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El Modelo Estandar

Fuerza Electromagnética

Fermions Bosons
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Nuestro Objetivo!

Re-descubrir el bosdon Z



El Boson Z

Fuerza: EW
Masa: 91.2 GeV

Carga: Neutra

Spin: 1

Tarda unos
0.0000000000000000000003
segundos en desintegrarse!!




El boson Z es una particulas inestable

Detectamos sus productos de desintegracion
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Nuestro Objetivo!

1 Re-descubrir el boson Z

2. Buscar el boson de Higgs



El Boson de Higgs

Masa: 125 GeV

Carga: Neutra
Spin: 0

La particula mas joven

(y mas esperadal)
4 Julio 2012




El boson H también es una particulas inestable

Detectamos sus productos de desintegracion




;, Qué mas nos podemos encontrar?



"‘Background”

A parte de las particulas que queremos observar (Zy H),
otras particulas pueden aparecer en la colision!




Como “ver’? Detectores

= Energia

ATLAS

EXPERIMENT



Como “ver’? Detectores

Cascada
de
particulas




Masa Invariante




Masa Invariante
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Clasificacion de Eventos
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Visualizacion en Hypatia del detector ATLAS
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Los detectores
permiten medir
carga, masay
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Calorimetro hadronico




ldentificando particulas: electron e

El electrOn es una
particula ligera y
cargada que deja
senal en:

Cal. Electromagnético




ldentificando particulas: muon pr

Sefal carcateristica
de un mudn - traza
gue recorre todo el
detector dejando
senal las camaras de
muones

Camaras
de muones
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ldentificando particulas: foton y

El foton es una particula neutra que no deja senal '
en el detector interno pero si en:

Calorimetro Electromagnético



ldentificando particulas: neutrino v

El neutrino es una particula neutra y sin masa que

no deja senal en el detector: _
1




Senales en el detector




Encontrando los eventos Z2° - e e*, Z - u u*y
H—->2Z22°, H-yy

File View Histograms Preferences Help

File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] (0] n M(2) [GeV] | M(eeee) [CeV] M(eemm) [CGeV] M(mmmm) [...| e/m/g
| Tracks 4 65,2 - 45,7 -2,086 0,894 m a
groupB/event035.xml 70,331 Object 0 44,6 40,2 -1,482 0,464 135,619 g
Object 1 162,9 29,3 - g
groupB/event009.xml 30,821 Tracks 2 155,8 + 37,9 0 e -
File X o
Frevious cvent NEXL Event  clecuron mMuon Delete Track Reset C:
ETMis: 12,159 GeV @: 0,303 rad Collection: MET RefFinal

- Clara/Documents/Z-masferclass/groupB.zip/groupB/event036.xml| <a 5 ©= Ot} O3

Tracks Physics Objects

Track m P [GeV] Pt [GeV] @ 8

Tracks 330 v ,06 54,32 1,250 0,905

Configuracion inicial
poner; > 10 GeV

| Parameter Control Interaction and Window Control | Output Display |
Projection Data | Cuts InDet | Calo MuonDet | Objects | Geometry | =
Lo Name Value
Calo | .
MuonDet | vi Pt 20.0 GeV
Objects | [ | |Pt2| B
ATLAS | /| 1do] {b
v||z0|

{ AT —




Encontrando los eventos Z° - e e*, Z2 - u u*y
H->22° H-yy

Y] (0] n M(2) [GeV] | M(eeee) [GeV]|M(eemm) [GeV] M(mmmm) [...| e/m/g
-£,U00 U,094 m | &
P -1,482 0,464 135,619 g |
-1,651 -2,402 g
0,699 -2,092 e
1-1.318§ -0.224 132.639 a
File - - > 8 M X o
Previous Event Next Event  Electron Muon Delete Track Reset Ci
ETMis: 41,753 GeV @: -0,190 rad Collection: MET RefFinal

i—j Clara/Documents/Z-masterclass/groupB.zip/groupB/event037.xml <@ & @@= Ot} o’l’g‘

Tracks Physics Objects
Track +/- P [GeV] Pt [GeV] P 0
Tracks 15 - 219,78 105,25 1,955 0,499
Tracks 20 - 37,82 35,59 -0,672 1,226
. Tracks 27 - 36,55 31,91 -2,862 1,061
Tracks 38 - 37,40 35,43 -0,669 1,244
{ Tracks 530 - 37,69 35,54 -1,275 1,910
Tracks 533 - 43,74 34,50 -1,006 0,909

