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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
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l 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 ...

2022: First time INFN
stand at PLAY fair
(Modena)

2023-2024: Several INFN

branches expressed

interest to participate at
the PLAY fair (and ERN)

Corso di Game Design
per Divulgazione Scientifica

0.6, Marinil o curs )

Con 1a callsvoraxione @i
U Priorith Con 1 Ludl e EicT Game

2024: Scientific Game
Design INFN internal
tutorial

2025: Spinning activity

between the project and
festival

2026: Selling the first box
of “I Primi 20 Minuti” at
the PLAY fair



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

0--©
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Scientific Research as a competitive and collaborative Baryon Meson
game (proton, p ) (negative pion, T )
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
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Cosmic Time Travel—based on Timeline focus on
the story of cosmic rays

Space Route—based on Carcassonne, it introduces
players to satellite design

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

QUITRE XY -OUAREKS

Bid, coll onquer the quantumworld!

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


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

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

Research Simulator

Focused on how
scientific research is
performed

INFN, Genitori di Ruolo
Plav - Factiunl dal FRiara

2022 RESEARCH SIMULATOR

NAZIONI E FINANZIAMENTI ESPERIMENTI PROPOSTI

ITALIA $$$ METTERE UN ALTRO SFONDO 588
FRANCIA $$$ CAMBIARE LA FREQUENZA $$8555
GERMANIA $$ FARE UN VIDEO AD ALTI FPS $55558888%
REGNO UNITO $$ RIFARE SOTT'ACQUA $55855558
SVIZZERA $$$ $$s$§$$:$
SPAGNA $$$

TEORIE PROPOSTE



Games developed so far

Baryon Labyrinth. Collect quarks

with right color and build the « Poweri Noi! Watt should we do - cf

various hadrons Simone Restelli's talk on Tuesday

* | Primi 20 Minuti - Inspired by primordial
nucleosynthesis

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

™ \ ; * Hep Card - Card game exploring how the

) & e QN R Standard Model particles couple (bosons
: y with fermions)

Il labirinto dei
barioni

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




The Standard Model of Particles

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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electron

electron muon
neutrino neutrino

GAUGE BOSONS

LEPTONS
VECTOR BOSONS
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| Primi 20 Minuti
5 Qs
The Big Bang in,.a box!




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)



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

25" June 2026 Workshop on Non-Digital games — ICTP 14
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Game structure

“rO” & Write” game lil“/[;:h:u o |
Eurogame (or german game).

Base mechanics: resource to move e @

The game is played in simultaneous -~
turns. k

. E)NE)VIS
Resources (particles and energy) are
determined by dice rolls common to all .
players (personal objectives assigned o e
at the start of the game differentiate
players’ strategies)

2 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

2 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.



lGame | evels

Short:
The universe has all the interactions. Players should concentrate on managing /—
resources (quarks and energy) [duration ~ 20 minutes] W
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?



electron
/_\‘\\ /_

atomic nucleus

down quark \

up quark ~Y

25" June 2026

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 “ y
red, green and blue

Light nuclei

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

Helium (He): p+p+n+n

Workshop on Non-Digital games — ICTP 19



lThere 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-neutronudd

u
d

Particles and antiparticle annihilate producing
energy




lFundamental Forces

Strong Force

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

Electromagnetic Force >
Binds electrons to nuclei to t_)u_lld atoms. Strong force Electromagnetic
Creates energy through annihilation binds the nucleus force binds atoms
particle-antiparticle. ,
Weak Force Forza debole 7’ ’ %v)ﬂ%

o bt
Allows transformation neutron < proton Weak force in ’ s
and quark u < d radioactive decay ravitational Torce

binds the solar system

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



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

quark constituents Strong Force
(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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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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Change quark flavor u <> d, or u <> d Weak Interactions

(weak neutral currents)
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Matter and antimatter annihilates and produce

Electromagnetic
energy

Interactions
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Matter and antimatter annihilates and produce

