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International MasterClasses

A wealth of results!!
Higgs ! QGP !l
Excitement in the field!!

How to best share this excitement with the broader public ?

In particular with the new generation, students, high-school
children...

The “International Masterclasses” project is

an educational activity that brings the excitement of
cutting-edge particle physics research into the
classroom !!



International Particle
Physics Outreach Group

Home

Participate!

Schedule

My Country

Physics

Local Organisation

In the Media

Teachers and Educators
Archive

Contributors

Contact Us

. alla

MASTERCLASSES

hands on particle physics

http://physicsmasterclasses.org

AN .
-?ﬁ Y International Masterclasses
&kg'ﬁ&@@’ﬁ 10" International Masterclasses 2014

) S

Each year about 10.000 high school students in &’ 40 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 and methods of basic research at the fundaments of matter and forces, enabling the students to perform
measurements on 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 media coverage.

International Masterclasses 2014 will take place from 12.3. - 12.4.2014, including U.S. Masterclasses.

Discover the world of Quarks and Leptons with real data

International Maste

get out of school for one day and come to a nearby university or
research centre

get insight into topics and methods of basic research at the
fundaments of matter and forces

perform measurements on real data from particle physics
experiments at CERN

participate in an international video conference for discussion of
results




IPPOG

The MasterClass project was developed within the framework

of IPPOG: International Particle Physics Outreach Group.

IPPOG is a network of particle physicists, researchers,
informal science educators, engaged in worldwide outreach
and informal science education for particle physics.

Its aim is to raise awareness, understanding and standards of
global outreach efforts in particle physics and general science.

IPPOG initiated several major worldwide activities, such as the
well-established “International Particle Physics Masterclasses”.



MasterClasses Coordination

The MasterClass project is coordinated by TU Dresden,Germany
and prepared by an international steering committee
where the LHC experiments and Fermilab participate.

The project is supported by several sponsors:

TECHNISCHE
@ UNIVERSITAT
DRESDEN




International Masterclasses

Physics Outreach Group

Since 2005, each year, thousands of high-school pupils
(last classes of high-school) come for one day,
to near by universities or research centres, all over the world,

in order to be “scientists for a day” and share the excitement of
research.

The aim - insight into topics and methods of basic research

Hands-on experience using real data and analysis
methods.

First with LEP data, then LHC data



Masterclass in a nutsell

Outline of a typical day
How to join

Existing material

Data analysis and results

In 2014, 10 000 students from 160 institutions in 40 countries
took part in this popular event over 5 weeks in March and April

http://physicsmasterclasses.org



Program of the day

School-children are invited by a university or research centre
near to their school for one day.

Every day a maximum of 5 institutes from all over the
world participate performing the same measurement.

Depending on the time zone, CERN or Fermilab moderate
a common video-conference at the end of the event.



Institutes, measurements, moderators

B  Hands on Particle Physics Masterclasses
BB ScHEDULE 2014

The central element of International Masterclasses 2014 will be the International Masterclass weeks from 12.03.14 - 12.04.14, where each
day up to five out of about 160 institutes participate. At the end of each day they have a video conference with moderators at CERN.

In addition, video conferences with Fermilab are held, see schedule, and separate Institute Masterclasses take place, distributed over
the whole year. Some institutes will also hold a teachers day.

Download the schedule 2014 as .pdf file
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Program of the day

* Introductory lectures
* Visit of a lab or experiment
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* Hands-on session | PR A
CERN-PHOTO-201404-070-14

- Instructions and interactive demo
- Perform measurements on real data from LHC experiments
- Merge and discuss results locally
- Prepare presentation
- Perform a quiz
« Participate in an international video conference
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Videoconference

« At the end of each day, all 5 participating institutes that did
the same analysis join in a videoconference moderated
by CERN or Fermilab for discussion and combination

of their results using tools as in our international research
collaborations.

 The combined results are then compared to recent results
published by the experiments.

12



Videoconference

Warsaw, 2014

Features:

* Moderators lead discussion

* lcebreaker questions
* Presentation
e Discussion of results

 Use Indico

Even with this simple procedure
pupils get the message that this is
not one person’s job....

....and statistics matters!!



Master class

chaired by Ralf Averbeck (GSI - Helmholtzzentrum fur Schwerionenforschung GmbH (DE)), Philipp Luettig {3Johann-Wolfgang-Goethe
Univ. (DE)), Michael Weber (CERN), Jason Adrian Kamin (Johann-Wolfgang-Goethe Univ. (DE))

HLICE Tuesday, 1 April 2014 from 16:00 to 17:25 (Europe/Zurich)
at Other Institutes

Description The vidyo room for this conference can be reached via this fink: https://indico.cern.ch/event/310680/

hitps://vidyoportal.cem.ch/flex.htmi?roomdirect. htmi&key=ye8aSNXdyHJM

Tuesday, 1 April 2014
16:00 - 16:05 Introduction 5’
Speakers: Jason Adrian Kamin (Johann-Wolfgang-Goethe Univ. (DE)), Michael Weber (CERN)

16:05 - 16:08 Overview of the day in Frankfurt 3
Speakers: Frankfurt Masterclass Group, Philipp Luettig (Johann-Wolfgang-Goethe Univ. (DE))

