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Fundado em 1954 por 12 paises
Actualmente: 23 estados membros (1986-Portugal)
2500 Engenheiros, Fisicos e Tecnicos (e func.administ.)
Mais de 13000 utilizadores de todas as partes do mundo |
~1000 M€/ orcamgnto anual
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Distribution of All CERN Users by Location of Institute on 27 January 2020

MEMBER STATES

Austria 86
Belgium 145
Bulgaria 40
Czech Republic 246
Denmark 43
Finland 85
France 832
Germany 1258
o Greece 147
Hungary 74
| srac
Italy 1498
Netherlands 180
Norway 86
Poland 208
Portugal 88
Romania 115
Serbia 38
Slovakia 75
Spain 350
Sweden 100 | ASSOCIATE
Switzerland 364 1 MEMBERS IN
United Kingdom 944 | THE PRE-STAGE
7163 TO MEMBERSHIP

Cyprus 13

Slovenia 21

ASSOCIATE
MEMBERS OTHERS Canada 206 Ieeland 3 Malta 4 SouthAfrica 80
Croatia a1 Chile 22 Indonesia 8 Mexico 53 SriLanka 8
India 186 Algeria 3 China 362 Iran 11 Mongolia 2 Taiwan 55
Lithuania 51 [ OBSERVERS Argentina 16 Colombia 21 Ireland 7 Montenegro 5 Thailand 18
Pakisian % Armenia 13 Cuba 3 Jordan 1 Morocco 16 UAE 2
Turkey 128 Australia 23 Ecuador 4 Korea. 143 New Zealand 11
Ukraine 35 Azerbaijan 2 Egypt 16 Kuwait 2 Oman 1
: - Bahrain 3 Esfonia 24 Latvia 2 Peru 3
450 Belarus 27 Georgia 37 Lebanon 15 Puerto Rico 1 1 380
Brazil 114 HongKong 21 Malaysia 9 Singapore 3
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+60 anos de Jaa Ry o Complex |
histéria no
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4 LHC North Area
ALICE LHECR
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Particle

N° pacotes = 2808
Protoes @ pacote = 0% .
E= 2x2808x1o11x7Tev O6GJ 1
R A B
0 6 GJé a efnergla cinética de um
~.JGVa velocidade de 200 kmlh 1=

3
;

oudeum'w
c"a"rro"a 3000
. km/h'!
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; : ; : _- Leptoes I .., X >< ,
15 T Det(_egéo de Carga Eléctrica e Sk '

[ % forma indireta. — Tau Q ¥ Neutrino @@ o \ I SR

' _ ~ Interacido muito fraca.

Deteccéo de Mugo Q g Muse 0 Muito dificeis de detetar!

| forma directa ~ Eectrso ‘ r Neutrino y R @ i

Electréo o’
X,
v, S
I 5 -f N7 ) : A . : ~ =
R o e s s S . ' D o s
i i ST Eebli s SEETEAA S Y e K Mo (Rt 2o SCRE S TP Ve i -5 der

T R e i i — ey . I Quarks ——

e
R Pl 5 P ‘-' - Carga Eléctrica Carga Eléctrica Murto pesado mas
paskes = .‘-1\,. oot Bottom -1/3 Top ¢ 2/3
0 produ2|do em LHC

Detegé’o |nd|reta ara
" partir de particulas ou;,’f

7 strange e-ws Sharm t 23 Y Detegao |nd|retaa
{Jactos de particulas ,

- partir de: partlculas ou
ooun (@) 13 w @ 2 jactos de particulas

'y ot 0 » . " . T
¢ Rp = f? K k'f 'r‘\"Ti cada quark @R, @B, ®G 3 cores . » e 3 e W An

2"k | ’ e I -
L= pe ' ' | + o fot&o!
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¥ Detector ATLAS * , -~ 'y foEnm

o\ ,‘?i !

| » 46 m (comprimento) x 25 m (didmetro) Y U S
.+ 7000 toneladas

* 100 milhdes de canais de electronica
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Os protéeé..clos feixes tinham a energié de 3.5(4) TeV cada:
2x 3.5(4) TeV = 7(8) TeV

Os quarks e gludes constituintes ' do protao que colidem tém apenas
- uma fracao desta energia. Novas particulas criadas na colisdo tém
~ 7" sempre uma massa inferior a esta fragcao da energia.

