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

o .
Laboratory fOI’ ngh Enel’gy AStl‘OphySICS 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
Ofﬁce Of Guest IHVCStlgatOI‘ Programs foupd in F1<.:htel et al (1972). The arrival dlreCthIyl is ﬁrst determined in sp.ace—craft.coordmates
(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

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 y-rays, by viewing the two orthogonal views of the spark-
S A S - 2 chamber on a graphics terminal. If the event is accepted then the direction and energy are determined

using the automated selection software.
Calibration Guide
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Methods., 98, 557.
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Chapter 3

Paul Barrett, Brendan Perry,

& lan M George POTENTIAL PROBLEMS

Code 668,

NASA/GSFC, 3.1 Earth Albedo

Greenbelt, MD 20771

(Source: Marvin 1978)

One of the major problems with y-ray astronomy is the interaction of cosmic-rays with the Earth's
atmosphere producing high energy y-rays. Most of these events were rejected and not included in the
database, because the zenith angle (the angle between the estimated y-ray direction and the zenith

Version: 1995 Feb 24 (the spacecraft pointing direction)) was > 90°, 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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iconoscimento visivo dei segnali gamma: il
segnale gamma raccolto da MAGIC &
estremamente raro (meno dello 0.01%) rispetto
al background. Durante lo stage i ragazzi
tentano di riconoscere ad occhio questi
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The High-Altitude Water Cherenkov Gamma-Ray Observato

Home | News | Science Details | Publications | Collaboratig

Observatory

The Gamma/Hadron Separation Game! The Gamma/Hadron Separation Game!
Play this game to see how well you can distinguish events created by gamma rays ar Play this game to see how well you can distinguish events created by gamma rays and cosmic rays in the
detector. (See Instructions.) detector. (See Instructions.)
|
0/0 gamma-ray showers tagged so far Correct! That last one was a proton.
0/0 proton showers tagged so far 0/0 gamma-ray showers tagged so far
1/2 proton showers tagged so far Quick Links:
E=1.8TeV, 6=254" News
100 E=5.3TeV, §=479° o Latest news from HAWC
=d.: , 0=4T7.
100 °
- 0 ¥ Forow .o |
5 %o TeV Astronomy
800 * Catalog of TeV Sources
50 o TeV Review Papers
N (337 50 ®, 700 Milagro Links
o o Milagro y-Ray Observatory
o= > P 600 _ o Milagro Publications
‘:’.; " 3 = [] For HAWC Collaborators
E | g . 500 ‘x‘)‘  HAWC Star Chart
2 E L E o HAWC Internal Pages
S > 400 =
° £
4 Local Weather:
-50 < “ 300
-50 s [
> WU’
LMT Site - Volcan
100 Sierra Hegra
-100, Atzitzintla, MX
—-100 -50 0 50 100 ~100, 35.8°F / 2°C
x [meter] —-100 -50 0 50 100 ENE 28.1 mphJ 45 kmih
X [meter] LMT Ukither station

Is this a gamma-ray or a proton event?

[ It's a gamma-ray shower ]

[ It's a proton shower |

Instructions

HAWC

Home | News | Science

The High-Altitude Water Cherenkov Gamma-Ray Observa

Observatory | Details | Publications | Collaboration | Contact | Support

Is this a gamma-ray or a proton event?

‘ It's a gamma-ray shower |

[ It's a proton shower |

Instructions

A simulated event is shown in the plot. Try to guess whether or not the event was cau
or a cosmic ray. The colors show the relative timing of the hits within the event (blue=
the marker sizes indicate the number of photoelectrons (PEs) in each channel. Large |
channel was hit by many photons due to a very large ground signal.

A simulated event is shown in the plot. Try to guess whether or not the event was caused by a gamma ray
or a cosmic ray. The colors show the relative timing of the hits within the event (blue=early, red=late), and
the marker sizes indicate the number of photoelectrons (PEs) in each channel. Large markers mean that a
channel was hit by many photons due to a very large ground signal.

To identify cosmic rays, you should look for hard-hit channels far from the reconstruc:
which is shown as a blue star in the center of a 40-meter blue circle. Isolated hits indi
penetrating particles in the shower, a hallmark of cosmic-ray events.

To identify cosmic rays, you should look for hard-hit channels far from the reconstructed shower core,
which is shown as a blue star in the center of a 40-meter blue circle. Isolated hits indicate the presence of
penetrating particles in the shower, a hallmark of cosmic-ray events.
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Different strategies to involve people:

Narrative approach to very young people (but not only to them...)

Scientific elements masked, hided behind funny and interesting characters and stimulting
situations.

No need of explaining always everything to everyone. Fairy tales and the myth demonstrate
the utility of teaching something without specifying the real meaning behind narration
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A call from Cosmos
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ASTROPHYSICS
AND
COMCS -

A BRIDGE FOR
GETTNG YOUNGSTERS
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SCIENCE LOMICS AND LARTOONS

(www.scienceinschool.org)

THERE 1S AN INCREASING AMOUNT OF EVIDENCE
THAT COMICS AN STILL CARTOONS CAN BE USEFUI
WHEN TEACHING SCIENCE.

