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MASTERCLASSES

International Particle

Physics Outreach Group hands on particle physics
Home
Participate! .
International Masterclasses
Schedule 12th International Masterclasses 2016
My Country
Physics Each year about 10.000 high school students in &’ 42 countries come to one of about 200 nearby universities or research

centres for one day in order to unravel the mysteries of particle physics. Lectures from active scientists give insight in topics

b and methods of basic research at the fundaments of matter and forces, enabling the students to perform measurements on

In the Media real data from particle physics experiments themselves. At the end of each day, like in an international research
collaboration, the participants join in a video conference for discussion and combination of their results. See %' here for

Teachers and Educators media coverage.

Archive International Masterclasses 2016 will take place from 11.2. - 23.3.2016..

Contributors Discover the world of Quarks and Leptons with real data

Contact Us

physicsmasterclasses.org
username: teacherg password: Bohr1922



http://physicsmasterclasses.org
http://physicsmasterclasses.org
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earch for W particles with ATLAS

HOMEPAGE W-Path m

LHC @InternationalMasterclasses Links

Join us on a joumey to the smallest pieces of matter! Learn what is happening 100 meters below the
ground at the European Organization for Nuclear Research (CERN). At the Large Hadron Collider, a
circular collider with a circumference of 27 kilometres, the experiments ALICE, ATLAS, CMS. and
LHCDb are installed. The following short video gives an impression of the start of a fascinating journey
looking for the origin of mass. Dark Matter. and new phenomena such as Supersymmetry or Extra
Dimensions.

Facebook-Seite

)

LHC Livescreen

usern
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las.physicsmasterclasses.org/en/ir
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http://atlas.physicsmasterclasses.org/en/index.htm
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1. Search for W particles with ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



1. Search for W particles with ATLAS

1. 1o measure the momentum of electrically charged particles

2. to measure energy of electrically charged particles and
photons

3. to measure energy of strongly charged particles

4. to measure momentum and unambiguously identity muons

several layers of detecting material with symmetry
1. at right angles to the beam pipe (cylindric - barrel)

2. In forward/backward region (linear - endcaps)



1. Search for W particles with ATLAS



http://www.atlas.ch/multimedia/2-electron-2-muon-event.html%23episode-2
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1. Search for W particles with ATLAS
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1. Search for W particles with ATLAS
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1. Search for W particles with ATLAS
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1. Search for W particles with ATLAS
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0. Detektorkonzepte

animation
|| display instantly . Electron . Proton
. Positron . Anti-proton . Jets
‘ Muon . Neutron

Magnification 3x
Anti-muon

Created by T. Herrmann, O. Jefibek, K. Jende, M. Kobel


http://kjende.web.cern.ch/kjende/de/wpath_teilchenid1.htm

1. Search for W particles with ATLAS

Neutrinos

proton 2

Pp, ... momentum proton 1 Pparton: ... MOMentum parton 1

pp1 eee momentunl prOton 2 pPartom . momentl'lm parton 2

interaction vertex



1. Search for W particles with ATLAS

Neutrinos

ATLAS 2010-07-31 10:18:23 CEST source:0055_. ATLAS 2010-07-31 10:18:23 CEST source:0055_.
YX Projection : YX Projection
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1. Search for W particles with ATLAS

Created by T. Herrnuann, O. Jefibek, K Jende, M. Kobel


http://kjende.web.cern.ch/kjende/de/wpath_teilchenid1.htm
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2. Invariant mass searches 1or known
and unknown particles



Z . Invariant mass searcnes

Open Data Portal: http://opendata.cern.ch/education



http://opendata.cern.ch/
http://opendata.cern.ch/education

Education

ALICE

CInvariant mass searcnes

Open Data Portal

Datasets

The CMS (Compact Muon Solenoid) experiment is one
of two large general-purpose detectors built on the
Large Hadron Collider (LHC). Its goal is to investigate a
wide range of physics such as the characteristics of the

ALICE (A Large lon Collider Experiment) is a heavy-ion
detector designed to study the physics of strongly
interacting matter at extreme energy densities, where
a phase of matter called quark-gluon plasma forms

The ATLAS (A Toroidal LHC ApparatuS) experimentis a
general purpose detector exploring topics like the
properties of the Higgs-like particle, extra dimensions
of space, unification of fundamental forces, and

The LHCb (Large Hadron Collider beauty) experiment
aims to record the decay of particles containing b and
anti-b quarks, known as B mesons. The detector is
designed to gather information about the identity,

A

v

For education purposes, the complex primary data need to be
processed into a format (examples below) that is good for simple
applications. Get in touch if you wish to build your own applications
similar to those shown here

Event display




2. Invarnant mass searches

Open Data Portal: http://opendata.cern.ch/collection/CMS-Derived-Datasets

CMS Derived Datasets

This collection includes data that have been derived from the CMS primary datasets. The data may be reduced in the
sense that (a) only part of the information is kept or (b) only part of the events are selected. Datasets include those
which may be accessed using the VM image of the CMS environment or those which are adapted for other tools and
applications. The tools and instructions to access and use these data are linked to each record.