.....

X Interagdes Protdo-Protdo  «
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'Decaimentos de Particulas

- g ’;

N/

o D '>< :
| - Estamos a procura do bosao Z, uma BN
o’ )
.. particula sem carga eléctrica que
~decai num par muao-antimuido ut

. ~ ag oo . i)
- ou num par electrao-positrao . f w4 -_
S o 2 -
- o . o

— Que sabemos das cargas —_— ©.@ O C—

' eléctricas dos pares? © ‘

( Qual a carga eléctrica do Z?

| r Kp=2> R K K xtn" X

L = e |

'--"._.‘.,.:' ! - :
*1';"‘* *0 bosdo Z tem outros decaimentos... mas ndo estamos interessados nesses. il
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" .. Produgdo e Decaimento de Particulas

O tao procurado bosao de Higgs (H)” | | X ’< |
| foi encontrado nas experiéncias B
= ATLAS e CMS no LHC do CERN em 4
- 2012. .
sue e_ e —
| . N\ / T
. Podemos ter acontecimentos Oz /
- candidatos a boso6es de Higgs | @ ut j
<= nos decaimentos H@ 7 |
o <0 ;
‘o H=>2ZZ =>4 leptoes — ©.®@_0<— |
.+ H=>7vy (2 fotoes)
= 's AL | jet

Loy
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Decaimentos de Particulas

o eae o

o 2 y ;
... Frequentemente quarks wh
- s30 dispersados em \ \
.. colisoes. | \\‘CJ
= Estes quarks dao origema - jet R
...... Jatos de particulas. 0.0 |
- Electrbes e mudes de P o— @) Q)| G
;- baixa energia podem ser © ®\ “ !
produzidos nos jatos. o Jet b

. Nao sao o que estamos a

procu ra'

. AT muon- I|k
Bl bpre & ' | signal

/\_/

i b
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'Decaimentos de Particulas

oz O e S

__ Um acontecimento “di-
. mudo” ou “di-electréo”
pode ser o decaimento
.. da particula em que
“=="- estamos interessados. o
—_— 0
= Pode ser dificil ' © sy
s+ reconhecer os tracos . s
que queremos, se N30 "
{- eliminarmos os tracos de -

b via o

‘. ' baixo momento 5
. . transverso. |
e R‘.;:». . AT . . i

it by
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-~ Decaimentos de Particulas
gt e N R e AR - @ )
" Se selecionarmos so o0s E =mc? = E?=m2c*+ c2p?
I tracos com momento R N
" transverso superior a 10 E=E+E p=I|p|=Ip+p.l
GeV, ficamos com uma
Imagem mais nitida.

m = /(E; + E2)? — c2(py + P2)?/c? .

i | O ©0
Hoje iremos seleccionar — s © ) C—
= varios acontecimentos © ©
- Z>e‘e-eZ>uU e usar
a informacao de

massa [invariante] m|.c?] 1’ R
. para saber se descobrimos e- O \

. 0 bosédo Zou 2 _ \
iijtras particulas. ¢ T \/2E1E2(1 cos0,)

—— e — < . o



: Eventos com dois n?aoes \
|' - Pesqursa de particulas X que

. 2E1E2 (1—-cosf,,)

