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CCD photometric observations of three Hilda asteroids 

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

in 2019 November to provide additional lightcurves for 

modeling. 

CCD photometric observations of three Hilda asteroids were made 

at the Center for Solar System Studies (CS3) in 2019 November. 

This is another installment of an on-going series of papers on this 

group of asteroids, 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 group and 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. 

Measurements were made using MPO Canopus. The Comp Star 

Selector utility in MPO Canopus found up to five comparison 

stars of near solar-color for differential photometry. Comp star 

magnitudes were taken from ATLAS catalog (Tonry et al., 2018), 

which has Sloan griz magnitudes that were derived from the 

GAIA and Pan-STARR catalogs, among others. The authors state 

that systematic errors are generally no larger than 0.005 mag, 

although they can reach 0.02 mag in small areas near the Galactic 

plane. BVRI magnitudes were derived by Warner using formulae 

from Kostov and Bonev (2017). The overall errors for the BVRI 

magnitudes, when combining those in the ATLAS catalog and the 

conversion formulae, are on the order of 0.04-0.05 mag. 

Period analysis was done with MPO Canopus, which implements 

the FALC algorithm by Harris (Harris et al., 1989). The same 

algorithm is used in an iterative fashion when it appears there is 

more than one period. This works well for binary but not for 
tumbling asteroids. 

In the plots below, the Y-axis gives the sky (catalog) magnitude of 

the asteroid (V is Johnson V, SR is Sloan r´). For plots of 

additional periods, the zero point is the average magnitude of the 

primary lightcurve. The magnitudes were normalized to the phase 

angle in parentheses using G = 0.15. The X-axis is the rotational 

phase ranging from –0.05 to 1.05. If the plot includes an 

amplitude, it is for the peak-to-peak 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), which is on-line 

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

are strongly encouraged to obtain, when possible, the original 
references listed in the LCDB. 

153 Hilda. This is the largest member (170 km) of the Hilda 

group. Shevchenko et al. (2009) used data from 2002 observations 

to find a period of 5.9587 h. Our period of 5.963 h is in good 
agreement. 

 

190 Ismene. Binzel and Sauter (1992) are the earliest entry in the 

LCDB with a result (6.51 h) that is near the adopted period of 

6.5210 h given in the LCDB. Dahlgren et al. (1998) found a 

period of 6.52 h. Shevchenko et al. (2008) found a period of 

6.5192 h using data from 1999. Since then, only two other 

references in the LCDB have a result near the adopted period: 
Dunckel (2011; a web posting) and this work.  

Number Name 2019/mm/dd Phase LPAB BPAB Period(h) P.E. Amp A.E. 

 153 Hilda 11/25-11/26 9.8,9.7 108 -7 5.963 0.003 0.12 0.01  

 190 Ismene 11/12-11/17 13.8,14.2 345 0 6.5210 0.0008 0.16 0.01  

 1746 Brouwer 11/17-11/25 4.0,3.5 60 10 19.724 0.002 0.29 0.02  

Table II. Observing circumstances. The phase angle (�) is given at the start and end of each date range. LPAB and BPAB are the average 

phase angle bisector longitude and latitude (see Harris et al., 1984).  
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For the second largest member of the Hilda family (158 km) this 

seems a sparse sampling. It may be that observers seeing an 

accurate period and U = 3 in the LCDB believe that no other 

observations are required. It’s a rare occasion when there are too 

many observations of an asteroid. In this case, the new data 

contributed to developing an accurate shape and spin axis model. 

 

1746 Brouwer. Dahlgren et al. (1998) found P = 19.8 h for 

Brouwer. Hanus et al. (2016) derived a shape and spin axis model 

with two possible poles: (�, �) = (21°, –67°) or (158°, –71°). The 

sidereal period was 19.7255 h for both models. 

 

The result from the 2019 observations at CS3 led to an 

asymmetric bimodal lightcurve with a period of 19.724 h and 
amplitude of 0.29 mag. 
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