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Introduction: The potentially hazardous asteroid 

(PHA) (99942) Apophis is an Sq-type asteroid [1,2], 

that will approach within Earth’s geosynchronous orbit 

in April 2029. Apophis’ Earth approach in 2029 will be 

an excellent opportunity to examine how the physical 

properties of the asteroid could be changed due to the 

Earth's gravitational perturbation. To do so, we need to 

understand the physical properties of Apophis before its 

2029 Earth encounter. 

Observation Campaign: On March 6, 2021, 

Apophis made a close approach to the Earth at a mini-

mum distance of 0.11 AU whit the apparent magnitude 

reaching up to V~16. This was the most favorable con-

dition to observe this asteroid until its 2029 encounter. 

Thus, we performed an extensive and long-term photo-

metric and spectroscopic observation campaign during 

this 2021 apparition. The telescopes used for observa-

tion campaign of Apophis is listed in Table 1. 

Photometric Campaign: We conducted photometric 

observations from January to April in 2021 for a total of 

218 nights among 47 observers from 14 different coun-

tries using thirty-six 1 to 2-m class facilities. The main 

goals of our photometric campaign were to refine the 

spin state and convex shape model of Apophis. 

Spectroscopic Campaign: We observed Apophis 

with CAHA/CAFOS and SEIMEI/KOOLS-IFU (Visi-

ble), IRTF/SpeX and Gemini-North/GNIRS (NIR) to 

check the surface composition variations. In this cam-

paign, five visible and eight near-infrared spectra of 

Apophis were obtained. Each spectrum was obtained at 

different rotation phases of Apophis. 

Convex Shape model and Spin State: The refine-

ment of the convex shape model and spin state of 

Apophis was conducted employing light curve 

inversion technique for non-principal axis rotator 

[3],[4],[5]. Our model for Apophis is listed in Table 2 

and the convex shape model of this asteroid is shown in 

Figure 1.  We found that Apophis is rotating in a short 

axis mode and the shape of this asteroid can be approx-

imated by an elongated prolate ellipsoid. 

Surface Inhomogeneities: We found different tax-

onomic signatures in different phases based on the near-

infrared spectra (Figure 2). Some of the reflectance 

spectra of Apophis were shown to be typical for an Sq-

type asteroid, as was previously known. However, most 

of them appear as the unweathered spectra of Q-type as-

teroid. These differences in the near-infrared spectra of 

Apophis would be caused by a local resurfacing event, 

inhomogeneous surface composition, or differences in 

particle size. Additionally, radar observations have sug-

gested that this asteroid has a bifurcated shape [7]. Thus, 

we are cautious that this difference may have been 

caused by Apophis’s contact binary. 
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Table 1. List of telescopes for the observation campaign. 

