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Interagao muito fraca.

Detecgéo de Muso Q -1 Neutrino 0 | Dificeis de detetar!

| forma directa [REE—- P Neutino 0 Energla em falta! (MET)
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> Interagbes Protdo-Protdo '«

&l

Os protc")es-.clbs feixes tinham a energié de 3.5(4) TeV cada:
2 x 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 colisao tém
“' sempre uma massa inferior a esta fracao da energia.
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'Decaimentos de Particulas

PRI - D ’ e :
T . o i * N A
- -~ Estamos a procura do bosao Z, uma g ’<
| particula sem carga eléctrica que S
= decai hum par muao-antimuao ou ARt
- num par electrao-positrao’. ”+'
. f P W
' ~—~1f O Z s s A
, ﬁ @ i 0 @ z 0 b ,'—l
* Que sabemos das cargas i
- eléctricas dos pares?
" Qual a carga electrica do Z?
ol L == o |
'-:,‘ ! - p
*’}"‘* *O bosdo Z tem outros decaimentos... mas ndo estamos interessados nesses. o
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- .. Producdo e Decaimento de Particulas

-~ O tao procurado bosao de Higgs (H) | g X )< _'
|~ foi encontrado nas experiéncias o S N
=~ ATLAS e CMS no LHC do CERN em &
- 2012. +
via e_ e —
| . \ / 1
__ Podemos ter acontecimentos Oz / g
- candidatos a bosodes de Higgs | ® —=
<= Nos decaimentos @ 2 |
O <0
o H->ZZ->4 leptdes — @.QO.G<— |
.+ H->vy (2 fotGes)
RORL Y S | jet
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'Decaimentos de Particulas

‘. ." _ : A ' ) LRCEA ’,:.
. R { —._."'- > Fa .\Y G S ' 3 R
!A . : @
... Frequentemente quarks wh
- sdo dispersados em \ X
.. colisoes. ~\
| 1 \"\~/" ,
3 _ i3 O < L
= Estes quarks dao origem a - jet TaE
------ Jatos de particulas. 0.0 3
- ElectrGes e mubes de b — @ O O O — .
; baixa energia podem ser \ -
-{» produzidos nos jatos. jet
. Nao sao o que estamos a >
procura' \ _
) ATl muon-lik el
; ,,,_ L fnt' 3, - | S|gnal A
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'Decaimentos de Particulas

. | X AL | X X
_ Um acontecimento “di-
. muao” ou “di-electréo”
pode ser o decaimento
.. da particula em que

= Pode ser dificil '+

» - reconhecer os tragos S
que queremos, se ndo "

{- eliminarmos os tracos de

‘. baixo momento

. transverso.
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- Se selecionarmos s6 0s
| tracos com momento
" transverso superior a 10
- GeV, ficamos com uma
' imagem mais nitida.

Hoje iremos seleccionar
“ varios acontecimentos
~Z>e*te- e Z>utu-e usar -
" ainformacdo de massa
{ [invariante] m [.c*] para !
- saber se descobrimos o

_ bos&o Z ou outras
1 particulas.
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mc” = \/2E1E2 (1-cosB,,)

ey o o

Decaimentos de Particulas
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E =mc? = E? = m?c?* + ¢?
E=E +E,

pz '..."
p = |p| = |py + pal

m =/ (E1 + E;)? — c2(p; + P2)?/c?
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Lm Eventos com dois ées

.' . Pesqmsa de particulas X que
- decaem em dois muoes;

e efaz -Se uma distribuicao de: C
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E p,(x) (p J/W zwoe n. CMS Preliminag,'\f;.:pt:v .
.\3106 M v’ Y(1,2,3 gsonf— : 0= 70 MeVic?
= I..%:105 %son_— e &
& J U\J\ .
oot . ] 200_—L o ) N -
) 10 dl-muons .\U_l”“a.ls”uéu's.ls“'110' 1015 ‘111‘ 1;5 ‘1]2 t
L o Espectro de massa:
{ CMS Preliminary
L 10 numero de eventos
- - -1 ~
[ Vs=TTeV, L =40pb em fungdo da massa
e

1 10 10?
u*p- mass (GeV/c?) 21/63 I
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT H 2 f Ot 6 e S
Run/Event: 194108 / 564224000 ’ j 9

23/63
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s Dlstrlbuu;ao de ma>§sa dos 2 fotoes m(w) X .>< 

!_ ' Soma das distribuicdes de cada Classe de acontec. ponderada per S/B

VVVVVV
'Q.

