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“THE COSMIC WEB

The universe at the largest scales
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Cosmic Microwave first stars and the peak of star and
Background (Planck])  galaxies form galaxy formation: cosmic noon today
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An unknown ‘dark energy' appears to drive the current
accelerated expansion of our Universe, but scientists
do not understand how and why. Euclid will map the
last 10 billion years of cosmic history across more than
a third of the sky — from cosmic ‘noon’, the time when
most stars were forming, until today. This 'looking
back in time' will show us the variations in the cosmic
acceleration with extreme precision, revealing the
nature of dark energy in this process.
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First light in 2025
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The Large Synoptic Survey
of Space and Time (LSST)

10-year optical/near-IR survey of half of the sky (2025-2035)

1000 photos of the sky every night

covers the whole observable sky every 3 nights

after 10 years, each location of the sky will be imaged ~1,000 times (“first
motion picture of our Universe”)

500 PB (5x10° GB) of images and data products in total (~20TB per night!)

Science goals :

Probing dark energy and dark matter
Taking an inventory of the solar system
Exploring the transient optical sky
Mapping the Milky Way
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“ Whatthe LSST should see -
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Satellite megaconstellation

A group of 100-100,000 artificial satellites working together as a system to serve a common goal




Globalstar
(1999-2002)
- 48 satellites in LEO

Iridium (Motorola)
~ (1997-2002) -
66 'satellites in LEO.

Orbcomm
(1995-2000)
31 satellites in LEO
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2019: First Starlink batch
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Credit: Marco Langbroek



{@} UNITED NATIONS
S22 Office for Outer Space Affairs

WE'RE LAUNCHING
MORE THAN EVER

Since the beginning of the space age, thousands
of spacecraft have been launched to space, with
a dramatic increase in recent years. In the past
couple of decades, the number of launches from
private companies has dramatically increased, while
the average size of satellites is getting smaller.

éqzzzls

== NON-COMMERCIAL MISSIONS
e.g. civil agencies, universities, military

™= (OMMERCIAL MISSIONS
e.g. private companies

== UNREGISTERED OBJECTS
Objects yet to be registered with the UN. A lag-time
between objects being placed in orbit and registration
is common practice. As such, registration rates for
recent years will continue to rise accordingly
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The launch rate in the last 20 years is derived from

.-

the UN Register of Objects Launched into Outer
Space. Earlier data and additional classification
is retrieved from the ESA DISCOS database.

e https://orbit.ing-now.com/




OneWeb

630 satellites right now

SpaceX (Starlink)

5300 satellites right now

- AST SpaceMobile

A 2 satellites right now

Amazon (Kuiper)

2 satellites right now

Credit: ESO



Why now?

About 3 billion people globally Reusable rockets have reduced
don’t have internet access the cost of launch per kilogram

Share of the population using the Internet . .
Share of the population who used the Internet® in the last three months. The cost Of a sace Fll ht S|nce 20 oo
100%
$16,000
North America (WB) Delta b e
Europe and Central Asia (WB) Heavy
$14,000
80% . .
Middle East and North Africa (WB)
/ Latin America and Caribbean (WB)
East Asia and Pacific (WB) $12.000
& ]
é
©)
60% World
’ o £ $10,000
O
w
=
S 8000
0 o]
0% South Asia (WB) o Falcon
3 Heavy
, 8 s6000
Sub-Saharan Africa (WB) 5
O
ke
20% 3 $4000
a
0% _‘4 e *
1990 1995 2000 2005 2010 2015 2021
Data source: International Telecommunication Union (via World Bank) OurWorldInData.org/internet | CC BY

1. Internet user: An internet user is defined by the International Telecommunication Union as anyone who has accessed the internet from any
location in the last three months. This can be from any type of device, including a computer, mobile phone, personal digital assistant, games
machine, digital TV, and other technological devices.