16:08 - 16:11 Overview of the day in Prag 3’
Speakers: Prague Masterclass Group, Barbara Trzeciak (Czech Technical University in Prague)
16:11 - 16:14 Overview of the day in Darmstadt 3’
Speakers: Darmstadt Masterclass Group, Ralf Averbeck (GSI - Helmholtzzentrum fur Schwerionenforschung GmbH
(DE))

16:14 - 16:17 Overview of the day in Cairo 3’
Speakers: Cairo Masterclass Group, Abdel Tawfik (ECTP)

16:17 - 16:21 Results from Frankfurt 4’ ()
Speakers: Frankfurt Masterclass Group, Philipp Luettig (Johann-Wolfgang-Goethe Univ. (DE))
Material: | Slides %)

16:21 - 16:25 Results from Prague 4'
Speakers: Prague Masterclass Group, Barbara Trzeciak (Czech Technical University in Prague)

Material: | Slides 3 = &)

16:25- 16:29 Result from Darmstadt 4* ()
Speakers: Darmstadt Masterclass Group, Ralf Averbeck (GSI - Helmholtzzentrum fur Schwerionenforschung GmbH
(DE))

Material: | Slides = ) |

16:29 - 16:33 Results from the Cairo 4’ () 14
Speakers: Cairo Masterclass Group, Abdel Tawfik (ECTP)



Masterclass methods

Tools: Event display programs, software tools and analysis methods are
demonstrated by tutors and quickly mastered by students.

Measurement: Students use the tools to measure various properties of
some known particles, such as the weak gauge bosons W and Z and
hadrons (J/psi, Upsilon, Lambda, K-short).

Interpretation:

The concept of invariant mass is first used to identify and measure masses
and widths of short-lived particles.

It is then applied to look for new particles (Higgs) or new state of matter
(Quark-Gluon Plasma)

The fractions of W+ and W- events are interpreted in terms of quark
structure of the proton....

15



How is it organised?

The international steering committee (coordination by Dresden)
prepares the event and necessary material

International Particle
Physics Outreach Group

Home

Participate!
Participation FAQ

Registration
Local Agendas

Schedule

My Country

Physics

Local Organisation

In the Media

Teachers and Educators
Archive

Contributors

Contact Us

http://[physicsmasterclasses.org/index.php?cat=participation&page=faq

e

MASTERCLASSES

hands on particle physics

Bl  Hands on Particle Physics Masterclasses
BBl PARTICIPATION FAQ

Great! You want to participate in International Masterclasses! Here you have the chance to have all your curious

questions answered about the masterclass event, your participation and the past year's events. But first, let's get all your
unanswered questions out of the way.

What age are the masterclasses aimed at?

Typically the masterclasses are aimed at high school students. The ages vary between 15 years and 19 years.
Do I need particle physics knowledge beforehand?

No, all you need for the exercises, you will learn during the day.

Where are they in 2014 nearby?

For more details on all participating institutes, see My Country. Some institutes publish a local agenda, which can
be found here. The schedule for 2014 is here.

How do | apply?

Contact the participating institute closest to you.

16



Masterclass preparation

The coordinators and steering group prepare the event

» Contact the national representatives who contact the universities and
schools of their countries.

* Prepare the analysis packages and quiz

* Provide material in web pages (translations in different languages)
* Provide CDs with material

* Prepare videoconference

* Prepare tutors and moderators via dedicated instructions material and
meetings

*Feedback and surveys

17



Masterclass web page and material

Web page
http://physicsmasterclasses.org/

Several Masterclass packages are on the web
together with support material for the tutors
and moderators

* Information about physics

» Suggestions on the discussion of the results
* Quiz

How to set it up (technical)
18



Masterclass materials

International Masterclasses - bringing LHC data to school children
E14 Web of Conferences 71, 00017 (2014)
http://www.epj-conferences.org/articles/epjconf/pdf/2014/08/epjconf_icnfp2013_00017.pdf

International Particle Physics Masterclasses with LHC data
EPJ Web of Conferences 70, 00069 (2014)
http://www.epj-conferences.org/articles/epjconf/pdf/2014/07/epjconf_icfp2012_00069.pdf

International Masterclasses in the LHC era
http://cerncourier.com/cws/article/cern/57305

ATLAS MasterClass
E14 Web of Conferences 71, 00024 (2014)
http://www.epj-conferences.org/articles/epjconf/pdf/2014/08/epjconf_icnfp2013_00024.pdf

CMS MasterClass
E14 Web of Conferences 71, 00027 (2014)
http://www.epj-conferences.org/articles/epjconf/pdf/2014/08/epjconf_icnfp2013_00027.pdf

ALICE MasterClass
E14 Web of Conferences 71, 00057 (2014)
http://www.epj-conferences.org/articles/epjconf/pdf/2014/08/epjconf_icnfp2013_00057.pdf



Detailed instructions and
documentation

.\ alas

MASTERCLASSES

International Particle

Physics Outreach Group hands on particle physics
Home
Participate! B Hands on Particle Physics Masterclasses
BB ORGANISATION
Schedule
Welcome to the organisation section of International Masterclasses!
My Country

Here, we hope to provide you with all that you'll need in order to organise an event that students, teachers and
Physics staff will never forget.
Therefore, you can find:

Local Organisation

an introduction to the overall organising scheme including a step-by-step list for preparation

some example Iectures

Measurements information on the r
a manual for the wdeo conference, including information on the quiz
corporate material (logos, poster, invitation letters, participation certificates)
english press release 2014 (template)

1 english alternative press release 2014 (template)

Archive german press release 2014 (template)

french press release 2014 (template)

CERN 60 years (presentation)

Organisation

In the Media

Teachers and Educators

Contributors

Contact Us We also provide information

how we would like to present your institute on our website
or how you can contribute in translating the measurement tasks.



