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Dijet p+Pb event

Run: 217946
Event: 13617174 P
Date: 2013-01-20

Helena Santos (LIP & FCUL) Estagios de Verao LIP, July 2017



Na realidade, para além dos
quarks uud, o protdo é
composto por um mar de
quarks e gluoes

2/3e (-1/3e)  -2/3e(1/3e)

O Z tem outros decaimentos: Z — e'e, T T, par de quarks ou neutrinos.

Na nossa actividade vamos considerar também o processo Z — e'e’ Rute Pedro
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Depois de muitos eventos...

Espectro de massa invariante dos pares de
muoes

L~40pb’
EF_mui5

Y(1S%
Y (2S)

ATLAS Preliminary
Data 2010,\'s= 7 TeV

10

0 processo Z — e'e



p+p collisions - the common picture

“Hard™ Scattering

outgoing parton

proton , proton

underlying event 4 = underlying event

outgoing parton
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HYPATIA

* interactive event display of real data of collisions
@ sqrt(s) = 8 TeV
» Event classification, histograming

user: idpascl?
passwd: WPL*9999

$java -jar Hypatia_7.4_Masterclass.jar



Events (Track Momenta Window):

events/SelectedEvents.zip

ﬁAppIications Places System @ @l N ‘ﬂﬂ@g Wl Frijul 7, 09:20
HYbrid Pupils’ Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window

File View Histograms Preferences Help
File Name ETMis [GeW] Track P [GeW] +/- Pt [GeW] P n M(Z) [GeV] |M(eeee) [GeV] M{eemm) [GeW] Mimmmm) [G...| e/m/g

HYPATIA - Track Momenta Window

@ E e [ X €
Previous Event MNext Event Electron Muon Delete Track  Reset
ETHis: 5.707 GeV g: 0.378 rad Collection: HET RefFinal
H|events/selectedEvents.zip/SelectedEventsfevent008.xml G o= ol ol
Tracks Physics Objects
Track +/- P [GeW] Pt [GeV] P 5]

Tracks 2 + 6.27 1.20 3.028 0.193 -
Tracks 3 - B8.96 1.94 -2,.362 2.923
Tracks 5 - 12.71 5.42 1.BE5 2.701
Tracks @ + 6.24 1.21 0.270 2.947
Tracks 11 + 2.00 1.03 -1.273 2.598
Tracks 12 + 8.31 1.33 -0.671 2.981
Tracks 13 - 4.77 1.04 -0.8929 0.220
Tracks 14 b - 3.72 3.34 0.477 1.117
Tracks 18 + 5.07 1.17 0.999 0.232
Tracks 20 + 817 1.50 1.270 2.958 .
Tracks 21 - 3.65 1.33 -0.873 0.373 Lo
Tracks 22 - 3.83 1.95 0.054 2.621
Tracks 23 + 4.14 1.83 -1.521 2.684
Tracks 27 + 4.33 1.25 0.468 2.B50
Tracks 30 + 4.84 1.16 -2.360 2.904 -

e e
Parameter Control | Interaction and Window Control | Output Display
InDet | Calo | MuonDet | Objects | Geometry prs
Projection Data Cuts +
-ELE- inDet v
k Name Value
Calo = ‘ -
MuonDet | %] [PE| > |1.0 GeV
Objects [Pt2| < |700.0 MeV &
ATLAS v| |dO| < |25 mm -

&= M| [helena@nbhelena:... @ Canvas Window - F... | @ HYPATIA - Control W... @ HYPATIA - Track Mo... @ HYbrid Pupils' Analy... [E| [helena@nbhelena:~] GJ



ﬁApplications Places System a, [_.{[j}u == (L Frijul 7. 09:21

HYbrid Pupils’ Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window =
File View Histograms Preferences Help
File Name ETMis [GeW] Track P [GeW] +/- Pt [GeW] P n M(Z) [GeV] |M(eeee) [GeV] M{eemm) [GeW] Mimmmm) [G...| e/m/g
(1 HYPATIA - Track Momenta Window CIEx)
< P @ e X L
Previous Event MNext Event Electron Muon Delete Track  Reset
ETHis: 5.707 GeV p: 0.378 rad Collection: HET RefFinal
H|events/selectedEvents.zip/SelectedEventsfevent008.xml G o= ol ol
Tracks | Physics Objects
Track + /- P [GeW] F't [GeW]
Tracks 172 + 107.50
Tracks 173 - 108.25 3? 43 0 943 2 ?89
Tracks 204 + 198.41 54.94 -1.969 2,808

