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International Year of Light session at World Science Forum ’20\15, Budapest
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Light: it’s (almost) all we have to investigate the Universe
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IYL2015 Cosmic Light Cornerstone Projects
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WWW.GLOBEATNIGHT.ORG
Get Out and Observe
the Night Sky!

Engage people worldwide in
observing the nighttime sky.

Encourage students and families.
participate in citizen-science
hands-on leaming activity.
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/,-- GALILEOSCOPE
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Gather light pollution data from an:

e
international perspective to monl%
sky brightness and its effects. S

Can you see the stars?
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Instruments: naked eye
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Instruments: telescope — 1609
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One of Galileo’s telescopes in Padova (normally at Museo Galileo - Istituto e Museo di Storia della Scienza, Firenze)

~



Photography

The Orion Nebula by H. Draper, 1880

Image from the Harvard College Observatory Plate Collection L4

By A.A. Common, 1883

Credit: Agnes M. Clerke
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Image from the Harvard College Observatory, 1888

Photograpiiy: record light + automatic +'Highér sensitivity



“ Side effect: need more/new labour to analyse data



Spectroscopy: split the light to study the chemistry of stars

usyIUNIA ‘wnasniy sayasia@ HPLu)

Spectrum of the Sun by J. Fraunhofer, 1814



Spectroscopy + Photography: the birth of Astrophysics

— What are stars made of?

- What powers stars? ASTROPHYSICAL

JOURNAL, 1895

- How big is the Universe?

= Is our ‘Galaxy’ all there is?

by
9 Is the Universe evolving? American Z‘lsn'o:wml’tal Society
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Visible light: only a fraction of the Electromagnetic Spectrum

1 kilometer 1 meter 1 milimeter 1000 nanometer 1 nanometer
103mt 103mt 10°mt 10°mt

Microwave X Rays Cosmic rays
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Infrared Rays . Ultraviolet Gamma
|

Short Wave

Visible Light
Infrared :

Rays

UV Rays

700 nanometers 600 nanometers 500 nanometers 400 nanometers




Astronomy beyond visible light?

GROUND-BASED
play intro




Astronomy beyond visible light?

5 May 1933

NEW RADIO WAVES
TRAGED T0 GENTRE
OF THE MILKY WAY

Mysterious Static, Reported|
by K. G. Jansky, Held to |
Differ From Cosmic Ray. |

DIRECTION 1S UNCH“GINGI

Recorded and Tested for More |
Than Year to Identify It as
From Earth's Galaxy.

ITS INTENSITY IS LOW|

@nly Dellcats Receiver s Able to|
r—No Evidence of
Interstellar Signaiing,

Discovery of mysterious radio
waves which appear to come from
the centre of the Milky Way galaxy
was announced yesterday by the
Bell Telephone Laboratories. The
discovery was made during re-
gearch studies on static by Karl G.
Jansky of the radio research de-
partment st Holmdel, N. J., and
was deseribed by him In & paper
delivered before the Internutional
Sclentific Radlo Unfon in Wash- |
ington.

The galsctia radio waves, Mr.
Jansky said, differ from the cosmic
rays and also from the phenomenon
of coamic radiation, described last
woek befors the American Philo-
sophical Soclety at Philadelphis by
Dr. Vesto M. Slipher, director of
the Lowell Observatory at Flag-
staff, Ariz,

Unlike the cosmle ray, which |
eomes from all directions in space,
does not vary with either tha time
of day or the time of the year, and
may be either a photon cor an elec-
tron, the galactic waves, Mr. Jansky
polnted out, peem to come from a
definite source In space, vary In

intensity with the time of day and

time of the year, and are distinctly
electro-magnetic waves that can ba
picked up by a radio set.

New Waves Have High Frequency.

The cosmlc radiation discovered
by Dr. Slipher {s a mysterious form
of light apparently rxdiuted Inde-

pendently of starlight, or.ginating,

Dr. Slipher concluded, at some dis-

tance above the earth's surface,
and possidly produced by the
earth's atmosphere

The galactic radio waves, the an-
nouncement says, are short waves,
14.6 meters, at a frequency of about
20,000,000 cycles a second. The in-
tensity of these waves Is very low,
20 that a delicate apparatus Is re-
quired for their detection.

Unlike most torms of radio dis-
turbances, the report says, these
newly found waves do not appear
to be due to any terrestrial phe-
nomena, but rather to come from
some point far off in space—prob-
ably far beyond our solar system.

If these waves came from a ter-
restrial origin, it was reasoned,
then they should have the same
Intensity all the year around, But
their intensity varies regularly with
the time of day and with the ses-
sons, and they get much weaker
when the earth, moving in its orbit,
Interposes itselt between the radio
receiver and the source,

A preliminary report, published
In the Proceedings of the Institute
of Radio Engineers last December,
described studies which ahowed the
presence of three separate groups
of static: Static from local thunder-
storms, static from distant thunder-
storms. and a “steady hiss type
static of unknown origin.'" Fur-
ther studies this year determine
the unknown origin of this third
iype to be from the direction of
the centre of the Milky Way, the
earth’s own home galaxy.

Direction of Arrival Fixed.

The direction from which these
Wwaves arrive, the announcement
asserts, has Dbeen determined by
investigations carried on over a
considerable period. Memsurements
of the horizontal component of the
Wwaves were taken on several days
of each month for an entire year,
and by an snalysis of these read-
ings at the end of the year their
direction of arrival was disclosed.

