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Table 2
Five Starlink Satellites Imaged in g Band with DECam on the Blanco 4 m in 2020 March

= = = m— B @20

Starlink  Time Angle  Airmass FWHM Background FWHM  Raw trail trail Speed Stationary ~ Zenith d Size 1 12 23 34 45 56 67 78 89
(mag (mag s . o i s :
(UTC)  (deg) (arcsec) (mag arcsec™?) (arcsec) arcsec )  arcsec?) (degs™')  (mag) (mag) (km) (m) Figure 11. Top: the image that results when an artificial satellite trail at the

level corresponding to v0.9 Starlink satellites (bright, but below pixel

1102 00:05 562 1.03 1.35 19.0 2.43 19.98 14.78 0.77 521 515 565 3.84 saturation) is projected onto a €2v CCD in the laboratory. Four of 16 channels
1073 00:15  56.4 1.15 1.35 19.2 2.04 19.96 14.76 0.70 5.49 518 625 234 ¢ 2 singl CCD ; N s talk strives induced albm h
1130 0030 60.1 1.55 1.20 189 2.12 2131 16.11 0.54 7.08 613 810 558 Of:a SINgie IaW: S-A-4v INAZC. ATCSNOWN, andl 81X, CLOSSIAIR. Spes. nduced. Dy she
112 0030  60.1 1.55 1.18 19.0 1.87 20.06 14.86 0.54 5.97 502 810 402 main trail are visible. Below: the same image after a preliminary nonlinear
1084 0035 612 1.71 133 18.8 1.82 20.27 15.07 0.50 6.29 513 878 347 crosstalk correction algorithm has been applied (see Section 7.1). While the
crosstalk trails are nearly removed, the remaining trail itself is several hundred
Note. All exposures are from 2020 March 6 UTC with a 120 s exposure time. The distance to the satellite d and derived satellite size “Size” correspond to d and pixels wide and has a surface brightness ~1000 times that of important

Dgeniite from Equation (1), respectively. Starlink-1130 is DarkSat. astrophysical signals.
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Figure 6. Starlink satellites visible from London (52N) in summer vs. time of night. Number above the horizon (left); number above 30° elevation (right). Vertical
lines indicate the times at which the Sun reaches elevations 0°, —6°, and —12° for the ground observer. In these and subsequent figures, the separate contributions
from layers A, B, and C are shown as indicated. The main contribution is from fainter layer B satellites (V ~ 7.5; see Section 4). Nevertheless, the model suggests of
the order of 25 bright layer A (V ~ 5.5) and C (V ~ 4.5) objects visible at high elevations at all times through the summer night with a further 75 close to the horizon.
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Figure 7. Starlink satellites visible from London (52N) in winter vs. time of night. Number above the horizon (left); number above 3° elevation (right). Vertical lines
indicate the times at which the Sun reaches elevations 0°, —6°, —12°, and —18° for the ground observer. The sky should be free of naked-eye satellites in the middle of
the night, but there will up to 200 near the horizon during twilight.
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Figure 5. The peak trail brightness in e~ per pixel for a Starlink satellite at 550
km as a function of apparent AB mag as seen by Rubin Observatory. Colors
correspond to the six different LSSTCam filter bands. The approximate
saturation level of an LSSTCam CCD is indicated. The approximate dynamic
ranges over which camera crosstalk artifacts can be corrected down to below
the noise level, using our current algorithm, are shown in the shaded regions
(see Section 7).
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Table 3. Estimated magnitudes of Darksat and STARLINK-1113 for each passband after correction for the solar incident and observer phase

angles, then normalised to a range of 550 km (one airmass), including the observed range and solar phase, incident, and observer phase angles.

Starlink Obs. Solar phase ~ Solar incidence ~ Observer ~ Passband Est. Trail mag.

satellite range (km)  angle (°) angle (°) angle (°) scaledmag.  arcsec?s”!
1130 (Darksat) ~ 866.39 107.7 73.3 45.1 r 563+0.07 24.69+0.04
1130 (Darksat) ~ 991.73 128.4 714 51.9 i 5004003 24.03+0.02
1130 (Darksat) ~ 1063.91 126.8 75.5 54.8 ] 4214001  23.22+0.01
1130 (Darksat) ~ 1146.11 115.2 78.2 571 Ks 3974002 23.02+0.01
1113 718.89 62.7 72.0 359 r 4884005 23.87+0.04
1113 880.06 123.2 79.3 489 i 4414004 2336+0.03
1113 1004.76 118.7 76.7 51.8 J 3794001 2276+0.01
1113 885.43 109.5 814 49.8 Ks 3624002 22.53+0.01
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