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Increased artificial sky brightness
from
satellite constellations

Olivier R. Hainaut — ESO | Cees Bassa — ASTRON | David Galadi-Enriquez - Calar Alto
(ESO: public)
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Position of
the satellites

Observatory: Lat.: -30.0° Constellation:

SL1+2, OW2r, GW1+2, AK
Total 64526 sat.
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Brightness of the satellites
®
Simple photometric model (simplified Lambertian sphere)
Msar = M1000km + O log](] (dsar/1000) + kdsar / hsar
Simulation: myypem ~7 for SL-visorSat and OneWeb
®

o Effective exposure time: t4 = pixel / w ~ 0.5 -- 5 ms
(for any actual exposure time)
o Effective mag:
mag of a point source with same peak number of counts

lef

Mleff = Mgay — 2.5 loglf} = Mgy — 25 logl{}

exP satlexp

= Many satellites are too faint for detection
= The satellites contribute to the diffuse background
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Satellite density and sky brightness Simuiation: 64000 satlit

Latitude=-30°
26.9
2

® mag/sq.arcsec 27'23
or candela/m? 1 2768
® Conversion: Luminance %— §
=1.2.105 .10094V cd/m? - 2 2795
[Bara+ 2020 MNRAS] T8 £
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T 055 2
o At TW|||ght —18° ; 28.6%’
o East: ~0.3 pcd/m? s 3 zglog
o West: ~1 pcd/m?2 293%

o Cusps: ~4-5 pcd/m?
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Sky Brightness

e Paranal: among the best possible skies

Systematlc measurement
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MJD-51000

10k images on 650 nights over 6y; |b|>10°;|A-A,,,|12:90° ; ne moon, 1h from twilight
-V =21.86 ~ 220 ycd/m? average dark nights at Zenith:
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Re I ative to S k b ri htn eSS Simulation: 64000 satellites
y g Latitude = -30° - Sky brightness is uniform
Observatory: Lat: -30.0° Constellation: Observatory: Lat.; -30.0° Constellation: Observatory: Lat.: -30.0° Constellation: Observatory: Lat.: -30.0° Constellation: Observatory: Lat.: -30.0° Constellation:
instrument: Sky brightness SL142, OW2r, GW1+2, AK Instrument: Sky brightness SL1+2, OW2r, GW1+2, AK Instrument: Sky brightness SL142, OW2r, GW1+2, AK Instrument: Sky brightness SL1+2, OW2r, GW1+2, AK Instrument: Sky brightness SL1+2, OW2r, GW1+2, AK
Fov: 1,00°X1.00° Total 64526 sat. Fov: 1.00°x1.00° Total 64526 sat. Fov: 1.00°X1.00° Total 64526 sat. Fov: 1.00°%1.00° Total 64526 sat. Fov: 1.00°%1.00° Total 64526 sat.
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Variability of night sky » oobige g o Dbt hgr i 6
R ® Al '= ‘1!55 -t '§§ 4
o Perfect dark night ~ 220ucd/m? 05 F S : L - T
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o Variations: £0.25mag ~ +60 ucd/m? 0 100 200 300
o  Zodiacal light +400 pcd/m?
o Moon: up to 5mag +2000 pcd/m?
o  Light pollution: +300 000 pcd/m?

>> Satellite contribution
~0.2—-2 ycd/m?

~0.1 — 1% of dark sky
(64000 satellites)
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Collisions and breakup Grind the satellites into debris:

® Preserving total mass

c = 4] ® Following size distribution from
Z 2 10 i Barentine
2 & g2 ® Fragments have same albedo and
2 3 1010 - same density as satellites (?!7?)
a3 v i C Debris down to
v 8 O///' . .
w £ 10°- S b 8/0,7 ©  1mm: optical cross section x14
BE 6T % "ar, S+ o 0.1mm: x20
O} 107 1 S Y o 1um: x25
Q2 = o
o - 104 7 \
SRS 1 Barentine's talk just before
E = 1 02 : [Kocifaj+21] from NRC95 Si_ze distributi9n is a powerlaw
0 & 0 with exp. ~ -2: all decades
FE o 10 T T T T T T T 1 contribute to ~the same amount
g S 10°® 10°° 10 1073 1072 107 10° 10’ [Barentine’s talk]
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Summary
e Satellite constellations will increase the sky background

o between —18° and —24° solar elevation

o 0.3% (antisolar) 1% (sunward) 3% (cusps)

o << variations of the dark sky (25%)

o <<<<ground-based light pollution
e Turning satellite constellations into debris will increase the sky brightness
o 3% (antisolar) 10% (sunward) 40% (cusps)

Do NOT grind the
satellites to dust!
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il ~ Simulation paper:
https://arxiv.org/abs/2108.12335




