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• Goal: (very basic) masterclass that targets a scientifically very unexperienced 
audience without any knowledge of particle physics (i.e. pupils)

▪ Idea: Based on event displays, classify event as 𝑒+𝑒−/ 𝜇+𝜇−/ 𝜏+𝜏−/ ത𝑞𝑞/ ത𝑏𝑏

▪ Derive 𝑅-value: 𝑅 =
𝑁 ത𝑞𝑞

0.5⋅[𝑁 𝜇+𝜇− +𝑁 𝜏+𝜏− ]
= 𝑁𝑐 ⋅ σQuarks 𝑞ത𝑞𝑞

2 = 𝑁𝑐 ⋅
10

9

▪ Deduce number of quark colors

➢ We developed several materials (ATM in German, but translation is possible)

➢Successfully tested this with a group of pupil

NEW EVENT-DISPLAY BASED 
MASTERCLASS
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EXAMPLE
EVENT 
DISPLAY
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𝑒+𝑒− → Υ 4𝑆 → ത𝑏𝑏

𝑚𝑚𝑖𝑠𝑠
2 as “missing 

energy” or E

foxWolframR2

as “straightness” 
or 
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PROCESS CLASSIFICATION AND 
QUARK COLOR EXTRACTION
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Pupils get sets of 
50 – 100 events

Events are classified 
and filled in online

Result website:      
All entries are 
automatically 
summarized and 
counted

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/auswertung
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=0
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=2128290351
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PROCESS CLASSIFICATION AND 
QUARK COLOR EXTRACTION
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Pupils get sets of 
50 – 100 events

Events are classified 
and filled in online

Result website: The number of quark colors 
(derived from the 𝑅-value) is calculated for 
each group individually and all combined                    
(with statistical errors)

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/auswertung
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=0
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=2128290351
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PROCESS CLASSIFICATION AND 
QUARK COLOR EXTRACTION
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Pupils get sets of 
50 – 100 events

Events are classified 
and filled in online Interactive color-combination minigame:

Directly learn what “three colors” mean

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/auswertung
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=0
https://online.schule.physik.uni-mainz.de/teilchenspiele/farbspiel/
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PROCESS CLASSIFICATION AND 
QUARK COLOR EXTRACTION
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Pupils get sets of 
50 – 100 events

Events are classified 
and filled in online

Result website: Bonus: It is shown how         
𝐵 mesons are produced favorably at Belle II 
based on event classification of pupils

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/auswertung
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=0
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=2128290351
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MASTERCLASS SCHEDULE (INDICO) 
AND ADDITIONAL MATERIAL
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https://indico.cern.ch/event/1052221/
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TWO INTRODUCTORY TALKS
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Introductory presentation:

➢Why particle physics?

➢What do we know? (introduction of 
important particles and forces)

➢How (often) are they produced?

➢What is still a mystery?

GRUNDBAUSTEINE –ES WIRD NOCH KLEINER!

➤
Aufbau 

Kristalle/ Moleküle (kleinste 

Einheit =  Atom)

➤
Aufbau der Atome 

(Atomkern, Elektron)

DAS STANDARDMODELL DER TEILCHENPHYSIK

Unser „ Periodensystem“
−
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� � →� → ̅� � : ⋅� �

➤ Wie können wir die 
mit unserem SM vereinen?

➤ Wieso ist die 

gebrochen?

➤ Aus welchen Teilchen besteht 

?

➤

DAS STANDARDMODELL–NOCH LÄNGST NICHT ALLES KLAR!
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TWO INTRODUCTORY TALKS
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Second presentation:

➢What is a particle accelerator/collider?

➢How do we measure and distinguish 
particles?

− Im Endeffekt:

− Gerade Strecken zum 

Beschleunigen

− Gekrümmte Strecken 

zum Ablenken

− Kennt ihr Beispiele für 

Ringbeschleuniger?

20

Magnet

Beschleunigungsstrecke

Langlebige Teilchen

27

�

e+

e-

− Kalorimeter: 
− Die meisten Teilchen verlieren 

gesamte Energie− Und werden hier gestoppt
− Myondetektor: − Myonen interagieren kaum und 

verlassen das Kalorimeter
− Hinterlassen Signal im 

Myondetektor

55

Kalorimeter

Myondetektor
Kalorimeter

Myondetektor
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INTERACTIVE WORK SHEET
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Work sheet:

➢Autodidactic derivation of expected 𝑅-
value and its dependence of the quark 
colours

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/der-r-wert/dateien-einleitung/arbeitsblatt-r-wert


Nov. 12, 2021 Henrik Junkerkalefeld / New Belle II Masterclass / 17

KAHOOT QUIZZES
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Quizzes (day 1, day 2) that playfully 
probe the gained knowledge:

➢of particle physics in general

➢with respect to the 𝑅-value

➢of the Belle II detector and its 
interaction with different particles

https://create.kahoot.it/details/ed783460-fb31-4148-af18-3aed4ee6851d
https://create.kahoot.it/details/2e7a03a0-8dcc-4231-bd10-7f61518d6028
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MATERIAL TO INTRODUCE 
DIFFERENT PROCESSES
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Introduction of event displays and 
pupil’s exercise:

➢How can we distinguish the different 
processes and why?

➢Why can’t we use 𝑒+𝑒− and ത𝑏𝑏 events 
to get the 𝑅-value?

➢Concept of foxWolframR2 aka 
“straightness”

➢Concept of 𝑚miss
2 aka ”missing energy”
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SELF-EXPLANATORY WEBSITE
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Pupils are guided through the exercise by a website that links the tasks

• The general task (measuring the number of quark colors) is quickly presented

• The 𝑅-value is introduced in a work sheet

• Example events are presented in which the differences are explained and 
outlined (event displays and stopmotion videos)

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/der-r-wert
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/der-r-wert/dateien-einleitung/arbeitsblatt-r-wert
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/beispiele
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𝒆+𝒆− → 𝜸 → ഥ𝒒𝒒 /ഥ𝒃𝒃𝒆+𝒆− → 𝜸 → ℓ+ℓ−
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WEBSITE CONTENT
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Pupils are guided through the exercise by a website that links the tasks

• The general task (measuring the number of quark colors) is quickly presented

• The 𝑅-value is introduced in a work sheet

• Example events are presented in which the differences are explained and 
outlined (event displays and stopmotion videos)

• 12 practice events are available with direct feedback

• Several datasets for the main exercise are available and can be evaluated

https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/der-r-wert
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/der-r-wert/dateien-einleitung/arbeitsblatt-r-wert
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/beispiele
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/uebung
https://docs.google.com/forms/d/e/1FAIpQLScqEbnZDwGHbeJMoPnznV3mVnJTaYhOY1d6MBY7dpWHls1NLA/viewform
https://www.pi.uni-bonn.de/outreach/netzwerk-teilchenwelt/belle2-masterclass/quarkfarben/messung/auswertung
https://docs.google.com/spreadsheets/d/1_dkaGUL0gnJH9KjYjh1dU05QBrJRIIqYCMu_smzP1YU/edit#gid=0
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SUMMARY
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• Complete masterclass is developed and finished. It ran like a clockwork.

• Several materials & different tasks are available to ensure variety for pupil

• Measurement is based on statistics, so the results actually improve the more 
events are evaluated ⇒ encourages joint work in international masterclasses