Zoom

Seleccionar

HYPATIA - Control Window

. “ _ E
; 4 2 i | Parameter Control Interaction and Window Control Output Dis
) 3 | . ' ’ :
| | B ; Projection Data Cuts InDet @ Calo MuonDet | Objects | Ge -
< 2 . ; ~ ; : : - ' .
- § v Ll Name Value
Calo |

) MuonDet | v |Jet ET| > v15.0 GCeV
3 i z & Objects v |ETMis| < |25.0 GeV
[ 3 £ ATLAS
P & % 5 ' v| |BJet Pt| {b
e -~ - 8 v| BJet IhSig
A S r 3 <

Dilas covmticalas




Seleccionar los eventos Z2° - e e*, Z0 >y uty

H—-22°, H-yy

File View Histograms Preferences Help

_ File Name ETMis [GeV] Track P [GeV] + /- Pt [GeV] @ n
groupB/event008.xml 20,271 Object 0 45,8 | 44,7 -1,315 -0,224 132,639
7 _ |Object 1 1125,6 _ 41,2 /1,823 /1,780
groupB/event036.xml 12,159 Tracks 29 33,4 -2,067 0,987

Tracks 330

85,634

Siguiente
evento

M(2) [CeV

9
9
e
e

M(eeee) [GeV]|M(eemm) [GeV] M(mmmm) [...| e/m/g

1,250

File

Previous Event
ETMis:

<

Tracks

Tracks 29

&

Next Eve
12,159 GeV

PATL

Pp: =
i Clara/Documents/Z-masterclass/groupB.zip BroupB/event036.xml| €@ 5 ©= Of) o‘l'g

Physics Objects

S elected electron track
. S. on: ik

omenta Window

iz X

Delete Track
RefFinal

Reset C:

Track

+/-

P [GeV]
51,04

Pt [GeV] 0]
3341 -2,067 0,714

[ Projection | Data

InDet
Calo

Objects
ATLAS

MuonDet _

| P

|Pt2|
v |dO|
v |z0|

B Vo BN |

1,250

Guardar las
particulas

" Cuts | InDet | Calo | MuonDet | Objects | Geometry

Name

>

<

<

<

4[‘)1\.—.—.—.

Value

700.0 MeV

2.5 mm

20.0 cm

20.0 GeV bl



Seleccionar los eventos Z° - e e*, Z - u uty
H—->22°, H-yy

V] 0] n M(2) [CeV] | M(eeee) [GeV]|M(eemm) [GeV] M(mmmm) [...| e/m/g
| -2,067 0,987 85,634 e -
1,250 0,721 e
0,077 -0,300 85,444 m [
3,042 -1,846 m |-
HYPATIA - Track Momenta Window
File @ - V X M
Previous Event Next Event Photon Delete Track Reset C
ETMis: 29,281 GeV @: 0,147 rad Collection: MET RefFinal

! rl-—%Clara/Documents/Z—mastercIass/groupB.zip/gro%nto33.xm| G o= of o3

Tracks Physics Objects
Track P [GeV] Pt [GeV] (0 0
Object 0 59,63 57,06 -1,360 1,865
Object 1 61,25 50,19 2,140 0,960

Visualizar los fotones:
click Physical Objects !!

g 2
é % | Projection | Data | Cuts  InDet | Calo | MuonDet | Objects | Geometry | »
= ' 1 2
E ﬁ \ . Name Value
Calo | =
_ EMuonDet | v |Pt| > |10.0 GeV
5 § - 3 5 Objects |Pt2| < |700.0 MeV
& . 3 . .
3 - N ‘ A v |dO| < (2.5 mm
5 o B g b
2 =) | v| |zO0| < [20.0 cm

ldN ) onn ) - i TR & TSN 1



A buscar Z° y Higgs! z°_ee*, 2.y,
H-yy v H - 2°2° Pt > 10 GeV

Cuantos leptones (e, y) podemos observar?
Hay 2 leptones: posible Z ( seguir camino 1)
Hay 4 leptones: posible H (seguir camino 2)

Si no hay leptones: Hay 2 fotones?

