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CCD photometric observations of ten Hilda asteroids 

were made at the Center for Solar System Studies (CS3) 

in 2019 December to provide additional lightcurves for 

modeling. 

CCD photometric observations of ten Hilda asteroids were made 

at the Center for Solar System Studies (CS3) from 2019 December 

to 2020 April as part of an ongoing study of this family/group, 

which is located between the outer main-belt and Jupiter Trojans 

in a 3:2 orbital resonance with Jupiter. The goal is to determine the 

spin rate statistics of the Hildas and to find pole and shape models 

when possible. We also look to examine the degree of influence 

that the YORP (Yarkovsky–O'Keefe–Radzievskii–Paddack) effect 

(Rubincam, 2000) has on distant objects and to compare the spin 

rate distribution against the Jupiter Trojans, which can provide 

evidence that the Hildas are more “comet-like” than main-belt 
asteroids. 

Telescopes Cameras 
0.30-m f/6.3 Schmidt-Cass FLI Microline 1001E 

0.35-m f/9.1 Schmidt-Cass FLI Proline 1001E 

0.35-m f/11  Schmidt-Cass SBIG STL-1001E 

0.40-m f/10  Schmidt-Cass  

0.50-m f/8.1 Ritchey-Chrétien  

Table I. List of available telescopes and CCD cameras at CS3. The 

exact combination for each telescope/camera pair can vary due to 
maintenance or specific needs. 

Table I lists the telescopes and CCD cameras that are combined to 

make observations. Up to nine telescopes can be used for the 

campaign, although seven is more common. All the cameras use 

CCD chips from the KAF blue-enhanced family and so have 

essentially the same response. The pixel scales ranged from 1.24-

1.60 arcsec/pixel. All lightcurve observations were unfiltered since 

a clear filter can result in a 0.1-0.3 magnitude loss. The exposures 
varied depending on the asteroid’s brightness. 

To reduce the number of times and amounts of adjusting nightly 

zero points, we use the ATLAS catalog r´ (SR) magnitudes (Tonry 

et al., 2018). Those adjustments are usually � 0.03 mag. The few 

corrections that were greater may have been related in part to 

using unfiltered observations, poor centroiding of the reference 
stars, and not correcting for second-order extinction.

The Y-axis values are ATLAS SR “sky” (catalog) magnitudes. 

During period analysis, the magnitudes were normalized to the 

comparison stars used in the earliest session and to the phase angle 

given in parentheses using G = 0.15. If “Reduced” is seen, the 

magnitudes were converted to unity distances by using –5log10(r�) 

where r� is the product of the Sun-asteroid and Earth-asteroid 

distances in au. The X-axis shows rotational phase from –0.05 to 

1.05. If the plot includes the amplitude, e.g., “Amp: 0.65”, this is 

the amplitude of the Fourier model curve and not necessarily the 
adopted amplitude for the lightcurve. 

Our initial search for previous results started with the asteroid 

lightcurve database (LCDB; Warner et al., 2009) found on-line at 

http://www.minorplanet.info/lightcurvedatabase.html. Readers are 

strongly encouraged to obtain, when possible, the original 

references listed in the LCDB. From here on, we’ll use only 

“LCDB” to reference the paper by Warner et al. (2009). 

1202 Marina. Dahlgren et al. (1998) reported a period of 9.45 h 

based on data from 1993. Our period is similar to theirs but is 
based on a denser data set. 

 

1212 Francette. Previous results for the 82-km Francette are 

22.433 h (Warner and Stephens, 2017) and 16.2879 h (Pál et al., 

2020) using data from TESS. Our data show a strong preference 
for a period near 32 h, or double that from Pál et al. (2020). 
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A split-halves plot for our period indicates that the 16 h period 

does not fit the data. It’s worth noting that the 22.433 h period 

from Warner and Stephens (2017), is close to a 3:2 integer ratio 
with the period adopted here. 

1345 Potomac. Dahlgren et al. (1998) found a period of 11.40 h 

and Brinsfield (2010) found a period of 11.41 h. Our result is in 
good agreement with those earlier works. 

 

1439 Vogtia. We found a period of 12.898 h using data from 2016 

(Warner et al., 2017) and then 12.944 h from the 2017 apparition 

(Warner et al., 2018). The latest result is consistent with those 

earlier findings. 

 

1941 Wild. Waszczak et al. (2015) used data from the Palomar 

Transient Factory (PTF) to find a period of 45.649 h, which is 

rated U = 1 in the LCDB. Our result is only marginally better 

since the data do not cover the full lightcurve and were acquired 
over a span of almost two months. 

 

3202 Graff. Stephens (2016) observed this 35-km Hilda in 2015 

and found a period of 17.32 h. Pál et al. (2020) reported  
P = 17.3548 h. Our period is consistent with those earlier results. 

 

3571 Milanstefanik. A definitive period for 39-km Milanstefanik 

has proved elusive. Using data from 2016, we found a period of 

421.1 h (Warner and Stephens, 2017). Our data from 2020 could 

not be fit to any period P > 400 h; it did fit well with P ~ 360 h, 
but only after some significant adjustments to nightly zero points. 
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A raw plot of the data without adjustments and excluding two 

sessions shows no overt signs of tumbling, although it would seem 

probable given the period and size (Pravec et al., 2005; 2014). The 

two excluded sessions were too far “off the curve” too quickly to 

have been due to tumbling. Other than some sort of calibration 

error, we don’t have an explanation for the anomalous sessions. 

Given the new results, we returned to the data from 2016. After 

resetting all nightly zero points and changing the comparison star 

magnitudes from APASS V (Henden et al., 2009) to ATLAS SR, 

we redid the period analysis to see if the data would fit the shorter 
period. 

In fact, they did and with very little zero-point adjustments  

(“2016 A”). However, the lightcurve shape seems highly 

improbable given the amplitude and low phase angle (Harris et al., 

2014). A search above 400 h found a best fit of P = 472 h (“2016 

B”) with something closer to the expected bimodal lightcurve. The 

lack of coverage from the second minimum to maximum makes 
the solution tentative at best. 

 

 

To solve the ambiguity will likely require a collaboration among 

individual or groups of observers who are well-separated in 
longitude.  

(23186) 2000 PO8. We observed this asteroid in 2017 (Warner 

and Stephens, 2018). Analysis of the data found a period of  

5.003 h. Our 2020 data set led to P = 5.0165 h, which is in good 
agreement with our earlier result. 

 

(32395) 2000 QV213. Waszczak et al. (2015) reported a period of 
15.349h. Analysis of our denser data set found P = 15.372 h. 

 

(77892) 2001 SZ250. This appears to be the first reported period 

for 2001 SZ250, which has an estimated diameter of 13 km. The 

“notch” at 0.25 rotation phase was seen on several occasions and 
so appears to have a physical cause. 
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