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Abstract. We present results of JHK photometry for comet C/2005 E2 (McNaught). Obser-
vations were made with the OSIRIS imager at the SOAR telescope, on Sept. 26-27, 2005. The
dependence of the main parameters on the angular distance from the cometary photometric nu-
cleus is discussed. We considered concentric rings around the photometric nucleus of the comet,
with the radius determined by the aperture. Integrated flux in the ring, surface brightness, J-H
and H-K color indices, and mean flux decay were obtained for each ring. A phometric radial
profile was also obtained by tracing average values of the ace brightness for increasing values of
radii in isophotes which allowed us to compute the azimuthally averaged surface brightness of
the coma. The images centered on the photometric nucleus show three jets from active areas on
the nucleus.
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1. Observations and processing

Comet C/2005 E2 (McNaught) was discovered on Mar. 12, 2005, when it was 15.5 mag.,
with a uniform 7 arcsec coma and 13 arcsec tail in phase angle 250°. It is a non-periodic
comet (eccentricity = 1.0001388), with an orbital plane inclination of 17°, perihelion
distance = 1.5196 AU, and perihelion on Feb. 23.4729229, 2006.

We observed C/2005 E2 on Sept. 26-27, 2005, at a geocentric distance of A = 2,492
AU, a heliocentric distance of r = 2.050 AU, and a phase angle of 22.9°, with a magnitude
my = 11.5. Images were taken with OSIRIS (Ohio State InfraRed Imager/Spectrometer,
F/7, FOV = 80 arcsec, and plate scale = 0.139 arcsec/pixel) at the 4.1-m SOAR (South-
ern Astrophysical Research telescope, Cerro Pachén, Chile). FWHM in arcsec of indi-
vidual images in the wavebands are: 0.88 (J), 0.84 (H) and 0.83 (K). All images were
corrected in terms of OSIRIS linearity coefficients and flatfield. Bad pixel mask and sky
subtraction were accomplished using IRAF and Cirred (CTIO IR Reduction Package).
The calibration star is P9181 (S234-E) from Persson et al. (1998), with the following
magnitudes: J = 12.464 +0.011, H= 12.127 + 0.008, and K= 12.095 £ 0.007.
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Figure 1. Surface brightness profile of Comet C/2005 E2 (McNaught). Also, plotted for
reference is the case m = 1 line for steady state model.

2. Discussion
2.1. Surface brightness profile

Standard models invoking spherically symmetric constant dust production and optically
thin coma predict that the surface brightness will fall with nucleocentric distance as r~!
[Gehrz & Ney (1992)]. Integrating the surface brightness over a circular aperture of the
angular radius centred at the comet nucleus we obtain the brightness with a logarithmic
slope m (m =1 for a steady-state isotropic model and m = 1.5 for a radiation pressure
dominated case).

As it can be seen from Fig. 1, the surface brightness of comet McNaught falls approx-
imately as r—'. For apertures smaller than 1 arcsec the surface brightness falls steeper,
but there the fitting is not good.

2.2. Integrated magnitude

The dependence of the surface brightness on the aperture for comets McNaught and
1P /Halley is shown in Fig. 2. Comet McNaught presents similar behaviour in the J, H
and K bands, but for comet Halley the similarity on J and K bands appears only on
March 10 [Woodward et al. (1996)]. The surface brightness varies more steeply for comet
Halley.

The magnitudes integrated in 10 arcsec (m) and the absolute magnitudes (Hy = m —
5log A — 2.5nlogr) in each waveband are: J (m = 11.75, Hy = 6.33), H (m = 11.29,
Hy = 5.84) and K (m = 11.28, Hy = 5.74). The photometric index (n) for the pre-
perihelion phase was taken from Yoshida (2008).

The color of comet McNaught seems to be bluer than the Sun (Fig.3). It is known
that fine grains scatter blue light much better than red light. Comet Halley, for example,
showed fine dust grains near the nucleus.

2.3. Color indices
Color indices for comets McNaught and Halley, and Kuiper Belt Objects (KBOs) are
shown in Table 1. Comet McNaught is very similar to some KBOs (Classical, Scattered
and Resonant).
2.4. Morphology of comet McNaught (C/2005 E2)

Broadband images in J, H and K are shown in Fig.5. Three jets are projected on the
plane of the sky. They seem to be very similar in the different bands. The K band image
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Integrated magnitude

Figure 2.

NIR photometry of C/2005 E2
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Integrated magnitude for comets 1P /Halley and C/2005 E2 (McNaught).
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Figure 3. Color of comet McNaught and for the Sun.
Table 1. Color index for comets C/2005 E2 and 1P, and for KBOs.
Object J-H H-K J-K Nature Ref
McNaugth 0.48 £0.01 0.01 £0.01 0.49 £0.01 Oort Cloud A
Halley 0.48 £0.02 0.17 £0.03 0.65 £0.05 Jupiter’s family B
Halley 0.69 0.25 0.94 Jupiter’s family G
1999 CDj55 0.44 £0.10 0.03 £0.10 0.47 £0.09 Classical KBO C,D
2000 OKg7 0.46 £ 0.08 0.04 £0.07 0.50 +0.09) Classical KBO C
1996 GQ2, 0.48 £0.07 0.05 £0.08 0.68 £0.11 KBO-SDO* D,E,F
1998 VGyy 0.41 £0.06 0.01 £0.08 0.42 £0.08 Resonant KBO E
1999 RZs53 0.48 £0.09 0.10 £0.09 0.58 £0.06 Classical KBO EF
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Notes: * SDO - Scattered Disk Object; Ref: A - this paper; B - Matsuura et al. (1987); C -
Delsanti et al. (2004); D - Delsanti et al. (2006); E - McBride et al. (2003); F - Deressoundiram
et al. (2003); G - Woodward et al. (1996).

suggests that the nucleus is rotating counter clockwise. Jets of gas and dust from comet
nuclei are common features among comets. They come from active regions on the nucleus
surface. Gas jets were observed in comets C/1996 B2 Hyakutake, C/1995 O1 Hale-Bopp,
109P /Swiff-Tuttle (found in long-slit spectra) and for the first time in comet 1P/Halley
(A’Hearn et al. (1986)).
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Figure 4. Isophotes of comet McNaught. From left to right, respectively, in J, H and K bands.
The isophotes, in logarithmic scale, are asymmetric about the nucleus and show extension along
anti-solar direction.

Figure 5. Morphology of comet McNaught; from left to right in J, H and K bands. North is up
and East is right. Field of view in arcsec: J (32 x 29), H (27 x 28), K (27 x 28). Plate scale (in
km) is indicated.
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