Dimuon event information derived from the Run2010B public Mu dataset
This document contains 100k dimuon events selected from the Mu dataset from Run2010B.

Each line corresponds to an event. The main file contains all 100k events

Collection CMS-Derived-Datasets | |Author McCauley, Thomas

DOI 10.7483/OPENDATA.CMSACBSH.MFFA‘ lParent Dataset AOD/Mu/Run-2010B-Apr21ReReco-v1/


http://opendata.cern.ch/education/CMS/

2. Invarnant mass searches

Open Data Portal: http://opendata.cern.ch/collection/CMS-Derived-Datasets

Mass

(] p L MuRuN2010B - Excel

=4 BA A= LA 79 4=t F-5 bl £F MasterSync TabletSync T

X12 v Fe

) E F G M N O P

{1 Ed e 1 - . . .

2 ( 19.1712( 381713 9.04323 -16.467 -0.362592  2.62699 -4.74849 05

3 129435 512579 -3.98369 -11.197 478984 -6.26222 -8.864341 156
x: oY 983779 /9411

—4. 0 0.9/ 090 —U.J0C

Energy (particle?) Momentum (particle?)


http://opendata.cern.ch/education/CMS/

2. Invarnant mass searches

Open Data Portal: http://opendata.cern.ch/collection/CMS-Derived-Datasets

Eo, Mo, Pox, Poy, o,z Fo? = m0204+p0202
Mo = (Eo?/c*-poe?/c? )2

E1, M1, P1x, Py, P1,2 Eo, M2, P2x, P2y, P2,
E12 :m1204+p1202 E22 :m2204+p22c2
Mo =((E1+E2)2/c*-(p1+p2)2/c? )2 to measure energy and momentum

to measure momentum and

Mo =(((mve*+pre?)"“+E2)7/C*-(p1+p2)~/c* )2 identify the particle unambiguously


http://opendata.cern.ch/education/CMS/

2. Invarnant mass searches

Open Data Portal: http://opendata.cern.ch/collection/CMS-Derived-Datasets

Mass
P « = 4/ MuRun2010B - Excel
D E F G M N O P
1 ':1 2OV | (R | gy, | - 24 s 7
2{ 19.1712[ 3.81713 9.04323 -16.467 -0.362592 2.62699 -4.74849 05
3 12.9435 9.12579 -3.98369 -11.197 478984 -6.26222 -8.86434 ) o6
4 T 12.399Y =43 0.9/ 090 —U.Y8 Y 9.411
Energy (particle2) Momentum (particle?)
Eo, Mo, Po.x, Po.y, Po.z
E1, M1, P1x, Py, P12
Mo =((E1+E2)2/c4-(p1+p2)2/c? )12 E2, M2, P2.x, P2y, P22

Eo? = mo*c*+po“c?
Mo =(((M12c*+p12cd) V2 +E2)%/c*-(p1+p2)?/c? )12 Mo = (Eo2/c4-po?/c2 )12


http://opendata.cern.ch/education/CMS/

2. Invarnant mass searches

Open Data Portal: http://opendata.cern.ch/collection/CMS-Derived-Datasets
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http://opendata.cern.ch/education/CMS/
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3. Search for the Higgs
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http://www.atlas.ch/multimedia/2-electron-2-muon-event.html

3. Search for the Higgs
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3. Search for the Higgs

events/1 GeV

0 110
vy invariant mass
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1 fo~!(inverse femtobarn) corresponds to about 100 trillion (100 times

10'?) proton-proton collisions
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3. Search for the Higgs

L=1.00 fb™ L=1.00 fb™
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3. Search for the Higgs

L=2.00 fb™
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3. Search for the Higgs

L=4.00 fb™
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3. Search for the Higgs

L=8.00 fb™
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3. Search for the Higgs
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3. Search for the Higgs
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3. Search for the Higgs
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Thanks very much!



