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del bosone Z e di eventuali altre
particelle presenti nel campione di dati, compreso il
bosone di Higgs.

1. Identificare eventi con Z nei decadimenti:
a. Elettrone (e) -positrone (e*)
b. Muone (p)-antimuone (u*)

2. Ildentificare eventi con Higgs nei decadimenti:
a. Due coppie di particelle cariche (e*e” e*e™,
e'e Yy, P YY)
b. fotone - fotone




Obiettivo #1

mass '~91.19 GeV/c?
bOSOne Z charge 0 ‘
spin !

Z boson

COPPIA
LEPTONE-ANTILEPTONE




Obiettivo #2 r:nass g124.97GeV/c2
. . charge
bosone di Higgs wn o
higgs

COPPIA FOTONE-FOTONE COPPIA BOSON] Z°

http://opendata.atlas.cern/books/current/get-started/_book/the-higgs-boson.html



Tracciatore
particelle cariche

Calorimetro elettromagnetico
elettroni (e-), positroni (e+) e
fotoni.

adroni (es: protoni, neutroni)

Rivelatori muoni

Energia nel
calorimetro




Fotone

nel

rivelatore interno.

Deposita tutta la sua energia
nel Calorimetro

| Tt 1=
Elettromagnetico. I ’ T | —— H I




Elettrone

NEES ~0.511 MeV/c?
charge

SYellg

electron

Lascia una traccia nel rivelatore
interno

Deposita tutta la sua energia nel
Calorimetro Elettromagnetico

Hesght of tallost fower

Trigger Decision NiA

Mizsing £1= 42 Gev.
Constant (1-1)




Muone

mass ~105.66 MeV/c?
charge
spin

Lascia traccia nel rivelatore interno |

Pochissima energia nei Calorimetri
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Taglia sul p. !

Eventi interessanti se il protone si frammenta:
hard scattering

- = )—

La maggior parte delle interazioni avvengono a grande
distanza tra i protoni e con piccolo scambio di momento:

soft interaction

Le particelle nello stato finale hanno p_basso.
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File Name ETMis [GeV] Track P[GeV] +- Pt[GeV] 9 n M) [GeV] H(eeee) [GeV] H(eemm) [Ge Mmmmm) [GeV] elmig

<« L4 e [ X &
Previous Event  NextEvent Electron Muon Delete Track  Reset Canvas
ETMis: 18.218 GeV 9: -1.538 rad Collection: MET RefFinal

k=d| C:\Users\Andrea Di Luca\Downloads\grouplievent001.xmi

Tracks I Physics Objects
Track P [GeV] Pt[GeV] 9 8
Tracks 1 + 6.66 1.08 0.173 0.163 -
Tracks 2 - 7.95 150 3431 0.189
Tracks 3 - 218.85 51.64 1.620 0.238
Tracks 5 - 91.69 80.38 -1.286 2073
Tracks 7 + 82.65 38.48 2.922 0.484
Tracks 9 + 11.63 259 1300 0.225
Tracks 12 - 10.54 222 0.171 0.213
Tracks 14 - 3.49 275 -0.272 2236
Tracks 15 + 5.38 5.25 -1.282 1.793
Tracks 19 - 5.65 131 -0.204 0.234
Tracks 21 - 5.44 130 1.288 2.900
Tracks 25 - 143 1.08 1852 2282
Tracks 26 + 5.90 151 3.031 2883
Tracks 29 - 9.31 2.16 -2.891 0.234
Tracks 30 - 6.15 112 0777 2.958
Tracks 31 + 341 139 -0.189 25678
Tracks 32 + 217 1.03 -1.969 2648
Tracks 33 - 5.67 1.66 -0.493 0.296
Tracks 37 - 1.65 124 1.228 0.850
Tracks 39 + 672 123 0618 2.958
Tracks 40 + 8.59 162 2432 0.190
| Tracks 42 + 5.05 1.02 1112 2.939
Tracks 43 - 3.16 1.09 0530 2790
Tracks 45 - 327 1.06 0.816 2813
Tracks 46 - 47.72 12.31 1954 2.881
Tracks 47 + 2.27 117 1.589 2,600
Tracks 48 - 147 145 -1.161 1427 >
JPr—— —1 Ty I
@ HYPATIA - Control Window = ] X

Parameter Control | Interaction and Window Control | Output Display

Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry

InDet a
s Name Value 14
Calo — B

Muoatai IPU >|1.0Ge }

A Pt2| < [700.0 Mev
ATLAS _|1,] ja0] <|25mm
v 1z0] <[200cm |
1d0 Loose| <[20em I
j20-2vtx|
Layer >0

PT > 5 GeV/c Abbiamo piu di 50 tracce nell’evento..



