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I telescopi Cherenkov e il pubblico:
Studi di comunicazione
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The outreach elettro-public spectrum 
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Astrophysics Scenario:
g (TeV) Astronomy with Cherenkov Telescopes
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RC Energy Spectrum 
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RC Energy Spectrum 

1) Direct measurements, E<1014 ev 
Satellites, usable satellites up to ≈100 GeV
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RC Energy Spectrum 

2) Indirect measurements, E>1014 ev,
Cherenkov telescopes using atmosphere 
as a detector
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Heitler model



Astronomia Gamma
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Stereoscopic Observations
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The sky in gamma rays, at TeV energies
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Main goal:

implement a Citizen Science game designed specifically for babies and children,
based on the images that the Cherenkov Telescope Array (CTA) instrument will
capture. 

The proposed goal was to start an active dissemination project ("learning by 
doing") both for humans and routines. 

While children will simply play a game, humans interested in this project will take 
part in a citizen science project on 'gamma ray astronomy.



How to do

Thanks to their cataloguing using pareidolia, the participants in the game could teach
the automatic algorithms (already quite efficient in discerning), the normal traces of 
particles and photons, to recognize even the most ambiguous ones. 

It will therefore mainly be an "educational project for automatic routines" which will
make use of the results of experiments conducted through structured interviews. 

Due to their lack of preconceived ideas, this game will mainly involve children in 
nursery school and the first two classes of primary school with the aim of building a 
database of human solutions to some pattern recognition problems that still plague
automatic routines who work on selecting light tracks captured by Cherenkov
telescopes.
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What is meant by “citizen science”?

There is a growing number of scientific projects that actively include members of the general 
public in their research. 
In such projects, a large number of non-specialists perform a wide range of mostly relatively 
simple task such as image analysis,   pattern recognition, document transcription or data 
collection. 

This type of active involvement of the general public is referred to as citizen science and 
currently it receives rising attention from the scientific community, policy maker and funding 
agencies. 

Raddick et al., Galaxy Zoo: Motivations of Citizen Scientists, https://arxiv.org/abs/1303.6886
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Age distribution of  «Zooties»
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Age distribution of  «Zooties»
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Lack of participants younger than 14 years
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Wikipedia:

Pareidolia is the tendency for perception to impose a meaningful interpretation on a nebulous stimulus, 
usually visual, so that one detects an object, pattern, or meaning where there is none. (…)

Common examples include perceived images of animals, faces, or objects in cloud formations; seeing faces 
in inanimate objects (…).
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FEW, VERY SIMPLE PARAMETERS
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Example: Galaxy Zoo
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LOG OF SIGNIFICANT CHANGES

No Title ftp://heasarc.gsfc.nasa.gov/caldb/docs/sas2/sas2_calguide/sas2_c...

1 di 5 22/07/16 19:35

ground.

The post-flight selection of events was based on the following criteria. The detection of an inverted
Y or V shape in one orthogonal view of the spark-chamber, and the elimination of single-track events
or those intersecting the wall. After the event being accepted, its direction and energy were
determined. The determination of event direction was based on a weighted bisector method: the
direction was weighted toward the higher energy electron or positron. Details of this method can be
found in Fichtel et al.(1972). The arrival direction is first determined in space-craft coordinates
(altitude-azimuth), and then using the space-craft's attitude data, the celestial coordinates are
determined.

The energy calculation is based on multiple Coulomb scattering of pair electrons in the tungsten
plates. A description of this formalism is given by Pinkau (1966, 1968) and Kniffen (1969). The
accuracy of measuring the scattering angle limits the maximum measurable energy, since higher
energy γ-rays have smaller scattering angles. For SAS-2 this energy is about 200 MeV.

2.2.2  Human Selection

About 10% of events are considered marginal, based on the automated-selection criteria. Humans are
then used to select those events which are γ-rays, by viewing the two orthogonal views of the spark-
chamber on a graphics terminal. If the event is accepted then the direction and energy are determined
using the automated selection software.

