlj" Cuts I:InDet

Calo f MuonDet [ Objects f Geometry ‘

InDet

Name

[

Value

Calo
MuonDet
Objects
ATLAS

IPt|
[]1do|
[]1z0l
[]]d0 Loose|
[]|z0-zVtx|

> 1|5.0 GeV

< 25 mm

M

< |20.0cm

<|2.0cm

29
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HYPATIA: Z 2> e*e”

& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window IM‘

File View Histograms Preferences Help

File Name | ETMisiGevi | Track | _picevi [+ [ _ Ptcev] | g | 0 |_mEpGey | m@niGey |
& Canvas Window - File: event008.xml Run: 180664 Event: 1605858 lﬂJ @ HYPATIA - Track Momenta Window

ATLAS 2011-05-01 19:11:06 CEST source:event008 run:180664 ev:1605858 HYPATIA |{ | File <« > e ® X
Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas

ETMis: 20,600 GeV ¢: -0,777 rad Collection: ME'I‘_RefEinal
»H‘lF:\exercises\‘\TLAS\hy'patia\events\diro1\gr0upK.zip\eventOOB.xml ‘ﬁ » o= ofl ofd

25 ET(OeV)

1' Reconstructed Tracks |

Track +- P [GeV] Pt[GeV]
Tracks 2 37,04 36,60
Tracks 12 63,58 52,84

i HYPATIA - Control Window

1‘ Parameter Control t Interaction and Window Control ] Output Display [

[ Projection f Data f Cuts [ InDet [ Calo [ MuonDet I Objects [ Geometry |

ﬂ Name ‘ Value
Status

InDet

Calo

MuonDet

Iv! Ohierts.
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HYPATIA: Z -2 ptu

& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window

(o[=@] = ]
File View Histograms Preferences Help
Eile Name |__ETMisicevi | Track [ picey [ +- [ Pticey | 9 | n _mEpGey | _m@nicey | ely L
% Canvas Window - File: event020.xml Run: 180400 Event: 58192244 (=8] % | & HYPATIA - Track Momenta Window o [ B |
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58192244 HYPATIA || | File <« - - e ® X aJ
Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
vE'l‘Mis: 12,076 GeV ¢: -2,803 rad C°ue°q,lnsertselec19d muontrack[ :
lHJF:\exercises\ATLAS\hypatia\events\diro1\groupK.zip\eventO20.xml ‘g]ﬁ} o= ofl of:
Reconstructed Tracks |
Track +/- P [GeV Pt [GeV 6
: 36 48,9 04 908
Tracks 73 - 55,00 5257 1,046 1,869
HYPATIA - Control Window ==
1" Parameter Control f Interaction and Window Control I Output Display |
[ Projection ] Data [ Cuts [ InDet [ Calo [ MuonDet [ Objects [ Geometry |
SiClusterRDO Track l 5 ‘ o
TRT DriftCircle Segment Zoombext g
SimChargedTrack SpacePoint Name Value ]
SimVertex PixelCluster [Track Collections Tracks v %
RecVertax SCT_Clester iColor Function Constant v/ &,
Hit Filter TrigSiSpacePoint
Drawing Order PixelRDO [Constaat Color |:] 25 v =

05/03/18
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HYPATIA: H > YY

File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] 0] n M(2) [GeV] M(eeee) [GeV] M(eemm) [GeV] | M(mmmm) [GeV]| e/m/g \

Previous Event Next Event Photon Delete Track Reset Canvas
ETMis: 18.247 GeV @: -1.337 rad Collection: MET_ RefFinal

f=j|lrach/Masterclasses/hypatia2015_Z_Dados/dir08/group).zip/event006.xml|<@|s»| ©= Of} o‘.‘.'g

File

Tracks Physics Objects

Track P [GeV] Pt [GeV]