N

-!dn‘i‘i’.i..i-‘...- .4.-: 5 ; = DEX '-"':-._-.*.-;-:"ET‘-.; 2 --' ..;'--."
HYPATIA - Control Window (=]
1/ Parameter Control | Interaction and Window Control | Output Display
InDet | Calo | MuonDet | Objects | Geometry D
Projection Data I Cuts || *
|/ b G Name Value
Calo = ‘ -
MuonDet | %] [PE| > |10.0 GeV =
Objects [Pt2| < |700.0 MeV &
ATLAS v| |dO| < |25 mm -
M| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... | @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~]1 @ _|

Cut at p_> 10 GeV is somewhat arbitrary but is useful at this step.



ﬁ Applications Places System a, [_.{[j}u = Ll Frijul 7. 09:23
[1 Canvas Window - File: SelectedEvents/event008.xm| Run: 204910 Event: 957655. B EH]|

=0

[Gel] P n M(Z) [GeV] |Mieeee) [GeV] M{eemm) [GeV] Wimmmm) [G...| e/mfg

HYPATIA - Track Momenta Window i |[=]
& E @ M X &
Previous Event Mext Event Electron Muon Delete Track Reset
ETHis: 5.707 GeV p: 0.378 rad Collection: HET RefFinal
H|events/selectedEvents.zip/SelectedEventsfevent008.xml G o= ol ol
1/ Tracks | Physics Objects
Track + /- P [GeW] F't [GeW]
Tracks 172 +  107.50
Tracks 173 - 108.25 3? 43 D 943 2 ?89
Tracks 204 + 198.41 64.94 -1.969 2.808

A S e R e s
HYPATIA - Control Window

Parameter Control | Interaction and Window Control | Output Display

@[] [&][-][+][® &

M| [helena@nbhelena:... @ Canvas Window - Fi... @ HYPATIA - Control W... @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~] @



ﬁApplications Places System e @ | a @{[ﬂw-ﬂ] | Frijul 7, 09:25

HYbrid Pupils’ Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window b =
File View Histograms Preferences Help
File Name ETMis [GeW] Track P [GeW] +/- Pt [GeW] P n M(Z) [GeV] |M(eeee) [GeV] M{eemm) [GeW] Mimmmm) [G...| e/m/g
SelectedEventsfevent008.xml 5,707 Tracks 173 108 2 - 37.4 0,943 -1.724 97.988
__ Tracks 204 1984 + 649  -1.969  -1.782 ————_
4 '] HYPATIA - Track Momenta Window CIEI)
< = @ [ X
Previous Event Next Event Electron Muon Delete Track Reset
ETHis: 5.707 GeV g: 0.378 rad Collection: HET RefFinal
H|[events/SelectedEvents.zip/SelectedBEventsfeventD08.xml G| o= ofl of
Tracks | Physics Objects
Track +/- P [Ge\] Pt [GeW] P 5]

Tracks 172 + 107.50 37.18 0.949 2,788

Tracks 173 - 108.25 37.43 0.943 2,789

Tracks 204 +  198.41 61.94 -1.969 2.808

HYPATIA - Control Window =]
Parameter Control flnteraction and Window Control | Output Display
® ] [&][+][+][6 o
1/2|3 U 3
w || 5 X MR [a[s[e] [c[6 b
B B 71819 D |9

M| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... | @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~]1 @ _|
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ﬁApplications Places System e @ | K @ﬂﬂwg | Frijul 7, 09:27

