Discovering the mysteries of the
Universe

CESAR Scientific Challenge

(Observing visible and invisible light)

Beatriz Gonzalez Garcia on behalf of the CESAR Science Cases Team
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Not only are superheroes able to see the
invisible, but also the state-of-the-art technology
on board the European Space Agency scientific
missions, that fly over the Earth’s atmosphere to
reveal the invisible and bring this information
back home. Are you ready to discover the Figure 1: X-ray vision
hidden Universe?

Guess which is the superpower and the
name of the ESA mission that uses it.

-

Figure 2: IR vision
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Didactics
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2015 2020

1. Complex Problem 1. Complex Problem

¢

Solving .. Solving *ﬁ
*‘ 2. Coordinating with * 2. Critical
Others g¢’‘@ Thinking
Se2 3. Creativity
3. People - §~¢ 4 People
(¥ ] Management 4. Critical »
[ P ) S Management
=@ Thinking Y
IS 5. Coordinating with 0.0
5. Negotiation Others GO -g-
'A 6. Quality Control .I.
| l () . 6. Emotional
7. Service _— AI A Intelligence
Orientation Alé\_ 7. Judgement and o /550
g“g 8. Judgement and Desision: Making o
\gj Decision Making 8. Service Orientation
9. Negotiation —
9. Active Listening ’g\ : -.-
10. Creativity é') \gj

n 10. Cogr'lli)tiil;'; &
\ \? {Q Flexi g-o@ r
Figure |: The considered top 10 skills in
the 2020. (Credits: Rethinking).
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REMEMBER

Figure II: Bloom’s Taxonomy diagram.
(Credits:

https://medium.com/@ryan.ubc.edtech/)
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https://medium.com/@ryan.ubc.edtech/

Professions Mathematics Astrophysicists Engineers Biologists/
Software Engineer physicist
Leads the correct She/he guides the solar She/he is in charge of She/he addresses the
execution of the virtual telescope finding agreements and need for further research.
calculations (ESASKky) leading the team.
: References

Katherine Johnso Vera Rubin Samantha Marie Curie
. Cristoforetti

(female)

Albert Einstein
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https://kids.britannica.com/kids/article/Katherine-Johnson/628677
https://kids.britannica.com/kids/article/Katherine-Johnson/628677
https://www.nytimes.com/2016/12/27/science/vera-rubin-astronomist-who-made-the-case-for-dark-matter-dies-at-88.html
https://www.esa.int/kids/en/learn/Life_in_Space/Astronauts/Samantha_Cristoforetti
https://www.esa.int/kids/en/learn/Life_in_Space/Astronauts/Samantha_Cristoforetti
https://es.wikipedia.org/wiki/Marie_Curie
https://es.wikipedia.org/wiki/Steve_Wozniak
https://www.famousbirthdays.com/people/matt-taylor-scientist.html
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Astronauts/Pedro_Duque
https://es.wikipedia.org/wiki/Albert_Einstein

Curriculum relevance

Fast Facts
Age range: 14-18 General
Type: Scientific challenge for students  Working scientifically.
Complexity: Medium * Useof ICT.
Teacher preparation time: (1 -2) hours Physics
Lesson time required: (1 -3) hours, depending  ° Waves.
on the activities selected by the teacher to be * Light waves. The electromagnetic
executed. spectrum.
| ocation: Indoors « Temperature. Blackbody radiation.
Includes use of: Computers, internet Space/Astronomy
« Research and exploration of the

The students should already know... Universe.
« The concept and basic properties of waves.  The evolution of stars.
« The concept of light as an electromagnetic * Stars, star clusters, interstellar medium,

wave. galaxies.

« The concept of blackbody radiation.
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Students will learn ... Students will improve ...

» The different phenomena responsible for

. : . « Their understanding of scientifi
the emission of light by astronomical IFENCenstanding orsClEmutic

: thinking.
objects. « Their strategies of working
* How astronomers use different types of scientifically.
light to study different objects or « Their teamwork and communication
phenomena in the Universe. skills.
« The reasons for sending telescopes to * Their evaluation skills.

« Their ability to apply theoretical

. Wr?ce: f i b q knowledge to real-life situations.
at information can be seen an Their skills in the use of ICT.

extracted from an astronomical image.
« Some basic ideas about a variety of
astronomical objects.
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What did you know?
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What do you know about the Light & Universe?

