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Introduction:  The near-Earth flyby of Apophis has 

the potential to modify its physical parameters such as 
spin, shape, and rotation axis. However, just after the 
flyby, the trajectory of Apophis will take it in the 
direction of the Sun, making it unavailable for optical 
ground base telescopes. This will prevent the 
measurement of any induced change in the ~30 h 
rotation-period of Apophis. Fortunately, the Moon will 
be ideally located between the Earth to the Sun, 
allowing a post-flyby observing run of almost 60 h. 
Moreover, a unique scientific mission from the Moon 
surface at 2029 would be timely to accommodate 
NASA’s Artemis project that will land astronauts on the 
Moon as early as 2024. Observations of Apophis from 
the Moon could be a relatively cheap addition to these 
manned missions. 

Here I briefly discuss how this additional observing 
time is essential for measuring the spin modification; 
the location on the Moon that is ideal for observations; 
parameters of required telescopes and possible 
instruments; funding opportunities, and possible 
caveats. 

Spin modification: Models suggest that following 
the flyby, Apophis will experience strains from the 
Earth’s tidal forces that will cause Apophis’ rotation 
period of ~30 h to be altered by a few up to ~5 h, 
spinning up or down (e.g. [1, 2]). Moreover, it is unclear 
when the seismic activity within Apophis will relax 
(since this depends on its unknown interior parameters 
such as density, rigidity and dissipation factors) and 
how this will continue to modify Apophis spin 
parameters. Therefore, observations of at least 25 to 35 
h will be required to cover one cycle of the modified 
rotation period of Apophis. Unfortunately, this is 
significantly longer than the time Apophis is available 
for Earth’s optical telescopes, since after the flyby, 
Apophis will be above the local horizon at daytime. 

Alternative lunar observatory: During the 
Apophis-Earth flyby on April 13th 2029, the Moon will 
be ideally located for photometric observations of 
Apophis from the Lunar surface. The Moon will be new 
(at phase zero), thus no direct Sunlight will harm the 
telescopes or deteriorate the observations. The location 
on the Moon where Apophis is visible (elevation cut off 
of 15 degrees above the ground) for the longest time is 
on the equator, around longitude 60 E, the eastern part 
of Mare Fecunditatis. At this place, over 90% of 
Apophis’ illuminated surface could be seen from the 
Moon since April 4th, through the flyby of April 13th, 
and until 6:00 of April 16th (in UT), about 56 h after the 

flyby. Even though Apophis will not pass near the Moon 
as close as to the Earth (95K km compared to 38K km), 
it will be extremely bright, with its brightness ranging 
between 13.1 to 5.4 (at closest Moon range) up to ~18 
magnitude when daylight will hit this lunar longitude. It 
is needless to mention that on the Moon weather 
conditions or atmospheric extinction are irrelevant. 

 
Fig. 1: Post-flyby days in which Apophis will be observable 
from the Moon surface at the marked coordinates (0o, 0o at the 
center; interval of 30o, East at right). Eastern parts of Mare 
Fecunditatis will view Apophis the longest, for almost 60 h. 
 

 
Fig. 2: Observing parameters vs. time: magnitude (top), 
percentage of Apophis’ illuminated surface and altitude above 
the horizon at 60o E on 0o (bottom). The blue line is Apophis 
magnitude from the Earth. Data from JPL’s Horizons. 

12 12.5 13 13.5 14 14.5 15 15.5 16

0

10

20

V 
[m

ag
]

12 12.5 13 13.5 14 14.5 15 15.5 16
0

50

100

Ill
u 

[%
]

Ea
rth

 F
ly

by

M
oo

n 
By

pa
ss

12 12.5 13 13.5 14 14.5 15 15.5 16
Day in April 2029

0

50

Al
t [

de
g]

 a
t E

60
 N

0

2026.pdfApophis T–9 Years 2020 (LPI Contrib. No. 2242)



Lunar telescopes: Telescopes were already used on 
the Moon. Apollo 16 astronauts operated the Far 
Ultraviolet Camera / Spectrograph mounted on a 75 mm 
telescope and returned 178 frames of multiple targets. 
Recently, China’s Chang’e 3 was equipped with a 
robotic 150 mm Ultraviolet telescope that had stable 
performance up to at least 18 months after the landing 
[3]. 

Observation plan: The high brightness of Apophis 
during its Earth-flyby allows the use of small-sized 
telescopes, with apertures of a few tens of cm to perform 
standard photometric measurements of the asteroid in 
order to retrieve its modified spin parameters. Since 
Apophis will not be resolved with a telescope of such 
aperture, the periodic changes in its brightness as it 
spins, give an exact value of its rotation period. Sub-
second exposures will be sufficient to achieve a high 
SNR of ~50, required for accurately calculate Apophis’ 
modified rotation period in a precision of ~1 minute. 
Filters could be used to dim the light when Apophis is 
at its brightest. The fast motion of Apophis on the sky 
(~13.9 arcsec per sec at maximum) requires a mount 
capable of following at such velocity while accurately 
pointing the telescope at its correct location. Since the 
exact changes in Apophis’ trajectory following the 
Earth flyby are unknown (and will remain unknown 
until it happens), the mount should be able to track 
Apophis automatically in real time. Fast cameras with a 
rate of tens of Hz will be enough to keep Apophis image 
with a narrow Point Spread Function (PSF), with 
clusters of images stacked to increase the SNR. 
Additional instruments might include a spectrometer, to 
search for spectral changes that might occur due to the 
seismic wave vibrating the surface [4], cameras 
sensitive to IR or UV light, or a telescope with a larger 
aperture. 

Reaching the Moon: Sending the telescope to the 
Moon requires partners that wish to reach there anyhow. 
For them, the Apophis Lunar telescope will be a unique 
scientific incentive giving additional rational for their 
high expenses. Three potential partners are mentioned 
here: NASA, private space companies, and space 
tourism companies. NASA declared that the Artemis 
project will start landing on the Moon as early as 2024. 
A few private companies where already chosen for 
developing scientific payloads for these missions. An 
Artemis astronaut could place the robotic telescope and 
leave it on site for future robotic or remote operations. 
Private companies such as Blue Origins are also 
developing lunar landers for cargo deliveries to the 
Moon. A client of this service can be one of the large 
telescope manufacturing companies (such as Celestron 
or Orion) using the Apophis telescope as an advertising 
tool for a future Lunar observatory service, for 

professional and amateur astronomers alike. And 
finally, if space tourism services would reach puberty 
until 2029, even only at lunar orbit level (SpaceX 
currently plans such a mission for 2023), they could 
observe and measure Apophis after the flyby, though the 
Moon will block Apophis from view about half of each 
orbit, making such observations less effective. 

Caveats: The exact trajectory of Apophis after the 
flyby is unknown. If the trajectory will not change as 
planned it might bypass the Moon from its west side, 
making an east observing site less effective. 

 
References: [1] DeMartini, J. et al. (2019) Icarus, 

328, 93-103. [2] Scheeres, D.J. et al. (2005) Icarus, 178, 
281-283. [3] Wang, j. et al. (2015) Ap&SS, 360, 10. [4] 
Binzel, R.P. et al. (2010) Nature, 463, 331-334. 

 

2026.pdfApophis T–9 Years 2020 (LPI Contrib. No. 2242)