(] Canvas Window - File: SelectedEvents/eventO0E Run: 204910 Event: 957655 MEH] N =I5
[Gel] P n M(Z) [GeV] |M(eeee) [GeV] M{eemm) [GeW] Mimmmm) [G...| e/m/g
0.943 -1,724 97.988 e
-1.969 -1.782 e
' HYPATIA - Track Mo-r'r'a'énta Window . N (=11E
& b ¥ X §
Previous Event Next Event Photon Delete Track Reset
ETHis: 5.707 GeV g: 0.378 rad Collection: HET RefFinal
H|[events/SelectedEvents.zip/SelectedBEventsfeventD08.xml G| o= ofl of
Tracks I Physics Objects |
Track P [GeW] Pt [GeW] [ %]
Object 0 197.07 64.50 -1.970 2.808
Object 1 107.37 37.15 0.947 2.788
HYPATIA - Control Window =]
Parameter Control flnteraction and Window Control | Output Display
® 7] [&][+][=][& 5
1/2|3 U 3
w || S X “MPR| [a[s[e] c[6 b
B B 71819 D |9
M| [helena@nbhelena:... @ Canvas Window - Fi... @ HYPATIA - Control W... @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~] @
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ﬁApplications Places System e @ | K @ﬂﬂwg | Frijul 7, 09:27

Canvas Window - File: SelectedEvents/event015.xml Run: 206497 Event: 3762656 [—|[0O)[x | [=]
[Gel] P n M(Z) [GeV] |M(eeee) [GeV] M{eemm) [GeW] Mimmmm) [G...| e/m/g
0.943 -1,724 97.988 e
| 199 1782 0 0 e
7] HYPATIA - Track Momenta Window CIEI)
& b @ [ X
Previous Event Mext Event Electron Muon Delete Track Reset
ETHis: 29.644 GeV @: -0.495 rad Collection: HET RefFinal
H|events/SelectedEvents.zip/SelectedBEventsfeventd15.xml G| o= ofl of
Tracks | Physics Objects
Track +/- P [Ge\] Pt [GeW] P 5]
Tracks 27 + 48.84 41.37 2.229 2131
Tracks 289 - 150,31 25,00 -1.879 2,974
Tracks 412 - 378.39 119,62 -1,.782 0.321
Tracks 415 - 304,97 107.93 -1.8B60 0.362
Tracks 416 - 107,23 71.48 -1.037 0.730
Tracks 418 + 27.81 20,32 -1.215 2,326
Tracks 420 - 41.68 27.24 3.078 2,429
Tracks 425 - 42,65 21.83 0.467 2.604
HYPATIA - Control Window =
Parameter Control flnteraction and Window Control | Output Display
IEINEIRIE g
E 112]3 U |3
-
i w | [ 5 [X LMPR a&se [cle b
= B B 71819 D |9
M| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... | @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~]1 @ _|
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ﬁApplications Places System @ 4 3] Ul ; @{I}ug Ll Frijul 7, 09:34

Canvas Window - File: SelectedEvents/event013.xml Run: 100001 Event: 192 =01 [ [=11E?
Gew] M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g
s WLaTs b= ¥ e e L ) [-LV.1= P ) I
-1.879 -2.480 m —
-1.215 -0.840 156.318 e =
-1.860 1.6599 e
1.8908 1.021 1341.120 m =
HYPATIA - Track Momenta Window | [=]
& L @ M X
Previous Event Next Event Electron Muon Delete Track Reset
ETHis: 23.678 GeV ¢: 1.633 rad Collection: HET_RefFinal
: ‘euents_f'seIectedE\.rents.Zip_f'SeIectedEventSf’euentOl3.}:m| ‘ Gl 2= of) o
Tracks I Physics Objects |
Track + /- P [GeW] Pt [GeW] P 5]
Tracks 0 + 305.04 154,50 1.808 0.691
Tracks 1 - 1575.18 28218 -1.136 2,981

Tracks 26 i 102.56 61.83 2.429 0.647

.1 HYPATIA - Control Window | [=1|E3
f Parameter Control | Interaction and Window Control r0utput Display |

+ @

112]3 U |3
w | S X MR al5[6 c 6 b
B B 71819 D |9
M [helena@nbhelena:... @ Canvas Window - F... | @ HYPATIA - Control W... | @ HYPATIA - Track Mo... @ HYbrid Pupils’' Analy... [H| [helena@nbhelena:~] ,@,JE
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ﬁApplications Places System e @ | a @ﬂﬂwg | Frijul 7, 09:42

