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Os protdes dbs feixes tinham a energié de 3.5(4) TeV cada:
o 2 X 3.5(4) TeV = 7(8) TeV

Os quarks e glubes constituintes'do protao que colidem tém apenas
- uma fracao desta energia. Novas particulas criadas na colisédo tém
7 sempre uma massa inferior a esta fragéio da energia.
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'Decaimentos de Particulas
T '

N/

'-'"“ “ Estamos a procura do bos&o Z, uma

~.. particula sem carga eléctrica que

~ decai num par mudo-antimudo wh
' - o W .
. ou num par electréo-positrao’. f/ A_
mo\ semsd O Z :_J
0 =<0
~ Que sabemos das cargas —_— 0 O 0 Y —

' electricas dos pares?
‘{' Qual a carga eléctrica do Z?

U = o .
Y < | 4 - ) | |
% *O hos&o Z tem outros decaimentos... mas &0 estamos interessados nesses. .,
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" . Produgdo e Decaimento de Particulas

U ive i = S
L . ' ot
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% g 5 _ N 9 i
- -~ O tao procurado boséao de Higgs (H) N | 2<
| foi encontrado nas experiéncias - A

~~ ATLAS e CMS no LHC do CERN em
- 2012.

e e¥ B
| . % / !
i Podemos ter acontecimentos Oz B
- candidatos a bosfes de Higgs | ® o
. Ho@— 2
<= nos decaimentos ® :
..,.-,-_ * : o . o —
'« H=>2ZZ =>4leptdes —> 9990«
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.+ H=>vyy (2fotdes)
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.Decaimentos de Particulas
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... Frequentemente quarks Iy

. s80 dispersados em \ &
colisoes. ; \,f |

~~ Estes quarks d&o origema - Jet 1o
- Jatos de particulas. .o g
-~ Electroes e mudes de b — O Y D —

- baixa energia podem ser . © &

-{' produzidos nos jatos. }et
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- . Nao sao o que estamos a O
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Decaimentos de Particulas

" e e

_ Um acontecimento “di-
. muso” ou “di-electr&o”
pode ser o decaimento
.. daparticula em que
="~ estamos interessados. - o o S
'..:"fi';::"_f;:':{"f — Ok Q@ 0 e——
== Pode ser dificil ;
» - reconhecer os tragos . ~
- que queremos, se nao b
\ eliminarmos os tracos de

b ) o

. ' baixo momento
..+ transverso.
? .i:;:..' " § T ) St P =2 ' -— - ..(
e §
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- - Decaimentos de Particulas

! ¢ SR N/ : ' gl S iy : ;, B2

|~" Se selecionarmos so 0sS F =mc? = E2 =m2c* + c2p? ‘

- fracos com momento

" transverso superior a 10
GeV, ficamos com uma

Imagem mais nitida.

E=E +E, p=]|p|l=Ip;+0p,l

m = (E; + E2)? — > (B, + B)?/c? |
e | 0
'Hoje iremos seleccionar — s O . 0 e
= varios acontecimentos © ©
- Z>e*e e Z>utu e usar

a informacao de

massa [invariante] MJ[.c?] 1‘> e’ I

2N

. para saber se descobrimos e” U1

. 0 bosao Z ou 2 - \
wtras particulas. e D\/ZElE? (1-cosq,)




Eventos com dois mdées
[ Pesquisa de particulas X que
~ decaem em dois muoes;
refaz-seuma distribuigéo de:

E ‘ 0.0 0 - .J/W .' "’;;:_ : n_ CMS Prelimina;ry,\l‘g=7TeV
! 8 I Line = 3.1 pb” .
"_’_,210“ n v’ Y(1 M i | e M::”cz
- N 1< 2
w10° $ 600
e 10
\a 10 dl-muons \“:a""a.s"”s'”b.s‘"'1‘0"'1’0'.5'."'1'1‘"41‘.5‘"‘1‘2
1 02 p*p mass (GeVic?)
' CMS Prelimina
1 v Espectro de massa:
[ \Vs=TTev, L =40 pb nimero de eventos
| | Uy, em fungdio da massa
1 10 102

n*u- mass (GeV/c?) 8/63




" Distribuicio da Massa doZ *

CRIS Prebmirary
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Vi’Suali’zado_r de,Acc%ﬂte'cimentOS'

