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My name is Antonio Sidoti

Staff researcher at Istituto Nazionale Fisica 
Nucleare (INFN) – Sezione di Bologna

Experimental Particle Physicist

Mainly physics at hadron colliders

→ ATLAS experimentaqt CERN:

Main Research Interests: Beyond Standard 
Matter searches (heavy Majorana neutrinos), 
Tracker upgrade

Mail: antonio.sidoti@bo.infn.it
        antonio.sidoti@cern.ch 

Project web site under construction: https://web.infn.it/game/
INFN Web collision site: https://collisioni.infn.it/attivita_educative/infn-game-giochi-fisica/
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INFN
A research organization dedicated to the study of 
the fundamental constituents of matter and the 
laws that govern them. It carries out theoretical 
and experimental research in the fields of 
subnuclear, nuclear and astroparticle physics.

Founded on 8 August 1951​
approximately 2,000 employees and ​
3,600 associates​

20 Sections and 4 Laboratories ​
National (Catania, Frascati, ​
Gran Sasso and Legnaro)​



INFN Public Engagement and Dissemination

Since 2018, the INFN has had a Third Mission Coordination Committee focused on Public 
Engagement and Dissemination 

● Dedicated budget
● ~20  projects funded at national level, with an internal review system
● Diversify audience (age, general public vs schools)
● A commitment to reach as wide an audience as possible, both in terms of age (e.g. 

secondary schools other than science-focused colleges) and geography (e.g. activities in 
remote locations and/or disfavored regions such as Lampedusa)



A bit of History ...



Goals of the project

Physics  in Game Mechanics 
The laws of physics are “rules of a game” to being adapted 
into the ‘rules’ of a board game. We must be careful not to 
trivialize the subject or present an overly simplistic idea as if it 
were true 

Scientific Research as a competitive and collaborative 
game
Communicating how research is conducted, particularly in the 
world of large-scale collaborations ‘Management’ games are 
a classic genre within board games, and their dynamics lend 
themselves perfectly to the vital task of explaining how 
research is conducted (especially when funded by public 
money!). In this case, care must be taken to avoid conveying 
an overly competitive view of research, one that is too 
focused on funding.

cf R. Blanos presentation  this afternoon



What have been done so far?
Adapting physics content on existing, well-known games:

Guess the Radionuclide—based on Guess Who and 
created as part of the Radiolab project

Mesopoly—Monopoly in the world of 
quarks: developed in collaboration with 
Galvani High School in Bologna

Cosmic Time Travel—based on Timeline focus on 
the story of cosmic rays 
Space Route—based on Carcassonne, it introduces 
players to satellite design 

Pros: rules are already known  → Play 
immediately
Cons: Sometimes the scientific contents looks 
ancillary (lack of originality)



There are also many games designed professionally and published and distributed 
commercially 

Tutti Quantum from Helvetiq Quirky quarks

And many others→ Look for “Theme: Physics” in boardgamegeek web site

https://boardgamegeek.com/boardgamefamily/81589/theme-physics


and roleplaying games

Research Simulator

Multiversum Alert (at PLAY 2024) developed in 
collaboration with the Genitori di Ruolo 
association)

Focused on how 
scientific research is 
performed



Games developed so far
Baryon Labyrinth. Collect quarks 
with right color and build the 
various hadrons

● Poweri Noi! Watt should we do → cf 
Simone Restelli's talk on Tuesday

● I Primi 20 Minuti → Inspired by primordial 
nucleosynthesis

● Neutrino’s chess → Chess-like game 
dealing with neutrinos oscillation

● Hep Card → Card game exploring how the 
Standard Model particles couple (bosons 
with fermions)

Pros: Game mechanics are inspired by the physics 
content we want to point. Can have different level of 
complexity
Cons: Learning curve of the game can be steep and 
more challenging (too much out of comfort zone?)



The Standard Model of Particles
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I Primi 20 Minuti
or

The Big Bang in a box!

