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C/2015 O1: A long-period comet with photometric observations *
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Abstract In this work, we report the observations of the long-period comet C/2015 O1 performed on
2018 January 29-30 and April 13 with the Nanshan 1-meter wide-field telescope operated by Xinjiang
Astronomical Observatory. We obtain the morphological features of C/2015 O1 using an image enhance-
ment method, and calculate the dust-activity parameter Afp and the coma color based on photometric
analysis. An obvious fan-shaped structure was observed at different observation times. We find that the ac-
tivity of C/2015 Ol gradually decreases as the comet advances toward perihelion and the observed B — V
and V' — R colors are consistent with those of other comets.
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1 INTRODUCTION

Comets are known to be very abundant in volatile ices and
refractory dust grains. Long-period comets (LPCs) might
form from the Oort Cloud (Meech & Svoren 2004). It was
proposed that some other comets in the Oort Cloud may
have an extrasolar origin (i.e., protoplanetary discs of other
stars) (Levison et al. 2010). In addition, Meech et al. (2009)
demonstrated that the models above exhibit a relationship
between cometary activity and abundance and composition
of trapped gas. Old LPCs are very scarce in the near-Earth
region with ¢ < 2 astronomical units (AU) as derived from
observational features, which contradicts a uniform distri-
bution of orbital energies on dynamical grounds (Oort &
Schmidt 1951; Neslusan 2007). Levison et al. (2002) found
that a comet would lose material via complicated processes
(e.g., sublimation, outbursts, fragmentation and their ulti-
mate disruption) during evolution from a new LPC to an
old one. Due to solar radiation, the surface temperature of
a comet increases when its distance is close to 3 — 4 AU
from the Sun, which leads to ice sublimation in the coma
(Lin et al. 2016). Therefore, when the comet approaches
perihelion (closest to the Sun), its outgassing activity will
increase (Wang et al. 2012).

Comet C/2015 O1 with a magnitude of 19.6mag
in the R band, following an orbit with an eccentricity

* A contributed paper of the International Symposium on Lunar and
Planetary Science (ISLPS) on 2018 June 12-15 at Macau University of
Science and Technology.

of 0.999894 and an inclination to the ecliptic plane of
127.21°, was discovered by the Pan-STARRS 1 telescope
(Haleakala) on 2015 July 19. This comet may have origi-
nated from the Oort Cloud, due to its long orbital period of
6 600419.07 years. It reached perihelion on 2018 February
20 (MPC!) at a heliocentric distance of 3.517 AU. To date,
apart from some normal imaging observations (see Seiichi
Yoshida’s home page?), few studies have focused on the
morphology and multi-color observations of this comet.

In this work, we will present the imaging observations
of comet C/2015 O1 in 2018 using Johnson-Cousins fil-
ters (e.g., Cousins 1976). The comet’s orbital parameters
are listed in Table 1 and its observation log is given in
Table 2. The reminder of this paper is organized as follows.
In Section 2 we describe the observations and data reduc-
tion for the comet C/2015 O1, and in Section 3 we give the
results and discussion on the morphology, the A f p param-
eter and the coma color for the comet.

2 OBSERVATIONS AND DATA REDUCTION

The observations were performed using the Nanshan 1-
meter wide-field telescope (NOWT), operated by Xinjiang
Astronomical Observatory. NOWT is equipped with an
E2V 4kx4k CCD camera, a pixel scale of 1.125” and a
field of view (FOV) of 1.3° x 1.3° (Liu et al. 2014). The

' Minor Planet Center: https://www.minorplanetcenter.
net

2 http://www.aerith.net/index.html
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Table 1 Orbital Parameters of the Target Comet

Comet a®[AU] eb ¢°[AU] i?[°] Peri®[°] Nodef[°]

C/2015 O1 35186.90 0.999894 3.73 127.21 89.61 299.86

Notes: @ semimajor axis, ? orbital eccentricity, ¢ perihelion distance,
 J2000 inclination, ¢ J2000 argument of perihelion and / J2000 longi-
tude of ascending node.

data were obtained from the B, V and R bands with a se-
quence of BV R,...,BV R. The effective wavelengthes are
Ae = 435.3nm, 547.7 nm and 435.3 nm for the B band, V'
band and R band, respectively, and the full-width at half-
maximum (FWHM) values are A\ = 78.1nm, 99.1 nm
and 106.56 nm for the B band, VV band and R band, respec-
tively. During the observations, the telescope was pointed
toward the comet with non-sidereal motion.

