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INFN starts thinking systematically at divulgation and 
dissemination, formation, and public engagement 

about 20 years ago 
 

It is not by chance that this starts at the Frascati 
National Laboratories (LNF), an accelerator science 
center, and “the” particle physics laboratory of INFN   



The context 

The Laboratori Nazionali di Frascati (EPS 
historical site)are the place where the 

colliders were born 

AdA, 1960 
B.Touschek 



60 years later 

The Laboratories have a clear and compelling strategic educational 
activity directly linked to their mission and vision 



The vision 
 
Particle Physics educational programs are used to: 
 
-enrich scholarship 
 
-create knowledge  
 
-create a scientific consciousness 
 
-prepare educated, engaged, students (citizens) 
 
-develop coordination and capacity building  
 

 
   



… scaffolding 

Communicate shifting the 
learning responsibility to the 

audience 
 

•  Cooperative learning 
•  Peer education 

Methods 



…inquiry-base 
…hands-on  

… scaffolding 

•  Team working (+experts) 
•  Compare and discuss results 
•  Respect rules and safety rules 
•  Compare different education 

systems around the world 

Communicate shifting the 
learning responsibility to the 

audience 
 

•  Cooperative learning 
•  Peer education 

Methods 



The educational programs 

•  Winter stage in Italian (9 x 4h)    110 participants 
•  Winter stage in English (1 week)      50 
•  Masterclasses (1 week)       60 
•  Summer stage (2 or 3 weeks)    120 
•  Incontri di Fisica - Meetings for Physics (3 days)  300 
•  Matinee + experiment (7 x 1 morning)   120 
•  Divulgation Seminars  (10 /yr)    300 
•  Physics Lessons (10 x1 afternoon)    200 
•  School-Work Alternation (80 h per student) 
•  e-learning portal (LifeLongLearning) 
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•  Divulgation Seminars  (10 /yr)    300 
•  Physics Lessons (10 x1 afternoon)    200 
•  School-Work Alternation (80 h per student) 
•  e-learning portal (LifeLongLearning) 

•  Formation paths in high schools of the territory 
•  Guided tours including a seminar    ~3000 
•  Open day (once a year)     ~2500 (+110 students) 
•  European Research Night     ~500 
•  Career day 
 Many of these initiatives are on streaming and on the LNF 

YouTube channel 
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Stage for students 



The selection method 
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It is quite simple:  
-a call is sent around and published on web 
-schools send maximum 2-3 candidates per institute 
supporting them with reference letters 
-we stop when the available positions are saturated 

Stage for students 



A representative list of the HEP activities 

•  Beam Tests at the Facility 
•  Measurements at Synchrotron Light source  

accelerators 

•  Slow Control by Arduino 
•  Electronic circuits for HEP: Planck constant 

electronics 

•  SiPM and scintillator materials 
•  Cloud chamber construction 
•  Cosmic Ray detection and µ speed calculation 
  

detectors 

•  D0 life time measurement through LHCb data 

data analysis 

•  Theory: Modern Physics 



Beam Test Facility 

BTF LAYOUT -  Fascio Secondario 
SECONDARY 

Positron Beam 
6×109 e+/bunch 

Electron Beam 
3×1010 e-/bunch 

PRIMARY 

DHSTB01 
• 4x single-axes 

SCRAPERS 
• LINAC Energy is 

different to BTF 
energy 

• YES, TARGET!!!! 
TARGET 

DHSTB001  
• Selects energy  
• Steers 
 
Is a spectrometer! IDF16 – Oct 2016 

Extracted beam from the Dafne linac (up to 510 MeV) 

Beamlines @ DAΦNE!

1) SINBAD - IR beamline (1.24 meV 
- 1.24 eV) 

2) DXR1- Soft x-ray beamline  
(900-3000 eV)  

Aperte ad utenti interni ed esterni 

XUV beamlines 
4) Low Energy Beamline (35-200 eV) 
pronta per il commissioning;  

5) High Energy Beamline (60-1000eV) 
pronta per il commissioning. 

3) DXR2 – UV-VIS beamline (2-10eV) 
nuovo setup. 



Beam Test Facility 

•  Theory introduction to accelerators and to this specific linac  
•  Detectors used in the experimental hall or previously tested 
•  Beam online diagnostic 

Contributi alla risoluzione 

E
cb

E
a

E
E

�� 
)(s

Termine stocastico Termine costante Termine di rumore 

• Fluttuazioni del numero di 
particelle nello sciame 

o Si traduce nelle fluttuazioni 
del numero di quanta che 
costituiscono il segnale 
rivelabile, tipicamente foto-
elettroni 

• Fluttuazioni del sampling 

• Non totale contenimento 
dello sciame [leakage] 

• Non uniformità della 
risposta 

• Errori di calibrazione 

• Rumore elettronico, 
fluttuazioni del piedistallo 

58 IDF16 – Oct 2016 

Verifica in 
BTF!!! 

