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Long gamma-ray bursts (GRBs), explosions of very massive stars, 
provide crucial information on stellar and galaxy evolution, even 
at redshifts z ≈ 8–9.5, when the Universe was only 500–600 mil-
lion years old1–3. Recently, during observations4 of a galaxy at z ≈ 11 
(400 Myr after the Big Bang)5,6, a bright signal named GN-z11-flash, 
shorter than 245 s, was detected and interpreted as an ultraviolet 
flash associated with a GRB in this galaxy7, or a shock-breakout in a 
Population III supernova8. Its resulting luminosity would be consis-
tent with that of other GRBs9, but a discussion based on probability 
arguments began regarding whether this is instead a signal from a 
man-made satellite or a Solar System object10–13. Here we show a 
clear association of GNz11-flash with the Breeze-M upper stage of 
a Russian Proton rocket in a highly elliptical orbit. This rules out 
GN-z11-flash as the most distant GRB ever detected. This also 
highlights the importance of a complete database of Earth satellites 
and debris, which would allow proper interpretation of astronomi-
cal observations.

We searched Space-Track, the largest publicly available data-
base of Earth satellites and space debris (www.space-track.org), 
for an object close to the position of GN-z11-flash at the time of 
the observations. We found the Breeze-M space debris (North 
American Aerospace Defense Command (NORAD) number 40386; 
Committee on Space Research (COSPAR) number 2015-005C), 
with a trajectory consistent with the position of GN-z11 at the time 
of the flash. It has a highly elliptical orbit with a semi-major axis of 
13,946 km, perigee distance to the Earth’s surface of 394.8 km and 
apogee distance of 14,757.2 km. Its orbit is inclined by 50.7° relative 
to the Earth’s Equator and its orbital period is 273.2 min.

Using orbital elements of the Breeze-M debris at an epoch of 
2017 April 07.281 from the database and our Satellite Trail Predictor 
software package (Methods), we found that the closest angular 
separation between the satellite and the position of GN-z11 was 
18 ± 30 arcsec, consistent with zero (the offset from the edge of the 
slit used for the flash detection was 5 ± 30 arcsec). This was at ut 
08:07:50.80 on 2017 April 7, within the integration of the frame with 
the flash detection, which started at 08:07:19.86 and lasted 179 s 
(ref. 7). Breeze-M debris was moving at a position angle of 104.24° 
with an angular velocity of 35.9 arcsec s−1. At that time, its distance 
from the Earth’s surface was 13,758 km, whereas the distance to 
the observer in Hawai’i was 15,186 km. The satellite was also out-
side the Earth’s shadow. Ref. 7 presented several arguments against 
GN-z11-flash being a signal from a satellite. We demonstrate that 
none of these concerns apply to Breeze-M debris, because it falls 
in the narrow regions of the parameter space not ruled out by 

the authors. First, ref. 7 estimated that a high-Earth-orbit satellite 
would need to have an orbit inclined by more than 38° to the Earth’s 
Equator, and the inclination of Breeze-M debris is 50.7°. Ref. 7 stated 
that “the compact spectral shape … suggests that the trajectory of 
any hypothetical moving object must be nearly perpendicular to the 
slit, or else the spectrum would be broader”. This is indeed the case 
for Breeze-M debris, as the angle between the slit and the satellite’s 
trajectory is 118.74°, so an extended spectrum is not expected above 
the measured width in the spatial direction. The width of the satel-
lite trail in the spatial direction of the 0.9-arcsec-wide slit should be 
0.9 tan(28.74°) arcsec = 0.49 arcsec. Given that the seeing at the time 
of the flash at the 0.5 μm band was ~0.6–0.7 arcsec (according to the 
Mauna Kea Weather Center and ref. 7), we estimate a K-band see-
ing of ~0.35 arcsec. The spectrum spatial width should therefore be 
~0.6 arcsec. The observed width of GN-z11-flash (in extended data 
fig. 1 of ref. 7) is 3.26–3.65 pixels; that is, 0.57–0.64 arcsec, in excel-
lent agreement with this prediction.