CHILOREN ENJOY READING COMICS, AND BOTH THE VISUAL
APPEAL OF THE ARTWORK AND THE INTRIGUING NARRATIVE
(WHICH CAN BE HUMOROUS AND EPUCATIONAL MAKE
COMICS AN EXCELLENT MEDIUM FOR CONVEYING

SCENTIFIC CONCEPTS IN AN NTRIGUING WAY

THEY CAN BE USED BY TEACHERS AS A LESSON STARTER, 1O
PETERMINE STUDENT'S PRIOR KNOWLEDGE GUCH AS EXISTING
SCIENTIFIC VOCABULARY PRECONCEPTIOS AND
MISCONCEPTIONS ), TO MOTINVATE STUDENTS TO ASK QUESTIONS,

AND TO HELP STUDENTS UNDERSTANDING OF SCIENCE TOPICS BY
ALLOWING THEM TO PRODUCE THEIR OWN COMICS
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HISTORY

THE FIRST CONCEPT CARKTOONS WERE CREATED 8Y
BRENDA KEOGH AND STUART NAYLOR IN 1991

THE RESPONSE OF LEARNES TO THESE CONCEPT
CALTOONS WAS ENCOURAGING.

PRIMARY SCHOOL STUDENTS AND TEACHERS ALL
RESPONDED VERY POSITINELY
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CHARACTHERISTICS

CONCEPT CAKTOONS ARE BASED ON ENVERYDAY SITUATION THAT
DON'T APPEAR TO BE SCIENTIFIC, SO STUDENTS LACKING IN
CONFIPENCE ARE LESS LIKELY TO BE INTIMIDATED BY THE SCIEENCE
AND MORE LIKELY TO ENGAGE WITH THEM

THESE EVERYDAY SITUATIONS APPEAR TO BE EFFECTINE ACROSS
GEOGRAPHICAL AND CULTURAL BOUNDARIES, ENABLING CONCEPT
CARTOONS TO BE USED SUCCESSFULLY IN A WIDE RANGE OF
COUNTRIES

THEY PRESENT ALTERNATIVE VIEWPOINTS ON THE SITUATION,
INCLUDPING THE SCENTIFICALY ACCETTABLE VIEWPOINTG).

SOMETIME THEY HAVE A BLANK SPEECH BUBBLE, TO GINE A CLEAR &
STATEMENTE THAT THEY MAY MORE IPEAS THAT ARE NOT INCLUDED
IN THE DIALOGUE SO THAT LEARNES ARE ENC OURAGED TO0 EXPLORE ALTERNATIVE IDEAS

THE BACKGROUND TEXT 1S WRITTEN IN STUDENTS LANGUAGE, SO THEY CAN BE USED
INDIPENDENTLY BY LEARNES IF THE TEACHER FEELS THAT THIS IS APPROPRIATE
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IN MY OPINION, THE BEST REASON TO USE CONCEPT
CAKTOONS 1S THAT THEY PERMIT TO OBJIECTIFY
THE SITUATION AND THE CHARACTERS LINING IN T,

THIS WAY STUDENTS LIVE NDIRECTLY THE
SCENTIFIC PROBLEM AND CAN FREELY MAKE THE
CHOICE OF ENTERING IN EMPATHY WITH THE
CHARACTER OR THE OPPOSITE CHOICE: THEY
CANPREFER TO LOOK AT WHAT HAPPENS 10 THE
GUY LINING IN THE CARTOON AVOIPING TO FEEL
EMBARASSED ANGRIED) AFRAID OF SAYING THE
WRONG THING,..

SOME WAL HE LIVES PART OF THE EXPERIENCE
OF HIS TEACHER WHEN HE LISTENS TO HIS PUPIS
EXPRESSING IDEAS: HE STAYS ON STEP BACK AND |
HAS THE POSSBLITY TOBETTER THNK TOTHE @
PHYSICAL PROBLEM. THIS HELP THE STUDENT To WA =

LIVE FOR A WHLE INA DIFFERENT POSITION AND  (@5tiee. NO!!!
WITH A DIFFERENT POINT OF VIEW, > oo




S1,01C0 PROPRIOA TE!
SAT NIENTE DT ASTRONOMIAZ

SE INTENDT CAPIRE DI COSA ST TRATTA,
DOVRAT PRIMA SCOPRIRE CHE STRUMENTO
USANO 6LT ASTRONOMT,

ST, PERCHE SE PER MANGIARE UST LE
POSATE, SE PER TELEFONARE UST IL CELLU-
LARE, SE PER GIOCARE A TENNIS USI LA
RACCHETTA, PRESTO VEDRAI CHE PER FARE
ASTRONOMTA TT SERVIRA UNOGGETTO
MOLTO PARTICOLARE: IL TELESCOPIO.

Oo/¢/0 o0

cove ST usa 1. TeLescorto

SE INVECE DT USARE IN MODO
IMPROPRIO QUESTO STRU-
MENTO TU PROVASST A
POGGIARE LOCCHIO SUL SUO
OCULARE PUNTANDO IL TUBO
VERSO IL CIELO, POTRESTT
VEDERE COSE CHE NEANCHE
RIESCT A IMMAGINARE:
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AD OC.CHIO NUDO EDRAI COSI...

.. MENTRE COL TELESCOPIO QUEL
PUNTINO RISULTERK ESSERE SATURNO!

NELLA COSTELLAZIONE DT ERCOLE, NON ..MACOL TELESCOPIO POTRESTI VEDERE
SOSPETTERESTI MAT CHE INQUEL PUNTO ST LO SPLENDIDO AMMASSO GLOBULARE Mi3 !
CELA QUALCOSA ...

GUARDANDO AR OCCHIO NUDO LA COSTELLA- .. B INREALTN UNA SPLENDIDA STELLA
ZIONE DEL £36NO NONPOTRESTIMASCOPRI-  DOPPIA!
RE CHE ALBIREO, LA TESTA DEL VOLATLE...