12



Credits

Game designers: Fabrizio Parodi and Carlo Schiavi University of Genova and INFN

Consultants on Game Design: Carlo A. Rossi and Tommaso Montanari (Professional 

Game Designers)

Feedback and Play Testing: Jacopo Pinzino, Luca Morescalchi, Antonio Sidoti and 

many other participants of the GAME project (INFN)

Graphic design: Maurizio Toccafondi  (Scuola Internazionale di Comics - Firenze)
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What we had in mind

● Focusing on the first minutes of life of the 
Universe without using a classic seminar

� → Include the physics message in the game 
mechanics of a board game

�



Game structure
“roll & write” game 
Eurogame (or german game). 
Base mechanics: resource to move
The game is played in simultaneous 
turns.
Resources (particles and energy) are 
determined by dice rolls common to all 
players (personal objectives assigned 
at the start of the game differentiate 
players’ strategies)
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Up to the 4th turn: matter-antimatter symmetry → on average, players receive as 
many particles as antiparticles. From the 5th turn onward: players receive only 
particles
Scoring: at the end of the 4th turn (majority of particles or antiparticles), at the end 
of the game (when the first helium nucleus is created). 

https://boardgamegeek.com/boardgamemechanic/2948/resource-to-move


“I primi venti minuti” in short

"I primi venti minuti” is a strategic boardgame that recreates 
primordial nucleosynthesis. Organaize particles and energy 

to build your expanding universe 

Caution: the first player that creates the Helium nuclei 
triggers the end of the game, but victory is not guaranteed! 

The winner is the player that optimized the resources 
creating the richer universe.



Game Levels

● Short:
○ The universe has all the interactions. Players should concentrate on managing 

resources (quarks and energy) [duration ~ 20 minutes]
● Long:

○ Players should dress their universe with fundamental interactions modifying the 
universe evolution. Richer interactions between players  [duration ~ 40 minuti]



What message we want to pass?
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u
u d
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Composition of matter
Quarks are the fundamental constituents of:
Protons (p): u+u+d,
Neutrons (n): u+d+d 

● Quarks have an additional degree of freedom “color” 
red, green and blue

●
● Light nuclei

“Protium” (most common Hydrogen isotope): p
Deuteron (Hydrogen isotope): p+n 
Helium (He): p+p+n+n



There are antiparticles too!

● Anti-particles are identical to particles but with an 
opposite electric charge
○ electron e-       / positron e+

○ quark       u       / anti-quark  u
○ quark       d       / anti-quark  d
○ proton   uud   / anti-proton   u u d
○ neutron udd   / anti-neutron u d d     

● Particles and antiparticle annihilate producing 
energy 
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Fundamental Forces
● Strong Force

Binds quarks in protons and neutrons. 
Allow color change in quarks 

● Electromagnetic Force

Binds electrons to nuclei to build atoms. 
Creates energy through annihilation 
particle-antiparticle.

● Weak Force Forza debole

Allows transformation neutron ↔ proton 
and quark u ↔ d

● Gravitational Force (only in the 
advanced version of the game) 21



Physics acts as Game Mechanics
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Protons and neutrons are built combining their quark constituents
(quarks have “hidden” degrees of freedom → Color → Quantum 
Chromodynamics (QCD)

Strong Force
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Protons and neutrons are built combining their quark constituents
(quarks have “hidden” degrees of freedom → Color → Quantum 
Chromodynamics (QCD)

Strong Force
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Strong Force
Protons and neutrons are built combining their 
quark constituents
(quarks have “hidden” degrees of freedom → Color 
→ Quantum Chromodynamics (QCD)
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Change quark color Strong Force
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Change quark color Strong Force
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Change quark color Strong Force
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Weak Interactions 
(weak neutral currents)

Change quark flavor u ↔ d, or u ↔ d
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Change quark flavor u ↔ d, or u ↔ d Weak Interactions 
(weak neutral currents)
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Change quark flavor u ↔ d, or u ↔ d Weak Interactions 
(weak neutral currents)
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Matter and antimatter annihilates and produce 
energy Electromagnetic 

Interactions
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Matter and antimatter annihilates and produce 
energy Electromagnetic 

Interactions



First instants of the universe

● ~14 billions years ago: Big Bang Highest “temperature” 
and energy density. Same amount of matter and 
antimatter

● Universe starts to cool down
●
● 10-34 seconds after Big Bang, small unbalance of matter 

over antimatter. Every:  
     1000000000   antiparticles
 There were
     1000000001          particle

● All antiparticles annihilated with particles. All remaining 
particles built up our Universe
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The remaining 20 Minutes

● Free quarks start to bound together with strong 
interaction and built up protons and neutrons 

● Primordial Nucleosynthesis: After 20 minutes, from 
protons and neutrons Deuteron (D) and Helium (He) 
nuclei are created. 