" Na distribuiggo de massa yy

5 %2000 C CMS Preliminary - sBwegneavaa |~ ha um excesso de aconteci-
. (51 800;_ o 16& t= o ;E: ----- :;gBlfii[tComponent mentOS SObre O~f.und0 para
1600k 'S8 eV k=23 Jite massas ~ 125 GeV/c?.
.-._.S [ +206 -~ — : z | . |
1400 AN o R o e
L - A obse“r'vagao do’estado final -
‘_j_{§12005_ . em 2 fotGes implica que a
“51000¢ " nova particula & um bosaa;
o 800F nao um fermido, e que nao/
2 - A
( £ 600- pode scir u_m_a part_lcula de
L= B spm 4 [
‘%’ 400 / |
. 200F Nao ha outra partlcula
0 S | E—— I fundamental com estas
a5 120 140 | . |
g m, (GeV) propriedades! 24/63  J
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ATLAS

e Data o
B Background zZ2"

B Background Z+jets, tf
[ Signal (m =125 GeV)

i Signal (m =190 GeV)
B Signal (m =360 GeV)

y Syst.unc.
H—zZ!" -4l
\s=7TeV: Ldt=4.8fb"
\s=8TeV: |Ldt = 5.8 fb!

400 600
m,, [GeV]

" Distribuigio de massa
. para os 4 leptoes N
(dois pares $Ietrao-p03|trao ou
dois pares de mudes, ou ‘um par
de' elétroes g um par>de mut)es)
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Visualizador de Acont

ecime
Fihsl ._HY_PA'I;IA o

ntos:

& -

&

10

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

Reconstructed Tracks

\

File View Histograms Preferences Help
-
5 - -|| File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] n M(ZiriGeV] M(41) [GeV] ely
) 1100036_JiveXML_166964_987982.xml  |19.626 Tracks 3 1126 + 494 1.441 1.464 |95.325 | u
L] Tracks 69 96.8 - 459 -1.720 -1.378 [ "}
S Canyesilindow . 36 _J) 1 2.xm) =N - » HYPATIA - Track Momenta el
<@ L @ [ X
ATLAS 2010-10-15 04:39:34 CEST run:166964 ev:967562 HYPATIA Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
ETMis: 20.808 GeV @: -2.415 rad Collection: MET RefFinal

|<[» o=+ on of

- e -

£ Track - P[GeV] Pt[GeV] 9 o &
3 > + 112.57 49.42 1.441 2.687 F2
[Tracks 69 - 96.83 45.88 -1.720 2.648 < TAT FER
[Tracks 127 - 37.93 30.81 1.803 0.948
st s wen Tracks 128 + 2573 12.70 0.303 2625
r o [Tracks 134 + 121.30 89.22 -0.597 2315 >
e [Tracks 136 - 3418 8.63 3123 0.255 .
B T R e Tracks 154 + 1419 8.35 2.346 2513 2 -
[Tracks 176 " 1353 12.74 0.259 1.915 N T
' .
D) s
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Interaction and Window Control

Parameter Control

t Output Display |
Dat Ij Cuts E\Det Calo r MuonDet ' Objects Geometry ¢

\& Name Value RS ol
_Calo Iy > [5.0 Gev AL e~ L
‘ MuonDet —_— =
‘ Objects [ 11do] < |25 mm
| ATLAS [ 11z0] < |20.0 cm .

[]1d0 Loose| <|2.0cm

[ ]1z0-zvtx| < |25 mm d

. s e - -—— - S 5
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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 | pigev [ s+ [ __PtiGey] | ) I 0 _mEpGey] | m@niGey | ely L
@ Canvas Window - File: event008.xml Run: 180664 Event: 1605858 Nﬁ] @ HYPATIA - Track Momenta Window =[5 lﬂhl
ATLAS 2011-05-01 19:11:06 CEST source:event008 run:180664 ev:1605858 HYPATIA || | File <« > e " X xJ
Previous Event Next Event Insert Electron Insert Muon Delete Track Reset Canvas
ETMis: 20,600 GeV ¢: -0,777 rad Collection: MET RefFinal

H‘F:".exercises'\»\TLAS‘\hypatia‘.events".dir[)1".groupK.zip‘.eventOOS.xml ‘42 P o= of] o