“The position Indicated,” it was
explained, “is very near to the
point where the plane tn which the
earth revolves around the sun
crosses the centre of the Milky
Way, and also to that point toward
which the solar system (s moving
with respect to the other stars.

“Further verification of this di-
rection Is required, but the discow
ery, llke that of the cosmic rays
and of cosmic radiation, relees
many cosmological guestions of ex-
treme interest.'

There is mo indication of amy
kind, Mr, Jansky replied to a Ques-
tion, that these palactic radio
waves constitute some kind of in-
tarstellar sigualling, or that they
are the result of some form of in-
telligence striving for intra-galactic
communication.

—_—————
Badis Evtertoloe the (Ridres WHO Créma.
Arir Masa la Beridaer's. —AdvL



Astronomy beyond visible light?
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-* ESA'S FLEET ACROSS THE SPECTRUM -@egfd

* Thanks to cuttmg edge technology, gttonomy is unveiling a qM woﬂd around With ESA's fieet of spacecraft we can explore the full spettrum of light
and probe the fundamental phys:cs at underlies our entire Universe. From cool diisty 'star formation revealed on!y at mfraréd wavelengths, to hot and
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Fermi Chandra ﬁﬂ '« Spektr-R
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Astronomy across the spectrum: from space and ground
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Centaurus A galaxy

Radio Infrared

o

Visible

X-rays

Credit: ESA/Herschel



Centaurus A'galaxy

Radio Infrared

Visible

X-rays

Credit: ESA/XMM-Newton



Centaurus A.galaxy

Radio Infrared

Visible

X-rays

Credit: ESA/Herschel/XMM-Newton



Centaurus A.—-galaxy
.
-
Radio Infrared

Visible

Credit: ESO/ESA/Herschel/XMM-Newton



Centaurus Agalaxy - .~ = . .

Radio Infré'réd;,‘ e | V‘i.sitbile": B

X-rays

Credit: CSIRO/ATNF; ATCA; ASTRON; Parkes;MPIfR
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The history of the Universe

Dark Energy

Accelerated Expansion
Afterglow Light

Pattern Dark Ages

Development of
380,000 yrs.

Galaxies, Planets, etc.
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about 400 million yrs.

Big Bang Expansion
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Credit: NASA



searching for the first galaxies

The history of the Universe
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The history of the Universe: searching for the first galaxies

Lookback Time

Mo
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The history of the Universe: the first cosmic light

The Cosmic Microwave Background, first discovered by Penzias & Wilson in 1965
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ESA & the Planck Collaborati
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Light to see the invisible: gravitational lensing

galaxy
galaxy cluster

b =

lensed galaxy images
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~_distorted light-rays AA
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. Predicted by Albert Einstein’s General Theory of Relativity (1915)
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Light to see the invisible: gravitational lensing

INTHE HEAYENS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed

or Were Calculated to he,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN

No More in All the World Could
Comprehend It, Sald Einsteln When

His Daring Publishers Accepted It.

New York Times
10 November 1919

X Aclual Position
of the Sfar

Distonce from the Earth
To the Slcﬂu Beckground

is more tha
23,000, ooo 000,000 miles.

THE SUN

Dna?nnc. fu{ '_ ;

Earth
93 ooo 000m_

Position
far

This Diegrem shows the
proporhional Displocement
of the Stors in relation o
the disfance from the Sun,
The omount of Displacement

is exaggerated aboul 600 limes

s
.

Apporent Posilion - 4
Actuel Posifion =

THE SUN

AFYRICA

ATLANTIC

of Tolal Eclipae of M¢
(&

Showing Path
and positions of the two O bserval

The Corona

THE ORSERVATION STATION
AT ag‘.nu\s.. IN BRAZIL"Y &

Y P

Illustrated London
News, 22 November

1919



Light to see the invisible: gravitational lensing
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Credit: NASA, ESA, Hubble Space Telescope |



Light to see the invisible: grawtatlonal lensing
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Credit: NASA, ESA, E. Jullo (JPL/LAM), P. Natarajan (Yale) and J-P. Kneib (LAM)
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Beyond light: Gravitational Waves

PRESENT: Laser Interferometer Gravitational-Wave Observatory (L/IGO), USA




Beyond light: Gravitational Waves

COMING SOON: ESA’s LISA Pathfinder — Launch: 2 December 2015
nal waves from space
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Demonstrating the technology to detect gravitatio




Beyond light: Gravitational Waves

COMING SOON: ESA’s LISA Pathfinder — Launch: 2 December 2015
Demonstrating the technology to detect gravitational waves from space
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Visible light

PRESENT: ESQ’s Very Large Telescope, Chile



Visible light

FUTURE: ESO’s European Extremely Large Telescope, Chile
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Visible/infrared light

PRESENT: NASA/ESA Hubble Space Telescope




Visible/infrared light
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Radio waves

PRESENT:
NRAOQ’s Very Large Array,
New Mexico, USA

ESO, NRAO & NAQJ’s Atacama Large
Millimeter/submillimeter Array
(ALMA), Chile
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Radio waves

FUTURE: Square Kilometre Array (SKA)
Two arrays of radio telescopes covering 1 km? in South Africa & Australia
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Very high-energy gamma rays

PRESENT:
MAGIC Collaboration, La Palma,
Canary Islands

H.E.S.S. Collaboration, Namibia




Very high-energy gamma rays

FUTURE: Cerenkov Telescope Array (CTA), at 2 locations: Canary Islands & Chile