Fitsa "£>“(':ut-s‘:~-~Pt>.4_1(.).0 GeV \’A(_ Tl

i Hybrid pueils' anal'mol fo‘r uns in H— versi?n -~
B . File View Histograms Preferences Help
| -a. -
' ~ L File Mame ETMis [GeV] Track P [GeV] +- Pt[GeV] i1} n L= ZiriGeV] M{dl) [GeV] | el .
' 1(00036_JiveXML_166964_987982.xml  |19.626 Tracks 3 1126 + 494 1441 -1.464 95.325 n !
) o I\ Tracks 69 96.8 - Jas0 1720 -1.378 i M
' A .
@ Canvas Windov, JIER0003c USRI cocC AR .| i = [ = [ENRERIIEE: | VPATIA - Track Momenta Window |
e < S e m X & el
-A10- -39- : E File
ATLAS 2010-10-18 04:39:34 CEST run:166964 ev:987982 HYPATIA Previous Event  Next Event Insert Electron Insert Muon Delete Track Reset Canvas U E
. ETMis: 20.808 GeV p: -2.415 rad Collection: MET RefFinal - el
- 3
5 (= |C:\in stallers\HYPATIAWQroupAW0036_JiveXML_166954_987982.xml | a5 o= of oﬂ;}; -
s T Reconstructed Tracks | ‘W—.—' g2

[ Track +- P [GeV] Pt [GeV] ¥ ey ~
3 Tracks 3 + 112.57 49.42 1441 2.687 7
» Tracks 69 - 96.83 45.88 -1.720 2,648 P TAT FOD
Tracks 127 - 37.93 3081 1.803 0.948
Tracks 128 + 2573 1270 0.303 2625
Tracks 134 + 121.30 89.22 -0.597 2315 >
S Tracks 136 - 3418 8.63 -3.123 0.255 T .
SR LTt n Tracks 154 + 14.19 8.35 -2.346 2513 > A+
Tracks 176 - 1353 1274 0.259 1.915 b S4aa S
. .-
) 4

Parameter Control

Intzraction and Window Control

Output Display

Projection

Dath ["Cuts | InDet

Calo | MuonDet | Objects | Geometry

InDet

= MName ' Value o il
MuonDet el 1P 2 |%V é - ﬁ“ ¥
Objects | L 1401 < [25mm
ATLAS [ ]1z0] < |20.0 cm ‘

["]1d0 Loose] < 2.0 cm
[ |z0-2vtx] < |25 mm = i




HYPATIA Z => e+ e ‘- ..... m{ "N
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& Hybrid pupils’ analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window == = |
File View Histograms Preferences Help
File Name | ETMisicev] | Track | picevi [+t [ Pijcev] | 9 | n | meEpeev) | mEnycev | el [ ]
¢ Canvas Windaw - File: event008.xml Run: 180664 Event: 1605858 l=[E] % | & HYPATIA - Track Momenta Window e
ATLAS 2011-05-01 19:11:06 CEST source:event008 run:180664 ev:1605858  HYPATIA || | rie <« > @ M X N
Previous Event  NextEvent InsertElectron Insert Muon Delete Track ResetCanvas

ETMis: 20,600 GeW @: -0,777 rad Collection: MET RefFinal

H‘F:lexeru:ises\&TLAS‘.hypatialeventsxdiro'ngroupK.zip‘neventUDB.xml |<§= 2 e= ofl ol

f Reconstructed Tracks |

Track +- P [GeV] Pt[GeV] [i] B
Tracks 2 - 3704 36 60 -0,637 1,726
Tracks 12 + 63,58 52 84 2877 2,161

i3 HYPATIA - Control Window

r Parameter Control |/ Interaction and Window Control r Output Display |

rProjection rData rCuts rInDet |/Calo rMuonDet |/Dbjec.ts rGeometry |

Data

Mame | Value |

[¥] Status

o [v] InDet
o |v]| Calo

o [v] MuonDet
=

[w] Ohiarts




& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window |ﬂl
File View Histograms Preferences Help

File Name | ETMisiGevl | Track L Picevy [+ [ PtiGev] | g | n | mMEncev | mncevy | ely L]
@ Canvas Window - File: event020xml Run: 180400 Event: 58192244 =l % | & HYPATIA - Track Momenta Window S
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58182244  HYPATIA || | ie <« - - e " X had

Previous Event Next Event Insert Electron Insert Muon Delete Track Reset Canvas
ETMis: 12,076 GeV p: -2,803 rad Collection: MET RefFinal