Second, any moving object needs to be sufficiently bright 
to match the flux recorded by the Multi-Object Spectrometer 
For Infra-Red Exploration (MOSFIRE) during the short time it 
crosses the slit7. Our archival observations carried out with the 
Roman Baranowski Telescope/Poznań Spectroscopic Telescope 2 
(RBT/PST2; see Fig.  1 and Methods for the description) revealed 
the brightness of Breeze-M debris with an infrared cutoff filter of 
~9.2 mag at a distance of ~15,000 km from the observer (the distance 
to the observer during the flash detection). Taking into account the 
phase angle change, the estimated V magnitude of Breeze-M debris 
at the time of the GN-z11-flash observation is ~9.7 mag. The detec-
tion of GN-z11-flash was made with MOSFIRE14 mounted at the 
Keck telescope, with a slit width of 0.9 arcsec and position angle of 
345.5°. The angular speed of Breeze-M debris implies that it was 
visible in the slit for around 0.029 s. Each MOSFIRE frame was 
integrated for 179 s, so this means that the satellite appeared a fac-
tor of 179/0.029 ≈ 6,172 times (or ~9.5 mag) fainter than it really 
was. This implies an expected magnitude of 19.2 mag, close to that 
measured from the MOSFIRE data. Given the uncertainties in the 
Breeze-M debris brightness resulting from the irregular shape, rota-
tion, albedo and changes in the phase angle, the brightness recorded 
by MOSFIRE is consistent with our measurements for this satellite.

Third, the MOSFIRE observations were conducted simultane-
ously for 21 slits, so a moving object should produce a similar flash 
in one or more of other slits “unless its trajectory was nearly per-
pendicular to the GN-z11 slit” (~90 ± 20°)7. Indeed, the trajectory of 
Breeze-M debris was inclined by 118.74° with respect to the slit, just 

GN-z11-flash from a man-made satellite not a 
gamma-ray burst at redshift 11
Michał Jerzy Michałowski    ✉, Krzysztof Kamiński    ✉, Monika Katarzyna Kamińska    and 
Edwin Wnuk

arising from L. Jiang et al. Nature Astronomy https://doi.org/10.1038/s41550-020-01266-z (2020)

NaturE astroNoMy | www.nature.com/natureastronomy

mailto:michal.michalowski@amu.edu.pl
mailto:chrisk@amu.edu
http://www.space-track.org
http://orcid.org/0000-0001-9033-4140
http://orcid.org/0000-0002-5688-7304
http://orcid.org/0000-0001-8049-196X
https://doi.org/10.1038/s41550-020-01266-z
http://crossmark.crossref.org/dialog/?doi=10.1038/s41550-021-01472-3&domain=pdf
http://www.nature.com/natureastronomy


matters arising Nature astroNomy

outside the interval quoted by ref. 7. Hence, the fact that the flash was 
not visible through other slits was simply because Breeze-M debris 
was unlucky to miss all of them. The time gap between frames was 
33 s, during which the satellite moved 23 arcmin (that is, more than 
the field of view of MOSFIRE (6 arcmin)). Hence, the satellite was 
not visible in the previous or next frame.

To demonstrate that Breeze-M debris missed other slits, in Fig. 2 
we show its trajectory together with the positions of the MOSFIRE 
slits obtained from the Keck Observatory Archive (KOA; pro-
gram ID: S324, PI: Kashikawa, frame name: MF.20170407.29239). 
We show the best orbit with the 1, 2, and 3σ confidence intervals 
(Methods). To show systematic uncertainties, we also show trajec-
tories resulting from the orbital elements available for epochs cov-
ering one week before and one after the MOSFIRE observations. 
Trajectories crossing the slit corresponding to the GN-z11-flash 
position and missing all other slits are consistent with the best 
orbit at a level below 1σ. Moreover, if this satellite was not associ-
ated with GN-z11-flash, then it would most probably be observed 
at another slit at this time, as there are very few trajectories within 
the confidence interval that do not cross any slit. We verified that 
our orbit calculations agree with several publicly available orbit soft-
ware packages and with the astrometric information from our RBT 
observations (Methods).

In their response, Jiang et al.11 stated that their calculations with 
online tool Calsky (no longer available) show that Breeze-M debris 
crossed 4.4 arcmin from the location of GN-z11 (just outside the 
MOSFIRE field of view), and that it was fainter than is needed to 
produce the flash. Given that we verified our calculations with 
several independent software packages and with our astrometric 
observations, and verified its brightness with direct photometric 
observations, we are confident that the association of Breeze-M 
debris with GN-z11-flash is secure. We also calculated the prob-
ability that the satellite went through GN-z11 by integrating within 
0.7 arcsec (the positional uncertainty of GN-z11-flash7) a prob-
ability distribution function represented by a Gaussian function 
with a maximum value shifted by 18 arcsec from the GN-z11-flash 
position and with a standard deviation of 30 arcsec (the offset of 
the best orbit and its uncertainty; Methods). We then divided this 

integral by the integral of the entire Gaussian function. We obtained 
a probability of 0.016. When we removed from the second integral 
the orbits that cross other slits (at which flashes were not detected), 
the probability increases to 0.05. These are much higher probabilities 
than that of finding a GRB, which was estimated to be 0.3–60 × 10−10 
(ref. 7), or 1 × 10−13 (ref. 10).

