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New spin period determination for comet 6P/d’Arrest
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Abstract. A lightcurve of comet 6RI’Arrest fromR-band CCD images taken at La Palma 2.52 m NOT telescope is presented.
The lightcurve shows noticeable periodic changes in brightness produced by rotational modulation. The periodogram analysi
of the lightcurve shows a peak with a confidence level exceeding 99.9% at 3.336 h. Assuming an elongated nucleus, the mo
likely spin period is therefore 6.6¥ 0.03 h, but other periodicities are also possible. The peak to peak amplitude ist0.082
0.016 mag. This period, and the other peaks detected in the periodogram, are not commensurable with previous estimates
the spin period of comet @& Arrest. If all the measurements are correct, thedénces between this estimate and the previous
ones could be due to a possible change in the spin period of confiéABRst or to this comet being rotating in a complex
mode.
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1. Introduction Given the importance of the rotational parameters, strc
observational £orts should be addressed in order to incree
The knowledge of the rotational state of cometary nucleiis n§ge database of cometary rotational parameters and to d
essary for the correctinterpretation of many observational daigine possible variations of these parameters. Under these 2
Moreover, cometary spin parameters can help to understand{fenave carried out observations of cometdBRrrest, after
internal structure of nuclei and it may seed some light into thegjg |55t perihelion passage. @FArrest was one of the best ob,
formation processes. So far, approximately only 15 cometafyryable candidates during the second half of 2002 from
spin periods are reliably known (Jorda & Geriéz 2002) and Northern hemisphere. Moreover, at the time of the obser
only a few spin axis orientations have been estimated. An ggng| proposal, this comet was one of the targets of NAS,
ditional difficulty concerning rotational parameters of comesgntour space mission.
is that they may evolve or _cha_nge during the Iifeti_me of the As reported in Belton (1991), some early estimates of f
comet due to the outgassing-induced torque. This was figgfin period of this comet seem to be in conflict. The last pt
pointed out by Whipple (1950) in his historical paper. Morfshed spin period determination was performed by Lowry
recently, Samarasinha et al. (1986), using an approximate ggsissman (2003). These authors observed the comet whe
scription, obtained the timescale for a change in the angul@s inactive, at 2.83 AU from the Sun in the pre-perihelit
momentum. They also pointed out thaygiBlley’s spin period pranch of its last orbit. From their analysis, they deduced a s
could have changed since its 1910 apparition. Recent Megyiod of 7.20+ 0.12 h (assuming a double-peaked lightcurve

eling of the evolution of the rotational parameters simulatingh;g spin period seems to be also in conflict with the previc
the outgassing-induced torque shows that these changes argjigs.

deed very likely, at least for relatively small cometary nuclei

(e.g. Samarasinha et al. 1996; Neishtadt et al. 2002e@ati”

et al. 2003). Another potentiaffect of the outgassing-induced2. Observations and data reduction
torque is that it can lead the nucleus to rotate in a compl8<
mode. So far, the only confirmed comet rotating in a compl
mode is comet 1Pialley (e.g., Belton 1991).

tical observations were taken on 2002 Deceml
—7-8 at La Palma 2.52 m Nordic Optical Telescoj
with the ALFOSC instrument. The CCD detector was
Loral/Lesser 2048 by 2048 pixels chip, with a pixel scale
Send gprint requests toP. J. Gutérez, 0.188 arcsec. Images were obtained through standard Be
e-mail:pedro.gutierrez@oamp. fr filters. The seeing (FWHM) varied from 1.2 to 1.6 arcse
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Fig. 1. Individual CCD image of comet & Arrest observed at the PERIOD IN HOURS
2.52 m NOT telescope (Canary Islands) on Dec. 7th, 2002 at 23:17 H

T . .
through a broadband R filter. The exposure time is 900 s. ig. 2. Lomb spectral power of the lightcurve data in Table 1. The

periodogram shows two very high confident peaks at 3.33 hand 3.86 h.

