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Rapid optical flashes
• Anything shorter than a day


• GRBs, shock breakouts, stellar flares, ...


• Actual rapid (subsecond?) flashes


• FRBs, ...


• Satellite flares are the 
most common :-( 
Perseus flasher, GN-z11-Flash

Example of a glinting satellite from Mini-MegaTORTORA database (Karpov et al 2016)

Period ~ 1.83 s 
Peak ~ 0.2 s 
Amplitude ~ 5 mag

ZTF Science

ZTF Difference

Some other random flaring satellite in ZTF data

peaks would look ~5 mag fainter in 30 s exposures



Initial sample
• Data between Nov 2019 and Dec 2021


• Quality cuts, SIMBAD, MPC


• ndethist=1, isdiffpos=t


• Locus of stellar variability and bad 
subtractions

164,163 exposures acquired from Nov 2019 till Dec 2021

113,422 (69%) exposures contain candidate events

41,012 (25%) exposures – 5 or more candidates


638,350 candidate events



Tracklets
• build great circles through every pair of dots


• select the ones with at least 5 dots closer than 1 
arcsec


• merge the ones that are close enough


tracklet = several events detected on the same 
exposure and located along the same smooth curve 
on the sky 


Limit of 5 points in order to minimize false 
associations, corresponding to 10−11 probability of a 
random coincidence for 5 candidate events per 
exposure, and 10−5 – for 50 candidates per exposure 


6,450 unique tracklets with 73,368 (11.5%) events

move roughly along  
the great circles

display complex  
temporal patterns



Matching with satellites
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ID Satellite name Ntracklets Nalerts Status 0, km RCS, m2 Arc, deg. %m, s. %p, s. g, s.

21964 PALAPA B4 96 810 Unknown 42261 12.6 0.13 0.5 3 0.07
24769 BSAT-1A 95 1223 Inactive 42492 15.8 0.12 0.4 1 0.07
23314 THAICOM 2 84 937 Inactive 42359 1.3 0.12 0.5 3 0.07
14134 PALAPA B1 77 1151 Inactive 42199 1.3 0.12 0.4 2 0.07
23016 GALAXY 1R 74 727 Inactive 42463 8.3 0.12 0.7 3 0.07
25312 BSAT-1B 72 794 Inactive 42492 12.6 0.12 0.4 2 0.07
20402 JCSAT 2 71 677 Inactive 42659 8.2 0.12 0.3 2 0.07
14234 ARABSAT 1DR (TELSTAR 3A) 69 866 Inactive 42377 2.5 0.13 0.6 1 0.07
22931 THAICOM 1 68 671 Inactive 42474 1.0 0.12 0.5 3 0.07
20193 SIRIUS W (MARCOPOLO 1) 67 891 Unknown 42473 2.0 0.12 0.4 1 0.07

— // —
28556 ARIANE 1 DEB 1 5 Unknown 27013 0.1 0.051 0.7 1 0.2
22911 SOLIDARIDAD 1 1 5 Inactive 42164 12.5 0.12 4 0.07
15386 MARECS B2 1 5 Inactive 43429 3.2 0.11 3 0.07
26715 USA 157 1 5 Active 42166 0.12 1 1 0.07
44012 ATLAS 5 CENTAUR DEB 1 5 Unknown 29065 0.2 0.7 0.7 0.04
29516 SINOSAT 2 1 5 Inactive 44374 10.0 0.11 0.3 5 0.07
5589 TITAN 3C TRANSTAGE R/B 1 5 Unknown 43053 2.6 0.12 0.5 1 0.07

32387 RASCOM 1 1 5 Inactive 42508 9.0 0.12 0.4 2 0.07
30323 BEIDOU 1D 1 5 Inactive 42483 20.0 0.12 0.3 6 0.07
34705 IRIDIUM 33 DEB 1 5 Unknown 7023 0.0 13 0.003 0.2 0.0007

Table 2. Top ten satellites observed most frequently, and the ten observed just once, according to the cross-identification with the public part of the NORAD
satellite catalogue, ordered by the number of matching tracklets. We display the NORAD catalogue ID and name, the number of matching tracklets and alerts,
the operational status according to CelesTrak satellite catalogue, semi-major axis of the satellite orbit (0), Radar Cross-Section (RCS) also from CelesTrak
satellite catalogue, median arc length during ZTF exposure (30 seconds), and then two light curve period estimators, based on the distances between individual
peaks inside alert cutouts (%m) and between individual alerts of a tracklet (%p), along with the upper limit on the duration of the flashes. Three latter
characteristics are derived as discussed in Section 2.3.