- decaem em dois muées; WL(X) — >
xe.faz-se uma distribuigdo de: C ;
g p,® (D J/\|] z’moo; Ccms Prellmma:'\;ss_.:;;v "}
gwe M v’ Yil.49 S s =70 Mevic’
S : | i< =
T @0 E o] ;
= 10 — :
10° = Pt : P 3
! di-muons M e 5 i
o 102
CMS Prelimi
L R Espectro de massa:
B Ns=TTev, L =40 pb! nimero de eventos
| | i, | em fungdo da massa
1 10 10

n*p- mass (GeV/c?) 24/63
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H-2 fotdes

Data recorded: 2012-May-13 20:08:14.621490 GMT

CMS Experiment at the LHC, CERN
Run/Event: 194108 / 564224000

26/63
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| Dlstrlbwc;ao de mgsa dos 2 fotoes m(w ) e '.>< '

!_ " Soma das distribuicbes de cada Classe de acontec., ponderada p@r S/B
" Na distribuigdo de massa yy

4 %:2000 - CMS Preliminary —o— SB W.eighted Data > ; ha um eXCGSSO de 'aconteci-
(01800 's=7TeV,L=51f" 77 e bt component | MENtOS sobre o fundo, para
51600k 8T8 TEVNE=3T massas ~ 125 GeV/c2.
- = R b
- 1400F
P A observagao do estado flnal
we1200F - em 2 fotGes implica que a
-.'5-LT>J’1OOOZ— " nova particula é um bosio; -
5 800 n&o um fermido,’e QUe'nao/
-% co0E A pode: ser uma partlcula de
{% - “spln 1” P
< 400 -
= o0l ¢ | Nao ha outra particu
~ o0k a0 ha outra par icula
ob—+ _— . fundamental com estas
120 140

|

m,, (GeV) propriedades! 27/63
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._ ATLAS Dlstrlbmgao de massa dos 2 fotoes m(y’y )
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; 7% O - Vs = 7| Tev ILdt=O.Gdf3 | Marps, 2011 -
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o ml _‘
2.5¢ ATLAS Preliminary —
L - 3
v vy - H—yy channel
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X - — :
: 15 4
- st n a
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% Resultados do H decaindo em Z2Z rsl;ﬁnll’l

" Distribuicdo de méssa de 4Teptdes; mdl) % X
(>

ATLAS

e Data )
B Background zZ"

S

% ]
= B Background Z+jets, t
§30 ] Signal (m =125 GeV

i

)

i Signal (mH=190 GeV)
B Signal (mH=360 GeV)
y Syst.unc.

H-zZ" -4l s e AT
\s=8TeV:]Ldt=5.8f" | paraos 4 leptdes .
(dois pares %Ie_tréo-pos;itréo, ou
~_dois pares de mudes, ou'um _par -

de elétrbes e um parde mubes)..

200 400 600

i’ m, [GeV] | - T v oo uhd
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Vlsuallzador de Acc%tec:lmentos
B, _, i ek B P ATA

—>cuts Pt>501OOGeV

' Q‘ .

.

alae. . File View Histograms Preferences Help
[ | -
' E - -|| File Name | ETMis [GeV] Track P [GeV] +/- Pt[GeV] n U MZiriGeV] M(41) [GeV] ely
' 1100036_JiveXML_166964_987982.xml  |19.626 Tracks 3 1126 + 494 1.441 -1.464 |95.325 | u
- o ‘ Tracks 69 96.8 - |459 -1.720 -1.378 ‘ M

— N e —

et (= | NS EE (VPATIA - Track Momenta
\ <« L @ [ X
ATLAS 2010-10-18 04:39:34 CEST run:166964 ev:967962 NextEvent InsertElectron InsertMuon Delete Track Reset Canvas

Previous Event
ETMis: 20.808 GeV @: -2.415 rad Collection: MET RefFinal
|<[® o=+ ot of

