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MAIN CHARACTERS OF OUR MEASUREMENT

The W boson The Higgs boson



THE W-BOSON

The W boson ] The Higgs boson



W BOSON DECAY

Betaminus decay (W ™) Betaplus decay (W ™)




W BOSON DECAY

Betaminus decay (W ™) Betaplus decay (W ™)




! Mark in the table
f which of the 4
£ cases applies:

i o W+—>€+

e W™ > e




THE HIGGS BOSON

The W boson . The Higgs boson









DECAY OF HIGGS BOSONS AT THE LHC

» We measure the decay into 2 W bosons

1. For all WW events, measure the angular

distance A¢ between the two charged
leptons!

2. Atthe end all A of the WW events are
compared

3. Theory says: We expect
Higgs events rather in 0°< A¢ < 90°

/
WW events everywhere in 0°< A¢ < 180° ¥ ‘//\p




2. CATEGORY: W~ + W™ e~ /u™ + et /u*™ + 2 NEUTRINOS

» Either Higgs—> WW event
or WW event without Higgs

» Measure the angle between the
charged decay products of the W
bosons




3. CATEGORY: BACKGROUND

» Everything else — for example:

i) Events with Jets: One gluon or quark is ejected from the proton

ii) Z° particle decays into 2 leptons




EVENT
IDENTIFICATION




k. Ty

Nl ¢t MINERVA

T oy
Masterclass INvolving Event
Recognition Visualised with Atlantis

Based on official
ATLAS event display
(ATLANTIS)




HOW WILL THE MEASUREMENT WORK?

» Each group gets events.

» You will use Minerva to find out what happened in each event.

» At the end we count up the events of all groups and see what we have
found out together.



EVENT DISPLAYS WITH MINERVA

ATLAS 2011-10-26 08:58:21 CEST source:Exercise2-Event01-2014 Atlantis

ENERGY
HISTOGRAM

FRONT VIEW

SIDE VIEW




TLAS DETECTOR SETUP

ATLAS source:03_ParticlelD-Electron run:106020 ev:326459 Atlantis

2 Missing ET= 36 GeV
Constant (1-1)
Height of tallest tower:
User selection: 50 GeV
Trigger Decision N/A

¥ im)

10

TRACKING DETECTOR

B tm)

10

L1 Z(m) 20



ATLAS DETECTOR SETUP

ATLAS 2010-08-14 00:53:30 PDT source:06_ParticlelD-Jets run:161379 ev:44443993 lumiBlock:439 Atlantis
o Missing ET= 48 GeV
e Constant (1-1)
Height of tallest tower:
User selection: 50 GeV
Trigger Decision:

¥ im)

L1:passed L2:passed EF:passed

10

B tm)

10

Z(m) 20



ATLAS DETECTOR SETUP

ATLAS 2010-08-14 00:53:30 PDT source:06_ParticlelD-Jets run:161379 ev:44443993 lumiBlock:439 Atlantis
o Missing ET= 48 GeV
e Constant (1-1)
Height of tallest tower:
User selection: 50 GeV

Trigger Decision:
L1:passed L2:passed EF:passed

¥ im)

HADRONIC

10

CALORIMETER
(H-CAL)

B tm)

10

Z(m) 20



ATLAS DETECTOR SETUP

ATLAS source:04_ParticlelD-Muon run:106021 ev:602998 Atlantis

o Missing ET= 35 GeV
T (GeV Constant (1-1)
Height of tallest tower:
User selection: 50 GeV

Trigger Decision N/A

¥ im)

10

MUON DETECTOR

B tm)

10

0 Z(m) 20



PARTICLE IDENTIFICATION

ATLAS source:03_ParticlelD-Electron run:106020 ev:326459 Atlantis

Missing ET= 36 GeV
] Constant (1-1)
Height of tallest tower:
User selection: 50 GeV
Trigger Decision N/A

£
s

track in tracking detector

+

10

Z(m)



PARTICLE IDENTIFICATION

electron/

positron

track in tracking detector

+




PARTICLE IDENTIFICATION

ATLAS source:04_ParticlelD-Muon run:106021 ev:602998

Atlantis

Missing ET= 35 GeV
1

Constant (1-1)
Height of tallest tower:

User selection: 50 GeV
Trigger Decision N/A

¥ im)

10

B (m)

10

Z(m)



PARTICLE IDENTIFICATION

muon/

antimuon

weak signal everywhere

+

muon detector




PARTICLE IDENTIFICATION

ATLAS 2010-08-06 17:23:01 CEST source:09_EventID-JetsBackground run:160879 ev:54545398 lumiBlock:515

s Missing ET= 11 GeV
SO ErCen Constant (1-1)

Height of tallest tower:

User selection: 50 GeV

Trigger Decision:

L1:passed L2:passed EF:passed

Atlantis

¥ im)

10

Z(m) 20



PARTICLE IDENTIFICATION

ATLAS 2010-08-06 17:23:01 CEST source:09_EventID-JetsBackground run:160879 ev:54545398 lumiBlock:515

s Missing ET= 11 GeV
SO ErCen 1 Constant (1-1)

Height of tallest tower:

User selection: 50 GeV

Trigger Decision:

L1:passed L2:passed EF:passed

Atlantis

¥ im)

jets

particle bundle
-+

high isolation

Z(m) 20



PARTICLE IDENTIFICATION

ATLAS source:05_ParticlelD-Neutrino run:106020 ev:326459 Atlantis

Missing ET= 36 GeV
1 Constant (1-1)
Height of tallest tower:
User selection: 50 GeV
Trigger Decision N/A

¥ im)

What
IS
missing?