Reconstructed Tracks

l

|
Track +- P [GeV] Pt[GeV] 0] 6
Tracks 2 - 37,04 36,60 -0,637 1,726
Tracks 12 + 63,58 52,84 2877 2,161
@ HYPATIA - Control Window =1
[ Parameter Control | Interaction and Window Control | Output Display |
[ Projection ] Data I Cuts [ InDet [ Calo [ MuonDet f Objects ] Geometry ] —_
[l Name ] Value
Status
o= |v] InDet
o |v] Calo {b
o MuonDet
o |v! Ohiects
]
AT
£ »



HYPATIA: Z=> y*py- = =

& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window I =s[E] R ]
File View Histograms Preferences Help
File Name | ETuisiGevl | Track | picev [+ [ __Pticey | ) I 0 |_mEpGey [ m@picey | ely Ll
@ Canvas Window - File: event020.xml Run: 180400 Event: 58192244 =/E] % | & HYPATIA - Track Momenta Window | B )
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58192244  HYPATIA|| | fiie <« > e n X -
Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
ETMis: 12,076 GeV ¢: -2,803 rad Collection: I(E'I‘_Ref?inal

JET(G:V)

H‘F:‘\exercises\A.TLAS\hypatia'\events\diro1'\groupKAzip\e'v'ent020.me ‘q::;) o= ofl o3

[ Reconstructed Tracks |
Track +- P [GeV] Pt[GeV] 0] 8
Tracks 3 + 51,86 48,93 -2,194 1,908
Tracks 73 - 55,00 52,57 1,046 1,869
\ = =

&1 HYPATIA - Control Window

l Parameter Control [ Interaction and Window Control ] Output Display ]

| Projection [ Data [ Cuts [ InDet [ Calo [ MuonDet t Objects [ Geometry ] —
SiClusterRDO Track ’ Joom Next Track ‘
TRT DriftCircle Segment SomNexLIne
SimChargedTrack SpacePoint Name Value ]

SimVertex PixelCluster [Track Collections Tracks v 2
SR SR i (Color Function Constant v/ {b
Hit Filter TrigSiSpacePoint

—— PixelRDO Constant Color 25 M




HYPATIA: Z=> p*py-

& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window I =s[E] R ]
File View Histograms Preferences Help
File Name |__ETMisiGevl | Track | picev [ =+ [ __PtiGey] | ) I 0 |_mEpcey] [ _m@picey | ely Ll
& Canvas Window - File: event020.xml Run: 180400 Event: 58192244 ‘MJ &% HYPATIA - Track Momenta Window = | B l&l
ATLAS 2011-04-28 01:53:31 UTC source:event020 run:180400 ev:58192244  HYPATIA|| | fie <« > e n X -
. Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
1ET (@) EfMiy: 117,076 6oV s =288 rad CMlecﬁlnsertseleded muontrack]
[|F\exercises\ATLAS hypatia\events\dir0 1\groupK zip\event020.xml ‘Qﬂ » - ofl o
Reconstructed Tracks |
Track +/- P [GeV Pt [GeV 6
3 36 48,0 04 908
Tracks 73 - 55,00 52,57 1,046 1,869
& HYPATIA - Control Window =l
[ Parameter Control [ Interaction and Window Control [ Output Display ]
[ Projection [ Data [ Cuts T InDet [ Calo T MuonDet t Objects [ Geometry ] —
SiClusterRDO Track ’ —— ‘
TRT DriftCircle Segment ST DN S
SimChargedTrack SpacePoint Name l Value l
SimVertex PixelCluster [Track Collections Tracks v |2
RecVertax SCT_Clester iColor Function Constant v/ {b
Hit Filter TrigSiSpacePoint
Drawing Order PixelRDO Constant Color :] 25 v =
]
), — ——— A (.
AT
£ »




HYPATIA:

- AN 8 —-

e

Z => v Y e

Preferences Help
ETMis [GeV]

File View Histograms

File Name Track

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

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

f|zach/Masterclasses/hypatia2015_Z_Dados/dir08/group).zip/event006.xml|<@| »| ©= ol o

Tracks Physics Objects

Track P [GeV]

Objecto 4460

Object 1 111.89 44.71

Pt [GeV]