HYPATIA

|| Cainstallers\HYPATIA\QroupA\00036_JiveXML_166964_987982.xml

5

- Reconstructed Tracks ]
( Track +- P [GeV] Pt [GeV (1] 8 'Vieos
3 .,‘Tracks 3 + 112.57 49.42 1.441 2.687 I3
[Tracks 69 - 96.83 45.88 -1.720 2.648
(Tracks 127 - 37.93 30.81 1.803 0.948
Tracks 128 + 25.73 12.70 0.303 2.625
¢ [ Tracks 134 + 121.30 89.22 -0.597 2.315 »
S YROTEY [Tracks 136 - 34.18 8.63 -3.123 0.255 -
FiART ST IR (Tracks 154 + 14.19 8.35 -2.346 2.513 -
[Tracks 176 1353 5,
. -3
D! 23
[ Parameter Control [ !'ntcraction and Window Control [ Output Display
2 Dat IJ Cuts InDet t Calo [ MuonDet } Objects Geometry \
et 8 Name -t Value M
Calo - =
| lv] Pt > |5.0 GeV k=
[ MuonDet 1P Ii 1= N
Objects | |1 1d0I <|25mm
ATLAS || |}z0] <[20.0cm ‘
[]1d0 Loose| <[2.0cm
[]1z0-zvtx| < |25mm 3




ST 2Nt K SN - — srvmtureth
| I + — y ‘ @ AT sy
— e e i > g —
- L ’ ./ » e -
& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window == = |
File View Histograms Preferences Help
Eile Name |__ETMis(Gevl | Track | pigev [ s+ [ __PtiGey] | ) I 0 L ME)Gev) [ M) [Gey] | ely L
@ Canvas Window - File: event008.xml Run: 180664 Event: 1605858 =/@] = } & HYPATIA - Track Momenta Window S
ATLAS 2011-05-01 19:11:06 CEST source:event008 run:180664 ev:1605858 HYPATIA [{ | File <« -4 e L X aJ
. Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas

ETMis: 20",§00 GeY
b}{F:".exercises'@.TLAS‘xhypatia'\events'\dirO1'\groupK.zip\eventOOS.xml ‘Cﬂ 2 o= ofl ofd

¢: -0,777 rad

Collection: MET RefFinal

[

Reconstructed Tracks

|

Track +- P [GeV] Pt[GeV] 9 6
Tracks 2 - [37.04 36,60 0,637 1,726
Tracks 12 + 63,58 52,84 2,877 2,161
&» HYPATIA - Control Window =1E
J Parameter Control I Interaction and Window Control ] Output Display ]
[ Projection [ Data [ Cuts [ InDet [ Calo [ MuonDet i Objects [ Geometry ] o
{—Data Name J Value

Status

o [v] InDet

o [v] Calo QD

o= |[v| MuonDet

o v Ohiects

)
o . —— e o



HYPATIA: Z=> p*py '