The exposures times were 15 min and comet tracking Wgs6P/d’Arrest. The dect of seeing variations on the integrated
used. The airmass of the observations ranges from 1.15 taqrkgnitudes was evaluated following Licandro et al.’s (2000)
The reduction of the data was carried out following Standaﬁﬂocedure for the range of seeing values measured on the im-
procedures of average bias subtraction and flatfield correctigfes. For a 15—pixels diaphragm, thEeet of the seeing varia-
The CCD bias level was determined from an overclocke@n is lower than 0.005 mag, which is smaller than the error of
region of the frame. Flatfield calibration was performed bhe magnitude determination. We have also checked for a pos-
median averaging a large number of high signal-to-noig@le correlation between the seeing and the comet magnitude.
images of the twilight sky. Two techniques (PSF fit and partigix field stars were used to estimate the mean FWHM in each
derivatives) were used to find the optocenter and sevegaimetary image. The Pearson fimgent of the pairs (FWHM,
synthetic apertures, ranging from 4 to 20 pixels in radius, weggmet magnitude) was0.17 indicating that there is no such
used to extract the flux of the comet. Images of the comgirrelation.

photometrically &ected by bad columns or field stars were The data of Table 1 and the data obtained with the other
rejected from the analysis. The sky level was calculated frogpertures were carefully analyzed using several spectral analy-

a statistical analysis of a 200 by 200 pixels window centerggk techniques: Lomb (1976), PDM (Stellingwerf 1978), and
at the comet in order to avoid possible coma contamination.

The E(TeCt.Ne alrmass fo.r each comet '”.‘age was Cal(.:UIa éjble 1. Photometry of 6RI’Arrest. R magnitude measured for an
from an integration of instantaneous airmasses during rture of 15 pixels.

exposure. Absolute calibration of the data was obtained by

using observations of several Landolt's (1992) fields. Two D Rmag 1 D Rmag 1o

linear fit methods (least absolute deviation and least squares) ~(55357 2025 0.03 1.6574 2028 0.04

were used to extract the atmospheric extinction and zero point 06035 20.18 0.03 1.6688 20.27 0.04

parameters. Both methods gave similar sets offments. 0.6150 20.18 0.03 1.6803 20.26 0.04

At the time of the observations, comet /@RArrest was 0.6264 20.18 0.04 1.6930 20.23 0.04
at 3.15 AU from the Sun (post-perihelion) and at 2.24 AU 0.6501 20.21 0.04 2.4419 20.24 0.04
from the Earth. The phase angle was 7.6 deg. A quick im- 0.6833 20.28 0.04 2.4657 20.23 0.04

age analysis shows that a small coma was present. We have 14337 20.14 0.04 24771 2025 0.04
estimated theAfo parameter of comet @& Arrest from the i‘jggg ggig 8'83 g'ggig ;8'52 8'82
analysis of brightness profiles of images obtained during the : : : : : :

three nights of observation. We considered only pixel values 14701 20.18 0.04 25126  20.25  0.04
'9 vaton. ! y pixel valu 14816 2020 0.04 2.5240 20.24 0.03

atp > 12 pixels to avoid the nucleus contribution. We find a 1.4941 2025 004 25355 2022 0.03
value OfAfp =22+01cm compatible with previous esti- 15055 20.24 0.04 25469 20.20 0.03
mates (Sanzovo et al. 2001; Lowry & Fitzsimmoms 2001). 15169 20.23 0.04 25913 20.25 0.03

15284 20.24 0.03 2.6027 20.24 0.03
1.5652 20.22 0.03 2.6370 20.30 0.04
15766 20.22 0.03 2.6497 20.27 0.04
The magnitude of the nuclear region was obtained using dif- 1.6206  20.24  0.03 2.6611 20.24  0.04
ferent apertures, in order to study the possiltfect of seeing 16321 2025 0.04 2.6749 20.27 0.04
variations on the aperture photometry. Table 1 contains the data 16460 2031 0.04
corresponding to the 15—pixels (2.8 arcsec) aperture lightcudZe= Julian date — 2452615.0.

