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Introduction

Masterclass Ingredients
* Physicist
* Non-Physicist
* Real Data from an Experiment
* Tool to Visualise Data
* Method to Analyse Data
* Coffee

Goal of the ATLAS Z-Path Masterclass

* [dentify collisions in ATLAS that are Z-boson candidates
* Calculate their invariant mass
* Plot them in a histogram, present, and compare
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Getting Started

GO g Ie Masterclass Z Path  Q

All Videos Images Shopping News More Settings Tools

About 1.110.000 results (0,30 seconds)

Z-Path - International Physics Masterclassg¢s

atlas.physicsmasterclasses.org/enfzpath.htm ’
Z-Path. Welcome to the Z-path! Here you will learn about so
Higgs boson, and their importance to our understanding of ...

les, such as the Z boson and the

http://atlas.physicsmasterclasses.org/en/zpath.htm

Link already in the Agenda “ATLAS Z-Path”
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Visualization with HYPATIA Z-Path

The footprints or electronic signals that are recorded by the detectors during a Introducing the Z boson

collision can be visualized in so-called “event displays’ These produce dynamic

images showing how the particles travelled through the detector. You will use Introducing the Higgs boson

the event display program known as HYPATIA. In this section you will learn what New Physics
possibilities and functions in HYPATIA will help you perform your measurement. Identifying particles
First, start the program HYPATIA (Download) ATLAS detector
: : AP : Play!
Use the following event-display gallery to get some insight into the functions
of HYPATIA! Explore your own version of the program in parallel. Visualization with HY PATIA

Particle footprint
visualization

Practice!

Identifying Events

Search and discover with mass

Get to work!

We will use HYPATIA to Identify Z bosons in proton collisions.
It is already downloaded and installed on your notebook.
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analysis tool for Interactions In ATLAS - version 6.0 - Invariant Mass Window

File View Histograms Preferences Help
File Mame ETMiE [GaV] Track PGeV] s Pt Gav] '] i M1} [Gav] M[Al [Gay] [T
JiveXML_165632_12269702.xml 15.339 |Tracks 0 422 [+ |22 |-3101 |0.602 |@5.929 | 8
[Tracks 1 505 - 370 '0.030 |0.827 I ®

-

¢ L] 3 X

Previous Event  Next Event Insert Electron  Insert Muen Delete Track
ETMis: 9.265 GeV ®: -1.000 rad Collection: MET RefFinal

k=i naikenp/pages/MasterClass/zpath/Els/liveXML_165632_ 122697 <8l g @= of) ofa

ATLAS

Reconstructed Tracks

Track &l P [GeV] P [Gev] 2 a
Tracks 0 [+ lazz2 4222 |-3101 |1.569
Tracks 1 - so.e 137.04 |0.030 0824
Tracks 13 [+ es [1.44 1725 —_
Tracks 16 5 367 1.04 caEL] 285
Tracks 20 - 558 - 2121 0251
Tracks 35 - 143 |-1.259 0.728

@ HYPATIA - trol Window LK
Parameter Control | Interaction and Windew Contral | Output Display

| Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geomatry
Dats Name Walue ]

|| Status

= [ InDat

o [ cale

o [¥ MueonDet

= ¥ Objects

-20 o Z (m) 20

Invariant Mass
Window

Canvas Window

Track Momentum
Window

Control Window
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Practice Identifying Particles Z-Path

One can often see tracks of several different particles in each event. .
Introducing the Z boson

You will do some detective work in this first exercise. Make use of the event Introducing the Higgs boson

display features to find all electrons, muons, photons, neutrinos, and jets in New Physics
each displayed event.

Identifying particles
Use the checkboxes below each exercise to record the type of particles you ATLAS detector

have just observed by clicking on 'Check’. The 'Hint' button helps you along
. } . Play!
the way! The 'Correct’ button shows the right answer.

Visualization with HYPATIA

Good luck!

Particle footprint
visualization

I E::t.?m_ise 1: particle 1

Identifying Events

Search and discover with mass

Get to work!

particle 1 electron positron muon anti-muon photon neutrino-antineutrinoe jet KI]()W]EdgE center

Research at the LHC

check correct answer

The Standard Model

Try this for 10 minutes. Hints on the next page... |%@
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ldentifying Particles: Hints

Yim)

InDetTrack index. 2
PT=-40.600 GeV
n=2037

® = 338.780°
Px=37.847 GeV
Py=-14.695 GeV
Pz=152.934 GeV
numPixelHits = 3
numSCTHits = 8
numTRTHits = 15

TGC index: 13

o = 350.928

z = 1505.240cm
@ = 339.159°

Z(m)

= Hint: PT = -40.600 GeV

— Means charge is negative.