Figure 9. Distribution of flash durations of the events associated with known
satellites as a function of their orbit semi-major axis. Flash duration is
derived from the comparison of the length of satellite arc on the sky for
the ZTF exposure duration of 30 seconds with the typical FWHM of the
images, and thus acts solely as an upper limit for the actual value. Color-
coded is the instant brightness of the flashes, measurable in observations
with su�ciently high temporal resolution. Smaller panel on the right shows
the marginal histogram of durations in the same scale as the main panel.

to science images, templates and di�erence images for all events in-
cluded in the tracklets detected in Section 1.3. Then we estimated the
noise level of science images, and masked all cutout regions where
template image has objects above this level. Finally, we normal-
ized the di�erence image by the noise level of its sky background,
estimated as a median absolute deviation (MAD), and performed
peak detection in unmasked regions above 2f level using SEP code
(Barbary 2018). We rejected the events where this method does not
detect the peak at the cutout center. This way, we successfully de-
tected peaks for 72,790 (99.2%) of all events belonging to tracklets,
and for 56,461 (77.0%) of them detected two or more peaks per
cutout. For the latters, we estimated the spacing between individual
peaks. Then, knowing both this spacing, and the length of associ-

ated satellite arc during the exposure, we may estimate the period
of satellite light curve. To make the estimate robust against possible
loss of individual peaks in some cutouts, we computed the median
value of that period over all cutouts belonging to the same tracklet.
The resulting period estimates, one for every tracklet to satellite
association, is shown in Figure 8.

For the tracklets where cutouts of individual events do not show
multi-peak structure, we may still estimate light curve periodicity
using the minimal distance between the tracklet events on the sky.
Such estimate will serve as an upper limit on actual light curve
period, as not every peak is probably detected, reported in the alert
stream and is passing our quality cuts. Figure 8 also shows these
estimates that are, as expected, systematically longer than the ones
derived from the multi-peaked events.

We may also estimate the duration of individual light curve
peaks corresponding to the glints by comparing the overall length
of associated satellite arc on the sky during the ZTF exposure (30
seconds) with the size of the transients. For the latter, we may
assume 100 (half of typical ZTF seeing) to be a good conservative
approximation, assuming that significantly larger elongation would
lead to the transients failing quality cuts for not being point sources.
Thus, the duration (actually, an upper limit for it) of the flash may
be estimated as

g = 30
100

arc length
seconds. (1)

On the other hand, instant brightness of the flash peak (the mag-
nitude that would be measured if the temporal resolution of the
observations would be high enough to fully resolve it) may be esti-
mated as

instant magnitude = magpsf + 2.5 log
g

30 seconds
, (2)

corresponding to the flashes being intrinsically brighter than they
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• TLE data from NORAD catalogue


• propagation using SkyField package


• closest co-linear tracks


3,841 (60%) of tracklets matched with satellites 
45,387 (62%) of tracklet events


59,421 (9.3%) of all candidates also matched!

308 individual satellites, 97% inactive



Matching with satellites



Morphological analysis

• simple peak detection after masking 
brighter objects on the templates 
not too reliable!


• 56,461 (77.0%) of tracklet events show 
two or more peaks


• 127,655 (20%) of all candidate events 
also show two or more peaks





Temporal properties

• association with known 
satellites gives true arc length


• distance between peaks / 
events gives period


• point-like shape gives flash 
durations / upper limits only!