Home
Participate!
Schedule
My Country
Physics
ALICE
ATLAS
CMS
LHCb
Hands-On-Cern
Keyhole
Identifying Particles
Particle Physics
BaBar

Le Monde des
Particules

KworkQuark
Teilchentour |
Teilchentour Il
Unischule

Grundlagen der
Teilchenphysik

Local Organisation

Documentation is

several languages

B Hands on Particle Physics Masterclasses
Bl PHysics

What are the fundamental building blocks of matter?

How can | identify them?

Which forces hold them together?

How do these forces work?

How far have the secrets of forces and matter been understood so far?

Find the answers to these and other questions by browsing, reading, and working through some of the educative
materials on particle physics which is collected here. Most of the material contains interactive elements, some even
real particle physics events for making your own measurements, and understanding particle physics "hands-on". The
material was collected for the IPPOG Particle Physics Masterclasses, where some of the measurements form the
practical exercises for high school students spending a day at one of the Research Institutes. More info on the
teaching systems, which are suited for a wide range of readers, is accessible via the menu in the left column.

ENMEENDEDNECIERE =B aEE™E S M E D
ALICE (Strange

Particles) * B I | |

ALICE (R_AA) - - x

ATLAS = |F3CN [E3¢H Fac) Baec REsll ot 3¢ e E9CH (R3€S] 9C-H E3e N NE3CN it x

CMS - - X X > SRR S %5 = 23| | = = % e 55
LHCb - - 3¢5 e B atl = = | it - - - = [ (e



Masterclass preparation
What do you need?

 a group of students (aged 15 - 19)
 an inviting institute, providing the infrastructure
- at least 1 scientist, holding the lecture

« some tutors for students during the measurement (1 tutor per 10-15
students)

* a lecture hall
* PC-pool (students work in groups of 2)
- facility for video conferencing, if possible

22



MasterClass preparation

Step-by-step list to host MasterCalss in your institute (2014 example):

Oct: register with your preferred dates and measurement when contacted by
organizers

Nov: preliminary schedule is created by organizers - make reservations for lecture
hall with video conferencing facility and PC pool

Dec: check your profile on www.physicsmasterclasses.org, does it need an update?
Dec: prepare your local agenda and a link for registration
Jan: send invitation letters to schools and students
Feb: plan preparation talks
Feb: introduce tutors to measurement, use the material here
Feb: perform video test and prepare for the video conference, download the manual
immediately before your event:
print tally analysis (or instruction) note to distribute to the students.
print answer sheet for quiz
print certificates of participation
after the event: send media coverage, photos, and lectures for our archive

23



Home

Participate! B Hands on Particle Physics Masterclasses ]
2 BE MEASUREMENTS Support material,
My Couitiy Six different packages with data from one of four experiments at the LHC are available from the web: p re se ntati o n s etc
ALICE
Physics ATLAS
Local Organisation CMS
LHCb
Organisation
Measurements
In the Media

Two measurements with ALICE data are available.

Teachers and Educators
Looking for strange particles in ALICE 2014 can be found ' here (go to

Archive "Installation"). For 2014 the same version as in 2013 will be used. The

ﬂ I. I C E measurement includes:

Visual identification of strange particles (VOs : Ks, A, anti-A) from their
decay pattern, combined with calculation of their invariant mass.

Analysis of large samples of lead-lead data in order to find the number of
Ks, A, anti-As in different centrality regions

Calculation of yields for Ks, A, anti-A and strangeness enhancement
factors by comparing to proton-proton data

Available in Czech, English, French, German, Greek, ltalian, and

Last ye a r Portuguese.

Supporting material:

MasterCalss

A spreadsheet for local combination of results can be found &' here and
ev e n t S u for combination of all results during the videoconference ' here
[ |

Film and presentation on "Heavy lon Physics and ALICE experiment”
Animation of the ALICE experiment and detector elements

Contributors

Contact Us

AL I C E . 1 4 Animation of Pb+Pb collision creating QGP from a model (URQMD)
- Animation of collisions and particle propagation in the detectors
L H C b - 2 1 Animation on principle of operation of the main detector (TPC)
= = ALICE cartoon

AT LAS &C M S : 1 50 Measurement of the nuclear modification factor Raa with ALICE 2014 can

be found ' here. The measurement includes:

Measurements of charged particle momentum distributions in pp and

Pb-Pb collisions

Event display based analysis of pp and Pb-Pb collisions

Large scale numerical analysis of Pb-Pb collisions 24
Available in English



ALICE measurements

Physics Motivation: Looking for Quark-Gluon Plasma
 How to create it? In high energy collisions of Lead-on-Lead
« How to “seeit”? Look for signatures

Signatures of QGP: special features in PbPb compared to “normal matter” (pp)
* Huge temperature and density

» Strange particle production

* Nuclear modification factor Ry,

Experimental Observables

* We have no “thermometer”; use particle ratios
« “Count” strange particles (K%, A, =-) in PbPb and pp; compare