Hint: Only muons make it

/ to the TGC.

particle 1 electron positron muon anti-muon photon neutrino-antineutrino jet

K,

y)

check correct answer
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article ID in ATLAS

Muon
Spectrometer

Hadronic
Calorimeter
Proton

Electromagnetic
'\Phéton

Calorimeter
Solenoid magnet :

Transition

Radiation

Tracker _
Pixel/SCT

Tracking
detector

'Y
4
'
.
.
I
J

’
.
)

2
3
]
r
.
v
X
.
.
N
¥
D

Electrons’

The dashed tracks
are invisible to
the detector
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How to spot a Z boson

Z boson lifetime = 10%° seconds
* We identify it by its decay products

91 GeV

* And by the mass reconstructed from the two leptons

Z boson mass

mx = /2L Es(1 — cost)

Expect lepton momenta to be roughly half the Z mass @
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Removing Background

In a typical LHC collision, around 20-30 protons collide at the same time, producing many tracks.
We only want to look at the tracks that come from Z boson decays.

fiew Histograms Preferences Help
File Name | ETMis [GeV] ‘ Track | P [GeV] | +/- | Pt[GeV] | [ | n | M(2) [GeV] ‘ Mieeee) [GeV] ‘ Mieemm) [GeV] ‘Mcmmmml [CEV]‘ e/m/g

File hd & " X s
Previous Event  Next Event  Electron  Muon Delete Track  Reset Canvas
ETMis: 13.877 Gev P: 0.785 rad Collection: MET_RefFinal
& |]events/events4.zip JivexML_106051_195073 1.xm| ‘<;= 2 o= ol o

Tracks I Physics Objects | Under the Param eter
Tracks 0 e - e 11,6: e 4,28Pt e 71,3]9[‘J 0.375 ’ Co ntro' tab:

Tracks 1 + 126.06 39.41 -2.413 0.318
Tracks 2 + 4.57 4.56 -2.783 1.649

Tracks 3 - 167.90 53.01 0.906 0.321 Ch th t f th
Tracks 4 - 134 1.33 -2.949 1.475 ange e cut 1or e
Tracks 5 = L75 174 -3.090 1.645

o — s ees |, track Pt (transverse
momentum):

« Try 2.0 GeV
 Try10.0 GeV

Which will help us to find
tracks from Z bosons?

Parameter Control r Interaction and Window Control I’ Output Displav/

Projection | Data | C%s%| #hDet | Calo | MuonDet | Objects rijme[w |
vl 1Pt > |1.0 Gev |~/
[ Ipe2| < |700.0 MeV =
|do| < |2.5 mm
[v] |z0| < [20.0 em & !’
[7]|d0 Loose| < [2.0ecm &
[]|z0-zvex| < [2.5 mm - ‘
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Viewing the Tracks

View Histograms Preferences Help

File Name ETMis [GeV] | Track | P [GeV] | +/- | Pt [GeV] | @ ‘ i | Mi2) [GeV] | Mieeee) [GeV] | Mieemm) [GeV] |M[mmmm] [GEV]| e/m/g

Fil <« LS @ M X ey
Previous Event Next Event  Electron Muon Delete Track Reset Canvas
ETMis: 13.877 GeV @: 0.785 rad Collection: MET RefFinal
jllevents jevents4.zip/JiveXML_106051_195073 1.xml |<:= 2 o= o ot
Tracks r Physics Objects |
Track +/- P [GeV] Pt [GeV] p 3]
Tracks 1 + 126.06 39.41 -2.413 0.318
Tracks 3 - 167.90 53.01 0.906 0.321

A Pt cut of 10 GeV appears sensible. Set that, then
click on the Interaction and Window Control Tab

L N l y 2
Parameter Control Interaction and & w Control r Output Display
= #
4)|&

%

23] [U[3
w 5 X |LMR [a[s]6] [c[6
B B | [7I8]9] [D ]9

& £
“D
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Viewing the Tracks

View Histograms Preferences Help

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

@ L @ i X &
Previous Event  Next Event Electron  Muon Delete Track  Reset Canvas
ETMis: 13.877 GeV @P: 0.785 rad Collection: MET_RefFinal
|events/events4_zip/JiveXML_106051_195073 1.xml |(;: 5 o= of} of
Tracks I Physics Objects |
Track +/- P [GeV] Pt [GeV] ® a
Tracks 1 + 126.06 39.41 -2.413 0.318
Tracks 3 - 167.90 53.01 0.906 0.321

Now click on the magnifying glass to make it
possible to zoom the image in and out with your
cursor. Practice.