H‘F:\exercises\&TL.J\S‘.hypatia\events‘.dirU11.groupK.zip‘.eventUED.xml |-€3= 5 ©= of) ol

LET ()

f Reconstructed Tracks |

Track +- P [GeV] Pt[GeV]
Tracks 3 + 51,86 4893
Tracks 73 - 5500 52 57

g HYPATIA - Control Window

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

rProjection rData rCuts rInDet |/Calo rMuonDet rDbjects rGeometry |

SiClusterRDO Track
TRT DriftCircle Segment
SimChargedTrack| SpacePoint MName Value
SimVertex PixelCluster Track Collections Tracks
RecVertex SCT_Cluster

Hit Filter TrigSiSpacePoint
T PixelRDO Constant Color [ 2s

| Zoom Next Track |

(Color Function Constant




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

EEIE
File View Histograms Preferences Help
File Name | ETMisiGevl | Track L Picevy [+ [ PtiGev] | g | n | mMeEneev | mncevy | ely L]
@ Canvas Window - File: event020xml Run: 180400 Event: 58192244 l=]E] % | & HYPATIA - Track Momenta Window e
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58192244  HYPATIA | | rie <« > € n X hid
Previous Event  Next Event InsertElectron Insert Muon Delete Track ResetCanvas
LET (B0) ETMis: 12,076 Gev ®: -2,803 rad CMI&Ct!Insertselected muon track|

Reconstructed Tracks |

[ Fexercis es\ATLAS hypatiatevents\dir0 1\groupk ziplevent020.xmil |-<8= g @@= of] O‘J;%-,-

Track

+-

P [Ge Pt[Ge

Bi6 48 4 0.1

Tracks 73 - 55,00 52,57 1,046

1,869

g2 HYPATIA - Control Window

fParameterControl rlnteraction and Window Control rDutput Display |
Projecti Dat Cut InDet | Cal MuonDet | Object G t
r rojection r ata r uts rn r aor uonDel r jects r eomery| @P
SiClusterRDO Track | — — |
TRT DriftCircle Segment oom Hext Trac
SimChargedTrack SpacePoint Mame Value |
SimVertex PixelCluster Track Collections Tracks - ;
JEB B SEIL B S (Color Function Constant -] {b
Hit Filter Trig SiSpacePoint
Drawing Order PixelRDO (Constant Color —
| 4
St < e



File View Histograms Preferences Help
File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] 0] n M(2) [GeV] Mieeee) [GeV] | M{eemm) [GeV] | Mimmmm) [GeV]| e/m/g

) = W b =
File i <« u n e
Previous Event Next Event Photon Delete Track Reset Canvas
ETMis: 18.247 GeV P: =1.337 rad Collection: MET RefFinal

lzach/Masterclasses/hypatia2015_7Z_Dados/dir08/group).zip/eventD06.xml|<@|g» ©= O] O"f.';gs

Tracks Physics Objects

Track P [GeV] Pt [GeV] P 2}
Object 1 111.89 44.71 -1.936 2.731

Parameter Control | Interaction and Window Control

Output Display

Projection Data Cuts InDet Calo MuonDet Objects Geometry

IEDIN Name Value *
alo R
MuonDet |'% [Pt] > |10.0 GeV

Objects |Pt2| < |700.0 Mev

ATLAS v||do] < [2.5 mm

v| |z0| < |20.0 cm

|d0 Loose| < |2.0 cm

|z0-zVitx| < |2.5 mm



HYPATIA: Z => jatos (fundo) T
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& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window

File View Histograms Preferences Help

File Name | ETMisiGevl | Track L Picevy [+ [ PtiGev] | g | n | mMEncev | mncevy | ely
@ Canvas Window - File: event018.xml Run: 179725 Event: 11852865 =[@] = | @ HYPATIA - Track Momenta Window b=
ATLAS 20110415 16:56:41 CEST source:event018 run: 179725 ev:11852865 HYPATIA [} | File <« - - € u X @

Previous Event Next Event Insert Electron Insert Muon Delete Track Reset Canvas
ETMis: 37,280 GeV @: -1,982 rad Collection: MET RefFinal

H‘F:\exercises\&TL.J\S‘.hypatia\events‘.dirU11gr0upK.zip‘.eventU1S.J(ml |43= 5 ©= of) ol

4 ET (3]

f Reconstructed Tracks |

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

Tracks 27 + 34,29 2582 -2,581 0,852
Tracks 34 - 3983 2640 -2.525 0725
Tracks 42 + 1211 10,16 0,519 0,996
Tracks 48 - 1234 10,14 0,491 2176
Tracks 118 + 2175 13,92 -2,494 0,694
Tracks 150 - 2044 16,31 0,428 2218
Tracks 161 21,30 15,32

g HYPATIA - Control Window

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

rProjection rData rCuts rInDet |/Calo rMuonDet rDbjects rGeometry |

oo
% Mame | Value | .
[v] Status
o [¥] InDet
o |v]| Calo
o [v] MuonDet b
o] Dhiarts




HYPATIA: Salvar os dados!!!