25



ALICE MasterClass project

Tools

» Simplified event display, close to the real one used at the experiment
* Visual analysis of small event sample (10-15 events)

» Large statistics analysis including background subtraction (strangness
production) and “writing code” (Raa)

« Strangeness production:
http://aliceinfo.cern.ch/public/MasterCL/MasterClassWebpage.html

* Raa: http://www-alice.gsi.de/masterclass/

26



ALICE MasterClass

Strangeness production:

http://aliceinfo.cern.ch/public/MasterCL/MasterClassWebpage.html

)
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temmthe !I Centuryx

ALICE MasterClass
Looking for trange particles in ALICE http://aliceinfo.cern.ch/ public/Mast
+ Installation 1. Overview erCL/MasterClassWebpage.html

e Support Material The exercise proposed here consists of a search for strange particles, produced from collisions at LHC and recorded by the ALICE

S Student_w experiment. It is based on the recognition of their VO-decays, such as K% — w'n’, A— p + m and cascades, suchas T — A+ (A
o Evaluation

¢ Instructions for the
Institutes

e Description of
Exercises

— p + ). The identification of the strange particles is based on the topology of their decay combined with the identification of the
decay products; the information from the tracks is used to calculate the invariant mass of the decaying particle, as an additional
confirmation of the particle species.

Enelish In what follows the ALICE experiment and its physics goals are first presented briefly, then the physics motivation for this analysis.
8 _Ilgid The method used for the identification of strange particles as well as the tools are described in detail; then all the steps of the
" 0oc exercise are explained followed by the presentation of the results; then all the steps of the exercise are explained followed by the

" - presentation of the results as well as the method of collecting and merging all results. In the end the large scale analysis is
o Deutsch presented

= .doc
n . pdf
o Francais
= .doc 2. Introduction.
.,
o Italian ALICE (A Large lon Collider Experiment), one of the four large experiments at the CERN Large Hadron Collider, has been designed to
= .do study heavy ion collisions. It also studies proton proton collisions, which primarily provide reference data for the heavy ion
collisions. In addition, the proton collision data allow for a number of genuine proton proton physics studies. The ALICE detector has
been designed to cope with the highest particle multiplicities anticipated for collisions of lead nuclei at the extreme energies of the
LHC.

3. The ALICE Physics

Quarks are bound together into protons and neutrons by a force known as the strong interaction, mediated by the exchange of force
carrier particles called gluons. The strong interaction is also responsible for binding together the protons and neutrons inside atomic
nuclei.

Even though we know that quarks are elementary particles that build up all known hadrons, no quark has ever been observed in
isolation: the quarks, as well as the gluons, seem to be bound permanently together and confined inside composite particles, such
as protons and neutrons. This is known as confinement. The exact mechanism that causes it remains unknown.

Although much of the physics of strong interaction is, today, well understood, two very basic issues remain unresolved: the origin of
confinement and the mechanism of the generation of mass. Both are thought to arise from the way the properties of the vacuum are
modified by strong interaction.




Event Display Mode

The exercise is done in the ROOT
framework

Simplified version of ALICE Event
Display, based on ROOT

Demonstration mode
Student mode for event analysis

Teacher mode: tips on merging data

MasterClass

MasterClass

Demo

student

Teacher

29



Browser Eve

Student | Viewer 1 Multi View I Invariant Mass |
— Stugent Instructions

L L R N R RN AR

=600 =400 =200 Q 200 400 600

Instructions
400
Analysis [nstructjon 300
% STUDENT MODE INSTRUCTIONS 200
—Event Navigation
Previnusg iner Welcome to the <Student> mode, here you see all the tools you need to analyse 100
171 the ALICE Events. 0
ll On the right hand side you can see the events in 3 wiews. e
Event analyse | o0 the left hand side there is your steering board which is diwided into sequents: =200
- | Instructions:
Events done: Global Instructions - general instructions of how to use the application ‘ =00
: Analysis Inmstructions - instructions for analysis -400
—Strange Particles ——— " -500
¥Os . [Event Navigation: po 400 589
Cascades Click on the arrows to go to the previous or to the next event. vkl'i'.b”...,.l..,......|..u.....|
The current event number and number of =nalysed events =are also displayed. K ats. éoo bs
— Calculator “|Strange Particles - this allows you to display or hide tracks from decays = 3
|of strange particles: El 409
Calculato; ¥0s - tracks produced from a ¥0 decays you will be looking for e 3
Tahle of Resul Cascades - tracks from the cascade decays you will be looking for | S0
- (NOTE: The appearance of the object is confirmed by the tick in the checkbox E
on the right) F— E
— Display : 0
Clusters Calculator: E E
j Calculator - allows you to calculate the properties of stra:wa particles like 3
Tracks invariant mass given the daughter particles characteristics =200
: Table of Results - table with strange particle statistics — E
Geometry I | ]:l a0
[Display - this allows you to display or hide elements like: E E
Background Vertex - the point where the collision took place ;l
" o0 400 600 BOO
OK. I s )

—Encyclopaedia
ALICE Detact

V0 Patterns
2.76 TeV PhPh

Back To Demo Exit
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Visual analysis

Proton-proton event
Introduce concepts and visual analysis tools, fill histograms

Interactivelll
Grab and rotate

e 0o

\J ALICE MasterClass - STUDENT MODE

Jrowser Eve l

Student |

Viewer 1 Multi View | invariant Mass (]

~Student
Instructions

Analysis Instructions

-Event

QI1/1 6)

gation
Previous  Current Next

Event analysed!