QUIND|, RICAPITOLANDO, IL TELESC OPIO E' COME UN PAIO DI OCCHIALI
MOLTO POTENTI CHE Cl CONSENTE DI VEDERE COSE LONTANISSIME E
QRUINDI INVISIBILI AL NOSTRO OC CHIO NUDO.

ESISTONO PUE TIPI 01 TELESCOPIO; UNO USA LE LENT!, IALTRO 6LISPEC-
CH

RAGGI I LUCE,
STELLARE

RAGGI DI
LUCE STELLARE

SPECCHETTO
PIANO A 45 GRADI

LENTE O
ENTRATA

SPECCHIO
PARABOLICO

QUAISIASI SIA IL TIPO DI TELESCOPIO CHE USERAI, UNA COSA E' CERTA:
TIREMPRAIGLI OCCHIDI CIELO E STELLE!!!

N

INAF - OSSERVATORTO ASTRONOMICO DT BOLOGNA
VIARANZANT 1, 40127 BOLOGNA- TTALY

TEL. #39- OF1 2095701, FAX +39- O51 2095700 -F
) B E-MAIL: DIVULGAZIONE@OABOINAELT

INAF-Osservatorio  SOGGETTO, TEST) DISEGNI E PROGETTO GRAFICO; S RARTT
Astronomico ANGELO ADAMO MONTE

di Bologna COL CONTRIBUTO DELLA FONDAZIONE DEL MONTE 473
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il CERCHAMS (I CAPRE COSA B ACCADUTE: MENTRE STAVATE SO0ENDD

| — ) - CELLO SPETTAC OLO PEL MOTD DM DEL SOLE, E' CAFITATD (I VEPER

b PASSARE LA LuMA AT AL PRCO SOLARE,

DN TANTD CAPTTA E SISCOPRE CHE L CERCHID LUMPNOSO DEL SOLE HA
PIMENSEON MOLTO SIMLT A RUELLD PELLA LURA,

QHALEOSA I SIMILE oy
CAPTTA ANCHE [N BATLRA,,, ©

Limes TERZA

GUESTD ACCADE PER LINPUIRD E STRAND CASDL NFATTI L SOLE HA UN RASGID
QI CRCATOO 000 CHLOMETRI, MENTRE QUELLD PELLA LUINA MISURA SOL0
1700 CHLOMETRL
Sl SOVEAPPONGOND BENE A CALSA PELLA DIFFERENTE DUSTANTA DA NOIC L SOLE
PETA CRCA 150 MLICH 01 CHLOMETR, MENTRE [A LUNA PISTA OA o
i SOLO BARO00 CHLOMETREL

A CONTIFATTI, RISUTA CHE L SOLE HA UN RAGGIO 400 VOLTE PU" GRANCE (1 GUELLD
PELLA LUNA E DISTA A MO SO0 VELTE (1 PL PEL NOSTRO SATELLITE MATURALE,

PVIAMENTE, COME S VEDE DAL DISEGHD GILE SOPRA, OTRE ALLE Ecliss I SOLE CHE
ASEAMO VIETD NELLE PAGINE PRECEDENTI, GPEGATE NEL PBEGND M ALTD M GUESTA
PASHAL E' POSSIBILE CHE S VERFECHMND ANCHE BEoliss v Lo QUANDD ESSA PAESA
PROPRIO PETRO AL NISTRO PUNETA, | RAGG! SOLARI MAN RESC.OND A RAGGUNGERLA
ED ESSh SPARSCE NELIOMERA PRAUETTATA CALLA TERRZA PER POl RIC OMPARRE (OPD
U TEMPD LUNG O AL MASSIMNMO UNDRAE MEZTA.
SOGGETT TESTD £ (SEGN:
ARGELD ATAMG NAF OSSERATORD ASTRONOMED T BOLOGHA
WA RANEAN 1 01270005 NA, ITALIA —
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SER=e AEEVE]] 2

QUESTANNO CI
DA EXTRATERRESTRE A EXTRASOLARE NETE CFFEST
1L TRANSITO DI MERCLRIO E LA SC.OPERTA DI PIANET! ALIEN ggé’?ui/?%%cg;
SAREEBEE UN VERO
CELITTO NON
y @)' SFRUTTARE:
i Ne2l/  Luneor
PRIMA DI INIZIARE, P prosemo

L A9 MAG6I0 2016

A \
POTREMO ALLENARCI A OSSER
VARE PIANETI ALIEN USANDO,

W

VORRKE| PORVI UNA
DOMANDA

SAPETE COSA SONO |
PIANETI EXTRASOLARI?

.. IL METO00 DE! |
TRANSITI!

NOZ ALLORA VE LO DICO (0:
SONO PIANET! CHE INVECE 0!
| ORBITARE ATTORNO AL SOLE...

... GIRANO ATTORNO AD
AITRE STELLE MOLTQ
MOLTO LONTANE DA Qui!
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| ALL ORA GIUSTA, PUNTANDO (L TELE-
PER CAPIRE IN COSA CONSISTA ‘ Ay L SCOPIO VERSO IL SOLE, VEPREMO UN
E COME Sl APPLICA, LA NOSTRA | PUNTINO NERO CHE ATTRAVERSERA
PALESTRA SARA IL SISTEMA , ’ - | LENTAMENTE (L DISCO SOLARE,
SOLARE E COME ATTREZZO e ANDANDO DA UN SUO LATO ALL ALTRO.
USEREMO.., a2 ‘ . Y Lo \VEOREMO PER CONTRASTO:

NONOSTANTE SIA MOLTO PiIC COLO...