3. Results and discussion
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e 3.1. Previous spin period estimates

+ Dec,6th g Dec,7th  Dec,Bth

Fay & Wisniewski (1978) (henceforth F&W) performed time
resolved photometry of comet gPArrest during its perihe-
lion of 1975. Their periodogram showed that the most cor
dent peak was at 5.1# 0.01 h but other peaks were preser
Nevertheless, Leibowitz & Brosch (1986), reanalyzing the d:
published by F&W with a dferent period analysis technique
found two groups of peaks. The most significant peak in 1
first group was located at 1.3 h. This group is presumably p
duced by the sampling of the lightcurve. In the second gro
the highest peak was at 4.17 h. This peak was also prese
the periodogram by F&W but with a confidence level low:
T S S R S than that of 5.17 h. We have also reanalyzed the data publis
OQ(Z)TAT\ONAL PSA‘*SE fom PgR@‘OD o 6670%8 by F&W with different techniques. The Lomb technique giv
a periodogram similar to that of Leibowitz & Brosch (1986

F|93 Observed relative magnitudes phased to a period of 6.671’here are two groups of peaks’ one around the peak at 1
Different symbols correspond toffdirent nights of observation. Thea_nd another one with its most significant peak located at 4.1

continuous line is a sinusoidal fit of the data. The observed magiiath with a confidence level larger than 99.99%. In the secc

tzugeaﬁ:osréis‘rz(;?:ssctgnttr:ej%??Lén;i?giteeniér a circular d'aphragmg%up, other peaks with a similar confidence level are loca

' ' at 5.11 h (99.98%), which is close to the periodicity report
by F&W, and at 3.53 h (99.98%), which is also very close tc
significant peak in the periodogram showed by F&W. All tt

curves phased to these periods appear to be very noisy and

a Fourier analysis. The results obtained with all these tec}-(NeM exhibits a double-peak pattern. Therefore, we can
niques were fully consistent. In Fig. 2, the Lomb periodograffP"'c!ude which peakiis the best candidate for the nucleus ¢
for the data of Table 1 is shown. The periodogram shows oﬂgr'Od' ) .
peak with a confidence level larger than 99.9% (which was es- AS mentioned above, Lowry & Weissman (2003) (henc
timated with the procedure described in Press et al. 1992) fgrth L&W) also_performec_j tlr_’ne resolved photometry ¢
cated at 3.336 h (7.19 cyclesy). This peak is flanked by two P_/d’Arrest beforg its last p_er!hello_n passage. They found a
another peaks located at 3.86 h (6.21 cydag) and at 2.93 h ries of peaks with very similar 5|gn|f|can_ce _I(_evels located
(8.19 cyclefday) which are probably daily aliases of the firsg-60 1. 4.20 h, and 5.10 h (ordered by significance level)
frequency. In the periodogram we also detect a relatively strof§ _the PDM techr_nque. They concluded that the nucleus s
peak at 6.67 h, which is twice the period corresponding to tRgriod could possibly be 7.20 h. We have reanalyzed the ¢

most significant peak. The remaining peaks are aliases of fijd-&W with other techniques. With the Lomb technique, tF
most significant frequency or of its half. relative spectral power of the peaks is slightlyteiient. The

h . dth ibution in a diaoh highest peak is at 4.16 h, with a confidence level of 96.1%. 1
We have estimated the coma contribution in a diaphragmgl peak is located at 5.11 h (93.1%) and the third pee