Events done: 0

-~ Strange Panticles
V0s

Cascades

[

Calculator

Table of Resulls

~Display
Clusters

Tracks

Gaometry I Axes

[
|

Backgrount

ALICE Detector

V0 Patterns

2.76 TeV PbPb

©

ALIC

>
' P . A 4
&

’

DA

»‘-aﬁ.é,’@

EEaaiisss sty T e e
s _ _ -800 -600 600 800
‘ = 400 400 4
4 - = g - . . N
_ / = 200 g \ | /¥ 200
= SN |- E
Vit 2 :
o E 0
5_ ~ ,// {[ - ;
= -200 A ,*I o -200 -
: J/ = |
\
= -400 ~— — -400 -
-800 -600 =-400 -200 200 400 600 800
ol Ligaiiesng |FERTRRNTT Lesvpnsna Divnaans | FENRERTE N Lesianning Livsnrr | P
|
Back To Demo [ Exit
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Event display: Visual identification of VO decays

The signature

VO (and cascade) decays of strange
hadrons (K%, A, E)

Use Event Display

to visually identify strange particles
through the reconstruction of their decay
patterns

Didactic messages:

- Easy to understand and communicate
some basic concepts

(i.e. behaviour of charged particles in
magnetic field, particle identification
techniques etc.)

- Easy to explain how you “see the
strange particles”

T+
&
n-
KOs— mt+m-
n-
p-
p+ n+
A— 1Tp

anti A — p-TT+

Two opposite tracks from a secondary ver@(



@S ® ALICE MasterClass - STUDENT MODE

Browser Eve

Student | Viewer 1 Multi View | invariant Mass |
Student Instructions

Instructions

Analysis Instructions

—Event Navigation

Previous Current MNext

E I 1/1 . I
Event analysed! I

Events done: 0

Strange Particles

Vs Il‘
Cascades Il_

Calculator
Calculator I

Table of Results

Display
Clusters Il_

Tracks ]l_
Geometry I Axes I

Background I

Encyclopaedia
ALICE Detector

V0 Patterns
2.76 TeV PbPb

Back To Demo Exit
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& ™™ ALICE MasterClass - STUDENT MODE

Browser Eve

Student | Viewer 1 Multi View |Invariant Mass |
Student Instructions = = =2

x 600 400 ) 200 400 600
Instructions |

Analysis Instructions

Event Navigation

Previous Current Next
| 1G] I
- y € ”
Event analysed! I
Events done: 0

Strange Particles .
Vs |[_ 9 _ 600 400

Cascades If_ Dl ,. \ ¥ ™ \ —_—

800 600

—Calculator
Calculator

Tahle of Results >

Display
Clusters |l_

Tracks IF

Geometry Axes

Background

Encyclopaedia v v
ALICE Detector

V0 Patterns
2.76 TeV PbPb | Back To Demo Exit




O S ™ ALICE MasterClass - STUDENT MODE

Browser Eve

Student |
Student Instructions

Instructions

S

Analysis Instructions |

Event Navigation
Previous Current Next

, 171 S |
) .

Event analysed! |

Events done 0

Strange Paricles

V0s |l_
Cascades |l_

Calculator
Calculator |

Table of Results |

Display
Clusters ]l_
Tracks |l-
Geometry Axes I
Background I

Encyclopaedia
ALICE Detector

VO Patterns
2.76 TeV PbPb

Viewer 1 Multi View | Invariant Mass

Back To Demo

Exit
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-) Particle DENT MODE

Browse [ Momentum}: ———————————
= 1| [Gevic) )
o -0.0355226 Viewer 1 Multi View | invariant Mass
Stude
MomentumyY: ————————
— | [GeV/c]
— 0.25141
—Even — Momentumz:
Pre GeV/c]
H -0.255179
. [ Mass:
Ev GeV/cr{2]]
0.13957
— otran
Copy to calculator | ! -

__ Close |

O SO  (+) Particle

~-800 ~-600 400 ~-200 0 200 400 L B0O0O

Calc
MomentumXx:
- GeV/c]
0.2009686
—Disp [ Momentum':
GeV/c]
— 0.230399
—MomentumZ: -
= | [GeV/c]
— 0.0806447
TENCY pass:
| [Gevier{2)
0.13957
Back To Demo Exit
= Copy to calculator




Invariant mass calculation

@ 497 MeV £ 13 MeV it is a K

@ 1115 MeV = 5 MeV and the daughter
particles are a proton and a negative
pion then it is a A.

@ 1115 MeV £ 5 MeV and the daughter
particles are an antiproton and a
positive pion then it is an anti-A.

@ For a cascade decay, if the mass
calculated from the 3 tracks is 1321 +
10 MeV then it is a =.

Calculator

— Calculator Instructions

Instructions
—Particle Table
Patticle type Mass [GeV/c2]
Electron 0.000511
Pion 0.139
Neutral Kaon 0497
Proton 0.938
Lambda 1.115
Charged Xi 1.321
— Calculator
) (+) Bachelor

px }0.035522 |0.200968 |

0

Py | 0.25141 0.230399 |

0

Pz |-0.255175]0.080644 |

0

Invariant Mass

mass | 0.13957 | 0.13957 |

0

That's a Kaon!

