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ATLAS

Inner Detector

» The inner most part of ATLAS.

» Contained in solenoid magnetic
field of 2T.

» Mainly from silicon.

+ Determine the trajectory of
charged particles.

» Magnetic field curves the track
of charged particles.

» This helps to measure the
momentum.



ATLAS

Calorimeter

- Absorb the particle to
measures its energy.

- EM identifies electrons and
photons.

+ Hadronic calorimeter
measures jets (hadrons).

» Muons do not stop in the
calorimeter but leave a

track.

* The missing transverse
energy is determined =»
neutrino



ATLAS
Muon Spectrometer
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* The outer part of ATLAS.

 Toroidal magnets.

*0.5Tinthe barreland1Tin
the end-cap.

» |dentify muons.



ATLAS

Reconstruction of Particles

* Inner Detector:

« Tracks the path of charged particles.

+ Magnetic field bends the path of
charged particles.

 Electromagnetic Calorimeter:

+ Particles that interact with the
electromagnetic force leave energy
deposits.

« Absorbs Electrons and Photons.
» Hadronic Calorimeter:
+ Jets (from quarks) are absorbed.

e & __ + Muon Spectrometer:
D 2030-87-12 SROASY CIEY « Tracks the path of Muons.
« Magnetic field bends the path of Muons.




Detecting of Leptons

Charged Leptons:

Electrons are stable and can be
detected.

Muons are unstable but their
lifetime is long enough to be
detected.

Tau is unstable and decay very
fast.

Neutrino:

Leave the detector without
leaving a signature.

ELEMENT1
PARTICI
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Detecting of Electrons

- e and e* are charged.

wWATLAS

» Curve In opposite A EXPERIMENT
direction.

+ Leave track in the inner
detector.

wW-ev candidate in

7 1eV collisions

» Absorbed in the
electromagnetic
calorimeter.




Detecting of Muons

uw and pu* are charged.

Leave track in the inner
detector.

Escape the detector
without being stopped.

Detected in the muon
spectrometer.

wATLAS

2 EXPERIMENT




Neutrino

» The detector cannot detect

neutrinos. WATLAYS

JLEXPERIMENI

- We know they are produced by the
conservation of momentum.

- All the transverse momenta of
particles are added up, there will be
missing energy that the neutrino
took away.

- Called the missing transverse energy.



Detecting of Quarks

Quarks are charged.

WATLAS

» Leave track in the inner

detector. A EXPERIMENT
Interact with the e Multjet Event in
electromagnetic force. | ' | 7TeV Collisions

Leave some energy
deposit in the
electromagnetic
calorimeter.

Absorbed in the hadronic
calorimeter.



Detecting of Bosons

Photons: | MATTE R FO RC E
Do not leave track in the inner
detector

Stopped in the electromagnetic u G n

gluons: Quarks, . . Gauge Bosons
Hadronise like quarks

detector.
. - . 7
Absorbed in the hadronic -Higgs Boson:
calorimeter. RD MODEL
STICLES AND FORCES

W and Z: Leptons 5 ALL THAT EXISTS?

Decay very fast into other
particles which are detected.




Photons

. wATLAS

photons
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Electron

Mass » =2 3 N
charge —+ 273
g+ 12 g
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5 minutes

Play! Z-Path
It is now time for active playi.ng! Inv.estigate the footprints ?eft in t.he Introducing the Z boson
detector by elementary particles with the help of the interactive . .
animation of the ATLAS detector. For this, click on the name of a specific Introducing the Higgs boson
particle in the upper menu and follow its way through the detector. New Physics
Identifying particles =

ATLAS detector

| dsplay ingtanth ‘ Electren . Pretan \enlvl.o . Phaton

»,w"
‘ Pesitron . Antiproton . Jets e
wﬂ"

Visualization with
HYPATIA

Particle footprint
visualization

Practice!

Identifying Events

Search and discover with
mass

Get to work!