.i Mentimeter Features Solutions Pricing Blog

FFEE @
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https://www.menti.com/uviymt57bm
https://www.menti.com/uviymt57bm
https://www.menti.com/7tuzuoiyhw

Multi length Ast < {:esa
uiti-waveien stronom ( < =
d y esaR \\\
P trates Earth’
" Amosphere? I N
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray

Wavelength (m) 10° 107° 0.5x107° 1078 10710 10712

Approximate Scale
of Wavelength

Buildings Humans Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)

10* 108 10*? 10'° 10'° 10 10%°
Emperature of
objects at which

this radiation is the ))
most intense

wavelenath emitted 1K 100 K 10,000 K 10,000,000 K
9 =272 °C =173 °C 9,727 °C ~10,000,000 °C
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Sun as a black-body emitter s

esaR

T~~~ A

Microwave Infrared © UV - Gamma Ray

Sun: 1,083 nm Sun: 750-380 nm

) g)
Infrared Optical i Nees S X-Ray »,é
Telescope Telescope - Telescope ”\'\

/!/
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Let’s get to know the stars - The Sun

Diameter

1 392 684
km

1.3 million Earths fitting

about 109 Earth into the Sun

diameters
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Let’s get to know the stars — The Sun *\&\gesa

Diameter

How big is our Sun?

Betelgeuse

Antares

1 392 684
km

1.3 million Earths ﬂttlng Figure: Adapted from a presentation of
about 109 Earth into the Sun Benjamin Montesinos-Comino for the June

EINRES 2018 CESAR Teacher workshop
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Let’s get to know the stars — The Sun

Mass

1.9 x 10*°kg

about 333 060 Earths
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Let’'s get to know the stars — The Sun

Mass B IGhe MAGRIER SRS LR
0 times the T
1.9 x 10*°kg 2
4»4»4»4»?
about 333 060 Earths =
Figure: Adapted from a presentation of Figure: Adapted from a presentation of
Benjamin Montesinos-Comino for the June Benjamin Montesinos-Comino for the June
2018 CESAR Teacher workshop 2018 CESAR Teacher workshop
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Let’s get to know the stars — The Sun

Temperature

15
million®°C
in the Sun's core

1 million®(C
in the Sun's corona

5500°C

at the Sun's
surface
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Let’s get to know the stars — The Sun

Temperature

15
million®°C
in the Sun's core

1 million®C
in the Sun's corona

5500°C

at the Sun's
surface
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The main sequence

Figure: Adapted from a presentation of
Benjamin Montesinos-Comino for the June
2018 CESAR Teacher workshop

== N 11
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Let’s get to know the stars — The Sun r

Temperature

15
million®C
in the Sun's core

1 million®C
in the Sun's corona

5500°C

at the Sun's
surface
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Figure: Adapted from a presentation of
Benjamin Montesinos-Comino for the June
2018 CESAR Teacher workshop

Temperatures & colours

Sun: 5500 C ~2000C

~50000 C

White dwarf RX JO439.8-6809: ~250 000 C
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Let’'s get to know the stars — The Sun

Temperatures & colours

Sun: 5500 C ~2000 C

1,000 2,000 3,000 4000 5000 6000 7,000 8000 9,000 10,000K
~50 000 C

White dwarf RX JO439.8-6809: ~250 000 C
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Let’s get to know the stars — The Sun

4.6

billion
years

The Sun is halfway
through its life

ESA UNCLASSIFIED - For Official Use CESAR Science Cases Coordinator | 22/10/2020 | Slide 21

— 0l b 2= ™ LW = T Il D D R B3Il T EEEE i ¥ European Space Agency



Let’s get to know the stars — The Sun

black hole

4 /2 i A :
blue supergiant i ‘ neutron star

supernova

} = . " . @

planetary nebula white dwarf
sun-like star

red giant

years

protostar

red dwarf

white dwarf

The Sun is halfway
through its life

brown dwarf
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s ... STELLARLIFE CYCLE
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- Emission Spectrum (S

esaR

EMISSION SPECTRUM OF HYDROGEN

EMISSION SPECTRUM OF HELIUM

Radiation emitted due to the energetic transition of an electron (from higher to lower
energetic levels)
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- Emission Spectrum (O

esakR

EMISSION SPECTRUM OF HYDROGEN

EMISSION SPECTRUM OF HELIUM

OVERLAPPED SPECTRUM
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- Absorption Spectrum

S \\\u\\

_ {cesa

ABSORPTION SPECTRUM OF HYDROGEN

ABSORPTION SPECTRUM OF HELIUM
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- Absorption Spectrum c<_ {zesa

ABSORPTION SPECTRUM OF HYDROGEN

ABSORPTION SPECTRUM OF HELIUM

] _
KH nge R _ C B A
ABSORPTION
SPECTRUM
OF THE SUN

T
I D U P
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Classification of the stars
HR diagram

1,000,000 Stage: Main Sequence 1,000,000 Stage: White Dwart
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Herztsprung-Russel
Diagram
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Let’s get to know about the ISM =