0.495407

N
W

That's a Lambdal

That's an Anti-Lambdal

That's a Xit

That's a background!

Clear

Load

Save




Results of visual analysis

S m MmN

X\ Strange Particle Statistics

Table and hlStOgramS strange Particle Statistics
summarize the results - Particle Real Data

articles found by students rans 1
p y Lambdas 1
Kaons antiLambdas 2
nries 2 ——
g F [Mean 04988 2 E Kis 1
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30F- ik Close
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20f- -
pal-
0.2
e veslese Tese e B L Vel
82 042 04t 046 048 05 052 051 056 058 06 §2 12 124 125 128 13 132 131 136 138 14
nvariant Mass (Gev/c') Inwariant Mass (GeVio”)
Lambdas Anti-Lambdas
Entries 39 2 [Entries H
2 E [Mean  1.125 £ F o |mean 115
g 18E- 3 E
E =
165~ =
E e
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¢E
12F- 3
10 E
i
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iE- F
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2 G 1.06 108 11 112 .10 116 118 1.2 102 108 .06 108 11 1.12 1.10 116 118 12
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Viewar 1 MU View | invariant Mass |

~Studert

Instructions
Analysis Instrucsons

* Event Navigetion
Pravious  Cument  Newt

Q | ARAl P

~Strangs Particles
vo

Cascages

2.76 TeV FoPb

.2
ALIC

T
-800
- 400

- 200
=0
= -200

= -400

-800

Z 400

e rTTeT
-800 -600
- 200

=0

=~ =200

- -400
-800 -600
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-200 200 400

600

400 -

200 -
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=200 -

-400 -
800
|

Back To Demo

mnen g

Clearly, we need more statistics - x 10 000 000

39



Lead-Lead event
Visual impressions: PbPb is different than pp. Visual analysis has limits

806 [N] ALICE MasterClass - STUDENT MODE
Browser Evo]
Swdent | Wiewsr 1 Muli View | invariant Mass (/|
~ Stucent ) e ) L ) L) LA A RS M) REEA R )RR SRR R
Instructions -800 -400 ‘ 0 400 800
Analysis Instuctions |>- 400 { 400 -i
~ Event Navigation =_ .AE
Previous  Curent Naxt
Q v i - 200 200 -
Event analysed! o -
Events done. []
. o o -
~Strange Pacles
V08§ & -
Seasaky - -200 -200 -
B 1 i
Culeulslor g
T - -400 #4001
- Display ———————————————————— = =
e i -800 -400 0 400 800
L) 5 | -800 -400 0 400 800
Background x ‘ =
yolop = 400 400 =
ALICE Detector = =
V0 Patterns § §
276 TaV PbPo = 200 200 —
O
ALICE = -200 -200 =
= -400 -400 =
I -800 -400 0 400 800 .
- - IllIlll“lll“jlllllllllllllll“llll““I“llllljllllxlllll“lIlllllll“lllllljllllllllllll

Back To Demo

Exit

but useful for testing/debugging algorithms
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Event display in the Control Room
YL ER




« Analyze 20000 events looking for K9, Lambdas,

antilambdas

Note background!

* Fit background

 Fit peak

8 00

Large Statistics Analysis

I\ ALICE MasterClass - STUDENT MODE - Lukasz and Graczykowski

Browser Eve ‘Elle Edit View Options Tools Help
l Viewer 1 Invariant Mass Distibution (X |
—ALICE official Y0 selection
Analyse Kaons [Eniries_ai8a7 )
Analyse Lambdas 8 3 )
S F Rk 3497
Analyse AntiLambda €00 B round: 1173
< : 2324
it soof- 497.529195:0.1133p4
E 160659+0.114991
Bkg range: | 1.100 [ 1130 4] “oof-
Sig range: [ 1110 ﬂl“zoﬂ 200F-
Ve e e Ve e e ?:‘""-l"b-r:
!03_—
Fit signal+hackground I 3 Pyeaaia
(XT3 [XT) 046 [XT] o5 052 054 =
Invanant Mass KaoniGeVic
a0 [Erve: —148a0] : e BieT
3 Total: 1596 Sr00 Total: 1659
70 Background: 524 Background: 512
Signal: 1072 €00 Signal: 1147
600) Mean: 1115.904494+0.067009 Mean: 1116.029460:0.076/132
o: 1.628059+0.058082 200 o: 1.931992+0.080360
500
400
400
300
300|
200
200 e
100 ~C ity W e - g » e oW S
P FTRTY PRTHE FERE PETTE PPNl TS S | Pl PREEE PR PRTTE P PETT N R
1 1 m 112 IRE] 1.4 1.16 1.8 117 109 11 m 1.12 113 114 1.15 1.186 L
Invarant Mass Lambds(GeVic®| invanant Mass AntilLambdalGeVic®
v -

Exit




Analysis in Centrality Classes

Create large data samples for VO (KOs and Lambda) analysis

Create files for different centrality classes of Pb+Pb

spectators
participants . .
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Analysis in Centrality Classes

Perform large-scale analysis for different centralities

e 00 \| ALICE MasterClass - STUDENT MODE - and
Browser Eve |File Edit View Options Tools