Si hay dos fotones tienes un H. Si no es fondo'

Con datos REALES de ATLAS!!

Exactamente dos leptones con
Pt>20GeV

Con ca rgas opuestas

El evento contiene al Dos fotones con Pt>20GeV
menos cuatro leptones

con Pt> 10 GeV
ETMis < 25GeV

Los leptones estan aislados de los
dos pares de leptones

jets i,
idénticos con cargas
eléctricas opuestas

Electron/Antimuon

Determinar el tipo de lepton '
Muén/Positrén

Medir la

Medir la masa
masa invariante

Siguiente

invariante Evento *
Busca el Siguiente

Higgs! Evento *

* Recuerde volver aplicar los cortes en Pt.



Histograma de masa invariante

El detector no es perfecto, cada desintegracion que observamos no tiene
exactamente la misma masa : distribucion de masa

File View Histograms | Preferences Help

| M(1) Histogram

M(2) Histogram
roupB/eve ¥0,331
groupB/ H M(lIll) Histogram T
groupB/even M(ee) Histogram ,0,821
groupB/even M(mm) Histogram 120,271

M Histogram
groupB/eve—ri (99) : . ﬁ2,159

M(eeee) Histogram ‘
groupB/even M(eemm) Histogram 125,033

M(mmmm) Histogram
LIV ETMis Histogram

| ETMis [GeV]

Track | P [GeV]
[TTACKS 4 05,4
Object 0 44,6
Object 1 1162,9
Tracks 2 155,8
Object 0 45,8
Object 1 125,6
Tracks 29 51,0
‘Tracks 330 69,1
Tracks 34 36,1
Tracks 1 99,8

+ /-

+

i+

Pt [GeV]

§5,7

40,2
29,3

37.9
44,7
41,2

33,4
54,3

34,5

30,8

P Histogram
Pt Histogram

Y ¢ Histogram
il cot O Histogram

| n Histogram

M(gg) [CeV]

M(2) |

135,61¢

132,63¢

85,634

Events/ 2.5 GeV

D5 1 Cpr T

- ATLAS Preliminary ~* Data
\s=13TeV, 36.1 fb" S
20L H-Z2Z"— 4 Background

115 120 125 130
m,, [GeV]
e
m
m
g
g

Pr_l'JlllJllllllellLJllJllI
10

135

Me :
Rm

Entries :

3
128.69
7.7792

I

PO AR s MW’ 143

e OB ARy

FONTT LT Y 1 A

v/ |Pt|
| |Pe2]
v| |do|
v |z0|

T — —— ]

" Objects | Geometry

Name

"Data | Cuts InDet | Calo | MuonDet

Value

> |10.0 GeV
< |700.0 MeV

< 2.5 mm

< [20.0 cm




Descubriendo el H y Z° (necesitamos mas estadistical)

(OL0)pg]0) oz 0010 =31 10] 6 [0 L3 hbination for all institutes on 2016-03-09
los Institutos!

M Electrons WMMuons

516

1 10 100 1000
M(I) [GeV]

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

Stan  Swdent  Moderator Tutor Administrator

Events Diphoton Invariant mass HDan

46 1

23

80 85 20 95 100 105 110 15 120 125 130 135 140 145 150 155 160
Miyy) [GeV)

ol v v v

Wwoof— -~ ¢~ T T rr T rTT T T

o

> —
Q - -
3 ATLAS .
N 8000 +— L] Data 20114-2012 ) _-:
; B SM Higgs boson mH=126.8 GeV (fit) _|
T T Wgg  ceeeccess Bkg (4th order polynomial) 7
@ 6000 — o
w - Hoyy .
4000 —— -—_:
_ \s=7TeV ILdt =481’ _
2000 — —o
- \s=8TeVJLdt=20.7fb' -
o e x
r I -
3 W =
= 200~ E
TR + . ’ ; ¢ \ - . ¢
s 100 + ¢ + ] . .
Q -200 ) ) . )
Lﬁ 100 110 120 130 140 150 160
m,, (GeV]
> 1 I 1 ] I 1 ] 1 ] L} L l ] 1 1 ] I 1 ] 1 L I L LI~
0) : —+— Data 2010 \'s = 7 TeV) 4
(.')14()()__ L dt = 36 pb -
S B Z— ee -
12005 ATLAS -
= - QCD -
g i CentralZ > ee
111000}

800
600F
400}

200t

lllllllllllllllllllll

70 80 90 100 110
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Resumen

Con Hypatia clasificamos el evento:

Qué particula
sera la que descubramos? :)

<« = 3 [ X

Previous Event Next Event Electron Muon Delete Track

n. voltes

OPloT

\{

Mo

< Exportamos los datos,
los subimos a la plataforma
y crearemos un histograma con ellos!