4 L% i S TRy, 2 b
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& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window I =[E] % ]
File View Histograms Preferences Help
Eile Name |__ETMis(Gevl | Track [ picev [+ [ __Pticey | ) l 0 [_mEpcey] [ m@picey | ely Ll
@ Canvas Window - File: event020.xml Run: 180400 Event: 58192244 =[=] % | & HYPATIA - Track Momenta Window = | B |3
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58192244 HYPATIA || | File < > @ ® X hnd
Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
ET™is: 12,076 GeV ¢: -2,803 rad Collection: MET RefFinal
[ =
b]iF:\exercises‘.A.TLf‘-.S\hypatia‘.events‘.diro1'l.groupK.zip\eventOZO.xml ‘42 p 0= of) Oﬂ.f;
[ Reconstructed Tracks ]
Track +- P [GeV] Pt[GeV] 0] Z}
Tracks 3 + 51,86 48,93 -2,194 1,908
Tracks 73 - 55,00 52,57 1,046 1,869
@ HYPATIA - Control Window =1
l Parameter Control [ Interaction and Window Control T Output Display ]
[ Projection [ Data [ Cuts [ InDet [ Calo [ MuonDet [ Objects [ Geometry 1 —_=
SiClusterRDO Track ’ SUNS—— ‘
TRT DriftCircle Segment SopliexLine
SimChargedTrack SpacePoint Name ] Value
SimVertex PixelCluster Track Collections Tracks
SRR S Al iColor Function Constant {b
Hit Filter TrigSiSpacePoint
— PixelRDO Constant Color [C2s
)
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& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window I =[E] % |
File View Histograms Preferences Help
Eile Name |__ETMis(Gevl | Track [ picev [+ [ __Pticey | ) l 0 [_mEpcey] [ m@picey | ely Ll
@ Canvas Window - File: event020.xml Run: 180400 Event: 58192244 =/=] % | & HYPATIA - Track Momenta Window = | B |3
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58192244 HYPATIA || | File < > @ ® X hnd
Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
I‘E'I'Mis: 12,076 GeV ¢: -2,803 rad C°lle°t1|nsertse|ec1ed muontrack\
[|IF:\exercises\ATLAS \hypatia\events\dir01\groupK zip\event020.xml <@l ©= O} o
[ I
Reconstructed Tracks ]
£
Track +/- P[GeV] | Pt[GeV 5
a 36 48,9 04 908
Tracks 73 - 55,00 152,57 1,046 1,869
@ HYPATIA - Control Window =1
l Parameter Control [ Interaction and Window Control T Output Display ]
[ Projection [ Data [ Cuts [ InDet [ Calo [ MuonDet [ Objects [ Geometry 1 —_=
SiClusterRDO Track ’ SUNS—— ‘
TRT DriftCircle Segment SopliexLine
SimChargedTrack SpacePoint Name ] Value
SimVertex PixelCluster Track Collections Tracks
SRR S Al iColor Function Constant {b
Hit Filter TrigSiSpacePoint
— PixelRDO Constant Color [C2s
) | —
PAR -~ : A
< . - ' - CATI L SOt
e i ; i)lt -
’hc': . ') . ' > e - g



File View Histograms Preferences Help
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

< > Y X &
Previous Event Next Event Photon Delete Track Reset Canvas
ETMis: 18.247 GeV P: -1.337 rad Collection: MET_ RefFinal

File

f|zach/Masterclasses/hypatiaz015_Z_Dados/dir08/group).zip/event006.xml|<@|s»| ©= Ot} O
Tracks Physics Objects
Track P [GeV] Pt [GeV]

Objecto 4460

Object 1 111.89 44.71

Parameter Control | Interaction and Window Control | Output Display

Projection Data | Cuts InDet Calo MuonDet Objects | Geometry

InDet
Calo
MuonDet
Objects |Pt2|

ATLAS

Name Value
v||Pt|

v||do|
v||z0|
|d0 Loose| 2.0cm

|z0-2zVtx| 2.5 mm
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& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window Iﬂ{
File View Histograms Preferences Help
Eile Name | ETuisiGevl | Track |_pigevi [+ [ __PtiGey | ) l 0 [_mEpcey] [ m@picey | el Ll
@ Canvas Window - File: event018.xml Run: 179725 Event: 11852865 =[8] % | & HYPATIA - Track Momenta Window = | B |3
ATLAS 2011-04-15 16:56:41 CEST source:event018 run:179725 ev:11852865 HYPATIA || | File < e @ (] X hnd
Previous Event NextEvent InsertElectron Insert Muon Delete Track Reset Canvas
Seron ET™is: 37,280 GeV ¢: -1,982 rad Collection: MET RefFinal
b]§F:‘.exercises".A.TLAS\hypatia‘.events".diro1'l.groupK.zip'\.event018.me ‘ G5 o= of) O%

[ Reconstructed Tracks [
Track +- P [GeV] Pt[GeV] 0] Z}
Tracks 27 + 34,29 25,82 -2,551 0,852
Tracks 34 E 39,83 126,40 -2.525 10,725
Tracks 42 + 12,11 10,16 0,519 0,996
Tracks 48 E 1234 1014 10491 2176
Tracks 118 + 21,75 13,92 -2,494 0,694
Tracks 150 E 20,44 1631 10,428 2218
Tracks 161 + 21,30 15,32 0,888 2,339
@ HYPATIA - Control Window =T es

[ Parameter Control [ Interaction and Window Control | Output Display |

[ Name [ Value
Status
o || InDet
o V] Calo
o |v] MuonDet b
o _[] Obiert




HYPATIA: Salvar os dados!!!

& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window S| 5 |5
File[ View Histograms Preferences Help
Read Event Locally ETMis [GeV Track P [GeV | +- Pt [GeV p M(2l) [GeV] M(41) [GeV el

i Tracks 3 101,333 1]
Ll UL b s Tracks 73 55.0 E 526 1,046 0,303 M
Clear Hypatia Project 10,522 Tracks 1 423 + |42 2683 0,094 83,908 e
Load Hypatia Project Tracks 6 41,8 = 40,9 -0,515 -0,213 e
e 17,210 Tracks 2 1744 + 430 2,326 2,079 87,252 U
S AL S Tracks 3 208,3 E 44,0 0,326 2236 M
Export Invariant Masses (Ml) 3793 Tracks 1 315 - 283 1,208 1,717 93,442 e
Tracks 17 37,9 +  [37.8 1,872 0,071 e
FOOP ONEF EVENIS 9.760 Tracks 0 4358 + 694 0,811 2524 95702 U
Save Image of Canvas Tracks 1 838 - |285 2411 1,742 U
Animated Event 13,491 Tracks 8 100,3 - 490 1,841 1,344 87,607 e
: Tracks 58 101,7 +  [385 1,410 1,626 e
Event Properties
Read Geometry st
Read G4 Steps :
Exit )
d
L]
; Invariant_masses.txt
I AL
LRMINRN
& T L

.. D ~7

.i;’«ixl’:“--

.f L}

PLOAD -para:

S S

& HYPATIA - Control Window = = >
l Parameter Control [ Interaction and Window Control T Output Display ]
[ Projection [ Data [ Cuts [ InDet [ Calo [ MuonDet [ Objects [ Geometry 1 —_=

SiClusterRDO Track
TRT DriftCircle Segment ’ Zoomexthinck ‘
SimChargedTrack SpacePoint Name ] Value
SimVertex PixelCluster [Track Collections Tracks
SRR S Al iColor Function Constant
Hit Filter TrigSiSpacePoint
— PixelRDO Constant Color [C2s

http:llcernmasterclass.uio.no/OPIoTI

o

.
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~ Analise do Histograma

- , ,_

S . Pico bem definido
. j ] Caudas: frequéncias baixas
el eT Onde estao os picos? b
S8 N ;
vj I N Que particulas idenficamos?
1o malle Algum pico em m(4l) ?
21 _ .
{ 14 —H_l_’ H Algum pico em m(yy)?
] TS s e e s
Bin y




" Analise do Histograma

- , ,_

N e Feraly K X P
97 | Dois picos:
51 - Pobre definicao do sinal ou
T Dois sinais diferentes?
b T B r ’
> Em Fisica de Particulas, pode ser:
£ 5+ 5 .
: | Duas Particulas diferentes
o 1 ou
1 I Grande “sinal” vindo do
_ | rH “fundo” e um “montinho”
\ . 1 ,,,,, mostrando a particula em

- estudo.
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~ Vamos ao trabalho - Z!
' - ol ”':‘---.._ : |

. Facam equipas de dois.
<. Pratiguem um pouco (exercicio 1).

~ Fale com os fisicos.
.. Encontre bons candidatos Z.
"~ Que acontecimentos ira incluir na distribuicéo M(X)? .
®= Que particulas ira inserir para calcular a massa? |
» Descobriu algum Candidato a Bosao de Higgs?

(. ...E faca a distribuicao!
'+ Reporte! Relate! Ria! Relaxe!
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