10

B (m)

10

Z(m) 20



PARTICLE IDENTIFICATION

ATLAS source:05_ParticlelD-Neutrino run:106020 ev:326459 Atlantis

Missing ET= 36 GeV
1 Constant (1-1)
Height of tallest tower:
User selection: 50 GeV
Trigger Decision N/A

¥ im)

neutrino

10

B (m)

10

Z(m) 20



“Did you see 1t?
“No nothing.”
“Then it was a neutrino!”




PARTICLE IDENTIFICATION

neutrino

Momentum conservation
reveals that it was there!

momentum of neutrino

momentum which is
missing afterwards!




MINERVA: MISSING TRANSVERSE ENERGY (MET)

ATLAS 2011-10-26 08:58:21 CEST source:Exercise2-Event0l1.24~ ’“'nntis‘

Missing energy (MET) is
indicated by the red dashed
line.

Here 10 GeV are missing.

For an event not to be
background, we require
MET > 20 GeV.

-20 0 Z (m) 20




GAME RULES

tracking electromagnetic hadronic muon
detector calorimeter calorimeter detector

electron, positron

el. charged hadron I I

muon, antimuon

photon
el. neutron hadron

neutrino

—0article track o energy loss

e e e e particle leaves no track



ELECTRON OR POSITRON?

| NON )
ATLAS 2011-10-26 08:58:21 CEST source:Exercise2-Event01-2014 Atlantis | File Preferences Lists
3 ‘fMinervaZOlS/events/exercise2—2014
S0 ET [Gelr)
~ 2 & 1
E .
>
d EF:pazzed
Cuts 2
(= [}
InDet Name
IPt|
3.
S
I

InDetTrack index: 74
PT = 28,399 GeV
n=00915

@ = 93,468°

Px =-1,718 GeV
Py = 28,347 GeV
Pz = 29,758 GeV
Charge = 1
Isolation = 0,00

10

p (m)

0

InDetTrack index: 59
PT = 22,378 GeV

n = 0,957

¢ = 62,872°

Px = 10,204 GeV
Py = 19,916 GeV

-10

Solalio —’

-20

Z (m) 20

Select hand
Click on track

Information
is displayed
at the bottom right.

+1 positron

J\w _

-1 electron



IT’S YOUR TURN!

» http://atlas.physicsmasterclasses.org/en/wpath.htm

Aims/Tasks

» Click on identifying particles and perform exercise 1

ATLAS Detector
» Look at particles in all views and identify them The Event Display MINERVA
Identifying Particles
Exercise 1
Identifying Events

Measurement

Analysis



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

TOOLS: PT CUTS

oo e® Atlantis GUI !
ATLAS 2011-10-26 08:58:21 CEST source:Exercise2-Event01-2014  Atlantis File Preferences Lists Reset Demo Previous Next Help

ﬂ’MinervaZO15!events,’exercisez—2014.zip,fJ\veXML_lOGSSZ_Z'M?O.meﬁi = of} ofx Th e t ra C kS W I t h | OW pT

%/ ]~ ol can be filtered out
v] P9 B

R p by cutting to
—IPtI o | M
pT >1/10/20 GeV.

[> ‘1,0 GeV

ATLAS 2011-10-26 08:58:21 CEST source:Exercise2-Event01-2014  Atlantis File Preferences Lists Reset Demo Previous Next Help
S, P y = HfMinervaZ015;‘even[s,’exerciseZ—2014.zipriveXML_106382_274?0.xm\|ﬁi} o= of) ofx
50 ET (GeW) i . — —

w ] A B

| Cuts

—_—
InDet

Name | Value
Pt| > [10.0 Gev

~_ =20 0 Z (m) 20

-10

A 8 8 b b R B S A b At bt bt bt bt bbbt bbbt bt bt bt bt b

JiveXML 106382 27470.xml (1063820027470)

-10

Exercise2-Event01-2014.xml (1916350047567557)

-20 [ Z (m) 20




TOOLS: ISOLATION

| BON )
ATLAS 2011-10-26 08:58:21 CEST source:Exercise2-Event01-2014 Atlantis | File Preferences Lists

‘fMinervaZOIS /events/exercise2-2014

50 ET [(Cew)

R 8 ()
E
>
Cuts
o
InDet Name

|Pt|

-10

InDetTrack index: 74
PT = 28,399 GeV
n=0915

@ = 093,468°

Px =-1,718 GeV
Py = 28,347 GeV
Pz = 29,758 GeV

L

10

p (m)

Isolation = 0,00

InDetTrack index: 59
PT = 22,378 GeV

n = 0957

¢ =62,872°

Px = 10,204 GeV
Py = 19,916 GeV
Pz = 24,828 GeV

-10

-20 0 Z (m) . 1 Isolation = 0,05

Select hand
Click on track

Information
is displayed
at the bottom right.

