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Outline 

IPPOG: aims and activities 

 

IPPOG outreach collection: 

recommended tools and materials for formal and informal 

education settings  

 

How to bring the exciting world of particle physics  

to students of all ages, teachers and the general public.  

 

How to benefit from the work of IPPOG and join in its activities. 
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IPPOG 

IPPOG: International Particle Physics Outreach Group 

 

It is a network of particle physicists, researchers, informal 

science educators, engaged in worldwide outreach and 

informal science education for particle physics. 

 

IPPOG's aim is to raise awareness, understanding and 

standards of global outreach efforts in particle physics and 

general science.  

 

 

 

 

 

 
 

 

 

 
 



Masterclasses 

IPPOG initiated several major worldwide activities, such as the 

well-established “International Particle Physics 

Masterclasses”.   

 

The Masterclasses is an educational activity that brings the 

excitement of cutting-edge particle physics research into the 

classroom.  

 

Each year, since 2005, thousands of high school students in 

many countries all over the world come to universities or 

research centres near to their school for one day in order to be 

“scientists for a day” and unravel the mysteries of particle 

physics. 

 

 

 

 
 

 

 

 
 



Masterclasses in a nutsell 

 

The International Masterclasses 

• provide the opportunity for 15- to 19-year old students to 

discover particle physics 

• are organized every year in March over 4 weeks 

• are organized by TU Dresden and an international steering 

group in the framework of the International Particle Physics 

Outreach Group (IPPOG) 

 

In 2012, 10000 students from 130 institutions in 31 countries 

took part in the popular event over 4 weeks  

 

 

 

 

 
 

 

 

 
 



Aims of Masterclasses 

The aim is to get insight into topics and methods of basic 

research 

 

The aim is NOT TO TEACH particle physics 

 

 

 

  

 

 

 

 
 

 

 

 
 



Program of the day 

School-children get out of school for one day and come to a 

university or research centre near to the school 

 

•Attend lectures 

•Visit a lab 

 

•Perform measurements on real data from particle physics 

experiments at CERN 

•Discuss results locally, prepare presentation, perform a quiz 

 

•Participate in an international video conference (moderated 

by CERN or Fermilab) to discuss the results with other groups 

that did the same measurements 

  

 

 

 

 
 

 

 

 
 



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 (Jpsi, 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….  

 

 

 
 

 

 

 
 



Videoconference 

• At the end of each day, the participants 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.  

 

 

 

 

 

 

 

 
 

 

 

 
 



Participation 



Masterclasses 2012 in numbers 

• 143 Masterclasses (30)  

– ALICE: 13 (0) 

– ATLAS W: 42 (0) 

– ATLAS Z: 53 (13) 

– CMS: 35 (18) 

• 36 video conferences with CERN (11 with Fermilab) 

• 21 moderators (8) 

• 117 institutes registered (30) 

 

The same Masterclasses were also performed „locally“ 

(teacher days) 

 

 

 
 

 

 

 
 

Period: 28.2. – 24.3.2012 (21 days) (10 in U.S.) 



 Participation 
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Participation II 

Interest expressed 
for 2013: 

• India (Mumbai) 

• China 

• Australia 

• Georgia 

• Romania   

• Cyprus 

• middle east? 

 



How is it organised? 



Masterclasses in practise 

The steering group contacts the national representatives 

who contact universities and research institutes of their 

countries. 

 

 

The universities invite schools of their area for one day. 

 

Interested school children are selected or whole classroom 

participates. 

 

 

 

 

 

  

 

 

 

 
 

 

 

 
 



Role of Masterclass Steering Group 
 

• The steering group oversees the project and coordinates the activities  

 

• Contacts the national representatives who contact the universities and 

schools. 

 

• Prepares the exercises and quiz  

• Provides material in web pages (translations in different languages) 

• Provides CDs with material  

• Prepares videoconference 

• Prepares tutors 

• Prepares moderators 

 

• Feedback and surveys 

 

 

 

 

 

 

 

 

 
 

 

 

 
 



Masterclass web page and material 

Web page 

http://physicsmasterclasses.org/neu/index.php?cat=press 

 

Several Masterclass packages are on the web  

together with support material for the tutors (scientists at 

universities) and moderators 

 

•Explain the physics 

•Explain how to set it up (technical) 

 

•Suggestions on the discussion of the results 

•Quiz 
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Masterclasses all you want to know 









Some moderators 





General Idea 

 

• 1900 Events:  

• W and Z 

• Background 

• “Mystery” events 2-12 GeV 

• Students sort events by:  

• Lepton flavor (e or m). 