15 pix using the value of théfp parameter determined fromy,; 3 g1 |, (91.8%). Interestingly, the two first peaks are ne¢

radial profiles. The value amounts to only 20%, allowing us {Q;. <ident with the two main peaks obtained in our analy
assume that the observed brightness variation correspondst®,« qata published by F&W. The three periods give reas
rotational variations of the nucleus photometric cross—sejctiogble single-peaked curves but the number of data isfisgnt

This leads to double-peaked rotational lightcurves if the nys .\ ar 5 double-peaked rotational curve. Thus, our analy

Cleus ig elongated. Thus, acc_ording to the periodqgram, E}Qda\gain inconclusive regarding the most likely spin period
assuming a double peaked lightcurve, the most likely peebmetl?d’Arrest from L&W's data

odicity is 667 + 0.03 h. In Fig. 3, we see that this period I . .
produces an acceptable double-peaked lightcurve. The peak—The most significant peaks obtained from our lightcury

to-peak amplitude is 0.082 0.016 mag (le error). The €. 3.33 h, 3'86. h, and 2'93. h_greffdreqt a.m-d- non-
. commensurable with the most significant periodicities fou
1-0 errors have been calculated with a Monte Carlo meth

Nevertheless, 5.86 h and 7.72 h (twice the other significant pfaqm the data published by F&W and L&W, i.e. 4.16 h, 5.11

e . . nd 3.53-3.61 h. Synodidfects can not explain the large dif
riodicities found in the periodogram) also produce acceptahle ) :

efences. At present, we have no final explanation for the «
double-peaked curves and therefore they cannot be totally

IS-
carded as possible periodicities associated with the rotation

0.1

0.0

RELATIVE AMPLITUDE

—0.1

-0.2

o
P e L
o

erences in the main frequencies detected in the three g

0, - X

6Pd'Arrest odograms. A first explanation could be that the modulus
' the angular momentum has changed, at least, during the

apparition. Such a change can be triggered by the outgas

1 We have also checked that the size of the nucleus estimated friffuced torque or by a partial fragmentation of the nucleus.

the 80% of the total flux measured is in agreement with previous size If the spin period of comet d’Arrest is actually associatt
estimates (Tancredi et al. 2000, and references in Lamy et al. 2004p the periodicities reported by F&W and L&W, i.e. 5.17 h i
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1975, 3.60 h in 2001 and to our highest peak after its last patbn commensurable with the previous spin period estimates by
helion passage, i.e. 3.33 h, the outgassing induced torque cdwddry & Weissman (2003) and by Fay & Wisniewski (1978). If
indeed be a very satisfactory explanation. These variabilitiesr present determination is correct, thefience could be due
could imply that the spin velocity has changed nearly by the a change in the angular momentum of the comet, at least dur-
same quantity during the last 5 perihelion passages. This by its last perihelion passage, or to an excited rotational state.
havior is expected to be typical for a nucleus with a small activirther observations are needed to constrain the rotational pa-
fraction like Fd'Arrest, regardless if it is rotating in a complexrameters of this comet and its possible temporal evolution.

or principal axis mode (Guirez et al. 2003). Numerical sim-

ulations indicate that, given the size and water production Rfknowle d . . .

\ L . gementBased on observations made with the Nordic
comet Pd'Arrest, the out_gassmg-lndu_ced tqrque COU"? inde tical Telescope, operated on the island of La Palma jointly by
produce such an evolution of the spin period for typical v enmark, Finland, Iceland, Norway, and Sweden, in the Spanish
ues of the nucleus density. On the contrary, if the actual Spiservatorio del Roque de los Muchachos of the Instituto de
period is associated to the most significant peaks we find aftgfirofisica de Canarias. PJG is currently supported by an ESA
reanalyzing the data published by F&W and L&W, i-el.17 h  External Research Fellowship. We wish to thank the referee for very
both in 1975 and in 2001, the outgassing is not a very likelpluable comments.
explanation for the variation. A small fragmentation of the nu-
cleus could have maodified the angular momentum during the
last perihelion passage. References
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