• flash duration gives "instant" 
flash magnitude
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Figure 15. Light curves of the tracklets as seen by ZTF. Rows from top to bottom show examples of the events associated with satellites on low-altitude orbits,
medium orbits, geostationary orbits, and not associated with catalogued satellites, correspondingly. For the events associated with satellites the plots also show
their orbital parameters and standard magnitudes. The time scale (horizontal axis) is reconstructed using the relative spacing between the tracklet peaks on the
sky and the length of satellite track arc (for events associated with satellites) or empirical tracklet arc length (for unassociated ones). Horizontal orange line
corresponds to the ZTF di�erential imaging detection limit as reported for the alerts (“di�maglim” field in AVRO alert schema), and thus may be considered
as an upper limit for “quiescent” brightness component of the satellite between the glints.

Figure 16. The amplitudes of light curve peaks in ZTF data for the events
associated with known satellites as a function of their standard magnitudes
and orbital parameters. The amplitudes are estimated from di�erential PSF
magnitudes and di�erential detection limits of individual alerts, and are thus
lower limits for actual flash amplitudes.

too fast evolving orbits that prevents their association with satellite
catalogues.

3.4 Impact on upcoming LSST survey

Vera C. Rubin is currently nearing its completion, and the Legacy
Survey of Space and Time (LSST) that will soon start on its Simonyi
Survey Telescope will obviously also be impacted by satellite glints.
We may estimate the impact as follows.

Expected seeing at Rubin observatory (FWHM of 0.800, prop-
erly sampled with 0.200 pixels) is more than 2 times better than
on ZTF, thus for the flashes to be still detectable as point sources
they have to be at least two times shorter than upper limits shown
in Figure 9. As we do not know actual durations of the glints, ex-
cept for that they are shorter than 0.1 seconds (see discussion of
Mini-MegaTORTORA data in Section 3.3), and as the distribution
shown in Figure 9 is quite wide, we may assume that this condition
will still hold for LSST. The e�ective duration of individual LSST
Deep-Wide-Fast visits 8 (Ivezi∆ et al. 2019) will be the same as ZTF
(30 seconds) exposures, so the flashes of the same durations will
appear there with the same apparent magnitudes as in ZTF. On the
other hand, finer spatial resolution and better observing conditions
at Vera C. Rubin observatory will lead to 200/0.800 = 2.5 times
shorter e�ective exposure (defined as a crossing time for an image
resolution element, e.g. FWHM) for moving targets, thus making
the satellite trails ⇡1 magnitude fainter when viewed by Rubin Ob-
servatory. The detection limit will be approximately 4 magnitudes
better in LSST (at least 6 = 24.5 for realistic observing conditions,
compared to nominal 6 = 20.5 detection limit for the same expo-
sure time), thus the satellite trails in LSST will be detectable up to
3 magnitudes deeper.

We do not know actual “quiescent” brightness of the major-

8 The visit will contain two consecutive 15 seconds exposures, and image
di�erencing and transient detection will be performed solely on the coadds
of those, thus increasing e�ective visit exposure to 30 seconds.
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Brightness of the flares

• distances from satellite associations


• durations from point-like shape


• high temporal resolution data from Mini-MegaTORTORA / MMT-9 
360,000 tracks of 9,500 satellites over 8 years, 10 fps, ~10 mag limit

Satellite glints in ZTF 9

Figure 14. Comparison of the light curves of satellite glints from ZTF data
(tracklets) with the typical ones for associated satellites taken from Mini-
MegaTORTORA (MMT-9) photometric database. Timings of ZTF light
curves have been tentatively reconstructed by comparing angular distances
between individual detections in the tracklet and expected associated satellite
arc length, and thus have unknown temporal zero point inside the exposure.
ZTF and Mini-MegaTORTORA light curves correspond to observations of
the same satellite at di�erent times, specified in the plot legends. Inset plot to
the right shows an overall light curve of Mini-MegaTORTORA track, with
the position of region displayed in the main figure marked with red dashed
vertical lines. For two first panels corresponding to di�erent Atlas Centaur
upper stages, the periods of peaks are in a very good agreement between
ZTF and Mini-MegaTORTORA. For the third one, AJISAI satellite, only a
few peaks being resolved, probably due to their very tight spacing, overall
complex light curve structure and very fast motion of the satellite. Finally, the
last one, NavStar 36 satellite, shows complex and highly evolving light curve
in Mini-MegaTORTORA data that is brighter than ZTF flashes, having the
same main period but lacking fainter interpulses visible in the latters.