Parameter Control Interaction and Window Control Output Display

InDet Calo MuonDet Objects | Geometry

Projection Data | Cuts

InDet
Calo
MuonDet
Objects |Pt2|

ATLAS

Name Value
|Pt| 10.0 GeV
700.0 MeV
|dO| < 2.5 mm
|z0| 20.0 cm
|dO Loose| 2.0 cm

|z0-zVtx| 2.5 mm
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& Hybrld pupils’ analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window (=[] %
File View Histograms Preferences Help
File Name | ETuisiGevl | Track [ picev [+ [ __Pticey) | ) l 0 | mEpcey [ _m@picey | ely Ll
% Canvas Window - File: event018xml Run: 179725 Event: 11852865 SE] 2 AT - Tk Mo W S
ATLAS 2011-04-15 16:56:41 CEST source:event018 run:179725 ev:11852865 HYPATIA [{ | File - - - e " X n
Previous Event NextEvent InsertElectron Insert Muon Delete Track ResetCanvas
o Er i ETMis: 37,280 GeV ¢: -1,982 rad Collection: MET RefFinal
B‘F:'\exercises'\»\TLAS\hypatia'\events'\dirD1'\groupK.zip'\event018.xm| ‘Qi p 0= of)
[ Reconstructed Tracks [
Track +- P [GeV] Pt[GeV] 0] 8
Tracks 27 + 3429 2582 -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
%4 HYPATIA - Control Window =1=
J Parameter Control [ Interaction and Window Control ] Output Display ]
[ Projection [ Data [ Cuts [ InDet [ Calo [ MuonDet t Objects [ Geometry ] —
[(Data Name [ Value
Status
o [v] InDet
o= Calo {b
o MuonDet
o _|v! Ohierts
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HYPATIA: Salvar os dados!!!

2
& Hybrid pupils' analysis tool for interactions in ATLAS - version 7.2.1 - Invariant Mass Window = | B S
File[ View Histograms Preferences Help

Read Event Locally ETMis [GeV] Track P [GeV +/- Pt [GeV/ p M(2l) [GeV M(4]) [GeV el

Read Event From URL (live)

Tracks 3

101,333

1}
Tracks 73 55,0 - 52,6 1,046 -0,303 y
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
Save Hypatia Proiect 17,210 Tracks 2 1744 + 43,0 -2,826 2,079 87,252 y
ve ypata 108 Tracks 3 208,3 - 44,0 0,326 2,236 u
Export Invariant Masses (MIl) 3,793 Tracks 1 815 - 28,3 -1,208 1,717 93,442 e
Tracks 17 379 + 378 1,872 -0,071 e
Loop over events : : : :
B 9,760 Tracks 0 4358 v 694 0,811 2524 95,702 u
Save Image of Canvas Tracks 1 83,8 - 28,5 2,411 1,742 H
Animated Event 13,491 Tracks 8 100,3 - 49,0 1,841 1,344 87,607 e
- Tracks 58 101,7 + 38,5 -1,410 1,626 e
Event Properties
Read Geometry _
Read G4Steps :
Exit )
d
- Salvar com o0 nome:
: Invariant_masses.txt
I AL I
LRI
X . g
=
& HYPATIA - Control Window STET <
-10 0 X (m) 10
[ Parameter Control [ Interaction and Window Control [ Output Display ]
[ Projection [ Data T Cuts T InDet [ Calo T MuonDet f Objects [ Geometry |
SiClusterRDO Track ’ ‘
TRT DriftCircle Segment Zoom fext Jinck
SimChargedTrack SpacePoint Name l Value l
SimVertex PixelCluster [Track Collections Tracks v é
Recvertex SCT_Cluster iColor Function Constant v/
Hit Filter TrigSiSpacePoint
Drawing Order PixelRDO Constant Color I:] 25 v =

S S

'UPLOAD p

‘s A "

dara.

i

http:/Icernmasterclass.uio.no/OPIo.TI
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-~ Andlise do Histograma

g Pico bem definido

Caudas: frequéncias baixas
i o1 Onde estéo os picos?

Que particulas idenficamos?

Frequency

T meEllE Algum pico em m(4l) ?

{ 14 —I_H_‘ H Algum pico em m(yy)?




" Analise do Histograma

- , ’_

I AR % %
9 Dois picos:
51 - Pobre definicao do sinal ou
T Dois sinais diferentes?
6T m ;- ’
S Em Fisica de Particulas, pode ser:
£ 5T ¥ :
- Duas Particulas diferentes
. 1 ou
,, 1 1L Grande “sinal” vindo do
] ‘_H “fundo” e um “montinho”
\ . 1 mostrando a particula em

= estudo.