... UN PIANETA CHE NON E’ LANOSTRA

TERRA, MA UNO DEGLI ALTRISETTE
PIANETI VICINL

UN PIANETA., EXTRATERRESTRE!

LAPROCEDURA COSIEVITEREMO CHE e A
DA SEGUIRE E' LA ? 7 L SOLE CI ACCECHI 1) 3] . RESCE SEMPRE

SEGUENTE: METTENDO.. A FUOCO TR - N ABLOCCARE SULLA
FITRO L NOSTRO OC.CHIO! S AT LS A\ FACCIACHE
; i ; "o v N GUARDA LA TORCIA
SOLARE UN PO’
CELLA LUCE CHE
LO INONDA.,

COSI FACENDO,
QUEL GIORNO CI
MOSTRERA LA SUA
"NUCA', L sUo LATO IN
OMERA

o

PER PROTEGGERE
LAVISTA DALLA LUCE
SOLARE, TROPPO
INTENSA, SPECIE SE
OSSERVATA CON UNO
N STRUMENT) DOVRE-
R\ MO DOTARE L TELE-
SCOPIODIUNFITRO
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TERRAQ)

€ NOTO CHE NOI 6IRIAMO
ATTORNO AL SOLE STANDO
SUUN ORBITA QUASI C I

CHE CHAMIAMO UNITA
ASTRONOMICA (U.A).

COLARE CONUNRAGGIO |

A

PUNTINO

QUEL PUNTINO NERO CHE

VEOREMO INMOVIMENTO CI

DIRA ALLORA CHE LI, TRANOI

E L SOLE, C E' QUALCOSA CHE
Sl MUONE SU UNA CIRCONFE-
RENZA PILY PICCOLA DI QUELLA

TERRESTRE

E NOI SAPPIAMO BENE

COS E’ QUELPUNTINO: A4 g,

E’ IL PIANETA / @ ©
MERCLRIO! 1¥ 

\ o
2]
UN PIANETA PLLY \
PIC.COLO DELIA
TERRA CHE DISTA

DAL SOLE MOLTO MENO

j(/ﬂ@% ;
7
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Ol UNA UNITA ASTRONOMICA \

SOLE
VENERE /

MERCURIO .
—g

COME ALCUNI DI VOI FORSE
RICORDERANNG, L 6 6IUGNO DEL
2012 ABBIAMO OSSERVATO ANCHE
L TRANSITO DEL PIANETA VENERE...

... CHE, ORBITANDO ATTORNO AL
SOLE SU UNOREITA PUPICCOLA
DI QUELLA DELLA TERRA, MA PLY
GRANDVE 0| QUELLA DI MERCURIO,
E’ L SECONDO PIANETA DEL
SISTEMA SOLARE (NOTA BENE:
LATERRAE' L TERZO)

E CONLO STESSO METO0O, ...
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N - .

MA CON TELESCOPI

MOLTO PLY GRAND!,
QUINDI MOLTO P

POTENTI 0| QUELLI CHE

BASTANO PER. I VICNI |
VENERE E MERCURIO

.. RUSCIAMO A COGLIERE
ANCHE IL TRANSITO DI LONTA-
NISSIMI PIANETI EXTRASOLARI
SOPRENDENDOLI PROPRIO
MENTRE PASSANO DAVANTI AL
QIsC O DELLA STELLA ATTORNO,
ALLA QUALE STANNO

ORBITANDO

ED ORA, PER GIOCARE
UNPO’ CON RUESTI

CONCETTI COSI AFFA-
SCINANTI, VI PROPONGO
UNFACIE QUESITO:

’z
A
W W W’p" /MMM

0l QUALE DEGLI ALT(ZI PIANETI E SATELLITI DEL SISTEMA

SOLARE POTREMO PRIMA O POl OSSERVARE UN TRANSITO
SUL DISC O SOLARE?Z

MARTE [] elove [] saturvo [] weavo []

Luva []

TESTO, SCENEGGIATURA E DISEGNI: ANGELO ADAMO
INAF-OSSERVATORIO ASTRONOMIC O DI BOLOGNA
ANGELOADAMO@OABOINART

NETTUNO [[] PLuToNeE []
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ENCLE ﬁfzﬂgw NETUWORIC

HOW C OOPERATION ACHIEVED THE SHARPEST VIEW OF THE UNIVERSE

T WAS DONG (T
4oU ALMOST

| DELETED EVERY-
THING! KEEP
OUT OF MY WAY!

WHY OION'T
| YOU KEEP YOUR
HANDS OFF7

SEE, WORKING TOGETHER “THINK ABOUT

15 ALWAYS THE BEST WAY OF RADIO ASTRONOMY,
DONG THINGS, AND SOME- RADIO WAVES ARE SO LONG
TIMES THE ONIY WAY THAT..

=

- /

0O fOU THNK FIGHTNG
WiLL SOINE THNGS?

CAN'T YOU TWO WORK
TOGETHER?

THE ONlY WAY OF OBSERVING
THINGS INDETAL 1S To UL
TELESC OPES HUNDREDS OF
METRES INDIAMETER.
IMPOSSIBLE!"