satellite photometry (Karpov et al. 2016) that contains the results
of satellite brightness measurements from Mini-MegaTORTORA
(Karpov et al. 2019) – a set of nine wide-field cameras operating
in white light at 10 frames per second and calibrated to Johnson V
filter zero point. We extracted a small random subset of photometric
measurements from that database and converted them to ZTF 6 band
using solar 6 �+ = 0.27 color. We also applied di�use Lambertian
sphere phase angle correction in order to compensate significant
phase angle dependence of apparent brightness (that corresponds
to most of the measurements being from the primary bodies of
the satellites, not from specular surfaces like solar panels). We did
not apply any correction for the temporal resolution, as exposures
of Mini-MegaTORTORA cameras are su�ciently short to resolve

the peaks of most of the flashes. The standard magnitudes for all
these measurements are shown in lower panel of Figure 12. The
brightness of satellite glints seen by ZTF is on the brighter end of
an overall cloud corresponding to satellites on lower orbits, while
for the geostationary ones they are systematically fainter than the
Mini-MegaTORTORA measurements. The latter is due to limited
(+lim ⇡ 11 mag) sensitivity of Mini-MegaTORTORA observations
that is often not enough to follow the objects on these orbits that
have ⇡8 magnitudes distance correction factor. Moreover, the Mini-
MegaTORTORA database contains only brightness measurements
for the satellites clearly visible for longer intervals of time, while
isolated flashes like the ones we see in ZTF data are not catalogued
there, despite still being detected (Karpov et al. 2017a).

3.3 Light curves

We also extracted from Mini-MegaTORTORA database the com-
plete light curves available for 59 satellites we identified in ZTF
data. For them, 345 individual tracks (i.e. sets of consecutive ob-
servations corresponding to a single fly-by of a satellite) of 11
di�erent satellites show significant (with more than 1.5 magnitudes
amplitude) flashing activity on a timescale shorter than a second.
Figure 13 shows the amplitude of this activity (defined as a maximal
di�erence between track light curve peaks and a “smooth” compo-
nent constructed by applying a second-order Savicky-Golay filter
with 1.1 seconds window to the light curve) as a function of the
di�erence of mean magnitudes in ZTF and Mini-MegaTORTORA
measurements, both converted to standard magnitudes as described
above. The figure clearly shows that typical amplitudes of the flashes
of those satellites are significant, at least 4 to 6 magnitudes in the
majority of cases. Also, for most low-orbit satellites mean bright-
ness in Mini-MegaTORTORA data, that mainly corresponds to a
“quiescent” parts of the light curve, is significantly fainter than
the brightness of ZTF measurements that corresponding solely to
light curve peaks. On the other hand, much more sparse data on
higher-orbit and geostationary satellites correspond to their much
brighter overall appearance, probably due to di�erent illumination
conditions of the main satellite bodies. Due to limited sensitivity
of Mini-MegaTORTORA cameras, fainter tracks of geostationary
satellites cannot be observed there. Also, no geostationary satel-
lite shows any apparent flashing activity in Mini-MegaTORTORA
data, most probably due to being outshined by a much brighter
“quiescent” reflected light.

In general, the shapes and peak brightness of light curves of
these satellites in Mini-MegaTORTORA data shown in Figure 14
are quite consistent with the parameters of ZTF flashes, including
the durations of the peaks (they are not resolved with 0.1 seconds
sampling of Mini-MegaTORTORA light curves, which is consistent
with the estimations made in above and shown in Figure 9). Fig-
ure 15 also shows some examples of reconstructed light curves for
longer ZTF tracklets, with the brightness of “quiescent” segments
of the light curve estimated through the ZTF di�erential imaging
detection limit (thus, it is actually an upper limit for these parts of
the actual light curve), and light curve peaks assumed to be infinitely
narrow. The objects on lower orbits seem to display the most chaotic
behaviour, especially the remnants of COSMOS 1275 explosion that
show very complex patterns consisting of multiple reflection com-
ponents. On higher orbits the behaviour is generally more stable,
with just a single or double periodic peaks of slowly drifting ampli-
tudes. Unidentified events show also complex light curve structures
suggesting that they are smaller low-altitude objects with probably
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Figure 11. Standard 6 band magnitudes of satellite glints as defined in Sec-
tion 3.2 as a function of a phase (Sun-satellite-observer) angle. Overplotted
are the functional shapes of expected phase dependence for the lambertian
(red dashed line) and specular reflecting (blue dashed line) sphere. The lat-
ter seems to be an adequate description for the reflections from some flat
mirror-like surfaces on the satellites like solar panels etc.