Canvas Window - File: SelectedEvents/event019.xml Run: 205017 Event: 73903 S =11E =

Gew] p n M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g
s | SULaT L U S JUSHSS LR —
-1.879 -2.480 m
-1.215 -0.840 156.318 e
-1.860 1.699 e
1.908 1.021 1341.120 m =

'] HYPATIA - Track Momenta Window SEE)
& b e [ X
Previous Event Mext Event Electron Muon Delete Track Reset
ETHis: 28.742 GeV ¢: -3.120 rad Collection: HET_RefFinal
H||events/SelectedBvents.zip/SelectedEventsfevent019.xml Gl 2= of) o
Tracks | Physics Objects
[

Track +/- P [GeW] Pt [GeV] pr 7]
Tracks2 + 767 188 0200 0248 [
Tracks 3 + 1.96 1.03 0.088 0.556
Tracks 5 - 6.29 1.31 2.026 0.210 L
Tracks 6 + 9.82 1.77 1.561 0.179 I
Tracks 7 - 7.58 1.22 0,417 0.162
Tracks 11 + 5.22 1.04 -2,585 0.201
Tracks 12 - 2,96 1.82 -0.108 2.482
Tracks 15 + 5.36 2.33 1.5618 0.449
Tracks 16 - 5.35 1.18 -1.402 0.223
Tracks 19 - 4.10 1.12 -3.074 2.866
Tracks 25 + 2,39 1.10 2,947 0.437
Tracks 26 + 1.80 1.15 -1.428 2.449
Tracks 35 + 9.30 1.73 1.260 2.954
Tracks 36 + 3.49 1.96 -3.017 0.595
Tracks 48 + 4,28 4,08 2,770 1.883 -
1y L L) T

InDet | Calo | MuonDet | Objects | Geometry D
Projection Data I Cuts | A
( InDet -
Name Value

Calo -

Muonpet ¥ IPE| > |1.0 Gev =
Objects [Pt2| < |700.0 MeV &

SILAS v| |dD| =< (2.5 mm -

M| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... | @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~]1 @ _| E
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ﬁ Applications Places System @

File: SelectedEvents/event019.xml

Canvas Window -

[helena@nbhelena:... @ Canvas Window - F...

&

Run: 205017 Event: 73903

@ HYPATIA - Control W...

H||events/SelectedBvents.zip/SelectedEventsfevent019.xml

N gm ==Y ] Frijul 7,09:43

Gew] p n M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g
s WLaTs b= ¥ e e L ) [-LV.1= P ) I —
-1.879 -2.480 m
-1.215 -0.840 156.318 e
-1.860 1.6599 e
1.909 1.021 1341.120 m
HYPATIA - Track Momenta Window
& L @ M X &
Previous Event Next Event Electron Muon Delete Track Reset
ETHis: 28.742 GeV ¢: =3.120 rad Collection: HET_RefFinal

¢ o= ot o

Tracks Physics Objects
Track + /- P [GeW] Pt [GeW] P 5]
] HYPATIA - Control Window (=J[o][x]
Parameter Control | Interaction and Window Control | Output Display
InDet | Calo | MuonDet | Objects | Geometry D
Projection Data Cuts +
InDet ~
Name Value
Calo ({:‘ﬁ — -
MuonDet v| |PE| = |1 GeV
Objects |PE2| < |700.0 Mev/ &
ATLAS Transverse Momentum of Tracks
v| |dD| =< |25 mm -

@ HYPATIA - Track Mo... @ HYbrid Pupils' Analy...

o m|[u]

[helena@nbhelena:~]

15



@ @ || § ™ oj===g g Frijul 7.00:43

ﬁ Applications Places System
=]