Hence, we conclude that GN-z11-flash was a signal from 
Breeze-M debris, which had a position consistent with GN-z11 at 
the time of observations and all of its other properties are consis-
tent with observational results. Hence, we confirm the hypothesis of 
ref. 10 and ref. 12 that this was a man-made signal. This also highlights 
the importance of a complete database of Earth satellites and debris, 
which would allow the interpretation of astronomical observations.

Methods
Orbit analysis software. The trajectory of the satellite was calculated using our 
Satellite Trail Predictor software package, which is based on the simplified general 
perturbation (SGP) orbital models15. This software has recently been developed by 
K.K. and M.K.K. specifically for the purpose of predicting the position, orientation 
and brightness of satellite trails in astronomical images and will soon be released as 
a publicly available online service (www.astro.amu.edu.pl/STP/).

To verify these orbit calculations, we also used the following publicly available 
software packages: JPL Horizons16,17 (ssd.jpl.nasa.gov/horizons.cgi), OREKIT18 
(www.orekit.org) and SkyField19 (rhodesmill.org/skyfield/). The resulting orbits 
agree with our calculations within 0.1 km (1.5 arcsec).

RBT data. We used our archival data from RBT/PST2 (http://www.astro.amu.
edu.pl/GATS), a 0.7 m robotic telescope located at Winer Observatory, United 
States. We observed Breeze-M debris 16 times between 2020 May 16 and 2020 
October 15 with an infrared cutoff filter and real-time telescope satellite tracking. 
We measured the magnitudes using elongated apertures for reference stars and 
a nearly circular aperture for the satellite. The resulting brightness is shown on 

7

12
6,000 8,000 10,000

Satellite’s distance from observer (km)

12,000 14,000 16,000 18,000

11

10

O
bs

er
ve

d 
br

ig
ht

ne
ss

 (
m

ag
)

9

8

Fig. 1 | Brightness of Breeze-M debris as a function of distance from the 
observer. The data are from our archival observations with the RBT/PST2 
telescope with an infrared cutoff filter. At a distance of around 15,000 km, 
corresponding to the distance of the MOSFIRE observations, the brightness 
was ~9.2 mag, consistent with the MOSFIRE measurement taking into 
account phase angle differences and the angular speed of the satellite. The 
error bars are 1σ. See Methods for details.
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Fig. 2 | trajectory of Breeze-M debris in the field of view of MosFIrE/
Keck during the GN-z11-flash detection. The trajectory of the orbit 
corresponding to the date of the observation is shown as a thick black line 
with 1, 2 and 3σ confidence intervals shown as grey shaded regions. The 
trajectories for orbit elements calculated for days up to one week before 
and after the MOSFIRE observations are shown as green lines. The blue 
rectangles correspond to the positions and sizes of the slits used during the 
MOSFIRE observations. The position of GN-z11 is shown as the black cross. 
Within 1σ of the best orbital model there are solutions crossing the slit 
corresponding to GN-z11-flash and missing all other slits. Dec, declination. 
RA, right ascension.
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Fig. 1 as a function of the distance to the observer. We also used these observations 
to estimate the uncertainty of our orbit calculations. For each of the 16 nights, 
we used the Space-Track orbit with the epoch corresponding to the observation 
date in the same way as for the time of the flash observations. Then we compared 
these calculations to the astrometric positions measured from our RBT data. 
We measured the mean offset perpendicular to the line of sight of 1.7 km with a 
standard deviation of 2.2 km. At the distance of Breeze-M debris from the Keck 
telescope at the time of the flash observations (15,186 km), this corresponds to a 
mean offset between the measured position and the position calculated from the 
orbit of 23 arcsec with a standard deviation of 30 arcsec. We adopt the latter value 
as the positional uncertainty.

This uncertainty is consistent with that typically found for orbital models. 
Typical errors of SGP orbital models are 1 km and the orbital data errors 
perpendicular to the orbit are 1.1 km for highly elliptical orbit satellites20. This 
corresponds to a total error of the trajectory of 1.5 km, or 21 arcsec at a distance of 
15,186 km.

Data availability
The sources of all data used in this work are detailed in the Methods.

Code availability
The details of all code used in this work are provided in the Methods.
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