References
Derdeyn, S.M., Ehrmann, C.H., Fichtel, C.E., Kniffen, D.A. & Ross, R.W. 1972, Nucl. Instr. &
Methods., 98, 557.
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Fichtel, C.E., Hartman, R.C., Kniffen, D.A., Thompson, D.J., Bignami, G.F., Ögelman, H., Özel,
M.E. & Tümer, T. 1975. Astrophys. J., 198, 163.
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Chapter 3
POTENTIAL PROBLEMS
3.1  Earth Albedo
(Source: Marvin 1978)

One of the major problems with γ-ray astronomy is the interaction of cosmic-rays with the Earth's
atmosphere producing high energy γ-rays. Most of these events were rejected and not included in the
database, because the zenith angle (the angle between the estimated γ-ray direction and the zenith
(the spacecraft pointing direction)) was > 90o, implying their direction is near the Earth's horizon.

During the creation of the SAS-2 2 database, the STDGTI (standard good-time-interval) and ALLGTI
(all good-time-interval) were determined from the spacecraft orbital data using the following criteria:
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Various levels of "immersion" of faces and 
letters in a Gaussian background
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Pareidolia



Muon Hunter (www.muonhunter.org )

Muons (a particle like an electron, only heavier) are a prominent 
background contaminant when observing very-high-energy gamma rays on earth. 

They leave a distinctive ring-like shape making them obvious to the human eye, but 
incomplete or truncated rings can appear very gamma-ray-like to automatic analysis 
algorithms. 

We need your help to identify camera images that contain muon rings so we can teach 
computers to better identify such images and efficiently filter out those pesky muons 
that are masquerading as gamma rays.
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https://www.zooniverse.org/projects/zooniverse/muon-hunter?utm_source=Newsletter&utm_campaign=MHLaunch28Feb2017&utm_medium=Email
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Citizen Technicians? 



Children are better than adults at identifying and understanding less likely 
options.

This may reflect a more general difference betweenvChildren’s and adults’ 
pareidolia. 

Children may be particularly good at thinking about more unusual 
possibilities. After all, adults know a lot about how the world works, so it 
would be logical for them to rely on what they know. 

This difference between children and adults reflects the “explore” versus 
“exploit” tension.
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In “explore” learning we try to discover many possibilities, including the least 
possible ones, even though they may not have an immediate reward. To navigate 
a complicated world well, we need both of these types of learning.
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In “explore” learning we try to discover many possibilities, including the least 
possible ones, even though they may not have an immediate reward. To navigate 
a complicated world well, we need both of these types of learning.

The adults keep to the verified-and-true; but four to six year-olds can afford the 
luxury of seeking out the strange and the fantastic.
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Pareidolia = F (Age, culture, …)



The first result is that as our knowledge grows, 
we become less open to new ideas. 

The second is that younger minds and brains are 
intrinsically more flexible and exploratory, 

although they are also less efficient as a result.

-20. Gopnik, Alison, Essere genitori non è un mestiere, Bollati Boringhieri, 2016, pp. 112-113;
-21. Gopnik, A. et al., When Younger Learners Can Be Better (or, at least, more open-minded) Than 
Older Ones, “Current Directions on Psychological Science”, 24, n.2, (2015), pp. 87-92;
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Citizen Teachers or citizen trainers (for routines)? 
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Narrative approach
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Appropriate 
questionnaire

The gamma
Photon is the 
Main character.

Children have to
give him a name
and to look for him
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In asking to babies (who still were not able to write) the questions of the survey, any too 
marked variations in the tone of voice or too broad gestures could have betray or make 
the children interviewed perceive our preference or some implied suggestion.

Our attempt to prevent these problems was done trying to be very careful in using tones 
of voice and gestures.

We still had to maintain an adequate colloquialism and essential lightness to put 
children at ease hoping  to build this way a communication bridge with them.

We therefore hope that we have managed to clean up our way of speaking from this 
genre of bias (for partial verification, we have the audio recordings of the interviews), 
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4 out of 4 photons 
recognized
3 out of 3 protons recognized
3 out of 3 muons recognized
This is the ideal case!
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Sarah-Jane Blakemore: Inventare se stessi -  Cosa succede nel cervello degli adolescenti, Bollati Boringhieri
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THANK YOU!!!THANK YOU!!!THANK YOU!!!THANK YOU!!!THANK YOU!!!THANK YOU!!!
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