Croatod by 1. erremam. (O Jof ek & Joade. M. Kebel



Atlantis Canvas

2011-09-08 17:25:13 CEST lumiBlock:387 Atlantis

Mo Missing Et
Constant (1-1)
Height of tallest tower:
User selection: 50 GeY¥
Trigger Decision:
L1:passed L2:passed EF: passed

End-on view of the detector
(X-y projection)

Warning: Only particles
reconstructed in central
region shown here
(otherwise the particles in
the forward would cover
the view)!




Atlantis Canvas

2011-09-08 17:25:13 CEST lumiBlock:387

©A

_ S0 ET (Cel)

e

Atlantis

Mo Missing Et

Constant {(1-1)
Height of tallest tower:
User selection: 50 GeY¥

Trigger Decision:

L1l:passed L2:passed EF:passed

Tracking
detector




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 Introducing the Higgs boson
event display features to find all electrons, muons, photons, neutrinos, New Physics
and jets in each displayed event. e :
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 Play!

along the way! The 'Correct' button shows the right answer.

Visualization with
Good luck! HYPATIA

 —— ..

Ex@se 1: particle 15

Particle footprint
visualization

Identifying Events

Search and discover with

mass
Get to work!
particle electron positron muon anti- photon neutrino- jet
1 muon antineutrino
Knowledge Center
check correct answer Research at the LHC

The Standard Model



[ EX@EO 1: particle

P

One can often s

You will do soi
event display fi
and jets in each

Use the checkbq
have just obser
along the way! "

Good luck!

Ex%jise 1: partic

-
-
‘ - Canvas

= Atlantis

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

Yim)

TGC index; 13
o = 350.928
Z = 1505.240cm

@ = 339.159°

-10 0 X{(m) 10

EREch <"
Atlantis

‘Path

the Higgs
S
particles

etector

1on with

discover w
1
particle elecl :
1
dge Ce
.20 0 Zim) 20
check correct answer Résearch aE the LHC

The Standard Model

r 
the Z bosc

Pt = -40 GeV

Click the three
pictures

What particle is
it?



particle electron positron muon anti-muon photon neutrino- jet
1 antineutrino
9
v

Gheck

2

correcvanswer



Searching for the Z-boson

Since Z 1s neutral the sum of the charges of its decay products must be zero




Run 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

P (u)=27GeV n(u)= 0.7
p, (") =45 GeV n(u’) = 2.2

M =87 GeV
Up

/>Uu candidate
in 7 TeV collisions



Run Number: 154817, Event Number: 968871
Date: 2010-05-09 09:41:40 CEST

M_= 89 GeV
/>ee candidate in 7 TeV collisions

_15 E; (GeV)
E.r (e7)=45GeV

n (€)= 0.21

E_(e”) = 40GeV
n (e*) =-0.38

10 l




Higgs production at the LHC

Formation of a Higgs boson, induced by proton-proton collision, YO
and its possible decay into two gamma ray photons in the LHC.

p+ Top quark loop

\J\:\S\T.\N\S\S\N\P Higgs Boson
Top Quark/W Boson loop

Gluon Fusion

1
[ P
/\/VL L/l/?/l/?f—

P

YO
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Visualizing events in HYPATIA Z-Path

It 1s ime to see how the events we have talked about look in the event
display HYPATIA. You will use your newly acquired knowledge on
characterizing events and identifying elementary particles. You will

Introducing the Z boson

Introducing the Higgs boson

learn to select signal events and to distinguish them from the New Physics
background events. The picture gallery will guide you through this task. Identifying particles

Vi 0
Di-lepton and 4-lepton events (electrons and muons) are, in general, Identifying Events f‘
easy to identify. Di-photon events are sometimes trickier, especially When protons collide \

when tracks point to the energy cluster deposited in the electromagnetic

' Z ts
calorimeter (ECAL). even
Higgs events

The picture gallery will guide you through this task. Background events

| Y
signal processes | Visualization B
4

- - Practice!

FERABE W - —— - - -

== Search and discover with
A mass

Get to work!

Knowledge Center
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