Calorimeter test at BTF:  
 build the power line (Scint + Calo) 
 build the whole acquisition chain 
 start runs and diagnostic 
 calibration 
 determine the calorimeter performances  

Stochastic 
term  

Constant 
term  

Noise 

8 students 





Synchrotron light source at Dafne 
Magneti curvanti 

Magnete curvante di DAΦNE 

Magneti curvanti 

Magnete curvante di DAΦNE 

DAΦNE-Luce  
  INFN-LNF Facility di Luce di Sincrotrone 

DAΦNE DAΦNE-Light 



•  Theory introduction to S.L. emission and 
interaction with matter (scattering, diffraction) 

•  The lines @LNF 

1) SINBAD - IR beamline (1.24 meV - 1.24 eV) 
2) DXR1- Soft x-ray beamline (900-3000 eV) 
3) DXR2 – UV-VIS beamline (2-10 eV)  
XUV beamlines 
4) Low Energy Beamline (35-200 eV)  
pronta per il commissioning;  
5) High Energy Beamline (60-1000eV) 

Beamlines @ DAΦNE!

1) SINBAD - IR beamline (1.24 meV 
- 1.24 eV) 

2) DXR1- Soft x-ray beamline  
(900-3000 eV)  

Aperte ad utenti interni ed esterni 

XUV beamlines 
4) Low Energy Beamline (35-200 eV) 
pronta per il commissioning;  

5) High Energy Beamline (60-1000eV) 
pronta per il commissioning. 

3) DXR2 – UV-VIS beamline (2-10eV) 
nuovo setup. 

8+8 students 



Revealing the atomic structures of dust and films  



Electronics with Plasduino 
Arduino: il cuore del sistema

http://www.arduino.cc/

I/O digitali

I/O analogici

Connettore USB

Alimentazione esterna

Microcontrollore

I Arduino: una piattaforma open di prototipizzazione elettronica:
I Flessibile, facile da utilizzare, realizzata in Italia;
I Programmabile ad alto livello (C/C++), ampia libreria di funzioni;
I Utilizzato e supportato da una comunità numerosa ed attiva.

I Una tipica scheda di Arduino (per 25 e) o↵re:
I Un microcontrollore;
I 14+ ingressi/uscite digitali (con supporto per PWM e interrupt);
I 6+ ingressi analogici con ADC a 10/12 bit;
I Un’interfaccia seriale via USB.

Carmelo Sgrò (INFN) IDF2016 4 / 28

A didactic platform where to learn how to: 
-program (python) 
-build electronic circuits 
-perform measurements of physics quantities 

Apparato sperimentale

I Questo apparato consente di
studiare, in dettaglio, il moto di un
pendolo

I Periodo di oscillazione
I Smorzamento

I Si possono accoppiare i pendoli
tramite una molla e studiane il
comportamento

I Modi normali
I Battimenti

I Oggi vogliamo mostrare come il
principio sia molto semplice e la
sua realizzazione pratica può essere
fatta con materiali facilmete
reperibili

Carmelo Sgrò (INFN) IDF2016 20 / 28

Experience 2) 
Study both of a 

pendulum and a 
coupled pendulum  

Experience 1) 
To build a slow control for an experimental 
apparatus: temperature, pressure, or tuning and 
monitoring of a condensator charge/discharge,  

Carica e scarica di un condensatore

I Il funzionamento di un circuito RC
può essere studiato con Arduino

I Esperienza suggerita da un
docente durante IDF15

I La tensione ai capi del
condensatore (V

out

) viene letta
dall’ADC di Arduino

I La tensione in ingresso (V
in

) viene
pilotata da un pin digitale

I Per comandare la carica/scarica
manualmente

I Schedina supplementare adatta al
nostro shield

I ma si può realizzare su
breadboard o un shield dedicata,
etc...