Figure 12. Upper panel – standard 6 band magnitudes of satellite glints as
defined in Section 3.2 as a function of Radar Cross-Section (RCS) which
may be used as a very rough estimation of an overall size of a satellite. Red
diagonal line corresponds to the expected brightness of an ideal specular
reflecting sphere with 0.5 albedo. The subset of events related to geostation-
ary satellites (a=42,164 km) do not show any dependence of the brightness
on RCS, while the ones on lower orbits display some tendency of being
fainter for smaller RCS values. Lower panel – the same for the data from
Mini-MegaTORTORA (MMT-9) database of satellite photometry (Karpov
et al. 2016), converted to ZTF 6 band using Solar spectrum colors. The
values measured by ZTF and used in the upper panel are overplotted as red
stars.

and di�erent observations of the same object at di�erent positions
of its orbit. We define “standard magnitude” using the following
prescription for the event magnitude measured on ZTF image:

magpsf = stdmag + � (q) + 5 log ( 3

1000 km
) � 2.5 log ( g

30 s
) , (3)

where 3 is the distance to the satellite, g is a true duration of the
flash (we will use the upper limit from Eq. 1 instead), and � (q) is
the function describing phase (q, defined as a Sun-satellite-observer
angle) dependence of the apparent brightness due to varying solar
illumination of the satellite . The latter is usually defined in such
a way that this term is zero at q = 90 degrees (thus, standard
magnitude corresponds to apparent magnitude of a satellite at 1000
km distance and 90 degrees phase angle). For a di�use Lambertian

Figure 13. The amplitude of light curve peaks in Mini-MegaTORTORA
(MMT-9) photometric database versus di�erence of their mean magnitudes
as measured by ZTF and mean track magnitudes in Mini-MegaTORTORA
data. For Mini-MegaTORTORA data, every individual track is considered
individually to better accommodate for di�erent observing conditions; also,
the brightness corresponds mostly to the reflection from the main body of
the satellite. For ZTF, on the other hand, just a single mean brightness value
for every satellite is considered, and it corresponds to the peaks of the glints,
i.e. the reflections from some specular reflective surfaces. We consider the
satellite “flashing” in Mini-MegaTORTORA data if the peak amplitude is
at least 1.5 magnitudes above the smoothed light curve trends. This division
is shown with dashed red horizontal line.

sphere, the function is

� (q) = �2.5 log [sin q + (c � q) cos q] , (4)

while e.g for a specular (mirror-like) reflective sphere directing the
solar beam towards the observer, it does not depend on the phase

� (q) = 0 . (5)

For the ease of comparing the magnitudes measured in di�erent
filters we will also convert all the measurements to ZTF 6 bandpass
assuming that the spectrum of events is essentially solar, and thus
its color is 6 � A = 0.46. All the estimations of standard magnitudes
below will therefore correspond to ZTF 6 band.

Figure 11 shows the dependence of standard magnitudes for the
events associated with known satellites, computed without phase-
dependent term, on the phase angle. It is clear that the phase de-
pendence is essentially absent, which is consistent with the glints
being produced by specular (mirror-like) reflections from some flat
surfaces on the satellites. Thus, the specular sphere approximation
seems to be an adequate description for the brightness of the peaks
of the flashes, and we will use this approximation for standard mag-
nitudes below.

Upper panel of Figure 12 shows the dependence of standard
magnitudes on the Radar Cross-Sections (RCS) of the associated
satellites, which may act as a very rough estimate for an overall
size of the satellite. We may clearly see that for geostationary satel-
lites the brightness is nearly independent of RCS and exceeds an
expected brightness for an ideal specular sphere. That may be re-
lated to the fact that specular plane should reflect much more light
in the direction of a a sunbeam than an uniform specular sphere;
moreover, published RCS values most probably correspond to an
angle-averaged satellite cross-section which may be significantly
smaller than reflecting area of e.g. solar panels.