Object0 4460 4457
4.71

Object 1 111.89 4 -1.936

Parameter Control | Interaction and Window Control Output Display

Projection Data Cuts‘InDet Calo MuonDet Objects | Geometry

InDet
Calo
MuonDet
Objects |Pt2| 700.0 MeV
ATLAS

Name Value
v| |Pt| 10.0 GeV

v||do| 2.5 mm
v||z0| 20.0 cm
|d0 Loose| 2.0cm

|z0-zVtx| 2.5 mm




HYPATIA: Z - jatos (fundo)

& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window Iﬂ‘
File View Histograms Preferences Help
Eile Name |__ETMisicevi | Track [ picey [ +- [ Pticey | 9 I n _mEpGey | _m@niGey | ely L
% Canvas Window - File: event018.xml Run: 179725 Event: 11852865 (=8] % | & HYPATIA - Track Momenta Window S
ATLAS 2011-04-15 16:56:41 CEST source:event018 run:179725 ev:11852865 HYPATIA |{ | File <« > e " X 1)
Previous Event Next Event Insert Electron Insert Muon Delete Track Reset Canvas
ETMis: 37,280 GeV ¢: -1,982 rad Collection: MET RefFinal

:H:lF:\exercises\ATLAS\hypatia\events\diro1\groupK.zip\eventO18.xm| ‘(P#} o= ot} 03.3

[ Reconstructed Tracks I
Track +- P [GeV] Pt [GeV] (1] 8
Tracks 27 + 34,29 25,82 -2,551 0,852
Tracks 34 - 39,83 26,40 -2,525 0,725
Tracks 42 + 12,11 10,16 0,519 0,996
Tracks 48 - 12,34 10,14 0,491 2,176
Tracks 118 + 21,75 13,92 -2,494 0,694
Tracks 150 - 20,44 16,31 0,428 2,218
Tracks 161 + 21,30 15,32 0,888 2,339
HYPATIA - Control Window STE s
1" Parameter Control [ Interaction and Window Control I Output Display ]
[ Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry |
[ Data Name [ Value [
Status
o [v] InDet
o [v] Calo QD
o= [v| MuonDet
o=l Ohiect:
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HYPATIA: Salvar os dados

@ Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window SHECHL X
File | View Histograms Preferences Help
Read Event Locally ETMis [GeV] Track P [GeV] +/- Pt [GeV, D M(2l) [GeV M(4]) [GeV el
. 12,703 Tracks 3 101,333 1]
Road EveutFrom \Ni1- five) Tracks 73 55,0 - 526 1,046 -0,303 m
Clear Hypatia Project 10,522 Tracks 1 423 + 421 2,683 0,094 83,908 e
Load Hypatia Project Tracks 6 418 - 40,9 -0,515 -0,213 e
s Hypatia Proiect 17,210 Tracks 2 1744 + 43,0 -2,826 2,079 87,252 7]
grevpaiaLIoec Tracks 3 208,3 - 44,0 0,326 2,236 U
Export Invariant Masses (M) 3,793 Tracks 1 815 - 28,3 -1,208 1,717 93,442 e
Tracks 17 379 + 378 1,872 -0,071 e
L t: . : L :
SRS 9,760 Tracks 0 4358 v 694 0,811 2524 95702 u
Save Image of Canvas Tracks 1 838 - 285 2,411 1,742 "]
Animated Event 13,491 Tracks 8 100,3 - 49,0 1,841 1,344 87,607 e
N Tracks 58 101,7 + 385 -1,410 1,626 e
Event Properties
Read Geometry
Read G4 Steps

Exit

Salvar com 0 nome:
Invariant._masses_[No.] [Letra].txt

@ HYPATIA - Control Window (=[]
[ Parameter Control [ Interaction and Window Control [ Output Display [
[ Projection T Data ]'Cuts T InDet f Calo T MuonDet [ Objects T Geometry I
" SiClusterRDO Track { Zoom Next Track ‘
TRT DriftCircle Segment Ll I
SimChargedTrack SpacePoint Name Value [
SimVertex PixelCluster [Track Collections Tracks vlZ
SR SR i (Color Function Constant v
Hit Filter TrigSiSpacePoint
—— PixelRDO Constant Color 25 v | |