Parameter Control Inlerailion and Window Control r Qutput Display
i =
Faif e |
% o -
3
11213 U |3
w § |X| |L|M]R 4|5|6 C |6
B B 71819 D |9

& £
“D
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Viewing the Tracks

View Histograms Preferences Help

M(2) [GeV] | Meeeee) [GeV] | Meemm) [GeV] [M(mmmm) [Gev] e/m/g

File Name | ETMis [Gev) | Track | pgevi [ +-] Pmicevi | e ] n_ |
@ L @ © X &
Previous Event  Next Event Electron  Muon Delete Track  Reset Canvas
ETMis: 13.877 GeV @P: 0.785 rad Collection: MET_RefFinal
events/events4.zip/JiveXML_L06051_1950731.xml |(;: 5 o= of} of
Tracks I Physics Objects |
Track +/- P [GeV] Pt [GeV] ® a
Tracks 1 + 126.06 39.41 -2.413 0.318
Tracks 3 - 167.90 53.01 0.906 0.321

Now click on the finger to make it possible to
select tracks with your cursor. When a track is
selected, it will be highlighted above and the track

in the event display will turn white.

Parameter Control | Interaction and Wyndow Control Qutput Display
\“' 4 [
I
11213 U |3 {b
w § |X| |L|M]R 4|5|6 C |6
B B 71819 D |9
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Photons

ew Histograms FPreferences Help
File Name ETMis [GeV] Track P [CeV] +i- Pt [GeV] P n Mi2) [GeV] Mieeee) [GeV] | Mieemm) [CeV] | Mimmmm) [CeV] e/m/g
|

<« = v X L
Previous Event Next Event Photon Delete Track Reset Canvas
ETMis: 13.556 GeV p: -2.942 rad Collection: MET_RefFinal

[(top /Hypatia_7.4_Masterclass /fevents/exercise2_Z/00001_Exercise2.xml|<a|gp| @= ot} Oq“‘i;

Tracks Physics Objects |
Track P [GeV] Pt [GeV] ] B
Object 0 73.60 73.48 0.132 1.627
Object 1 74.22 65.20 2.981 2.069

If you see energy deposits (yellow bars) in the
electromagnetic calorimeter with no tracks pointing
to them, they are photons. You see their
information under “Physics Objects.” We will
ignore them for this exercise, as we are only
looking for pairs of electrons or muons. Move on to
the next event.

Parameter Control rlnteracliun and Window Control | Output Display |
Projection Data | Cuts | InDet Calo MuonDet Objects | Geometry
Al
InDey Name Value <A
Calo - =
MuonDet |12l 1Pt > [10.0 GeV E
Objects |Pt2| < |700.0 MeV
ALAR v||do| < |2.5 mm
v]|z0| < [20.0 em &
|d0 Loose| < |2.0 em
|z0-zVvix| < |2.5 mm -
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Neutrinos

/iew Histograms Preferences Help

File Name | ETMis [GeV] | Track | P [CeV] | +/- | Pt [GeV] | ] | n | M(2) [GeV] | Mieeee) [GeV] | Mieemm) [GeV] ‘M[mmmm] [GeV]| e/m/g I

File « ad @ L X had

Previous Event  Next Event Electron  Muon Delete Track  Reset Canvas
ETMis: 13.877 GeV p: 0.785 rad Collection: MET_RefFinal
* |i||events fevents4. zip /JiveXML_106051_195073 1.xml |<;= 5 o= of) of2
Tracks [ Physics Objects |
Track +/- P [GeV] Pt [GeV] 0} 1]

Tracks 0 - 11.68 4.28 -1.319 0.375
Tracks 1 + 126.06 39.41 -2.413 0.318
Tracks 2 + 4.57 4.56 -2.783 1.649
Tracks 3 - 167.90 53.01 0.906 0.321
Tracks 4 - 1.34 1.33 -2.949 1.475
Tracks 5 - 1.75 1.74 -3.090 1.645
Tracks 6 + 18.61 3.94 -1.818 0.214 A

A red dashed line indicates that the event had an
imbalance of energy and points to where
something left undetected. That is a neutrino.
Move on to the next event.

Parameter Control | Interaction and Window Control | Output Display |

rProjeclion rDala rCuls rInDel rCaIn rMuonDel r0bjecls rceomelrv |

o
InDey Name Value o
Calo -
MuonDet [Pl Eg|1-0 Gev I
Objects | [ | |Pe2| < |700.0 Mev H(—
alLas |do| < |2.5 mm
|z0| < [20.0 em
<
<

& .
[11d0 Loose| 2.0 cm ...’
[]1z0-zvtx| 2.5 mm ~| &‘
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Exercise 2

ew Histograms Preferences Help
File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] (1] n Mi2) [GeV] Mieeee) [GeV] | Mieemm) [GeV] | M(mmmm) [GeV] e/m/g

@ = Y X &
Previous Event Next Event Photon Delete Track Reset Canvas
ETMis: 13.556 Gev P: -2.942 rad Collection: MET_RefFinal

top/Hypatia_7.4_Masterclass/events /exercise2_Z/00001_Exercise2.xml| <@g @= of) off

Physics Objects |

P [GeV] Pt [GaV] @ U
73.60 73.48 0.132 1.627
74.22 65.20 2.981 2.069

Open the dataset in the ESADE folder on your
Desktop. It has a name like groupX. This is the
data you will be analysing.