Now that we have standard magnitudes of the glints, indepen-
dent from specific observing conditions on ZTF, we may compare
their brightness with the data from the largest public database7 of

7 Available online at http://mmt.favor2.info/satellites and con-
tains photometric data for more than 360,000 individual tracks of more than
9,500 satellites observed with 10 frames per second sampling rate.

2022



8 Karpov, Peloton

Figure 11. Standard 6 band magnitudes of satellite glints as defined in Sec-
tion 3.2 as a function of a phase (Sun-satellite-observer) angle. Overplotted
are the functional shapes of expected phase dependence for the lambertian
(red dashed line) and specular reflecting (blue dashed line) sphere. The lat-
ter seems to be an adequate description for the reflections from some flat
mirror-like surfaces on the satellites like solar panels etc.

Figure 12. Upper panel – standard 6 band magnitudes of satellite glints as
defined in Section 3.2 as a function of Radar Cross-Section (RCS) which
may be used as a very rough estimation of an overall size of a satellite. Red
diagonal line corresponds to the expected brightness of an ideal specular
reflecting sphere with 0.5 albedo. The subset of events related to geostation-
ary satellites (a=42,164 km) do not show any dependence of the brightness
on RCS, while the ones on lower orbits display some tendency of being
fainter for smaller RCS values. Lower panel – the same for the data from
Mini-MegaTORTORA (MMT-9) database of satellite photometry (Karpov
et al. 2016), converted to ZTF 6 band using Solar spectrum colors. The
values measured by ZTF and used in the upper panel are overplotted as red
stars.
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angle) dependence of the apparent brightness due to varying solar
illumination of the satellite . The latter is usually defined in such
a way that this term is zero at q = 90 degrees (thus, standard
magnitude corresponds to apparent magnitude of a satellite at 1000
km distance and 90 degrees phase angle). For a di�use Lambertian

Figure 13. The amplitude of light curve peaks in Mini-MegaTORTORA
(MMT-9) photometric database versus di�erence of their mean magnitudes
as measured by ZTF and mean track magnitudes in Mini-MegaTORTORA
data. For Mini-MegaTORTORA data, every individual track is considered
individually to better accommodate for di�erent observing conditions; also,
the brightness corresponds mostly to the reflection from the main body of
the satellite. For ZTF, on the other hand, just a single mean brightness value
for every satellite is considered, and it corresponds to the peaks of the glints,
i.e. the reflections from some specular reflective surfaces. We consider the
satellite “flashing” in Mini-MegaTORTORA data if the peak amplitude is
at least 1.5 magnitudes above the smoothed light curve trends. This division
is shown with dashed red horizontal line.

sphere, the function is

� (q) = �2.5 log [sin q + (c � q) cos q] , (4)

while e.g for a specular (mirror-like) reflective sphere directing the
solar beam towards the observer, it does not depend on the phase

� (q) = 0 . (5)

For the ease of comparing the magnitudes measured in di�erent
filters we will also convert all the measurements to ZTF 6 bandpass
assuming that the spectrum of events is essentially solar, and thus
its color is 6 � A = 0.46. All the estimations of standard magnitudes
below will therefore correspond to ZTF 6 band.

Figure 11 shows the dependence of standard magnitudes for the
events associated with known satellites, computed without phase-
dependent term, on the phase angle. It is clear that the phase de-
pendence is essentially absent, which is consistent with the glints
being produced by specular (mirror-like) reflections from some flat
surfaces on the satellites. Thus, the specular sphere approximation
seems to be an adequate description for the brightness of the peaks
of the flashes, and we will use this approximation for standard mag-
nitudes below.

Upper panel of Figure 12 shows the dependence of standard
magnitudes on the Radar Cross-Sections (RCS) of the associated
satellites, which may act as a very rough estimate for an overall
size of the satellite. We may clearly see that for geostationary satel-
lites the brightness is nearly independent of RCS and exceeds an
expected brightness for an ideal specular sphere. That may be re-
lated to the fact that specular plane should reflect much more light
in the direction of a a sunbeam than an uniform specular sphere;
moreover, published RCS values most probably correspond to an
angle-averaged satellite cross-section which may be significantly
smaller than reflecting area of e.g. solar panels.

