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THE COSMIC WEB
The universe at the largest scales
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THE VERA C. RUBIN

OBSERVATORY
Cerro Pachón, Chile

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 (5×106 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

8.4-meter primary mirror
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3.2
GIGAPIXELS

• Distributed among 189 CCD sensors
• Largest digital camera ever constructed
• 1,500 HD TV screens required to view each image !

The Simonyi Survey Telescope’s camera



2.6 ppm of LSST's ultimate sky coverage (20,000 square degrees)

What the LSST should see
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What the LSST will

actually be seing



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

Satellite megaconstellation



The first satellite constellations

Iridium (Motorola)
(1997-2002)

66 satellites in LEO

Globalstar
(1999-2002)

48 satellites in LEO

Orbcomm
(1995-2000)

31 satellites in LEO



2019: First Starlink batch
(60 satellites)
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9200+
(as of January 2024)

https://orbit.ing-now.com/
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SpaceX (Starlink)
5300 satellites right now

42,000 planned

Amazon (Kuiper)
2 satellites right now

3,200 planned

OneWeb
630 satellites right now

48,000 planned

AST SpaceMobile
2 satellites right now

243 planned



About 3 billion people globally
don’t have internet access

Why now?
Reusable rockets have reduced 
the cost of launch per kilogram

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





Twitter, May 27, 2019
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How Starlink will affect the LSST

• Simulations assuming 42,000 satellites show that 
30% of all LSST images would contain at least one 
satellite trail.

• Nearly every LSST image taken during twilight 
would be affected by at least one satellite trail.

(Source : Vera C. Rubin observatory, 2020)
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Mitigating the effects of Starlink satellites

• Taking multiple exposures (2x15s instead of 1x30s)

This mitigation scenario would cost 8% of LSST observing time

• Decreasing satellite brightness below saturation threshold (7th magnitude)

(Source : Vera C. Rubin observatory, 2020)



Credit: SpaceX



Credit: SpaceX



2020 2021

The SATCON workshops



https://cps.iau.org/sathub/

Volunteers needed!



https://cps.iau.org/



The impacts of megaconstellations

are NOT limited to science

Credit: Joshua Rozells

Exponential growth of orbital debris 
(Kessler et al, 2016)

Ozone layer depletion through rocket launches
(Ross, 2018)

Loss of the night sky for indigenous peoples
(Hamacher et al, 2020)

Disruption of bird migration
(Lintott & Lintott, 2020)



Regulating space traffic

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

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

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

➢ Article III : 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.



Crédit : Keesscherer

• There’s a new space race going on, and we are losing the night sky over it
• Current space laws are underdeveloped and unenforceable
• Urgent work is needed at all levels (technical, scientific, policy) to mitigate 

the environmental impact of satellite megaconstellations

Conclusion
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THANK YOU!
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