Telescope Country Telescope Country 

- Photometric observation - 

Adiyaman  
Observatory 0.6 m 

Turkey 
AMU Winer,  
RBT 0.7m 

Arizona, 
USA 

ATLAS HKO 0.5 
m 

Hawaii, 
USA 

ATLAS MLO  
0.5 m 

Hawaii, 
USA 

BOAO 1.8 m Korea CAHA 1.23 m Spain 

CAHA 2.2 m Spain DOAO 1.0 m Korea 

Kawabe Cosmic  
Park 1.0 m 

Japan 
KMTNet CTIO  
1.6 m 

Chile 

KMTNet SAAO  
1.6 m 

South 
Africa 

KMTNet SSO  
1.6 m 

Aus-
tralia 

Krakow-CDK500  
0.5 m 

Poland 
LCO CTIO A 
1.0 m 

Chile 

LCO CTIO B  
1.0 m 

Chile 
LCO McDonald A 
1.0 m 

Arizona, 
USA 

LCO McDonald B 
 1.0 m 

Arizona, 
USA 

LCO SAAO A  
1.0 m 

South 
Africa 

LCO SAAO B 
1.0 m 

South 
Africa 

LCO SAAO C  
1.0 m 

South 
Africa 

LCO SSO A 
1.0 m 

Aus-
tralia 

LCO SSO B  
1.0 m 

Aus-
tralia 

LOAO 1.0 m 
Arizona, 
USA 

OWL Mitzpeh  
Ramon 0.5 m 

Israel 

OWL Oukaimeden 
 0.5 m 

Morocco 
OWL Tucson  
0.5 m 

Arizona, 
USA 

OWL Yeongcheon 
 0.5 m 

Korea 
SAAO Lesedi  
1.0 m 

South 
Africa 

Skynet DSO-14  
0.4 m 

Northern 
Califor-
nia, 
USA 

Skynet Prompt5 
0.4 m 

Chile 

Skynet Prompt6  
0.4 m 

Chile 
Skynet Prompt  
MO 1 0.4 m 

Chile 

Skynet RRRT 0.6 
m 

Virginia, 
USA 

SOAO 0.6 m Korea 

Suhora  
Observatory 
Zeiss-60 

Poland TUG 1.0 m Turkey 

TESS 0.1 m 
Space-
based 

  

- Spectroscopic observation - 

Gemini-North  
Telescope 8.1 m 

Hawaii, 
USA 

IRTF 3.2 m 
Hawaii, 
USA 

Seimei Telescope  
3.8m 

Japan CAHA 2.2 m Spain 

Notes. AMU: Adam Mickiewicz University, RBT: Roman Bar-
anowski Telescope, ATLAS: Asteroid Terrestrial-impact Last Alert 
System, HKO: Haleakala Observatory, MLO: Mauna Loa Observa-
tory, BOAO: Bohyunsan Optical Astronomy Observatory, DOAO: 
Deokheung Optical Astronomy Observatory, CAHA: Calar Alto Ob-
servatory, KMTNet: Korea Microlensing Telescope, CTIO: Cerro To-
lolo Inter-American Observatory, SAAO: South African Astronomi-
cal Observatory, SSO:Siding Spring Observatory, LCO: Las Cumbres 
Observatory, LOAO: Lemonsan Optical Astronomy Observatory, 
CDK: Corrected Dall-Kirkham, OWL: Optical Wide-field patroL 
Network, DSO: Dark Sky Observatory, MO: Meckering Observatory, 
RRRT: Rapid Response Robotic Telescope, SOAO: Sobaeksan Opti-
cal Astronomy Observatory, TUG: TÜ BÍTAK National observatory, 
TESS: Transiting Exoplanet Survey Satellite, IRTF: NASA Infrared 
Telescope Facility 

 

 

 

 

 

 

 

Table 2. Parameters of the Apophis model. 

Physical parameter Value 

λL [deg.] 278−8
+9  

βL [deg.] −86−4
+5  

Pϕ [hr] 27.3885 ± 0.003  

Pψ [hr] 264.18 ± 0.03  

ϕ0 [deg.] 183−4
+7  

ψ0 [deg.] 3−1
+5  

𝐼𝑎  0.64−0.09
+0.02  

𝐼𝑏  0.962−0.002
+0.023  

Notes. 𝜆𝐿, 𝛽𝐿 are the ecliptic coordinates of the angular mo-

mentum vector 𝐿⃗ ; 𝑃𝜓, 𝑃𝜙 are the periods of rotation and pre-

cession; 𝜙0, 𝜓0 are the standard Euler angles at 𝑡0; 𝐼𝑎 , 𝐼𝑏 are 
the principal moments of inertia. They are normalized by 𝐼𝑐 
[5]. The epoch JD0  for the standard Euler angles is 
2456284.676388 (2012-12-23.176388). 
 
 
 

 
Figure 1. Convex shape model of Apophis. 

 

 

 

 
Figure 2. Reflectance spectra of Apophis in the near-

infrared region. The colored solid lines are the reference 

spectra of Q-type (green), Sq-type (blue), and S-

type(red) asteroids [6]. 
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