(] Canvas Window - File: SelectedEvents/event019.xml Run: 205017 Event: 739039: EEEB

e\] n M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g

s | SULaT L U S JUSHSS LR —
-1.879 -2.480 m
-1.215 -0.840 156.318 e
-1.860 1.699 e
1.908 1.021 1341.120 m =
-1,.136 -2.405 m
2,429 1.093 e -
Previous Event Next Event Photon Delete Track Reset
ETHis: 28.742 GeV ¢: -3.120 rad Collection: HET_RefFinal
H||events/SelectedBvents.zip/SelectedEventsfevent019.xml Gl 2= of) o
Tracks I Physics Objects |
Track P [GeW] Pt [GeW] P 5]
Object 0 90,53 71.28 -0.058 0.907
Object 1 62,42 59.25 -3.075 1.250
T L L) L) x>
InDet | Calo | MuonDet | Objects | Geometry D
- - c:}.\
Projection Data ( Cuts |_
( InDet -
Name Value
Calo — -
Muonpet ¥ IPE| = [10.0 Gev =
Objects |Pt2| < |700.0 MeV &
SILAS v| |dD| =< (2.5 mm -
M| [helena@nbhelena:... @ Canvas Window - Fi... @ HYPATIA - Control W... @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~]1 @ &) E

16



ﬁ Applications Places System @

@ | § ¥ ojm=E ) Frijul 7. 09:44
File View Histograms Preferences Help
File Name ETMis [GeW] Track P [GeW] +/- Pt [GeW] P n M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g |
SelectedEvents/event019.xml 28,742 Object 0 90.5 ZaloE -0,.058 0.719 132.243 -
Obje 62, 9 ) 0 i q
// \\ nar. =4 P 20006 17 _pub.plf . i
i HYPATIA - Track Momenta Window N [=11E?
] & b ¥ X €
Previous Event Mext Event Photon Delete Track Reset
ETHis: 28.742 GeV ¢: -3.120 rad Collection: HET_RefFinal
5‘euents_f'seIectedE\.rent5.zip_f'SeIectedEventS_f’euentOl9.}:m| ‘(}i 2 @@= ofl ol
i Tracks I Physics Objects |
Track P [GeW] Pt [GeW] P 5]
Object 0 90,53 71.28 -0,.058 0.907
Object 1 62.42 59.25 -3.075 1.250
\ 7 ) .
- &
" ., o
) L 4
N\ P4
- -
Ui .’/
[T ! T L} L} L
InDet | Calo | MuonDet | Objects | Geometry | D
Projection Data I Cuts |_ -
_InDet MName Value
Calo -
“MuonpDet || ] [P = |10.0 Gew |
Objects | [ ] |Pt2| < |700.0 MeV Il &
B ATLAS |doj < |2.5 mm =
B [helena@nbhelena:... @ Canvas Window - F... (@ HYPATIA - Control W... @ HYPATIA - Track Mo... @ HYbrid Pupils' Analy...

| [helena@nbhelena:~] ,@;JE
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ﬁApplications Places System e @ | a @ﬂﬂwg g Frijul 7, 09:51

HYbrid Pupils’ Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window =
File View Histograms Preferences Help
File Name ETMis [GeW] Track P [GeW] +/- Pt [GeW] p n M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g
SelectedEventsfevent028.xml 27.639 Tracks 29 302.7 + 52.1 3.041 -2.267 107.914 262,986 e -
Tracks 268 161.5 - 45.9 -0.264 -1.830 e -
L1 HYPATIA - Track Momenta Window =20
< = ¥ X
Previous Event Next Evenik Photon Delete Track Reset
ETHis: 27.639 GeV $ -1.165 rad Collection: HET RefFinal
H|events/SelectedEvents.zip/SelectedBEventsfeventD28.xml G| o= ofl of
Tracks I Physics Objects |
Track P [GeW] Pt [GeW] [ %]
Object 0 298.64 £50.81 3.005 2.937
Object 1 160.17 45.54 -0.258  2.853
HYPATIA - Control Window =]
Parameter Control flnteraction and Window Control | Output Display
® 2] [&][+][+][6 o
1/2|3 U 3
w | S X MR 3576 C 6 b
B B 71819 D |9
M| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... | @ HYPATIA - Track Mo... @ HYbrid Pupils® Analy... [E| [helena@nbhelena:~]1 @ _| E
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ﬁ Applications Places System @ 4 3] Ml a @{I}@% [g] Fri Jul 7. 09:55

Canvas Window - File: SelectedEvents/event021.xml Run: 205055 Event: 13546 T =1]ES [ [=11E?