Electromagnetic
energy

Interactions
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lFirst 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 T v v
. . . 10-32  10-6 100 100 million 500 million 4 billion
particles built up our Universe o L o = —

inflation  form  heliumand form record holder formation
ends lithium are for earliest peaks
synthesized known galaxy




lThe 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

1H Catena Protone-Protone
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Evaluating the Impact



lFeedback from players

Short version game ha been played extensively in the last couple of years

2 Generic public: Scientific oriented festival (Science Festival, European Research
Night), and scientific agnostic festivals g (Play, Lucca Comics IDEAG)

D 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)

Maschile (57.0 %

Quarta (65.9 %

Non voglio dichiararlo (0.7 %)

Femminile (42.2 %) Quinta (1 1.9 %) Terza {22-2 %)


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

l Feedback from high school

80

70

60
50
40
30
20
10
0

1-Very Bad
= 5 - Very Good

1 15 2 25 3 35 4 45 5 55 6
Vote (1-5)

1(88.9 %

students

Post answers to questionnaire

Would you advice playing this game?

B Yes
= No

0 (11.1 %)



l Feedback from high school students

Post answers to questionnaire
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Post answers to questionnaire

lFeedbaok from high school students

Main messages are kept.

21. Secondo te cosa vuole comunicare il gioco "l Primi 20 Minuti"? Pili dettagli

Il lavoro dello scienziato € riconosciuto solo

® all'interno della comunita scientifica & -
° La ricerca in _Fisica dE.”E particellg in Italia & g [
meno finanziata che in altri paesi
La ricerca in Fisica delle particelle pud ]
® . 50
rispondere a domande fondamentali...
E' necessaria energia per costruire atomi pid |
@ - M
stabili
° Le pubblicazioni scientifiche sono malto utili q .
per la ricerca in astrofisica
° Le evidenze scientifiche hanno mostrato una =0 —
sparizinne dell'antimateria nei prlrni 20 _
° Gli atomi sono composti da protoni e 75
neutroni, a loro volta composti da quark. s
° L'atomo di Elic € un oggetto fondamentale &3
per 'esistenza dell'Universo come lo... ]
° Esistono 4 interazioni fondamentali tra le P
particelle: Mucleare Forte, Nucleare Debole... ]
° Materia & Antimateria posseno annichilirsi &2
per produrre energia I
& Altro 1

=]

20 40 60 a0



Post answers to questionnaire

19. Come descriveresti la tua esperienza con questo gioco ? Piur
@ Per niente d'accordo @ Poco d'accordo Meutro @ Abbastanza d'accordo @ Molto d'accordo
Piacevole 11 I
Moioso [ I |
Contorto (] | .
Inefficace I
Interessante 1]
Divertente 1 I
Coinvolgente 1))

100% 0% 100%



lChaIIengeS

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)



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



Playability vs Scientific Accuracy



lSpontaneous processes vs Endoenergetic processes

2 Protons and neutrons building do not need of energy — Spontaneous process.

Same for matter-antimatter annihilation
2 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.
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Back Up



Probability

eutrino’s Chess

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

Oscillation probabilities for an initial electron neutrino

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

0 5000 10000 15000 20000 25000 30000 35000

<:> L/E (km /GeV)
Small distances Online platform developed by
" Marco Tarini (UniMi)

Link

Long distances



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)

| “Lorem ipsum dolor sit amet, consectetur
| adipiscing elit, sed do eiusmod tempor

Quark up

Fermione

incididunt ut labore et dolore magna aliqua.

\\I

ahi/

Bosone

“Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua.

Quark anti-up

Fermione

“Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do ejusmod tempor
incididunt ut labore et dolore magna aliqua.

Fotone
Bosone
Non si accoppia con Fermioni di carica Q=0.

“Lorem ipsum dolor sit amet, consectetur
adipiscing elit.”




HEPCard: Rules

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)

Positrone

Fermione

== nj

Bl :51 :‘\{. )é:
R =
.:ft'-"t.:. }uL \'K.‘-'f )
R
. Quark up
Fermione

oy et b o
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