Now that we have standard magnitudes of the glints, indepen-
dent from specific observing conditions on ZTF, we may compare
their brightness with the data from the largest public database7 of

7 Available online at http://mmt.favor2.info/satellites and con-
tains photometric data for more than 360,000 individual tracks of more than
9,500 satellites observed with 10 frames per second sampling rate.
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Figure 15. Light curves of the tracklets as seen by ZTF. Rows from top to bottom show examples of the events associated with satellites on low-altitude orbits,
medium orbits, geostationary orbits, and not associated with catalogued satellites, correspondingly. For the events associated with satellites the plots also show
their orbital parameters and standard magnitudes. The time scale (horizontal axis) is reconstructed using the relative spacing between the tracklet peaks on the
sky and the length of satellite track arc (for events associated with satellites) or empirical tracklet arc length (for unassociated ones). Horizontal orange line
corresponds to the ZTF di�erential imaging detection limit as reported for the alerts (“di�maglim” field in AVRO alert schema), and thus may be considered
as an upper limit for “quiescent” brightness component of the satellite between the glints.

Figure 16. The amplitudes of light curve peaks in ZTF data for the events
associated with known satellites as a function of their standard magnitudes
and orbital parameters. The amplitudes are estimated from di�erential PSF
magnitudes and di�erential detection limits of individual alerts, and are thus
lower limits for actual flash amplitudes.

too fast evolving orbits that prevents their association with satellite
catalogues.

3.4 Impact on upcoming LSST survey

Vera C. Rubin is currently nearing its completion, and the Legacy
Survey of Space and Time (LSST) that will soon start on its Simonyi
Survey Telescope will obviously also be impacted by satellite glints.
We may estimate the impact as follows.

Expected seeing at Rubin observatory (FWHM of 0.800, prop-
erly sampled with 0.200 pixels) is more than 2 times better than
on ZTF, thus for the flashes to be still detectable as point sources
they have to be at least two times shorter than upper limits shown
in Figure 9. As we do not know actual durations of the glints, ex-
cept for that they are shorter than 0.1 seconds (see discussion of
Mini-MegaTORTORA data in Section 3.3), and as the distribution
shown in Figure 9 is quite wide, we may assume that this condition
will still hold for LSST. The e�ective duration of individual LSST
Deep-Wide-Fast visits 8 (Ivezi∆ et al. 2019) will be the same as ZTF
(30 seconds) exposures, so the flashes of the same durations will
appear there with the same apparent magnitudes as in ZTF. On the
other hand, finer spatial resolution and better observing conditions
at Vera C. Rubin observatory will lead to 200/0.800 = 2.5 times
shorter e�ective exposure (defined as a crossing time for an image
resolution element, e.g. FWHM) for moving targets, thus making
the satellite trails ⇡1 magnitude fainter when viewed by Rubin Ob-
servatory. The detection limit will be approximately 4 magnitudes
better in LSST (at least 6 = 24.5 for realistic observing conditions,
compared to nominal 6 = 20.5 detection limit for the same expo-
sure time), thus the satellite trails in LSST will be detectable up to
3 magnitudes deeper.

We do not know actual “quiescent” brightness of the major-

8 The visit will contain two consecutive 15 seconds exposures, and image
di�erencing and transient detection will be performed solely on the coadds
of those, thus increasing e�ective visit exposure to 30 seconds.
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The flares have typical amplitudes of ~2-5 magnitudes above "quiescent" light curve



So what about LSST?..
• Visits are 2x15s, but only coadds will be analyzed 

so correction apparent -> instant magnitude will be the same 


• Spatial resolution and seeing will be ~3-5 times better 
so only shorter flashes will still be point-like


• Pixel crossing time will be 2.5 times shorter 
so the "quiescent" trail will be fainter by ~1 magnitude 


• Detection limit will be ~4 magnitudes better 
so the trail will be detectable at ~3 mag deeper 

• The trails are invisible in ZTF - so some will still be there?..


