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Jiang et al.1 recently reported the discovery of a transient flash asso-
ciated with the galaxy GN-z112 at redshift z ≈ 11. They interpreted 
this transient as the possible discovery of a gamma-ray burst (GRB) 
at z = 10.957. The extreme improbability of the transient source 
being a GRB in the very early Universe requires robust elimina-
tion of all plausible alternative hypotheses. We identify numerous 
examples of similar transient signals in separate archival MOSFIRE 
observations and argue that Solar System objects—natural or arti-
ficial—are a far more probable explanation for these phenomena.

Transient signals from Solar System objects in MOSFIRE 
spectra
To date (https://koa.ipac.caltech.edu/UserGuide/mosfire.csv), 
MOSFIRE has obtained 81,776 spectroscopic exposures of sci-
ence targets. If any other exposures show similar transients as that 
reported for GN-z11, then the chance probability of finding such 
a transient in a single random exposure, regardless of its origin, is 
>104 times more likely than a serendipitous GRB detection with a 
probability of ≪10−8. In a visual search of 12,300 exposures from the 
Keck MOSFIRE archive, we found a minimum of 27 single-exposure 
transients (summarized in Supplementary Table 1).

Three of these transients appear in a sequence of 12 exposures 
taken on 2017 March 7 centred on the lensing cluster Abell 1689 
(A1689), and two of those are seen in a single 120 s exposure 
(Supplementary Fig.  1). As with the GN-z11 flash, this pair of 
A1689 transient spectra show telluric absorption features indicat-
ing that they originated above the atmosphere. Both transients in 
the pair have the same spectrum (Supplementary Fig. 2), suggest-
ing that they arise from a single source moving with a minimum 
angular speed >0.1″ per second that passed through both slits 
(Supplementary Fig. 3). Furthermore, the shapes of their spectra are 
fully consistent with reflected solar spectra, both in the overall slope 
and also with the detection of the Paschen-β absorption feature.

The steeper slope of the GN-z11 transient in the K band is also 
consistent with a reflected solar spectrum (Supplementary Fig. 2). 
It is a featureless K band spectrum consistent with a power law 
fλ ∝ λ−3.2±0.4, which is significantly steeper than those regularly found 
for lower-redshift GRB afterglows that have observed UV-to-optical 
slopes between −0.9 and −1.6 (refs. 3–5), and indeed Jiang et al.1 state 
that the transient is not caused by a regular GRB reverse shock 
emission that produces a bright early flash6. In addition to the 
non-thermal GRB afterglow spectra, some GRBs exhibit a prompt 
thermal blackbody emission, presumably from a shock-breakout7. 
For a Population III GRB, the dominant contribution from the 

prompt thermal emission component lies between 102 and 105 keV 
in the rest frame8; that is, the thermal component peaks in X-ray 
emission. Jiang et al. argued that a slope of −3.2 can arise in a 
self-absorbed synchrotron spectrum, but this requires fine-tuning 
of the model parameters of Uhm et al.9. A reflected solar spectrum 
is a preferred fit, as it requires no fine-tuning.

Based on the spectral similarity to the reflected solar spec-
trum and the angular speed of the moving sources shown in 
Supplementary Fig.  3, the transients detected in MOSFIRE are 
most probably high-altitude Earth-orbiting satellites. Jiang et al. 
argue that the probability of such an interloper is very low based on 
the telescope pointing and assumed distribution of satellite orbits. 
However, 8 additional transients were found among ~6,000 archi-
val exposures of the same GOODS-North field. This estimate of 
~10−3 per exposure is consistent with approximately 5,400 tracked 
spacecraft with orbit perigees higher than 1,000 km (see https://
space-track.org). The number of artificial objects that could cause 
these MOSFIRE transients is almost certainly much higher still (for 
example, debris in high geosynchronous orbits not tracked in the 
general NORAD database10–12). Although Jiang et al. did not identify 
a specific source in a database search, and some of the MOSFIRE 
flashes shown here have no candidate source, subsequent work did 
identify a strong candidate for the GN-z11 flash13.

The probability of finding one in a specific slit is perhaps 10–20 
times lower, although the other arguments for implausibility would 
have applied to a transient in any slit in the mask. Earth-orbiting sat-
ellites cause trails that are so ubiquitous in Hubble Space Telescope 
images seen from low-Earth orbit that they have motivated the 
development of automated software to detect and remove them14. 
Identifying the specific bodies that cause the trails in the MOSFIRE 
exposures summarized in Supplementary Table  1 is beyond the 
scope of this work, and the calsky online database Jiang et al. used to 
search for satellite counterparts to the GN-z11 transient is no longer 
available to make that specific comparison.