THEREFORE, VERY DETALED ﬁ
OBSERVATIONS NEED SEVERAL WIDE-
SPREAD ANTENNAS, WORKING AS ONE,
OBSERVING THE SAME OBJECT IN THE
SKY, THIS SYSTEM 1S A RADIO INTERFERO-
METER AND HAS THE SAME ABILITY TO
DISCERN PETAIS AS A TELESC OPE As Bl

AS THE MAXIMUM DISTANCE BETWEEN
THE ANTENNAS

... RADIO INTERFEROMETRY WAS INVENTED AFTER
WORLD WAR. T5, N AUSTRALIA IN 1946, WITH THIS SEA
CLFF INTERFEROMETER, WHICH SIMULATED A
100-M RADIO TELESCOPE *

7N scienza
express
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IN THE LATE '5OS THE FIRST RADIO LINKED INTERFEROMETER WAS BUILT IN
THE UK. THIS ALLOWED GREATER DISTANCES BETWEEN ANTENNAS THAN COULD
BE ACHIEVED WITH CABLE CONNECTIONS,

HOWNE ALREADY TOLO US

EVERYTHING. THINGS THAT
OK, MUM WE'RE DONE LOOKED A5 ONE BUT WERE
FiGHTING. CouLp You TWO INSTEAD STARLIKE
PLEASE STOP TALKING THINGS THAT TURNED OUT

ABOUT YOoUR JOB FOR
ONCE?

TO BE GIANT GALAXIES WITH
BLACK HOLES INSIDE..,

.

N

AND.. T NEVER TOLD YOU HOW
THIS SCIENTIFIC COOPERATION
CROSSED NATIONAL BOUNDARIES,
REGARDLESS OF POLITICAL AND
DIPLOMATIC TENSIONS, JUST
SEEKING TO KNOW MORE ABOUT
OUR UNNERSE FOR EXAMPLE,

IN 1964, THERE WAS NO PROBLEM
INSTARTING A COLLABORATION
BETWEEN MANCHESTER AND
MOSCOW*

MASN'T THAT DURNG
THE COLD WAR?

.. ARE OU SURE? 40U DON'T KNOW THAT THIS EXPERIMENT NVOIVED TRANSPORTING
PORTABLE ANTENNAS ON TRUCKS AND PERSUADING FARMERS TO LET THEM USE A
CORNER OF THEIR FIELR LOTS OF RUBBER BOOTS AND MUD INVOLNVED,,

e @f'/i»{ﬁ‘ >
,-‘. en)
MO = .‘:’ﬁ

—

WG s ORI A s s
i '!.,‘:‘\ﬁ =
R 43

A \Y
ANV %

scienza

EXPIEss

YES! CAN YOU BELIEVE [T7 IN THE 19605 NTERFEROMETRIC
EQUIPMENT WA DELIVERED FROM THE UIS TO RUSSIA, THERE

y SEEMS TO HAVE BEEN NO PROBLEMS GETTING THINGS FROM
j}/ﬂ} THE US TO RUSSIA EVEN DURING THOSE DIFFICULT TIMES,
s 4 AS LONG A5 (T WAS FOR RADIO AST%

WAS RADIO ASTRONOMY
THAT IMPORTANT?

ALL SCIENTISTS USUALLY WORK OUTSIDE POLITICAL
BOUNDARIES, IF THEY CAN; IN THIS CASE, RADIO
ASTRONOMY WOULD HAVE BEEN INCOMPLETE
WITHOUT INTERFEROMETRIC OBSERVATIONS

scienza
express
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ARE {OU SLIRE THIS
NOT JUST ABOUT YOU
"PRAGING' THIS “NTER

FEROMETRIC THNG',
BECAUSE YOU LITER-

ALY LOVE YOUR.
B WORK?

"THEY LOOKED LIKE STARS IN OPTICAL OBSERNATIONS,

BUT ONCE RADIO ASTRONOMERS TRIED TO DETERMINE

THER DISTANCES (T TURNED OUT THEY WERE VERY FAR
AWNAY AND BIG, AND POWERF UL, A NEW CLASS OF OBJECTS,
WITH SUPERMASSIVE BLACK HOLES AND JETS, CALLED
'‘QUASI STELLAR RADIO SOURCES' BECAUSE OF THEIR
APPEARANCE..."

scienza

EXpress

NOT AT ALLL TT%S NOT ONLY ME:
EVERYONE BACK THEN WAS CON-
VINCED THAT NTERFEROMETRY
WAS THE FUTURE OF RADIO
ASTRONOMY: YOU ALREADY KNOW
THE STORY OF THE DISCOVERY

OF QUAGARS IN 1962 ..

. WE KNOW THIS. WHAT T DIONT KNOW
15 THAT THEY WERE DISCOVERED
USING INTERFEROMETRY.

[

l

I |

INFACT. RADIO ASTRONOMERS WERE TRYING TO USE EVEN WIDER SPACED ANTENNAS, GINCEX
THE GREATER THE DISTANCE (CALLED THE BASELINE), THE BETTER IS THE ABLITY TO DISTIN-
GUISH SMALL DETAIS AND UNDERSTAND THE NATURE OF THE OBSERVED OBJECT.

IN 1967 THE FIRST VERY LONG BASELINE INTER-
FEROMETRY (VLBT) OBSERVATION BETWEEN
TWO EUROPEAN RADIO TELESC OPES WAS RUN;
THEY WERE THE LOVELL TELESCOPE (BACK THEN
MKT) IN THE UK AND THE ONSALA TELESC OPE, N

SWEDEN,"

United
Kingdom

Isle of Man

Lovell Telescope ©

Nederland'
Netherlands

Belgic (1
Belgique
Belgium

France

Google

1

» Goteborg Landvetter
Onsalafe’

Danmark
Denmark

Deutschland
Germany 4

scienza
é% Express

"THE YEAR AFTER, THERE WAS THE FIRST
TRANGATIANTIC VLBT OBSERVATION WITH
THREE ANTENNAS THIS TIME, LOCATED N
WEST VIRGINIA, MASSACHUSETTS AND
SWEDEN."
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"ON APRIL 7TH 1975 N
THE CAFETERIA OF
THE MAX PLANCK
INSTITUTE FOR RADIO
ASTRONOMY N

GERMANY

OF CREATING A EUROPEAN VLET NETWORK."