Help
Student | viewer 1 Invariant Mass Distibution [X] |
—Choose kaon cent(32): 2
InvariantMass
0-10 | 10-20|20-30 30-40]40-50 iries 123091
50-60| 50-70| 70-80 50-30}30-10 e
I I: 9132
1200} kground: 4902
—Choose lambda cent(3z). ———— N Signal: 4230
0-10 | 10-20|20-30( 30-40/40-50 oo & egn: 49;&086§§;g:°78 0
1000/~ .388870:0.1
50-60|60-70| 70-80| 60-90 {30-10() L
800l
Choose antilambda cent(32): [
0-10 | 10-20|20-30| 30-40| 40-50 eoof-
50-60|60-70|70-60( 60-90{90-104 L M
400~ By |
Fit : ™
s 1
2000 0 o o b ooy bbb e bl
Bkg range: [1.005 2{[ 7145 £ T TN
e el
InvariantMass InvariantMass
Sig range: I 1110 _%_" 1.250 ﬁ | Enton_ 65179 - [Enres 65236 |
S O T R O s e %100
e &0 Total: 8310 8 Total: 5476
Background: 7223 1000 Background: 4520
Fit signalebackground | | || 1oe0 Signal: 1087 Signal: 956
Mean: 1116.034049+0.116310 900 Mean: 1115.958562:0.117687
800 c: 1.877633:0.117826 G: 1.736353+0.111942
—Save results -
1]2 =l =
3|4 Teacher 700 700
500 €00
500 500
400 '
| 400 ™
100 11 T 1.12 1.13 114 1.15 116 1.09 1.1 (K]} 1.12 113 114 1.15 116
vanan Mass (GeV/c) Imvariant Mass (GeVic”)
o) v
Exit




Presentation of results
EditGrid ;o teemsiechs

Exejerences | Logout Home Spreadsheets Data
Spreadsheet /alice-masterclass | centr-results-Nantes o ¢

Fle Edit view Format Irsert Data Share  Pubish  Coleborate Macro  Help

d RS8N 3k R (M el B rus/eEsssER U9% B =k K
L16 v fw
A B c 0 E F G H : K L " it

! \centrality <Npart> Nevents NKs efficiency KiyieldKs  Ks enhancement Nlambda efficiencyL  Yield Lambda  Lambda enhancement Nantilambda  efficantiL  yield antilam  ar
2/0-10 360 213 464833 0.26 83.9352353  1.86522745208191)  1060.43 0.2 24.892689470154 2.24137308393249i 1069.60 0.2 25.107981220657
3 10--20 260 290 440978 0.26 584851164 1,79954204357387 | 117269 0.21 19.255952380952 2.40069223051395 021 1755715548819
£120-30 186 302 3568.50 0.29 40.7456040 1.75245909759925 899.40 0.22 13.53702588801¢ 2.3591477820218 | 0.22 12.325543210552
5130-40 129 310 245475 0.29 27.3053392 1.69335437307603 625.08 0.22 95.165350778254 2‘303054484252132 0.22 8.2420984033887
5 40-50 BS 302 137244 0.29 15.6706725  1.474B868261623 352.07 0.22 5.2890166566325 2.02079003017735% (.22 5.096874828963¢
7150-60 52 300 719.72 0.29 8.27266922 1.27271834168386 173.80 0.2 2.856666666666E 1.80567676515813 0.2 2.8
% 60-70 30 315 390.13 0.353.53855804 0.94362614611062 87.20 0.2 1.3841269841265 1.49554509360025 0.2 1.391223155929C
9170-80 16 350 137.23 0.26 1.50799200 0.753996003996 34.45 0.2 0.4921428571428 0.99704792776106 0.2 0.4731092436574

| ! ,
Strangeness enhancement for Ks, Lanbda and Anti-Lambda

25

Efficiency and acceptance = * = A
correction factors and p+p . -, $ oo e
yield provided — direct

comparison with published

results possible 0 o 20 an

Num ber of partcipants

0.5

£

Strangeness enhancement: the particle yield normalised by the number of participating
nucleons in the collision, and divided by the observed yield in proton-proton collisions 45



Students' tasks

Learn the tools (the whole class)

The tutors show on a screen the tools of the analysis programme (menus, buttons, calculator, invariant
mass calculation, histograms); explain how to use them. Tutors and students analyse together examples
of Ks, A, anti- A decays and calculate the invariant mass.

Visual analysis (individually)

Students work by themselves at computers, in groups of 2 or 3; they look at 15 events, find the VO0s,
classify them, update tables and histograms; save results on a file.

Collection of results from visual analysis (the whole class)
The tutors collect the results from each group and merge them. See next section.

Introduction to large scale analysis (the whole class)

Tutors instruct the students how to analyse a large event sample, fit curves to the background and the
signal and find the number of events in the peak. They all together find the number of Ks, A, anti-A ina
large sample of pp events and then in a large sample of lead events.

Find VOs in different centrality regions

Students work by themselves at computers, in groups of 2 or 3; each group is assigned a centrality
region and they have to find the number of Ks, A, anti- A in this region.