Exportad los datos del histograma

Histograma: Exportar

http://cernmasterclass.uio.no

N XN HYbrid Pupils' Analy
File Viey Histograms Preferences Help
Read EyEnt Locally ETMis [GeV] Track
Read Eent From URL (live) 5.551 Tracks 15
Clear HHypatia Project Tracks 248
LoadWlypatia Project Tracks 249
Save Hypatia Project 20.706 Tracks 49
Tracks 58
Export Invariant Masses 16.078 Tracks 2
Loop over events Tracks 8
Save Image of Canvas 8.249 Ob;ect 0
. Object 1
Animated Event 10.530 TEICESA
Event Properties Tracks 18
Object 1
Read G4St
e e 28.453 Object 0
Exit Object 1
event033.xml 4.950 Tracks 322
Tracks 320
Tracks 15
Tracks 3
event034.xml 39.317 Object 0

Guardadlo en el Escritorio

r

Save In: |[] Hypatia_7

] configuration
[C] events

] geometry
help

[Jimg

] lib

File Name: Invariant_Masses.txt

Files of Type: Text files

Save

Cancel

Object 1

§s1.3
8.0

55.2

Object 1

event036.xml

43.861

71.1

Object 0




Histograma: Subir

OPloT - the introduction

Introduction OPIloT test OPloT

You have now gone through a lot of events in HYPATIA (or the program of your choice),
carefully classifying each. OPIloT is the tool that will display the fruits of your labor for you -
you upload the files with the invariant masses of the events, and up comes a histogram
displaying the distribution.

An example of how OPIloT can be used, is shown below (to test the plot, go to "OPIloT test" in
the menu above). Here you can manually input invariant masses of dileptons or dimuons, and
the tool plots them for you. You can adjust the number of bins and choose between
logarithmic and linear x-axis. The four regions are also adjustable. The mean value and width
of the four regions are shown in the table to the far right, for dielectrons and dimuons
separately.

OPIloT - MasterClass — Plot for Test-Oslo Group 1A on 2012-01-01

Stan Student Moderator Tutor Administrator

Change date
Events M Electrons WM Muons ?

Dilepton invariant mass
P Change nsttute

18
Change group

Plot type:
15 4 Il v

Region R1 R2 R3 R4

Width 000 0.00 5.06 0.00

1 10 100 1000
M) [GeV)

Bins: 50 'I X-Axis Loiathmnc 'I Reset

R1 Min R2 Min: 7.0 R3 Min R4 Min
RLMax: (88 ] Rz max: [150 R3 Max: (1000 | Ra max: [12000]




Username: ippog
Password: imc

Log in to cernmastercle
Your password willJs®Sent unencrypted.

ippog

Vuestro numero
de grupo (3 o 4)
Cancel  LogIn y la letral

~ | Remember this password

OPloT — MasterClass — Student page

Start Student  Moderator Tutor Administrator

Student Tasks

Please select items from the drop-down boxes to submit your results!

(|:||:||:||:| ﬂ [February :} [11 t} [Valencia IFIC :} [Group number :] {Group letter :}




Selecciona el fichero:
“Invariant._Masses.txt”

Bins: X-Axis: [ Linear 4] Lower: [0 | upper

Change date I

Change institute I

Change group I

Upload your file:

Choose File no file selected

Update plot I Reset I

R1 Min: R2 Min: [7.0 R3 Min: [80.0 R4 Min: [900.0 R5 Min: [1400.0
R1 Max: /4.0 R2 Max: (13.0 R3 Max: [100.0 R4 Max: (1100.0 é;f.rﬁﬁ(m“s 1800

Una vez cargado,
haz click en el boton de
“submit”

Change date I
Change institute I
Change group I

Upload your

Choose File Invariant_Masses.txt Submit