1 1 ]
Parameter Control | Interaction and Window Control Qutput Display
Projection | Data | Cuts | InDet [ Calo [ MuonDet | Objects | Geometry
o
r Dt Name Value +
Calo -
MuonDet || |Pt| > |10.0 GeV E
Objects |Pt2| < |700.0 MeV
AL v| |d0| < [2.5 mm
v||z0| < [20.0 cm {b
|d0 Loose| < (2.0 cm
|20-zVtx| < [2.5 mm -
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Exercise 2

With the following exercise, you can test how good your sense of event
selection and particle identification is.

Therefore we have chosen ten examples of events which are stored here in
electronic form for you to download. They have to be opened in the program
HYPATIA (with “Read Event Locally”).

The picture gallery will guide you through this task.

e Di-lepton signal events are only events, where a Z boson, a J/{r or Y
particles are produced. In signal events you also determine whether these
particles have decayed into an electron-positron pair or into a muon-
antimuon pair.

e Higgs candidate events contain either 2 photons or 2 pairs of leptons.

e Events with jets, W bosons, top-quark pairs and are background events.

You can check your results using the table below. For each event, choose which
process you are seeing. By clicking “Confirm Task”, you can find out the
number of events guessed correctly. By clicking “Correct Answers”, you can g€
the solution.

Good luck!

event | o+ o | yt4p | YY | 1'% | Backgrounds

Z-Path

Open Exercise 2 in your
_ _ browser (under Identifying
Introducing the Higgs b Events, Practice!).

New Physics

Introducing the Z bosor

Try classifying the events
according to the
categories specified
below.

Identifying particles

Identifying Events

{isualization

Practice!

’
Search and discover with

Get to work!

Knowledge Center

Research at the LHC
The Standard Model
More about the Z boson

Extra Space Dimensions and
Gravity

Supersymmetry
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ldentifying Events

:w Histograms Preferences Help
File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] ] n M(2) [GeV] Mieeee) [GeV] | Mieemm) [GeV] | M(immmm) [GeV]| e/m/g

< «t, Y X ©
Previous Event Photon Delete Track Reset Canvas
ETMis: 13.556 #fY LN 12 rad Collection: MET_RefFinal

ltop /Hypatia_7.4_Mastercld cise2_Z/00001 _Exercise2.xml| <@g ©= Of) O'}f;

Tracks

Pt [GeV] ® B
73.48 0.132 1.627
65.20 2.981 2.069

Take 10 minutes to classify the 10 events. Check
the boxes in your browser accordingly. Use the
Next Event button to advance.

Parameter Control | Interaction and Window Contrel | Output Display |
Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry
oo
[iey Name Value ba
Calo - —
MuonDet || |Pt| > |10.0 GeV E
Objects |Pt2| < |700.0 Mev
RS v| |d0] < |2.5 mm
v||z0| < |20.0 cm &
|d0 Loose| < |2.0 cm
|z0-zVtx| < |2.5 mm -
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Answers to Exercise 2

1

2

10

Refer to_http://atlas.physicsmasterclasses.org/en/zpath lhcphysics3.htm for help.

Yy

Yy

ete

Yy
ete

TyTy

(MR

ete

(MUY

Energy deposits without tracks are photons

Energy deposits without tracks are photons

Tracks pointing to electromagnetic energy deposits
Tracks making it into the muon chambers

Energy deposits without tracks are photons

Tracks pointing to electromagnetic energy deposits
Tracks making it into the muon chambers

Reduce the Pt cut to 5 GeV to see all four leptons
Tracks pointing to electromagnetic energy deposits

Four leptons
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http://atlas.physicsmasterclasses.org/en/zpath_lhcphysics3.htm

The Competition

Get the data

* From Hypatia open the data file in the ESADE folder
Select the Events

1. Set your track Pt cut to 10 GeV

2. Select ete” and p*p events

3. For each pair, double click on the tracks to record them in
the invariant mass window

Save Each Measurement
* Record Event Number and Mass in the Spreadsheet

Plot the Mass Spectrum
* Use the plotting tool in Spreadsheet

Combine ATLAS Groups

* Make final plot for conference
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