Bin




- . -5

o Vamos ao trabalho - 2!

" e e

. Fagam equipas de dois.
<. Pratiqguem um pouco (exercicio 1).

~ 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!

:

=

’\.o
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/ Absohrift/15.12.5% M
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Iiebe Radicaktive Damen und Herren,

Wie der Ueberbringer dieser Zeilen, den ir “vollst
ansuhren bitte, Ihnen des niheren auseinanders > bin ich

angesichts der "falschen" Statistik der Ne un’ ~owie
des lichen bet: auf oine

verfallen um den "Wechsolsats" (1) der Str ~eats
su retten. MNimlich die Moglichkeit, es ¥’ ie
Teilchen, die ich Neutronen nemnen will oy
'dqh‘dnsmllzh-b-\mdmnnn \ &en und

‘sheh von lichtquanten wusserdes noch
it mmm;«nc lauf
von derselben (Qr'oss enordour.

=ir sus wellemmechan’
dieser Zeilen) dier

magetischer Dipo” \ ant ptist. Die Experimente
verLincep wohl, 0 _rkung_eines solchen Neutrona

Ier Ar nicht, etwas iber diese Ides
su publi- #t vertrauensvoll an Each, liebe
Radiocak’ 4 @8 um den Nachwels
einee = » wenn dieses ein sbensolches oder etwa
mal gros. Jgevermogen besitsen wurde, wis ein :
gwwma-Strahl

oar
Steuern.” Darum soll man jeden Weg sur Rettung ernstlich diskutieren.-
Also; liebe Radicaktive, priifet, und rischtet.- Lelder kann ich nicht
personlich in Tibingen erscheinen, da sch infolge eines in der Nacht
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% Propostos em1967-69 com Glévshow,»Weinberg, Salam .
% Descobertos no CERN em 1983 (P.Nobel 1984)
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~.* v Tém cargas elétricas (+e, —e) [1 e = 1,6x101° C]

v Medladores da interagcao nuclear FRACA (com o Z)
s v Produzidos no LHC a partlr do choque de gludes
-2 contra quarks ou de gludes contra gluoes = -
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- v Tém massas mwto elevadas: ~80 GeV/c? (~85 mp)

~+ v \lida média muito reduzida: ~10-25 s ' e
!- v 2/3 dos decaimentos de um bosdo W+~ sdo para quarks
e ~1/3 dos decaimentos de um bos&o W*~ s&o para um
o Ieptao e um neutrino do leptao.

v Modos de decaimento a eXpIorar hOje eletrao/muao (+v)!

issing ET > 25 GeV
1 leptao isolado energetico — eletrao ou muao
s Higgs? : * 2 leptdes isolados energéticos de cargas opostas!

CRITERIOS:

Ly 4

& (@W*W-) - Missing ET > 25 GeV (>40 GeV se leptes ='s)



46 m (comprimento) x25 m (dlametro)

7000 toneladas
100 milhoes de canais de electronica
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Lem bremise. ..

. ¢ | R T @ ¢
= “Certo dia dizia um filésofo: "E necessario para a propria .
existéncia da Ciéncia que as mesmas condicoes
= produzam sempre os mesmos resultados!’.
'Bem, ndo produzem!”

Richard P. Feynman (1918-1988)

~ >Observagdes indirectas e pensamento légico, critico, e
. Imaginativo, pode levar a conclusoes logicas e

~ verdadeiras.

-~ »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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A fVamos aéi‘t'rabalhlb W
, Fagam eqmpas de dois.
<. Pratiqguem um pouco (exercicio 1).
' Fale com os fisicos.
e . Encontre bons candidatos W.
Qual a carga e tipo de particula?
= Que acontecimentos ira incluir na distribuicdo A®?
» Descobriu algum Candidato a Bosao de Higgs?
(’ ..E faca a distribuicao!
Reporte' Relate' Ria! Relaxe!
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VIEWPOINT May 20, 2009, 11:57AM EST

-

CERN's Collaborative Management Model

—. Business leaders could learn valuable leadership lessons from the collaborative

- management style at the Large Hadron Collider at CERN

By Krisztina Holly

. As a business |eader, imagine trying to manage more than 7,000 scientists from 85
- countries around the world—with their own languages, cultures, and expertise—on a 20-
i year collaboration to create the most complex system ever built.
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