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A wealth of results!! 
Higgs !!! QGP !!!
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 MasterClasses
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http://physicsmasterclasses.org
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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”.  
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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:
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International Masterclasses
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
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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
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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. 
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Institutes, measurements, moderators
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Program of the day
• Introductory lectures
• Visit of a lab or experiment

• Hands-on session
  - 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   

CERN-PHOTO-201404-070-14
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MasterClass @ CERN, 2014
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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. 
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Videoconference
Features:

• Moderators lead discussion

• Icebreaker questions
• Presentation 
• 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!!

Warsaw, 2014
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https://indico.cern.ch/event/310680/
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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…. 
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How is it organised?
The international steering committee (coordination by Dresden) 
prepares the event and necessary material 

http://physicsmasterclasses.org/index.php?cat=participation&page=faq
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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
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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)
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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
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Detailed instructions and 
documentation
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Documentation is 
several languages
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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
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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
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Support material, 
presentations etc 

Last year 
MasterCalss 
events:

ALICE: 14
LHCb: 21
ATLAS&CMS: 150
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ALICE measurements
Physics Motivation: Looking for Quark-Gluon Plasma
• How to create it?   In high energy collisions of Lead-on-Lead
• How to “see it”?     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 RAA

Experimental Observables
• We have no “thermometer”; use particle ratios
• “Count” strange particles (K0

s, Λ, Ξ-) in PbPb and pp; compare
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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/
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ALICE MasterClass

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

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

Interactive!!!
Grab and rotate
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Event display: Visual identification of V0 decays

The signature
V0 (and cascade) decays of strange
hadrons (K0

s, Λ, Ξ)

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”

Two opposite tracks from a secondary vertex
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Invariant mass calculation
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Results of visual analysis
Table and histograms 
summarize the results - 
particles found by students



39

Clearly, we need more statistics x 10 000 000 
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Lead-Lead event
Visual impressions: PbPb is different than pp. Visual analysis has limits

but useful for testing/debugging algorithms
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Event display in the Control Room
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Large Statistics Analysis
• Analyze 20000 events looking for K0

s, Lambdas,
antilambdas
  Note background!

• Fit background

• Fit peak



43

Analysis in Centrality Classes

Create large data samples for V0 (K0s and Lambda) analysis

Create files for different centrality classes of Pb+Pb

spectators

participants



44

Analysis in Centrality Classes
Perform large-scale analysis for different centralities
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Presentation of results

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.

Efficiency and acceptance 
correction factors and p+p 
yield provided →direct 
comparison with published 
results possible
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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, Λ, anti-Λ 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 V0s, 
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, Λ, anti-Λ in a 
large sample of pp events and then in a large sample of lead events.

 Find V0s 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, Λ, anti-Λ 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

• Małgorzata Janik - majanik@if.pw.edu.pl

• Łukasz Graczykowski - lgraczyk@if.pw.edu.pl

• Anna Zaborowska - anna.zaborowska@cern.ch

• Daniel Kikoła - 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
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Backup
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Material can be used for other 
events like the Teachers Day
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https://indico.cern.ch/event/311361/
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http://www.facebook.com/pages/Os-aceleradores-de-part%C3%ADculas-na-sala-de-aula/100928783362350

MasterClass 2012 @ IFUSP Sao Paulo
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http://cdsweb.cern.ch/record/1438735

MasterClass 2012 @ CERN