Jiang et al. also argue that time of night and compactness of the 
GN-z11 flash are impossible for an artificial satellite. However, exam-
ples exist with both properties. The exposure MF.20140425.29736.
fits, also in GOODS-North, shows an H band transient obtained 
at ut 08:15 (the GN-z11 transient was observed at ut 08:07). The 
NAVSTAR 52 (USA 168, NORAD ID 27704) GPS satellite, with an 
orbital inclination angle of 54°, is in the approximate vicinity of the 
GN-z11 flash on the night of the observations, with a direction of 
travel close to east–west. A satellite with a similar orbit could have 
produced a compact flash like the one reported.
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Finally, Jiang et al. argue that the flash must be associated with 
GN-z11 because of its proximity to the centre of the galaxy. However, 
a careful analysis of the target alignment within the slits shows that the 
traces of two alignment stars in slits separated by half of the instru-
mental field of view are well aligned with the known target positions, 
while the transient trace is clearly offset from the galaxy centre by ~0.7″ 
(Supplementary Fig. 4), which would correspond to 2.8 kpc at z = 11. 
The two stars demonstrate the reliability of the absolute astrometry, 
and ‘Star 2’ in the slit just below GN-z11 provides an unambiguous rel-
ative measurement of the offset. As described by Jiang et al.1, the tran-
sient is nearly twice as extended as the two point sources. Although the 
offset and source extent aren’t dispositive of the GRB interpretation of 
the transient, they would require yet another coincidence to support 
it. For example, the GRB probability argument would need to account 
for the dramatically lower stellar density at nearly five half-light radii 
from the centre of GN-z11 (effective radius Re = 0.6 ± 0.3 kpc).

Discussion
The goal of this analysis is to assign the most probable explanation 
to the possible association of the flash reported by Jiang et al. with 
GN-z11. In terms of brightness, the observations are not incompat-
ible with being related to a GRB15. However, the spectral shape is 
significantly bluer than is typical for GRB afterglows, and is more 
similar to those shown in Supplementary Fig. 1 in MOSFIRE obser-
vations of Abell 1689, which are probably natural Solar System 
objects (for example, satellites or debris).

As estimated in Jiang et al., the probability merely of detecting 
a GRB is between ~10−10 and 10−8 under ΛCDM, and the GN-z11 
flash does not have the spectral energy distribution of a typical GRB. 
Although Kann et al.15 argue that such a spectral energy distribution 
is plausible, given current catalogues, the probability of finding one 
is � 10−4 of the probability of merely finding a GRB. So, the prob-
ability of detecting a GRB of this type is � 10−13.

This is small enough that many other improbable explanations 
are far more likely. From an archival search of MOSFIRE observa-
tions, the rate of natural bodies and/or spacecraft causing flashes 
in dispersed spectra is of the order of 10−3 per exposure, making 
this explanation � 1010 times more likely. Owing to the rate of 
these interlopers at other observatories, even in the absence of these 
examples, this was the most probable explanation. At least three of 
these transients, including the one in the GN-z11 slit, have spectra 
indistinguishable from a reflected solar spectrum, further support-
ing Earth-orbiting satellites as their most probable cause.

Finally, in follow-up work16, Jiang et al. argue that the GN-z11 
flash is special because it coincides with a known object. However, 
MOSFIRE slit masks are always constructed to take spectra of 
known objects; with median seeing ~0.5″ in the K band, a minimum 
of 1 in 14 flashes will coincide with an object in an ~7.1″ slit. More 
generally, this is a version of the well-known multiple comparison 
problem17–20,21. Regardless, their revised estimate would bound the 
probability of an interloper spacecraft at 3 × 10−7. Although that is 
substantially lower than the rate demonstrated here, it is substan-
tially larger than all estimates for the probability of GRB detection. 
Thus, the results in Jiang et al.16 are in agreement with this Matters 
Arising that a spacecraft is the far more probable explanation.

Data availability
Data used in this work are available from the Keck Observatory 
Archive (https://www2.keck.hawaii.edu/koa/public/koa.php) with 
specific filenames given in Supplementary Table 1.
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