PT > 12GeV/c

- @ > e n X e
Previous Event  NextEvent Electron Muon Delete Track  Reset Canvas
ETMis: 18.218 GeV 9: -1.538 rad Collection: MET RefFinal
[=d|c\Users\andrea Di Luca\Downlo rouplievent001.xml < o= ol of
Tracks [ Physics Objects
Track +- P [GeV] Pt[GeV] [] ;]
Tracks 3 - 218.85 51.64 1.620 0.238 |
Tracks 5 + 91.69 80.38 -1.286 2.073 |
Tracks 7 + 82.65 38.48 -2.922 0.484 |
Tracks 46 - 47.72 12.31 1.954 2.881 |
Tracks 64 - 35.22 28.96 0.817 2.176 |
Tracks 500 b 1749.34 1181.03 -1.050 0.741 |
Tracks 501 b 119.01 76.12 0.452 0.694 |
Tracks 508 b 37.66 20.69 -0.597 2.560 |
Tracks 517 - 24.91 16.77 1.536 2.403 |
@ HYPATIA - Control Window - m] X
Parameter Control | Interaction and Window Control | Output Display
Projection Data | Cuts InDet | Calo | MuonDet | Objects Geometry
I I
bet Name Value ®
Calo 1
2.0 GeVf
Muo v||Pt > [12.0 Ge'
|Pt2] < 700.0 MeV
ATLAS |17 1dg| <[25mm
v 1z0] <|200cm |
]d0 Loose| <|20cm | I
|z0-zVix| <[25mm
Layer >0

Dopo il taglio abbiamo 9 tracce
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File View Histograms Preferences Help

File Name ETMis [GeV] Track P [GeV] +- Pt[GeV] [} M(2) [GeV] M(eeee) [GeV] M(eemm) [GeV] M(mmmm) [GeV]
event001.xmi 18.218 Tracks 5 91.7 + 80.4 11286 0524 183.979 |
Tracks 64 35.2 - 29.0 0.817 -0.646 e
@ @ HYPATIA - Track Momenta Window = [m] X
File <@ > @ n X nd
Previous Event NextEvent Electron Muon Delete Track  Reset Canvas
ETMis: 18.218 GeV 9: -1.538 rad Collection: MET RefFinal

[ |C:\Users\Andrea Di Luca\Downloads\grouplievent001.xml

¢® o= ofl o

Tracks Physics Objects
Track + PGeV] PtiGeV] ) 8 \
Tracks 3 o 218.85 51.64 1.620 0.238 |
Tracks 5 + 191.69 180.38 -1.286 2.073
Tracks 7 + 82.65 38.48 -2.922 0.484 |
Tracks 46 - 47.72 12.31 1.954 2.881 |
Tracks 64 - 35.22 28.96 0.817 2.176 |
Tracks 500 & 1749.34 1181.03 -1.050 0.741 |
Tracks 501 + 119.01 76.12 0.452 0.694 |
Tracks 508 + 37.66 20.69 -0.597 2.560 |
Tracks 517 - 24.91 16.77 1.536 2.403 |
Tracks 522 - 22.39 10.03 1.264 2.677 |
Parameter Control | Interaction and Window Control Output Display
Projection Data Cuts InDet | Calo | MuonDet | Objects Geometry
I o
et Name Value A4
Calo T I
| GeV
MuonDet || 1Pt] > 110 0 GeV I
Objects Pt2| < [700.0 e i
ATLAS | 1] 4] [
V| 120] \
|d0 Loose] | &
[20-2Vtx| | |
Layer |



Apriamo Hypatia e selezioniamo un set di eventi

Clicca su File
Clicca Read Event Locally

Seleziona la cartella
contenente gli eventi

@
File View Histograms Preferences Help

File Name

ETMis [GeV)

Track

Picev)

PtiGeV)

mi

Previous Event  Next Event

»

MG2)(GeV)

Electron  Muon

H(eees) (Gev

W(eemm) [GeV]

-

Delete Track  Reset Canvas

M(mmmm) (Gev]

eimig

o+ on of

TMiis: 13.877 Gev  : 0.785 rad __Collection: MET RefPinal
ventslevents ZpUveXHL_106051_1950731mi <[]
Tracks -