... FOUR ASTRONOMERS DISCUSSED THE POSSIBILITY

I

"AND ALL TELESC OPES HAD TO WORK PROPERLY
FOR THE ENTIRE VLBT OBSERVING TIME.,

ONCE, DURING A VLET OBSERVATION, ALL e F
TELESC OPES HAD PROBLEMS, EXCEPT ONE... " RIS

“.. THE OPERATOR AT

¥ THAT TELESCOPE 08~

SERVED ALL WEEKEND:
(T WAS ONLY IN THE END §
THAT HE FOUND OUT

4

"AND ON OCTOBER 2ZND 1976 THE FIRST VLBL OBSERVATION
BETWEEN THREE EUROPEAN RADIO TELESC OPES (DWINGELOG
EFFELSBERG, ONSALA) WAS TAKEN, A GREAT SUCCESS!"

WHYZ WAS IT SO DIFFICULT TO MAKE

T WIGH T WAS THAT SIMPLE: EVERYBODY
HAD TO DO EXACTLY THE SAME THINGS

THE OBSERVATION
WAS USELESS SINCE
HE WAS ALONE.,"

NOOOO, TOO BAD! WHY WAS THE
OBSERVATION USELESS?"

BECAUSE, N ORDER TOMAKE AN )

NTERFEROMETRIC OBSERVATION, -~
AT LEAST TWO OPERATING .
ANTENNAS ARE NEEDED.,

BESIDES, THE OB-
SERVATIONS WERE :
COMBINED IN PAIRS, THEREFORE

TWO OR. MORE ANTENNAS WORK
TOGETHER? DIONT THEY JUST HAVE EVERYWHERE (POINTING THE ANTENNA, MISTAKES OR PROBLEMS IN ONE
T0 AGREE ABOUT OBSERVING THE CHANGING THE TAPES.) OATA SET WOLLD COMPROMIGE
SAME OBJECT AT THE SAME TIME? THE ENTIRE WORK.
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A
Onsale Space Observatory (Chalmers University of Techoplpgy), Sweden
° 0 BE COMBINE %/
ORRELATED Juy 2, 1984 8

The Netherlands Foundation for Redio Astromomy (Westerbork), Netherlands

[ E IRERTRS W S I 7
| I P &
.!'-!-. July 24, 1984 AN/

‘ i

e

k: Ruffield Radio Astronomy Leboratories; Jodrell Bank, University of

Ir Manchester, U%.

July 20, 1984 ( ;Igw "A/(_
\\\\ Istituto i Radio Astronomia, Bologns, Italy

9764 2 ROP O K 980 KOV @)
ORRELATOR. DEQ 010 OK A5 BOKN ANV IN178
Bl O R 0 NBO ROPEAN CONSOR AS FORME(
OING BOLO BONN, JODRELL B
® () RO

=/ AnLanD

i

MOROCEO ALGERIA

0 OATA FRO DR OR DR A AlREAD
oLD YoU ABO O MA p OR. DATA CORRELATIO

scienza
{% express

‘AT THE BEGINNING, ASTRONOMERS
HAD TO 60 TO BONN IN ORDER TO
MAKE THE CORRELATION OF THEIR
OWN DATA, SINCE THE CORRELATOR
WORKEQ ROUND THE CLOCK, BUT
THE OPERATORS COVERED ONIY 8
HOURS PER DA..

AND SOMETIMES
THIS WASN'T EASY, "

" DURNG THE 19805,

< Z{ THE OATA TAPES NEEDED

= \7| T0 BE CHANGED EVERY
~ - HouR...."

\\-.s\_‘, — ."~..4/(

“IN 1993 THE JONT INSTITUTE FOR VLBT IN EUROPE (JIVE) WAS ESTABLISHER
WITH THE AIM OF BULDING AND OPERATING A CORRELATOR FOR EUROPEAN
INTERFEROMETRIC DATA AND AlSO TO PROVIDE SUPPORT TO THE USERS OF
THE EVN NETWORK WHICH ALLOWED THE OBSERNATIONS TO0 BE COMBINED.."

”... 60 THAT ALL THE WIDESPREAD ANTENNAS COULD BE USED AS A SINGLE, GIANT RADIO
TELESCOPE."

scienza
{% Express

A. Adamo — Uninsubria/INAF-OABO — CREDO Inauguration Meeting, Tuesday, August 30t 2016, Krakow



V AFTER THE OBSERVATION, THE TAPES WERE SENT TO JIVE. THERE WERE VERY

STRICT RULES FOR THE TIMING OF THESE DELINVERIES, ALTHOUGH OF TEN THEY WERE
LATE, AND SOMETIMES THERE WERE PROBLEMS WITH THE CUSTOMS

ELEVEN?
IN 2006 ELECTRONIEVLET BECAME HOW MANY ARE
AVALABLE ON THE NETWORK, THERE ALTOGETHER?
THE DATA TRANSFER FINALLY BECAME