“The global space industry could generate revenue of more than $1 trillion or more in 2040,
up from $350 billion, currently” (Morgan Stanley)
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ann19035 — Announcement

Follow the IAU on social media

About the Announcement

3 June 2019 / Id:
4 ann19035

IAU Statement on Satellite Constellations

Images

Over the past decades, considerable effort has gone into designing, building, and deploying satellites for many important purposes.
Recently networks, known as satellite constellations, have been deployed and are planned in ever greater numbers in mainly low-
Earth orbits for a variety of purposes, including providing communication services to underserved or remote areas [1]. Until this
year, the number of such satellites was below 200, but that number is now increasing rapidly, with plans to deploy potentially tens of
thousands of them. In that event, satellite constellations will soon outnumber all previously launched satellites

The International Astronomical Union (lAU) is concerned about these satellite constellations. The organisation, in general,

€ : : ¢ and radio-quiet sky as not only essential to ac J n :

we are a part, but also as a resource for all humanity and for the protection of nocturnal wildlife. We do not yet understand the
impact of thousands of these visible satellites scattered across the night sky and despite their good intentions, these satellite
constellations may threaten both

The scientific concerns are twofold. Firstly, the surfaces of these satellites are often made of highly reflective metal, and reflections

from the Sun in the hours after sunset and before sunrise make them appear as slow-moving dots in the night sky. Aithough most Afficher le Bure
of these reflections may be so faint that they are hard to pick out with the naked eye, they can be detrimental to the sensitive




e

X Elon Musk & x S
@elonmusk

There are already 4900 satellites in orbit, which people notice ~0% of

the time. Starlink won’t be seen by anyone unless looking very carefully

& will have ~0% impact on advancements in astronomy. We need to

s to orbit anyway. Atmospheric attenuation is terrible. -
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-+ Simulations a'ss'urhing 42 ':OOOrisﬁateHites show that

-30% of all LSST images WouId contaln at Ieast one
satelllte trarl

Nearly every LSST |mage taken durlng tW|I|ght
Would be affected by at. Ieast one satelllte trail.

(Source Xera O Rubln observatory, 2020)
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Credit: Rubin Observatory/NSF/AURA/B. Quint



o Taklng multlple exposures (2x155 mstead of 1x305)
ThIS mltlgatlon scenario would cost '

Decreasmg satelllte brlghtness below satura’uon threshold (7th magmtude)
72 (Sour;e ._,Vera C.'Ru'b.lnobservatory, 2020) , :
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Credit: Rubin Observatory/NSF/AURA/B. Quint



DARKSAT
ANTENNAE MITIGATION ON STATION

Ground-based observations of our initial
test experiment proved we can significantly
reduce brightness. Subsequently, we

developed a higher-performance option.

“ Credit: SpaceX



VISORSAT
ANTENNAE MITIGATION ON STATION

On station, sun shade blocks
sunlight from antennas,

preventing reflection.




The SATCON workshops
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Impact
of Satellite
Constellations

‘on Optical Astronomy and
Recommendations Toward
-Mitigations

2020

Report of the SATCON2 Workshop
12-16 July 2021

Executive Summary
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Astronomical Orbital Solution eoftware Tools Training Real-Time
Data Repositories Portal Curriculum Collaboration

Volunteers needed!
https://cps.iau.org/sathub/
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o Q'zbr)e.'laye'r"depletion through rocket launches i S Loss of the night sky for indigenous péoples
: (Ross, 2018) =~ : ~ (Hamacher et al, 2020)

Disruption of bird migration
(Lintott & Lintott, 2020)

Credit: Joshua Rozells



Regulating space traffic

The 1967 Outer Space Treaty (OST) is currently the primary framework for international space law.

Article | : There shall be freedom of scientific investigation in outer space [...], and States shall facilitate and encourage
international cooperation in such investigation.

Article Il : Outer space [...] is not subject to national appropriation by claim of sovereignty, by means of use or
occupation, or by any other means.

Article lll : States Parties to the Treaty shall carry on activities in the exploration and use of outer space [...] in
accordance with international law, including the Charter of the United Nations, in the interest of maintaining
international peace and security and promoting international-cooperation and understanding.

According to the OST, signatory States are already required to conduct environmental assessments before
licensing megaconstellations. States are therefore already violating international law.
The OST might prove insufficient to regulate megaconstellations : no enforcement mechanism

There’s a growing need for a new international legal-framework designed to explicitly include private
actors.
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