@ Open X
Track

Tracis 0 Lookin: |3 groupt ~| (=== EE=

Trade 1 e

g:g:zf ) eventoot.xmi [) eventoo7.xmi [} evento13.xmi [} event019.xmi [|

Tracs 4 ) eventooz.xmi [) evento0s.xmi [} eventota.xmi [) eventoz0.xmi[|

Track ) eventons.xe [ event009:xmi ) eventot5.xmi [ eventoz1.xmi [

Tracks 6 | pE—

1) eventoos.xmi 03 evento10.xmi [ eventot6.xmi [ eventozzxmi [
[) eventoos.xmi [ eventot1.xmi [ evento17.xmi [} evento23.xmi [|
) eventoos.xmi [ evento12.xmi [ eventot8.xmi [ eventoza.xmi [
T 31 [ detautocaton
File Name:  [evento09 i
Files of Type: |.xml, .zip, .gzip, .92 b4
®
Parameter Control | intsraction and Window Control | Output ispiay
Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry

g HEw Value ]
¥ Status
 linDet
o V] Calo
o ¥ Muonbet
o ¥ Objects
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Analizza I'evento

Applica le selezioni che
ritieni utili per classificare
il tuo evento

Seleziona le tracce in
Tracks ed assegna il tipo
di particella

= cusersir

drea Di LucalDownloadsigrouplieventoog.xmi

Collection: MET RefFinal

<[

Tracks Physics Objects
Track
Tracks 0
[Tracks 3
Tracks 4
[Tracks 5

H(2)[GeV] H(eeee) [Ge! H(zemm) (GeV] M(mmmm) (GeV] eimig
0950 1499.477 I
@ HYPATIA - Track Momenta Window o X
= < > e Ed
Previous Event  NextEvent Electron  Muon Delete Track  Reset Canvas
EMis: 19.7qInsert selected electron rack|

o~ of oft

L 4

T o

Re-corour

Output Display

Profection | Data | Cuts | 1nDet | Calo | Wuondet

Name

a2
140 Loose]
|Cliz0-2vixi
Layer

Objects

Geometry

Value

<[700.0 Mev

5mm

<|200cm
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Esporta i risultati della tua analisi

@ HYorid Pugit’ Anslysis Toolfo Interactions in ATLAS - verson 7.4 - Invariant Mass Window

File] view Histograms _Preferences Help

ETMis (GeV] I PtGeV) 0 n () [GeV] M(eeee) (Gev] M(eemm) (GeV) M(mmmm) (Gev] eimig
7421 1499 47 e

Read Event Locally
Read Event From URL (iive)
Clear Hypatia Project @

Load Hypatia Project > v X &
Save Hypatia Project File

Previous Event  Next Event Photon  Delete Track  Reset Canvas
Exportvarint Masves ETMis: 19.703 GeV  ¢: -0.072 rad __Collection: MET RefFinal

Loop over events e =
¥ =3 C:\Userswandrea Di LucaiDownloads\grouphevent009.xmi

Save Image of Canvas

Animated Event

Tracks I Physics Objects

EvetPropetios NN Tk T e : s T
Read Geometry

e

o

1.  Una volta terminato,
clicca su File, poi su
Export invariant masses

2. Salve il file che poi potrai
sottomettere.

@

Parameter Control | Interaction and Window Conirol | Output Display

| Projection |/ Data | Cuts | et | Calo | Muonbet | Objects | Geometry

mj (Coste Name Value | *=

) status
o [7]InDet
= [7ICalo
o [7] MuonDet
= 7] Objects 5
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Backup



Come decade il bosone di Higgs?

Decay channel Branching ratio

Rel. uncertainty

H — vy 2.28 x 1073
H—2ZZ 2.64 x 1072
H—-Wtw- 2.15 x 101
H—rhr~ 6.32 x1072
H — bb .77 % 1072
H — Zy 1.54 x 1073
H— utyu 2.19 x 1074

+5.0%
—4.9%

+4.3%
—-4.1%
+4.3%
—4.2%
+5.7%
—5.7%
+3.2%
-3.3%
+9.0%
—8.9%

+6.0%
—5.9%

http://opendata.atlas.cern/books/current/get-started/_book/the-higgs-boson.html
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Q

w/z*

c)
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W)z

w/Z

d)
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