QUICK: NOW ELENEN ANTENNAS ARE
CONNECTED VIA OPTICAL FIBER

CONCEPT WORKING GROUP OF RADIONETS TAGK EW
"ODUTREACH FOR THE GENERAL PUBLIC"
TEXE STEFANIA VARANO

SCREENPLAY: STEFANIA VARANG, ANGELO ADAMO
DRAWINGS: ANGELO ADAMO

(&) SCIENZA EXPRESS EQIZION, 2015
LICENCE CREATIVE COMMONS BY-NESA

THIS DOCUMENT HAS BEEN PRODUCED WITHIN THE SCOPE OF

THE RADIONETZ PROJECTS. THE UTLIZATION AND RELEASE OF THIS
... N A TIME OF SPIES VTR THE ELROPEM CoMNCaon SEENTR FEAMENGRR
ANO lN TEKN ATI 0 N A L ;zg;&;m‘fo %?;7;)2007—2013) GRANT AGREEMENT NO
THATS FAR! INTELLIGENCE AGENCIES L_,_——,”q*
IF T WERE A '
CUSTOMS OFFICER,
| WOULDWORRY A5
WELL.... BIG DATA

Wettzell

Zelenchukskaya ﬁeag

Ulsan
. Sheshan
|

"HoU BOTH WOULD BE SURPRISED ;;;E

TO KNOW THAT AT THAT VERY 3

SAME TIME, AN ATOMIC CLOCK =

WAS FLOWN TO A NEW OBSERVING : =

SITE IN ORDER TO CONNECT THE i

TELESCOPE TO THE NETWORK. \ W“\“\m\\\\x g :

IT WS GIVEN ATICKET N THE e b SINCE 1996 SOME BIG PROTECTS INVOIVING THE NETWORKING OF RADIO ASTRONOMY (AND
NAME OF MR, A. CLOCK!® ENOUGH: THATS THE THE BUROPEAN VLEI NETWORK) HAVE OBTANED SIGNFICANT FUNDING AND ARE COORDINATED

END OF THE SToRY™ B¢ EUROPEAN INFRASTRUCTURE. THIS 15 THE CASE OF RADIONETS, COMPRISING 27 PARTNERS,

P ”;‘ i
{,%E)C(lﬁr%?s’ / RadioNet .

scienza THE END
£ . . Q)e)mress




CHANGE OF PERSPECTIVE.

NATURE SPEAKS ABOUT HERSELF
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TEXT, SCREEN PLAY AND DRAWINGS, ANGELO ADAMO, TNAF-0ABO (IT)
SCENTIFIC SUPERVISION; SANDRO BARDELLI, INAF-OABO (IT)

“LET ME NTRODUCE MYSELF:

T AM A BIG HEAP OF PRIMORDIAL DARK MATTER,
"DARK" BECAUSE T HAVE NOTHING TO DO WITH
LIGHT, THEREFORE T AMNOT PRECISELY "BLACK".

"DARK" AlSO BECAUSE.,

« fOU HAVE NO IDEA WHAT T AM, |

NO T HAVE NO INTENTION OF REVEALING

(T To You.

1 DO NOT WANT TO TELL YOU MY BUSINESS.

T WLL LIMIT MYSELF TO REPEATING WHAT

YOU HAVE ALREADY GRASPED WITHOUT
MY HELP

JUST AFTER THE “N-FAMOLIS' ‘ ,
BIG BANG, THERE WS ONIY AN i
EXTREMELY HOT "5LOP" % i - DETRETTED
FORMED BY SOMETHING WHICH Sl 7, M 2
{OUPOLITEL QUBBED "PLASMA e =
FORMED BY PHOTONS AND v
ELECTRONS, FURTHERMORE,
THERE WAS ALSO ME AND AL MY
NUMEROUS COLLEAGUES, OTHER

OARK MATTER HEAPS...



INA TWO-FOLD UNIVERSE,
GEOMETRY 15 TIME

LOOK-BACK TIME:

- PAST IS LITTLE, INFRONT
OF 40U,

- "NOW" 75 THE PLACE 40U
ARE IN,

- FUTURE T5 40UR BACK

o ¢ o 4.9 a . . . g .
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... FELT MY
ATTRACTION
AS WELL AS THAT
OUE TO ALL THE
OTHER DARK MATTER
CONCENTRATIONS
WITH AN [RRESISTIBLE
GRAVITATIONAL APPEAL
(ALL MODESTY ASIDE..)

..ON THE OTHER
7|l HaNQ THEY WERE
177 | PusHED AWAY BY THE
=) PRESSURE
e /»f GENERATED B¢ THE [
_==7"" \ HEAT OF THE i
ﬁ///?/ MATTER WHICH WAS |f]
o
== \maune a0 |
7\ CONCENTRATING ,
TOWARD US,
THERE WAS A
STRANGE
/| CONTRIST: WE
WERE THE CAUSE
OF THE PRESSURE |/}
WHICH OPPOSED
OUR GRAVITATIONA
ATTRACTION.
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‘FROM THIS CONTRAST
BETWEEN ATTRACTION AND
REPUISION..,

THE GOAL HERE TS TO CREATE A
SYMPATHETIC RELATIONSHIP
BETWEEN WHO READS AND THE
UNTIVERSE SEEN AS A HUGE, LIVING,
SUFFERING ENTITY

="} ... FROM THIS INTERNAL TENSION
| AROUND THE UNIVERSE,...