• Candidacy (W or Z). 

• Charge (W+ or W-). 

• Find:  

• W+/W-. 

• e/m. 

• Z mass. 

• W/Z (challenge). 

 

Example: CMS W/Z Investigation 



Masterclass 2012 measurements 



Students’ results 2 26 
ATLAS W measurement 



ATLAS Z measurement 



Students’ results 1 28 
ATLAS W measurement 



CMS measurement 

Adoption 2012 

•46 masterclass institutes in 18 countries 

•Summer 2012 in Beijing, Melbourne, 

Sydney, and . . . 



ALICE measurement  - D. Hatzifotiadou 30 

ALICE strange particle measurement 



 

 

 
 

 

 

 close to the published result! 

ALICE RAA measurement 



Videoconferences 

Features: 

• Moderators lead discussion 

• Icebreaker questions 

• Presentation and discussion 

of results 

• Use Indico 

 

Apparent Results: 

• Many compliments, some  

bad experiences 

• Tools/Vidyo replacing EVO 

mostly worked well 



Materclass and Press 



Laurenz Widhalm, Austria 

The new concept of the video conference – 

how did it work out? 

How did the quiz work? 

What about the students? 

Nantes 



Laurenz Widhalm, Austria 

The new concept of the video conference – 

how did it work out? 

General Feedback from Moderators 



 



Masterclass aims in detail 



Aims of Masterclass 

• On a basic level: students should (e.g. via lectures)  

– be *informed* (not taught) about  

• the new age of exciting discoveries in particle physics (HEP);  

    big questions/possible discoveries at the Large Hadron Collider and in the   

“masterclass” experiment 

• central findings of hep research in last ~30 years 

(standard model, building blocks, forces, charges,…) 

• status of “masterclass” experiment (ATLAS, CMS, ALICE or LHCb) 

 

– get insight in the way hep research is organized  

• in international collaborations 

• in dialogue/exchange of experiment and theory  

• wrt. methods of discovery of new phenomena 

(counting methods, mass peaks, etc.) 

• methods or and reasons for calibrating detectors  

 

 
 

 

 

 
 



Aims of Masterclass 

• Students should *learn* themselves to 

– identify different particles via their pattern in detectors 

– categorize events of (LEP and) LHC in pre-defined final states 

– do a measurement of a physics observable 

(LEP: e.g. Z branching fraction, ratios of branching fractions; 

LHC: e.g. ratio of W+ / W- )  

– interpret this measurement and get basic insights from it 

using theoretical/phenomenological arguments  

(lepton universality, number of color charges, proton structure) 

– combine results (different groups, different experiments) to improve results 

– identify events which would be candidates for  new physics 

and qualitatively understand pre-conditions for claiming a discovery 

(e.g. WW or ZZ events as Higgs candidates, 3 lepton events as SUSY candidates)  

 

 

 

 

 

 

 



Aims of Masterclass 

 

 

• Get the feeling that they: 

– understand the basic principles about how particles are identified  

– are able to perform themselves some of the measurements,  

which the scientists currently do, on a somewhat simplified level 

– are able to draw conclusions from these measurements 

– understand the way modern particle physics research is organized 

• get the impression that 

– topics of fundamental research in natural science are interesting  

– its results are relevant as cultural knowledge of mankind 

 

 

 

 

 



From U.S. Surveys (not yet complete) 



What are our aims, after all? 
• Make students feel like a researcher for one day 

– They do „measurements“ (!), not exercises 

– They feel able to „do it themselves“ 

– They understand the basic concepts 

• They understand the meaning of their measurement 

– What did they find out? 

– Where does it play a role in our Universe? 

• They understand the scientific process 

• Not try to teach the whole Standard Model in one day  

but just fascinate by sharing authentic fundamental research 

 

 

 

 

 

 
 

 

 

 

 
 



Improving: issues to consider 

• Stability of measurement tasks 

– Pro: easier organisation 

– Contra: exciting to follow what scientists do   

• Severity of measurement tasks .vs. upcoming boredom  

– Work harder in few events or go through many events ? 