D
()]
Q

\oﬁw

«— 2 coating

100

nanometers — graphite and

silicates

mlerslema, Dugy

A typical dust grain (note the tiny scalel).
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Let’s get to know about the ISM (Q

Interstellar reddening = The star appear redder than what it should be

Optical extinction = the star may appear less bright than expected
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Let’s get to know about the ISM
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The Instestellar medium
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Let’'s get to know about galaxies

—— Globular clusters

%

-
e ——

\Disc

\Stellar halo

www.esa.int European Space Agency
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Let's get to know about galaxies
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Let’s get to know about galaxies

Spiral galaxies

Irregulars

Elliptical galaxies

Barred
Spiral galaxies
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Let's get to know about galaxies \

\=CSa

/

' - ma g Simplified diagram of hybrid
MRSy g,

S after BI W‘ hierarchical model of galaxy
TR (1o oers & formation and evolution

\collapse

Galaxy evolution

Mergers &
Nteractions

Large spialgalaxies
o4 5

.

W, ol 8
-
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Let’s start with
the Challenge
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Let’s get familiar with ESASky !!

http://sky.esa.int/
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The Colours of Astronomy (""‘\, &L‘\“eesa

Type of
radiation
>108 K > 2x10714] Matter falling into black holes

Gas in clusters of galaxies

X-rays 106 - 108 K 2%10-17 - 2x10-14 J Hot gas clouds in supernova remnants
Stellar coronae
Neutron stars

Hot gas clouds in supernova remnants
Very hot stars

. . Stars
3. 104 -19 - -19
Visible 10°-10%K 3x10 5x107%2 ] Hot clouds of gas
i i Very cool stars
- 3 22 _ 19

104- 106K 5x10719 - 2x10°17 ]

10 - 103K 2x10722 - 3x10°19 ] Cool clouds of dust

Cool clouds of gas
<10 K < 2x1022] The Cosmic Microwave Background (CMB)
Electrons moving in magnetic fields

Microwave
and radio
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Look for M1 (The Crab) in ESASKy

X-ray

submilimeter

-
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Look for NGC 3766 (a star cluster)

submilimeter
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Look for The Horsehead Nebula (ISM)

Near-IR
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Look for The Whirlpool galaxy (M51 or NGC 5194) (&,R\\\Q\ cSda

submilimeter
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Interstellar medium

. EVOLVED -
" SYSTEM

a” : STELLAR -
: : MASS L0SS
STAR AND.PLANET
FORMATION

" DIFFUSE-
MEDIUM
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Let’s get familiar with ESASky {=€sS:
(http://sky.esa.int/)

DSS2 color

BN0n

Welcome to ESASky! {:esa

ESASKy is an application that allows you to visualise and
download public astronomical data.

Choose a mode @

|  science | Explorer |

W Don't show this dialog again ‘ Close ‘
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What is ESASky? s, {esa

ESASKYy is an interactive tool which gathers tons of astronomlcal
data taken by space missions : )

Legacy:

Hipparcos Newton '

-Fancy user interface
-Multiwavelenght images/spectra

Integral

-Publications of the selected option displayed

-No previous knowledge is required

Planck

-Access to astronomical DBs and catalogues
AIM ‘ Being accessible to everyone
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3 COSMIC OBSERVERS

CONCEPTS spica theseus
2 & O o & A
i i : einstein
IN DEVELOPMENT webb  ariel  euclid cheops plato xrism probe athena
[2021) [2028) (2022) [2019) (2026) (2021) (2022) [2031)
. (] ) L3 . . °
e ; : :
i : | %&
; H : xmm- : ;
OPERATIONAL : : - hubble gaia : : newton integral
; : ; (1990-) (2013-) : ; (1999-) : : (2002-)
|
microwaves X-rays gamma rays

ST
BEN & & % I P

LEGACY planck herschel iso ELET] hipparcos corot iue exosat  hitomi suzaku cos-b

- |
microscope || |
@003-20131  (2009-2013] (1995-1398) (2006-2011) 1989-1993) (2006-201¢) (1978-1396] (983-1985)  [06)  (2005-2015) (1975-1382)

(2016-2018)
T

|




- C
&5 What's new in ESASky in 2020? o
Copy link

What's new in

ESASky in 2020?

https://sky.esa.int

MORE VIDEOS

> ) 004/312 £ YouTube =r

ESA UNCLASSIFIED - For Official Use CESAR Science Cases Coordinator | 22/10/2020 | Slide 50

— 0l b 2= ™ LW = T Il D D R B3Il T EEEE i ¥


https://youtu.be/fCmdXwPTmlg