Track isolated

—

Isolation < 0.2



TOOLS: VERTEX

® -9 o ® /
ATLAS 2011-08-22 04:29:25 CEST source:Exercise2-Event05-2014 Atlantis File Preferences Lists
— ‘\/IinervaZOlS/events/exerciseZ—2014.zip/I

®

W
o 2. Move cursor from

center of the image
outwards

1. Select magnifying glass

|Pt|

e e e T e e e e e e e T T

MIUGUTTQUn ITIUTGA, JT

PT = 22,378 GeV
n = 0957

@ =62,872°

Px = 10,204 GeV
Py = 19,916 GeV
Pz = 24,828 GeV
Charge = -1
Isolation = 0,05

Exercise2-Event02-2014.xml (189693 Everything in the green CirC|e
ExerciseZ2-Eventuo—.ootoa=1. 4101635 belongs to the Vertex & must be

Exercise2-Event04-2014.xml (191635

considered.

Exercise2-Event05-2014.xml (187811

-20 0 Z (cm) 20




TOOLS: ANGLE

ATLAS  source:JiveXML_106382 27470 run:106382 ev:27470 lumiBlock:2 Atlantis File Preferences Lists
T ‘ﬁle:/Users/maike/DownIoads/MinervaZ

RS, 1. Select hand

Cuts

(et 2. Hold down P key

Pt|

10

Y (m)

3. Click on the two tracks
one after the other

n=0125

@ = 172,244°

Px = -43,667 GeV
Py = 5,948 GeV
Pz = 5,525 GeV
Charge = -1
Isolation = 0,00

InDetTrack index: 43
PT =71,976 GeV

e You will find the angle

Px =12,187 GeV

A A¢ displayed at the

Charge = 1

-10

Isolation = 0.03

TR bottom right.
|

AR = 1,647

-10 0 X (m) 10



EVENT SELECTION - e

Height of tallest tower

no MET > 20 GeV Uzerzelection: 50 GeVf
Trigger Decizion:
I Ll:pazsed L2:pazzed EF:pazzed
yes
1 . Sta rt at t h e tO p Determine the number of leptons (electrons, muons)
and jets from the same interaction point.
| |
2 . FOI | ow t h e ﬂ OWC h 2 rt exactly 1 lepton, exactly 2 leptons, everything else
max. 1 jet max. 1 jet
] |
3 ) ClaSS|fy the event = lepton has 1 lepton has p; > 20 GeV, =
pr > 20 GeV 1 lepton has pr > 10 GeV
| |
yes yes
e MET= missi Ng transverse no H lepton has both leptons have s
isolation < 0.2 isolation < 0.2
energy
yes yes
« lepton = electron or muon ! !
lepton type leptons have opposite 0 -
nere electrical charges -
|
. _ { - - yes
« jet=several tracks e W oew
. . . — ot W et+ .
in same direction —ef  [eeormu MET> 40GevV)
ep: MET > 20 GeV
m W — p+v |
es
- u"' W+ — IJ++\]_ y
WW — Lvlv
measure the opening angle
- ¥
. | Note the results in the tally sheet, -
sele eI “| load the next event and go to start. packson




IT’S YOUR TURN!

» https://atlas.physicsmasterclasses.org/en/wpath.htm

Aims/Tasks

» Click on identifying events and perform exercise 2

Identifying Particles

Identifying Events

» Open Minerva and load events for exercise 2 Research at the LHC

' W particl
» Classify events particle

Identifying Events

Higgs Particle
» Enter the results into the table on the website Exercise 2
& Check Measurement
Analysis
File Preferences Lists Reset Demo Previous Ne;

ﬁle:/Users/maike/DownIoads/MinervaZ015/events/test_events.zip/Jive:@@ @= O
® o Offnen |

D_ ]

og
oo
o

I

Suchen in: |[] events | | (T

D exercise2-2014.zip
B test_events.zip




IT’S YOUR TURN!

» https://atlas.physicsmasterclasses.org/en/wpath.htm

Aims/Tasks
Identifying Particles

» Open Minerva and analyze one of the data sets

Research at the LHC
W particle

» Load your own data set (A/B/...) Identifying Events
Higgs Particle

Exercise 2

» Mark each event in the table Measurement
Analysis

» At the end: Add up events and tell us!

» \We enter the results into a table.


https://atlas.physicsmasterclasses.org/en/wpath.htm
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