M(2) [GeV] | M{egee) [GeW]|M{eemm) [GeV]M{mmmm) [G...
207.546

®

Previous Event Mext Event Electron Muon Delete Track Reset
ETHis: 30.144 GeV @: -2.990 rad Collection: HET RefFinal

H|events/SelectedEvents.zip/SelectedBEventsfeventd21.xml ‘(}i 2 o= ofl of:

Tracks I Physics Objects |

Track +/- P [GeV] Pt [GeW]

Tracks 12 71.12 71.01
Tracks 25 31.62 25.41
Tracks 297 71,97 70.80
Tracks 306 32.84 32.65
Tracks 315 32.64 32.48
Tracks 405 1806.81 689.00

a 406 B 69 489, 74

Tracks 411 7314 34.37

N

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

2] [&][+][=][2

B B

| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... | (@ HYPATIA - Track Mo... @ HYbrid Pupils' Analy... [E| [helena@nbhelena:~] ,@;JE
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ﬁAppIications Places System @ |_| . ‘ﬂ“@g gl Frijul 7.09:57

» Canvas Window - File: SelectedEvents/event036.xml Run: 206409 Event: 10398 b
Gew] p n M(2) [GeV] |[Mlesee) [GeW]|M{eemm) [GeV] M{mmmm) [G... e/m/g
-1.794 -0.864 88.235 120,890 m -
0.707 -1.001 m -
L1 HYPATIA - Track Momenta Window BEE0)
& b @ [ X
Previous Event Mext Event Electron Muon Delete Track Reset
ETHis: 26.783 GeV g: 2.200 rad Collection: HET RefFinal
f=j|events/SelectedEvents.zip/SelectedEventsfeventD36.xml d|=r e@= of] OL§
Tracks Physics Objects
Track +/- P [Ge\] Pt [GeW] P 5]
Tracks 3 - 58.21 37.68 0.707 2.438
Tracks 4 + 79.66 57.03 -1.794 2,344
Tracks 13 + 14,52 11.66 -2,513 2,208
Tracks 118 -  28.78 15.80 2.114 2.561

HYPATIA - Control Window

Parameter Control | Interaction and Window Control | Output Display
R || | | | E Event Data |« w®
112]3 U |3
w | [ 5 [X LMPR a&se [cle b
B B 71819 D |9
&= M| [helena@nbhelena:... @ Canvas Window - F... @ HYPATIA - Control W... @& HYPATIA - Track Mo... @ HYbrid Pupils’' Analy... [E| [helena@nbhelena:~]1 @ J E
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Part Il
http:/latlas.physicsmasterclasses.org/pt/izpath_exercise2.htm

Events (Track Momenta Window):

events/Events2_Z.zip

p. cut>5 GeV

21


http://atlas.physicsmasterclasses.org/pt/zpath_exercise2.htm

Backup
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Z boson properties

The Z boson (as well as W and W™ bosons) mediate the weak interaction. While the W bosons are
responsible for some types of radioactive decay (those transforming a neutron in a proton and vice-

versa), the Z boson plays an important role in the neutrino interactions.

@ The Z boson is heavy — its mass is 91.2 GeV/c® — and its live is very short: half-life of 3x10* s
@ The Z boson is neutral — the sum of electric charge of its decay products is zero. Z Decays
through:
- Quark-antiquark pair (70%) — identified by jets in the calorimeter;
- Neutrino-antineutrino pair (20%). Neutrinos cross the detector untouched. This decay mode
may be identified if missing transverse momentum (MET) is high.
- Lepton-antilepton pair (10%). The three lepton types (electron, muon, tau) are equally

probable.

23



Higgs boson

The Standard Model does not predict the mass of the Higgs boson, instead, for a given mass,

predicts the production rates in p+p collisions at the LHC and the decay probabilities in other

particles. For a mass of 125 GeV/c” the SM predicts:

Decays of a 125 GeV Standard-Model Higgs boson

charm/fanti-charm, zz Y¥  Z¥Y others

| g0, 0.2% 0.2%
tau,«"anti—tau_iiﬁ 3% L -0.6%
: il

6% -

2 gluons _
9%

24



p+p collisions - the common picture

“Hard™ Scattering

outgoing parton

proton , proton

underlying event 4 = underlying event

outgoing parton
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