Collection of results from large scale analysis; calculation of yields and
strangeness enhancement.
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Contact

Yiota Foka - Yiota.Foka@cern.ch

Matgorzata Janik - majanik@if.pw.edu.pl
tukasz Graczykowski - Igraczyk@if.pw.edu.pl
Anna Zaborowska - anna.zaborowska@cern.ch

Daniel Kikota - kikola@if.pw.edu.pl
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Other educational resources

» http://ippog.web.cern.ch/resources

Age 6-9
» http://ippog.web.cern.ch/resources/2011/cms-comic-book-brochure-2006
» http://ippog.web.cern.ch/resources/2010/cernland

Age 9-12

» http://ippog.web.cern.ch/resources/2011/draw-me-physicist

« http://ed.fnal.gov/projects/scientists/

* http://ed.fnal.gov/projects/labyrinth/games/

« http://ippog.web.cern.ch/resources/2012/quark-poker

» http://ippog.web.cern.ch/resources/2011/cms-slice-july-2010-version

» http://ippog.web.cern.ch/resources/2011/grid-cafe-interactive

» http://ippog.web.cern.ch/resources/2011/little-book-big-bang-big-scientific-adventure
* http://ippog.web.cern.ch/resources/2011/alice-and-soup-quarks-and-gluons

« http://ippog.web.cern.ch/resources/2011/card-games-particles

Univeristy level
« http://ippog.web.cern.ch/resources/end-user-audience/18-25-years
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http://ippog.web.cern.ch/resources

Login / Sign-up / FAQs

pe

International Particle Physics Outreach Group

HOME | ABOUT | MEMBERS | RESOURCES | MASTERCLASSES

HOME > RESOURCE

Resources
Activities
Cart Demonstration S —
Classroom Activity Learning Topic
Facilitated Activity ‘ ] » Physics ~Any- j
Presentation i . : § » Technology o
Game 1 » Intemational Collaboration T
Display =~ » Broader Impacts i ;I
Programs & Events - Item Type
Science Fair/ - Any - |
Science Festival Availability
Science Camp —Any- ,'J
Science Shows & :
Performances Duration :
Symposium / - Any - _:J
Conference Language
Classroom Outreach T o
Program -Any - ,.'_J
Multi-Media Contest Key Words
Media
Audio / Podcast
Film / Video
Animation - real GO
event
Animation - simulated D
event . Resources in your language
Images
Photos : English French German
Illustrations i [alian Portuguese  Spanish

Event Displays

3 more
(static) e
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Backup
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Home
Participate! B Hands on Particle Physics Masterclasses
BB INFORMATION FOR TEACHERS AND EDUCATORS

Schedule

My Country All material for International Masterclasses, including measurements and data, is free to use standalone and for any
educational purpose, not only in the framework of International Masterclasses. If you are a teacher or an educator, you

Physics can use any material in school. The table below provides direct access to all material.

Local Organisation In various countries initiatives and programs exist that might provide support, e.g. a scientific facilitator to help in the

In the Media classroon:

o U.S.: Quarknet

* Germany: Netzwerk Teilchenve Material can be used for other

Teachers and Educators

Archive UK: Contact Elizabeth Cunningham or Pete Watkins .
L events like the Teachers Day
Contact Us status as of April 2014

experiment ATLAS CMS ALICE LHCb

Strange | Nucl. Mod. i

measurement W path Z path WZH Particles Escton DO Lifetime

website Link Link Link Link Link Link

software Download Download Link

data sets Link* Link**

combination of| Link*** Link****

results

guide for tutors  [Download Download Download Download Download Download

tally sheet Download |Download |Download

video tutorial Video

introductory talk Download

additional info Link Link Link Link Link Link 51




International Particle
Physics Outreach Group

[

ALICE

https://indico.cern.ch/event/311361/

International Masterclasses 2014 at CERN

chaired by Despina Hatzifotiadou (Universita € INFN (IT))

Saturday, 5 April 2014 from 09:00 to 17:00 (Europe/Zurich)
at CERN

Saturday, 5 April 2014

09:00 - 09:10
09:10 - 09:55

10:00 - 10:45

10:45- 11:45

12:00 - 12:15
12:15-13:15
13:15-13:25
13:30 - 15:15

15:15- 15:30
15:30 - 15:45
16:00 - 17:00

Accueil des participants au Point 2 10’

Introduction au CERN, le LHC et la physique des particules 45’ ( 3294-R-008 )
Speaker: Despina Hatzifotiadou (Universita e INFN (IT))

Material: | slides & %)

L'experience ALICE (A Large Ion Collider Experiment) 45' ( 3294-R-008 )
A la recherche de particules étranges avec ALICE

Speaker: Giacinto De Cataldo (Universita e INFN (IT))

Material: | Slides ° En @

Visit ALICE surface exhibition and ALICE cavern 1h0’

Speakers: Despina Hatzifotiadou (Universita e INFN (IT)), Giacinto De Cataldo (Universita e INFN (IT)),
Panagiotis Charitos (Autonomous University of Puebla (MX))

Transport to CERN Restaurant 1 15*
Lunch (501)
Walk to training centre 10’

Analysis exercise (Looking for strange particles with ALICE) 1h45' (593)
rooms 23, 24

Speakers: Xitzel Sanchez Castro (Institut Pluridisciplinaire Hubert Curien (FR)), Despina Hatzifotiadou (Universita
e INFN (IT)), Giacomo Volpe (CERN)

Discussion of results and preparation of results for videoconference 15’
Walk to ATLAS 15’
Videoconference 1h0' ( 3162-1-K01)
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http://www. facebook com/pages/Os- aceleradores de-part%C3%ADculas-na-sala-de- auIa/100928783362350

e

e VTS

MASTERCLASSES

hands on particle physics




. MasterClass 2012 @ CERN
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http://cdsweb.cern.ch/record/1438735