● For atoms we had to wait a little bit more: 300k years 
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Evaluating the Impact
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Feedback from players
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Short version game ha been played extensively in the last couple of years
Generic public: Scientific oriented festival (Science Festival, European Research 
Night), and scientific agnostic festivals g (Play, Lucca Comics IDEAG)
Students: Optimal target are last three years of high school (Schools, Summercamps 
INFN). But has been played by 10-13 years old kids (Unijunior in Bologna) and also 
younger kids (first grade) → analysis of 135 answers of questionnaires collected 
during high school (mainly “Liceo Scientifico”) activities (very preliminary analysis)

https://www.idea-g.it/


Feedback from high school students
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Post answers to questionnaire



Feedback from high school students

39

Post answers to questionnaire



Feedback from high school students
Main messages are kept.
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Post answers to questionnaire



Post answers to questionnaire



Challenges

 🔬 Impact with scientific/technical nomenclature
We are using names and mechanisms from the field. At first it could be 
intimidating (“I don’t know this stuff!”). Tutors should make clear that prior 
knowledge is not required. Things will become more clear while playing 

 🎮 Learning step-by-step
“Short” version has been implemented to contain all physics mechanisms. 
Leave the “Extended” version for successive games

 ⚖️ Dynamics
Using same dice rolls reduces luck but could limit the strategic freedom 
(players tend to copy their decisions) 
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To take home

 🔬 Science hasn’t understood everything ! 
For example we stress the fact that the matter-anti matter asymmetry is not fully 
understodd.. In the extended version there are card like: “Dark matter”, “Dark Energy”, 
“Wormhole”…. Science advances by steps: problems → theory predictions → 
experimental answers → new questions →  and so on 

 🎮 Particle physics vs Cosmology (Interplay between physics of Small vs Large) 
Physics of the fundamental interactions (particle physics) has shaped the Universe 
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Playability vs Scientific Accuracy
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Spontaneous processes vs Endoenergetic processes

Protons and neutrons building do not need of energy → Spontaneous process. 
Same for matter-antimatter annihilation
Deuteron and Helium nuclei formation are spontaneous processes too when the 
universe is cold enough → To make it happen before 20 minutes one needs energy 
to “slow down” particles. 

●

45



Nucleosynthesis
● Primordial nucleosynthesis is much 

more complicated than the one used 
in the game
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Back Up



Neutrino’s Chess

Game mechanics comes from 
physics process 
for small distances electronic 
neutrinos do not change flavor   
per for longest distances it has 
(almost) the same chance to 
transform in tau or muon neutrinos 

Small distances

Long distances

Neutrinos oscillation → The experimental evidence that neutrinos have mass
→ Pure quantum mechanics effect

Online platform developed by  
Marco Tarini (UniMi)
Link

https://tarini.di.unimi.it/tiptaptop/neutrino/


HEPCard

• Simple card game (targeting 10-13 years old but 
can be played by older) 

• The message we want to transfer are:
● There specific relations between  particles in the 

Standard Model (conservation laws) 
● Fermions couple with bosons

• Abstract game
• Players have to organize the card in triplets 

(horizontal or vertical)



• 4x 3 card grid (covered)
• Un cover 3 cards
• In each turn the player can:

● Draw a covered card from the face-down 
card deck 

● Uncover one of his/her card
● Exchange the place two of his/her cards A

• The game ends when the first player 
uncovers all of his/her cards

• All the other players do the same (but canot 
change the position of their cards)

• Count the points (each triplet counts 1)

HEPCard: Rules
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