– Be as close as possible to scientists‘ real way of working 

or just measuring the same quantities differently (by visual inspection)  

 

• How to assure that students understand  

– what questions scientists are after? 

– how scientists solve these in practice? 

• How to balance between 

– use of automatic tools (danger: black box) 

– real, but tedious hands-on working (curvature, zooming, counting…) 



• Diversity versus Unification 

– wrt tools for histogramming and combining 

• How to assure that 120 institutes can join in? 

– normally by far not all experts, need some stability 

• International use .vs. local use  

– One measurement version for both? Or two variants?  

– One website for both (via „metro plan“) or two? 

• How to really test the tools before the events? 

 

 

 

 

 
 

 

 

 

 
 

Improving: issues to consider 



Funding 

• Helmholtz-Alliance (until end of 2012): coordinator 

• BMBF (ending 6/2012): upgrade on LHC data, DVDs 

• EPS HEP Division: DVDs 

• Plus in kind contributions (CERN, moderators, …) 

 

 

 

 

 
 

 

 

 

 
 





IPPOG International Masterclasses 

  

 

 

ttt 

Report of New Measurements Working Group 



ATLAS W-Path 

• „real data“ preselected events ( W  ℓn ) 

• W charge asymmetry       structure of the proton 

• 5 *simulated* H WW     search for yet undiscovered 

 

For 2012: 
• 10 000 *real data* preselected events (~ 2000 W  ℓn ) 

• different set of data for each institute, can be compared for 

consistency and combined in the video conference. 

• include 250 *candidates* WW + 0 jets at an early stage of the 

selection, (i.e. including considerable background) 

• too early for 2012? Fallback solution: MC data 

students measure opening angle between 2 leptons and 

combine their results in histogram for angular distribution 

ttt 



 

• 700 *real data* preselected events (~ 300 Z  ℓℓ ) 

• Find Dilepton events  calculate invariant mass 

• 300 *simulated* Z´  ℓℓ   search for yet undiscovered 

• Derive mass spectrum 

 

• Discuss importance of invariant mass concept 

• Discuss meaning of finite width 

• Discuss meaning of new mass peaks (Z´, not shown above)  

 

ttt 

ATLAS Z-Path 



ATLAS Z-Path 
Plans for 2012: 

• larger data sample 

• Also J/Psi and Upsilon 

• Identify search for dilepton events 

• php tool for mass plots under development 

 

 

 

ttt 



iSpy Online 

New Features for W/Z: 

•Missing Et vector 

– And slider  

•Changes in controls 

– Numbers of objects – gone 

– Electron tracks moved 

 

Explore: 

•Development version 

http://www13.i2u2.org/elab/cms/event-display/


ALICE measurements 



ALICE 

“Heavy-ion” experiment at LHC  (study Lead-on-Lead collisions)  

Investigation of quark-gluon plasma properties 



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 its “card-visit” (its signature) 

 

Signatures of QGP: special features in PbPb compared to “normal matter” (pp) 

• Huge temperature and density  

•  Strange particle enhancement 

• Energy Loss: Nuclear modification factor RAA 

 

Experimental Observables 

• We have no “thermometer”; use particle ratios 

• “Count” strange particles (K0s, Λ, Ξ-) in PbPb and pp; compare 

• “Count” charged particles in PbPb and pp; compare 



ALICE measurements 
The tools 

• Simplified event display, close to the real one used at the experiment 

• Visual analysis of small event sample  

• Large statistics analysis including background and “writing code” 

 

 

The data 

• First LHC data (900 GeV proton proton) : develop / run masterclasses 2011  

• 7 TeV proton proton data in 2012 

• 2.76 TeV Pb-Pb data in 2012 

 

Excercise 1: decay patterns of strange particles 

                    developed 2010-11  

Excercise 2: momentum spectra of unidentified particles (RAA) 

                     developed 2012  

 



ALICE 3 days on the 2012 

schedule  

 

looking for strange particles  

RAA exercise 

56 



Goals 

Introduce basic consepts; try to keep number of required 

physics and analysis concepts to a minimum 

 

Two step analysis approach 

- introduce the idea in a visual, hands-on analysis 

-large scale analysis close to what we do in real life                  

 let‘s write some analysis code together! 