Carmelo Sgrò (INFN) IDF2016 17 / 28

Cosiderazioni pratiche I

I Il modulo plasduino da utilizzare si chiama “Pendulum View”

I Questa volta sono presenti i tasti di Start e Stop dell’acquisizione

I La scala delle y è in unità arbitrarie, si può centrare sullo zero
tramite il menù “Calibration”

Carmelo Sgrò (INFN) IDF2016 22 / 28

15+10 students 
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Electronics for measuring the Planck 
constant  

•  Introduction to Quantum 
Mechanics 

•  Semiconductors and p-type 
n-type diodes  

•  Light Emitting Diodes 

Misura+di+h+con+il+diodo+LED+

• Applicando(una(tensione(abbastanza(grande(alla(giunzione,(il(LED(emette((((
fotoni(che(hanno(tutti(la(stessa(frequenza,(f((dipendente(solo(da(Egap)(

• Quando(il(LED(comincia(ad(illuminarsi,(l�energia(E(persa(da(ogni(portatore(
di(carica(che(attraversa(la(giunzione(è(convertita(in(energia(di(un(singolo(
fotone(

• (L’energia(delle(cariche(in(queste(condizioni(è(E(=(eVth(con(e(carica((
((elementare((1.602x10P19(C)(e(Vth(potenziale(di(soglia(per(il(LED(

• (L’energia(del(fotone(emesso(sarà,(secondo(la(teoria(di(Planck,(E(=(hf(
(((con(h(costante(di(Planck)(

(l’energia(è(conservata(nel(processo,(quindi(:(((eVth(=(hf(
32%

Il+diodo+LED+(Light+Emitting+Diode)+

ΔV"="0"

I"="0"

ΔV">"0"

I"≠"0"

31%

La"misura:"cosa"fare…"
Occorre(determinare(la(tensione(di(soglia(del(LED,(Vth(

1)  Variare(la(tensione(di(polarizzazione,(annotando(la(corrispondente(corrente(che(
attraversa(la(giunzione(

2)  Costruire(il(grafico(�I(vs(V�(

3)  Estrapolare(il(punto(a(I(=(0(dal((
(((((((((fit(lineare(dei(punti(in(conduzione((
(((((((((ohmica.(Quel(punto(corrisponde((
(((((((((alla(Vth(

4)((((Ricavare(h(dalla(relazione(
((((((((eVth(=(hf,(noti(e(ed(f(

33%

Extracted with an 
accuracy of ~10% 

Il(nostro(esperimento(
• (Scopo(della(misura(è(dare(una(stima(
((della(costante(di(Planck(

• (Col(nostro(setPup(sperimentale(ci(aspettiamo(di(poter(
((misurare(h(con(un�accuratezza(del(10P20%(

28%

50 students 



Construction of a cosmic ray telescope 

•  Detect muons from cosmic rays 
•  Measure properties of muons using the 

assembled chain 
•  Measure the muon velocity 

Data analysis: 
•  Show how elementary statistics can be 

applied to particle physics measurements 
•  Compute average,  

rms, statistical and  
systematic error 

Introduction phase: how to build a data taking chain 
(scintillators, PMT, ADC, TDC, form a  
coincidence, … ) 

4 
m

 

12 students 





Cloud chamber  
•  Interaction particles-matter: ionization 
•  Radioactive emission 
•  Construction of the chamber 

15 students 



D0 life time through LHCb data 30 students 

Simmetrie discrete 

11 - Barbara Sciascia (INFN/LNF) - Incontri di Fisica - 6 ottobre 2016 - 

C
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ts
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m
m
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rie

 

By a graphic interface: 
•  Reconstruct and identify K + π
•  Reconstruct the Invariant Mass 
Then using a large number of events: 
•  Signal/Background 
•  Identify the decay vertex 
•  Extraction of the life time 

I OBIETTIVO 

6 

IV OBIETTIVO 

N = N0 ⋅e
−
t
τ   

Adattiamo la curva che 
descrive l’andamento del 

tempo di decadimento 
all’istogramma del tempo 

di decadimento del  
SEGNALE e ottenendo la 

misura di τ
Confrontiamo il valore con 
quello del PDG è corretto? 

19 

III OBIETTIVO 

t = x
γβc

=
x
pc
m

Misurando la distanza di 
volo del D0, possiamo fare 
l’istogramma del tempo di 

decadimento 
come suggerito da Albert! 

K 

π

L D0 

15 





What’s the  status 
The “Innovation Triangle” connects  

Conclusioni
Nessuna, le attività di PE sono strettamente legate 
all’attività di ricerca
¾Esiste un «triangolo 

dell’innovazione» che lega in
maniera imprescindibile la 
dimensione dell’engagment 
a quella dell’educazione e 
della ricerca (OCSE, 2014)

Che ci piaccia o no la nostra capacità di 
«ingaggiare»/essere «ingaggiati»  la/dalla società sarà 
parte della valutazione delle nostre attività
¾ Il DL 218 ha inserito queste attività nelle mission degli Enti

¾strutturali 25

OCSE 2014 
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However … the feedback from researchers is distressing 

25% Leave me alone, I have to work 
23% Oh, no: I have to communicate! 
18% It’s important to communicate 
18% Let’s talk … 
16% Let me explain it in my terms 

(Handbook of public communication of science and technology, Bucchi 2014)  

A cultural problem! 