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



Procuramos picos

ue correspondem S F A
g massa daps g 10 o o Y sz4o pb”
— = o/p
] = i EF _mui5
particulas E i .
Algumas particulas x4 ' z
conhecidas: S |
10°
m,y = 3.1 GeV o
my = 9.5 GeV hi
GeV 1 ATLAS Preliminary ill?
mz =912 Ge ;oL Data2010,\s=7 TeV l
L] ! Coo | ! Lo 5

m,, [GeV]
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12,8 BILLION YEARS AGO, ' ]
A FeW SECONDS BEFORE THE  Ea i I = g
CREATION OF OURUNIVERSE Lets fire upthis

Large Hadron Particle
Collider and see )

‘av A PEER |

By

LN
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O Protao revisitado
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O protao no modelo dos quarks
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O protao tal como o conhecemos hoje
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Energia do feixe:
2802 bunches de 1.15x10%! protdes

7TeV / protdo (2015) = 7x10% x
1.602x101° )

Da 362 MJ por feixe...

lgual a energia cinética de um
porta-avioes de 20,000t a viajar a
11,7 nds (21.7 km/h)

ATLAS Run Query 2012-09-23 21:58:35

a— ] O O | I L l L l L L l L | L | | R | I

. . g . — Intensity Beam-1 — Intensity Beam-2 12

e Tudo contido num feixe @500 Beam energy —LBs withstable beams: |
de =16um = [ 14

, . 2000

* Runstipicosduramcerca 2z ~
s & — |3

de 8 hf)ras - §sooF .

* Intensidade diminui E §
. © Ul 2

devido a perdas adooo— ]
e Depois voltamos a cooF- 1,

injectar novos feixes - =
o_.... :ﬂlo

100 200 300 400 500 600 700 800
Ricardo Gongalo Escola de Professores CERN - 8/9/2017 Luminosity block numher

Beam energy (TeV)



ATLAS

EXPERIMENT

http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

/]
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Do atomo as particulas fundamentais

05/03 /18

atom~10"cm

electron

<10"%cm
proton
(neutron)
quark
<10"%cm
nucleus
~10"2cm
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Big Bang Theory
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TRT
scT

((((

Detetores de tracos

(R =1082 mm
443 mm
371 mm

\_R = 554 mm
R
R

[ R=514 mm
L R =299 mm

TRT <

SCT <

|

122.5 mm
88.5 mm
50.5 mm

R

R
Pixels { R
R

Ricardo Goncalo

0 mm
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Calorimetros de Argon Liquido

LK

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMECQ)

LAr electromagnetic
g v 0/ /i \i
barrel | ll -
LAr forward (FCal)
48

Ricardo Gongalo Escola de Professores CERN - 8/9/2017



O calorimetro de telhas (TileCal)

Ricardo Gongalo Escola de Professores CERN - 8/9/2017
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Sistema de imanes de ATLAS

barreI
tor0|ds

end-cap
toroids

end-cap
toroids
 Campos magnéticos muito

intensos (2T, 4T max) gerados por
imanes supercondutores

e Curvam as particulas carregadas
através da forca de Lorenz:

F=vxB

solenoid




Detetores de muoes

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)

Barrel toroid

" Resistive-plate
chambers (RPC)

h - , End-cap toroid
Ricardo Goncalo Aﬁ?&"&%ﬁ%&ﬂ?&'ﬂﬁ’%%%'?n 51



Unidades...

@ 1 electrao-volt (eV) = energia adquirida por
um electrao sujeito a uma d.d.p. de 1 volt
1 eV =1,602 x 10" joule

Multiplos mais comuns:

1keV =10°eV =1000eV

1 MeV = 10°eV = 1000000 eV

1 GeV =10°eV = 1000000000 eV

1 TeV =10" eV = 1000000000000 eV

Massa: E_="/ mv? => massa em unidades de energia/(velocidade)’

Momento linear: p = mv => momento em unidades de energia/velocidade
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