 

Emphasize the importance of collaborative work 

-Different groups of students and institutes analyse different 

sets of events 

-Combine, compare at the end 

 

 

 

 

 

 

 

 



 

 Visual analysis 
Proton-proton (pp) event 

Introduce concepts and visual analysis tools 



 Visual analysis 
Lead-Lead (PbPb) event 

Visual impressions: PbPb is different than pp 

Visual analysis has limits 

 



physics lesson 
Pb-Pb collision ≠ many independent pp collisions 

Comparison of pp events and Pb-Pb collisions with different collision geometries 



b 

produced particles observed in the experiment 

Collision geometry 

cartoon of a Pb-Pb collision 

More central (head-on) collisions produce more particles (higher multiplicity) 

Peripheral collisions produce small number or particles (proton-like) 

 



Necessary concepts 

Geometry of Lead-Lead Collisions (centrality) 

 

Reconstruction of charged particle trajectories from hits in tracking detectors 

(ALICE TPC in this case)  

easily explained in visual analysis 

 

Step 1: Momentum measurement via curvature of tracks in a magnetic field 

visual analysis  

      Momentum Spectra 

      not needed: particle identification, particle decays, quantum numbers … 

 

Step 2: Reconstruction of decay patterns (secondary vertices) 

       visual analysis: identify decay pattern 

       Strange Particle Decay Patterns 

 

 



 

Excercise 1  

        Strange Particles 



-p 

K0
s→ +-      

Ξ-→π-Λ→ -p-

 Visual identification of patterns of decays of strange particles 

Bachelor (single track) and two 
opposite tracks coming from a 
secondary vertex 

Two opposite tracks from a secondary vertex 

anti Λ→ p-+  

Simulated Pb Pb event 



Simplified ALICE event display 

3 views of ALICE – 3D, rφ, rz 
 
Highlights decay patterns 
 
Recognise from decay pattern 
 
K0

s→ +-  

-p 

anti Λ→ p-+  

Ξ-→π-Λ→ -p-
 
Calculate invariant mass 
 
Classify according to mass 
 
Fill tables 
 
Fill histograms 

65 

 Analysis tools 
Interactive!!! 
Grab and rotate 



66 
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IPPOG CERN 3.11.2011 ALICE exercise  - D. Hatzifotiadou 68 



Strange Particles Extended 
• New in 2012: 2nd part of exercise, more realistic  

• Analyse big event sample (2000 events) 

•  Invariant mass histograms for Ks, Lambda, anti-Lambda 

• Introduce background, background subtraction 

• Get number of Ks, Lambda, anti-Lambda after background subtraction 

 



The problem with Lead-Lead events 



71 

Outline of exercise 
 
•Students (each group): Visual analysis of 30 events – tables + invariant mass histograms 
•Institute (all groups): Add up numbers / merge histograms 
     30-event samples for visual analysis, 7 TeV proton-proton (6)  

       5-event sample Pb-Pb    (1) 

     
•Students (each group): Analysis of 2000 events - invariant mass histograms 
•Students (each group): Try to fit background / peak / subtract -> find number of 
particles 
•Institute (all groups): Merge histograms 
•Institute (all groups): Fit background / peak / subtract -> find number of particles 

      2000 event samples 7 TeV proton-proton (7) 

       1500 event sample lead-lead 
 
•Calculate yields of each particle type  
      (assumptions on initial number of events from which the sample has been extracted 
      correction factors for efficiency) 
 
   



Excercise 2 

Transverse momentum spectra 



transverse momentum spectra of unidentified, primary charged 

particles 

 yield increases from                                                                            

pp to Pb-Pb collisions 

 yield increases from                                                                   

peripheral to central                                                                       Pb-

Pb collisions 

 spectral shape seems                                                                        to 

change as well 

how can this be quantified? 

Transverse momentum spectra 



Nuclear modification factor RAA 



results produced by the first student group working on this new ALICE exercise: 

 close to the published result! 

Large scale analysis: result 
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http://cdsweb.cern.ch/record/1438735     
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