Fortunately the signals from the society are cheering 

8 
 

I. ENGAGEMENT WITH SCIENCE AND TECHNOLOGY 

This section of the report explores how informed Europeans feel about developments in 
science and technology, as well as how interested they are in these developments. 
Respondents’ own and family background in science and technology is also explored.  

This section also discusses the sources Europeans use to get information about 
developments in science and technology, and how involved they think people should be 
in decisions made about science and technology. Finally, consideration is given to who 
Europeans’ think best qualified to explain the impact on society of developments in 
science and technology.  

1. LEVEL OF INFORMATION REGARDING SCIENCE AND TECHNOLOGY  

- A majority of Europeans do not feel informed about developments in science 
and technology - 

When asked how informed they feel about developments in science and technology, 40% 
of respondents say they feel informed5. Just over one third (34%) say they feel fairly 
well informed, while 6% say they feel very well informed. The majority, however, do not 
feel informed. Four in ten (40%) say they are not very well informed, and 18% say they 
are not at all informed about developments in science and technology. 

 

                                                           
5 QD1 How informed do you feel about developments in science and technology? (ONE ANSWER ONLY) Very 
well informed; Fairly well informed; Not very well informed; Not at all informed; Don’t know. New question. 9 

 

Country level results illustrate that levels of information about developments in science 
and technology are not uniform. As the map below shows, there is a clear geographical 
pattern with Eastern and Southern countries less likely to fell informed. In five countries 
at least half of all respondents say they feel informed: Denmark (65%), Sweden (61%), 
Luxembourg (58%), the UK (56%) and France (51%). In fact almost one in twenty 
respondents in Denmark say they feel very well informed about developments in science 
and technology (17%).  

In contrast, one quarter of Romanian, Bulgarian and Hungarian respondents (all 25%) 
say they feel informed about developments in science and technology. Furthermore 
around one third of Romanian (33%) and Hungarian (32%) respondents say they do not 
feel at all informed about such developments.  

 

How informed people are about science and technology 

50-100% 
40-49% 
0-39% 

Eurobarometer Science and Technology 
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2. LEVEL OF INTEREST IN SCIENCE AND TECHNOLOGY 

- Just over half say they are interested in developments in science and 
technology –  

Although a minority (40%) say that they feel informed about developments in science 
and technology, this does not mean they are not interested. In fact a majority of 
respondents (53%) say they are interested in developments in these areas, with 13% 
very interested7. Almost one third (31%) say they are not very interested, while 15% are 
not at all interested in developments in science and technology. 

 

                                                           
7 QD2 How interested are you in developments in science and technology? (ONE ANSWER ONLY) Very 
interested; Fairly interested; Not very interested; Not at all interested; Don’t know. New question. 

15 
 

As is the case for feeling informed, Eastern and Southern countries are less likely to say 
that they are interested in developments in science and technology. 

In 18 countries in EU27 as well as in Croatia at least half of all respondents say they are 
interested in developments in science and technology. However, across all countries 
there is a wide variation in interest. More than three quarters (77%) of respondents in 
Sweden are interested in developments in science and technology, as are 69% of those 
in Luxembourg and 68% of those in Denmark and the Netherlands. In contrast 34% of 
Czech, 35% of Bulgarian and 37% of Romanian respondents say the same. 

 

Fortunately the signals from the society are cheering 

How interested people are in science and technology 

60-100% 
50-59% 
0-49% 

Eurobarometer Science and Technology 



Extremely positive both from students and teachers 

Direct Feedback 

Was it long 
enough? 

Did you find it 
interesting? 

Was the language 
used 

comprehensible? 



The career  
Where these students go after the high school (data from LNF) 

… of course there is the bias due to the a priori 
selection 



 
 
 
  

 
 
 
 
    
 

8 

There are also many activities 
for kids: 
 
… bricks of matter 
… what’s an atom 
.. what’s an accelerator  



The scientist is the one who creates the scientific 
consciousness and teaches the scientific knowledge 

Modern and advanced educational programs based on 
HEP are among the most efficient ways to reach students 

and ordinary people 

Better public understanding of science can be a major 
element in promoting national prosperity, in raising the 
quality of public and private decision-making and in 

enriching the life of the individual 
Public Understanding of Science 

Bodmer Report 1985 

Laboratori Nazionali di Frascati – Pasquale Di Nezza 


