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Apophis spin and shape modeling (1)

Apophis – a slow rotating asteroid in non-principal axis spin state.

It has low rotation and precession frequencies – data spanning long 
intervals (many nights) needed to construct its spin and shape 
model.

The LC data taken from 2012-12-23 to 2013-04-15 (55 nights) →
the first spin and convex-shape model (Pr+14).

The radar data taken from 2012-12-22 to 2013-02-20 (11 nights) →
a similar shape model, and suggested possible bifurcation
(Br+18).

References: Pravec et al. (2014) Icarus 233, 48-60; Brozovic et al. (2018) Icarus 300, 115-128



Apophis spin and shape modeling (2)

New lightcurve data taken from 2020-11-16 to 2021-05-06 → Modeling of the complete 
2012-2021 data (Ďurech et al. 2026).

Result: Several possible models (all of them provide acceptable fit to the data).  The 
ambiguity is due to the 8-yr separation between the 2012-2013 and 2020-2021 data.

Consequence: Cannot give an accurate prediction for Apophis’s post-encounter spin state.  
(New Pϕ and Pψ may be in the range 16-35 h and 160-390 h, respectively.)

We need to take more data to resolve the ambiguity.  (Break the 8-yr apparition sampling!)

Reference: Ďurech, Vokrouhlický, Pravec, et al. (2026), Astron. Astrophys. 709, A278

Convex-shape model A (the other models are similar):



Apophis lightcurve characteristics (1)

Three main frequencies: 

27.38-1, 30.56-1 and 263-1 h-1

(The first and the last are Pϕ
-1 and Pψ

-1 in 
the Kaasalainen 2001 convention.)

Note: The long Pψ is because Apophis is dynamically 
not far from a prolate spheroid: bdyn/cdyn = 1.06

Reference: Pravec et al. (2014) Icarus 233, 48-60



Apophis lightcurve characteristics (2)

Significant harmonics in Apophis’s lightcurve up to the 3rd order.

The highest frequency: (3*27.38-1 + 3*30.56-1) = 4.81-1 h-1.

Need to observe Apophis’s lightcurve with a sampling of ~2 hours.  A denser sampling 
does not provide a significant additional information.

References: Pravec et al. (2005) Icarus 173, 108-131; Pravec et al. (2014) Icarus 233, 48-60 



Apophis LC observations – requirements

General requirements (to get a good model for Apophis from one-apparition data):

▪ Coverage: Tens of nights over an interval of several weeks (a few times Pψ)

▪ Cadence: One (normal) photometric data point per 2 hours

▪ Photometric accuracy of each normal photometric data point: 0.03 mag

Limited data sets (covering shorter time intervals) – useful in combination with other data
(in a joint modeling using data from many years).

The best strategy: Collaboration of several telescopes

Key for the success: Consistent calibrations (to get an internally consistent, homogeneous 
dataset by combining data from different telescopes).

The relatively sparse sampling needed (1 data point per 2 hours) – the Apophis 
observations suitable as a supplementary program to other (main, semi/quasi-continuous) 
observing programs at the involved telescopes.



Apophis observational windows

Three observational windows for photometric observations of Apophis (before the 2029 
April 13 close approach):

▪ 2027 February-April

▪ 2027 December-2028 June

▪ 2028 October-2029 April 13

Data taken in the first two apparitions needed to construct a unique model for Apophis over 
all the years 2012-2029.  (See the talk by J. Ďurech.)



Apophis lightcurves in the three obs. windows

LCs for the different 
Apophis models 
different enough (at 
times) in 2027 and 2028 
to resolve the ambiguity.

LCs for the different 
Apophis models 
practically identical in 
2029, the modeling 
ambiguity wouldn’t be 
resolved.



The 2027 February-April window

The best opportunity for resolving between the competing Apophis models – differences 
between the models are largest.

Apophis observable with large (4+m) northern-hemisphere telescopes in the evening sky.

Each telescope may take only 1 or 2 normal data points on one night → observations from a 
few telescopes spread in longitude on a number of nights (in evening hours) would be 
best.



The 2027 December-2028 June window

Still a good opportunity for resolving between the competing Apophis models – differences 
between the different models are significant (at times).

Observations with medium sized (2-4m) telescopes in both hemispheres needed.

One telescope can observe Apophis for only a ~couple hours in the evening sky, but 
observations spread over the 7 months would provide data for checking stability of the 
spin and shape solution.

Though a single telescope may take only ~2 normal data 
points on one night, a coordinated photometric campaign 
involving a few telescopes spread in longitude would 
provide a good coverage for solving Apophis’s spin and 
shape model.



The 2028 October-2029 April 13 window

Medium sized (2-4m) northern hemisphere telescopes needed at the beginning of the 
apparition.

Since January 2029 Apophis will be bright enough for photometry with small (1-m class) 
telescopes (preferably in the southern hemisphere for the negative declinations of 
Apophis).

A thorough coordinated campaign will provide rich data for getting a final spin and shape 
model for Apophis.

Note: Taking data at the extremely high solar phases (98°) 
in October 2028 may be important for refined modeling 
(for the possible concavities of Apophis’s figure).



Conclusions

A photometry campaign in the observational windows February-April 2027 and/or 
December 2027-June 2028 needed to get critical lightcurve data for obtaining 
a unique spin model for Apophis.

Large (4+m) and medium (2-4m) telescopes needed in the 2027 and 2027-2028 
apparitions, respectively.

Certain challenges: Need to take data over many nights (but with a relatively low 
cadence, providing a relatively sparse sampling).  Consistent calibrations
over the number of nights and used telescopes needed to get a 
homogeneous dataset.