PLASMA, SIMILAR. TO THAT PRODUCED BY A Jv  \\ ... APAINF UL SCREAM OF
STONE LAUNCHED IN A LAKE OR.... X RELUCTANCE."

oy

iR BN N p
/. N . ,,\ -
» 7O\

Y AROSE A GENERAL OSCILLATION OF THE (- 5%

. SIMILAR TO A COSMIC SOUNDR ALTOUGH
(BELEEVE ME) FOR US BYSTANDERS (T WAS
NOT AMELODIOUS SONG BUT...
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T : THE RADUS OF ; .. SIMILAR. TO THE
FOOTPRINTS OF THIS TUG-OF-WAR. i BB .. BECAME .
l THESE RINGS SIMILAR. TO THE SKIN OF A

BETWEEN BARYONIC AND DARK MATTE
1S EQUAL TO THE . SURFACE OF A cosmic
i | LEOPARD WITH
ONERLAPPING

o
NOW VISIBLE AS SCARS IN THE SKIN OF OETANCE THE

B | COSMOS DELNERED BY THE LIGHT... » 1 B LAKE HIT B¢
SCREAM RANDROPS OR,

et ™ A rumerous, e (B F oupreree..

i
| 15 CALLED
R _oun norszon | | cosmic ski..

N

5 ef . o~ i ’ | R : ‘A ; =

, 7 . THEDARK I e e i % el J,
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THIS OVERLAP B WHLE OBSERNING STRUC -
AMONG DIFFERENT = TURE MADE BY GALAXY
SPOTS DISTORTS THE CLUSTERS, YOU ARGUE

APPEARANCE OF THEY HAVE TOBE CON- [ Sl :
THOSE ClRCUM- NECTED SOMEWAY TO THE < S "ALL THOSE PENCIL LINES ARE LOST
FERENCES MAKNG | HlcigoQUENT TIME-EVOLL- et i i IN TIME, LIKE TEARS IN RAN, (CIT).

(T VERY OFFICUT TOR - LTION OF THOSE OVERDENSE R =

UNDERSTAND THE .S
MUSICAL SCORE OF C'RCUMFERECES’“ . ’ e

THE COSMIC SOUND 5 ’9 ’ 7 ~
(BETTER: OF THE o

COSMIC SCREAM,

T0 BE MORE PRE-

CIGE, TS A CHOR.

MADE OF COUNT

LESS VOICES).

- .

TIME (FOR 1ou) TO
UNDERSTAND

L6 \

-
-

.. BUT TS REALLY DIFFICULT FOR
" {OU TO 6O BACK TO MY FORMER
25 POSITION, AS WELL AS THOSE OF ALL
THE OTHER DARK - MATTER HEAPS,
TO CONNECT OBSERVED GALAXY
-~ CLUMPS TO THE SPOTS foU NOW
s SEE ON THE COSMIC SKIN

- P
SO\ L OA
TO UNDERSTAND [T, IMAGE SOMEONE ASKS
OU TO FIND THE PREPARATORY PENCIL
| SKETCHES OF A PAINTING UNDER MANY C¢
LOLRED LAYERS ON THE CANVAS OF THE
] FINAL PORTRAZT TIME FOR. ELeLID!
,'A/AF'?"?'221 il
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LONCLUSIONS

- CITIZEN SCIENCE SEEMS PROMISING FOR ANALYSING HUGE DATABASE AS THOSE OF CTA AND
SIMILAR FACILITIES. ARE WE SURE THAT THIS APPROACH CAN ONIY PROVIDE AN ASTROPHYSICAL
IMPACT?

THIS STRATEGY TO ENGAGE PUBLIC WOULD STRONGLY DEPEND ON HUMAN CAPABILITY OF
DISTINGUISHING PARTICULAR SHAPES IN QUITE NOISY CTA IMAGESTHE ANALYSIS OF SUCH AN EFFECT
WOULD BE OF PRIMARY IMPORTANCE IN DETERMINING A FIRST-LEVEL BIAS THAT MAY AFFECT
THE ZOOTIES CLASSIFICATION,

THIS STUDY WILL ALLOW US TO CREATE A HUGE DATA-BASE CONCERNING HUMAN VISION IN ORDER
TO ESTABLISH THE IMPORTANCE OF PAREIDOLIA IN PATTERN RECOGNITION,

INADOITION TO THE POSSIBLE ASTROPHYSICAL RETURN FROM ZOOITIES, WE PROPOSE 10 USE
THE SKY AS A TOOL TO PROVIDE INSIGHTS ON THE HUMAN BEHAVIOUR,

- NARRATIVE APPROACH AND ENGAGMENT OF VERY YOUNG PEOPLE

- GREAT DIFFERENTIATION BETWEEN TUTORIAL STYLES: FROM SCIENTIFIC ARTICLE TO
OUTREACH ARTICLE, FROM COMICS TO FAIRY TALES: SCIENTIFIC ASPECTS OF NARRATION

- BETTER COMPREHENSION OF NARRATIVE STRUCTURES APPLIED TO SCIEENTIFIC TOPICS.
ANEW PROPP CLASSIFICATION?Z

CHERENZOO: EVALLATION OF BRAIN BIASES AND THE PERSPECTIVE FOR A NEW HUMANISM
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MAYBE WE SHOULD HOPE THAT IN THE FUTURE THE WAY THAT SCIENCE WILL WORK
WILL BE DIFFERENT.

FOR ENERY SCENTIFIC PAPER PRODUCT, THERE MUST BE A CARTOON OR OTHER
OUTREACH WORK THAT EXPLAINS [T, AND BOTH MUST BE SUBMITTED ALONG WITH
PEER REVIEW

(PROBAELY) THERE'S NO GREAT SCIENCE F YoU
ARENT ABLE TO EXPLAN (T

MILENIO DE ASTROFISICA (MAS)

[ CIAO!
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