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

Fle|\.fiew Histograms Preferences Help

Read Event Locally

ETMis [Ge

Track

+[-

el

] Tracks 3 ]
Read Event From URL (ive) Tracks 73 55,0 N 52 B 1046 0,303 0
Clear Hypatia Project 10,522 Tracks 1 423 = 42 1 2683 0,094 83,908 e
Load Hypatia Project Tracks 6 418 - 409 -0,515 -0,213 ]
o 17210 Tracks 2 174.4 + 430 2826 2,079 87 252 m
ST P (Hy Tracks 3 208,3 - 44,0 0,326 2 236 m
Export Invariant Masses (MIl) 3793 Tracks 1 315 E 283 1208 1717 93442 e
Tracks 17 37,9 + 378 1,872 0,071 e
Loop over events 9,760 Tracks 0 4358 604 0,811 2524 95702 0
Save Image of Canvas Tracks 1 83,8 - 28,5 2,411 1,742 m
Animated Event 13,491 Tracks 8 100,32 E 49,0 1,841 1,344 87 607 e
: Tracks 58 101,7 + |35 1,410 1,626 e

Event Properties

Read Geometry
Read G4 5teps

Exit

? i».’\:,?t__. )

| UPLOAD p

> V'S S

ara.

s A "

Salvar com o0 nome:
Invariant_masses.txt

& HYPATIA - Control Window (=[BT ]
f Parameter Control r Interaction and Window Control r Output Display |
Projecti Dat Cut InDet | Cal MuonDet | Object G t
r rojection r ata r uts rn r aor uonDel r jects r eomery| @P
SiClusterRDO Track | — — |
TRT DriftCircle Segment oom Hext Trac
SimChargedTrack SpacePoint Mame Value |
SimVertex PixelCluster Track Collections Tracks - ;
JEB B SEIL B S (Color Function Constant -] {b
Hit Filter Trig SiSpacePoint
Drawing Order PixelRDO (Constant Color —

https://zpathweb.hepp.uiocloud.no/OPlo

s b o

T/_ ;
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Anélise do Histograma
{ N/ . i a8 : - .
X X N
Hiieats B - B0
- Pico bem definido
I ] Caudas: frequéncias baixas
T."--
5T Onde estéo 0s picos?
...... S )
s - Que particulas idenficamos?
1T mulle Algum pico em m(4l) ? &
( : —H_}_’ H Algum pico em m(yy)?
Dn@@@@@é'@g'

G
3 "'g;“,._, v z =] P‘L




X
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T

e
L
L]

Fregquency

i
1
T

]
1
T

Bin

~ Anélise do Histograma

— A
5 . N2
Dois picos:
Pobre definicao do sinal ou
Dois sinais diferentes?

Em Fisica de Particulas, pode ser:
Duas Particulas diferentes
ou
Grande “sinal” vindo do
"fundo” e um “montinho”
mostrando a particula em
estudo.
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" Vamos ab trabalho - Z!

[ Facam equipas de dois.
= Pratiquem um pouco.

Fale com os fisicos.

Encontre bons candidatos Z.

Que acontecimentos ira incluir na distribuicao 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!

g =

b‘ “
e - " A 'ﬂ i 7 1]
o ] S
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| R ¢ . A T 5 i
= “Certo dia dizia um fildsofo: 'E necessario para a propria .
| existéncia da Ciéncia que as mesmas condicoes
7 produzam sempre os mesmos resultados!’.
'Bem, ndo produzem!”

Richard P. Feynman (1918-1988)

- >Observacbes indirectas e pensamento légico, critico, e
.- imaginativo, pode levar a conclusdes logicas e
verdadeiras. s

( »Assim: Trabalhem em conjunto, pensem, e sejam
\  criticos dos vossos resultados e dos dos outros colegas,
‘. para perceber bem o que se esta a passar.
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