By applying standard data reduction procedures (Song
et al. 2016), we processed the data, beginning with bias
subtraction and flat-field correction for all image frames.
We obtained the bias value from an average of several zero-
exposure frames. Flat-fields were chosen from the dithered
images of twilight sky. To enhance the photometric preci-
sion of C/2015 Ol1, we selected a region far from the nu-
cleus for background sky statistics using the PHOT pack-
age of IRAF, and did aperture photometry for all the CCD
images. The following formulas were used to calibrate the
magnitude of C/2015 Ol

b— B = —0.150(+0.006)(B — V)

1
+0.278(40.008) X}, + 2.137 (£0.011) W

v —V =0.070(£0.013)(B — V) o)
+ 0.210(£0.008) X, + 2.415 (+0.010) ,

r— R =0.163(+£0.013)(V — R) )

+ 0.158(40.008) X, + 2.238(+0.011) ,

where b, v and r are the instrumental magnitudes, B, V'
and R are the standard magnitudes, and X denotes air-
mass. Table 3 shows the photometric results for C/2015
Ol. To provide absolute photometric calibration, we ob-
served Landolt photometric standard stars (Landolt 1992)
throughout the night. These observations give the zero-
point, extinction coefficient and color term for each filter.
The values are then used to calculate the magnitudes of the
comet images. Each measurement uncertainty in Table 3 is
derived from the transformation from instrumental to stan-
dard magnitude.

3 RESULTS AND DISCUSSION

Some different kinds of methods have been used to study
the physical properties of comets (e.g., Lin et al. 2013).
In the present work, what we are concerned with is inves-
tigating the activity of C/2015 O1 basd on three types of
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Fig.1 Morphological analysis of R band images of comet
C/2015 O1. The first column shows the original images and the
second column displays the azimuthal median profile division
of the final images. The first row, the second row and the third
row feature the images of the R band taken on 2018 January 29,
January 30 and April 13, respectively.

methods, including coma morphology, A f p parameter and
coma color.

3.1 Coma Morphology

All morphological frames are obtained from the R band,
which could be the most suitable for analyzing the dust
coma morphology, compared with the gas emission bands
(e.g., Birkle & Boehnhardt 1992; Fulle et al. 1993; Lara
et al. 2009). Due to sufficient signal-to-noise ratio in our
images, we use an image without stacking to analyze the
coma morphology. In order to search for distinct character-
istics associated with extended dust, we have explored the
coma images using the method of azimuthal median pro-
file division, which reduced the general coma background
and enhanced faint coma structures.

Figure 1 exhibits a 300" x 300" region of the full frame
that can be examined for investigating the inner coma of
comet C/2015 O1. At first, we determine the azimuthal
median profile division with the median brightness at ra-
dial distance from the nucleus of the cometary coma, then
divide the comet image by the median brightness profile to
enhance the structures of the coma. This method has been
applied to all images taken in the R band. From Figure 1,
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Table 2 Log of the Photometric Observations for C/2015 O1
UT date Ry[AU] A (AU) «(°) Filter x Number Texp (s)  Pixel size (km)
2018-01-29 3.734 3.838 14.9 Bx11L,Vx11,Rx11 40 3133.2121
2018-01-30 3.734 3.833 14.9 Bx17,Vx17,Rx16 40 3127.5005
2018-04-13 3.759 3.244 148  Bx8,Vx5Rx5,Ix5 50 2646.9115
Notes: Ry, is the heliocentric distance in AU, A is the geocentric distance in AU, « is the solar phase angle
in degrees and Texp is the total exposure time in seconds.
Table 3 Observational Results for C/2015 O1
UT date p B band V band R band B-V V—-R Afp
(arcsec) (mag) (mag) (mag) (cm)
2018-01-29  23.60  14.6054+0.047 13.926+0.023  13.42640.024  0.679 £0.052  0.500£0.033 258056
2018-01-30 16.88 15.3284+0.073  14.406+£0.033  13.932£0.035  0.92240.080  0.47440.049  2189+£71
2018-04-13 15.75 15.554+0.067  14.719+0.036  14.159+£0.036  0.835+0.073  0.56040.051 1686154
Notes: B, V and R are the calibrated magnitudes of C/2015 O1, B—V and V' — R are coma colors, p is the radius of photometric
aperture, A fp is obtained from the different aperture of p in the R band and the errors are derived from the photometric calibration.
we can see that there is a dust tail with a diffuse structure 12 - .
extending in the southeast quadrant. Moreover, an obvi- : ::?nau and Delsanti (2002) T
ous sign in the anti-tail direction of the comet is the fan- | & leecheali2009)
shaped structure in the enhanced images. There is a rela-
tively slight variation seen in the fan-shaped structure be- Lol
tween 2018 January 29 and 30. The structure also appears Centaurs
in the image obtained on 2018 April 13. Note that more de- —F |
tails of the dim part of the comet are not seen in the series 309
of images because of the influence of moonlight. Short period comets —
The dust coma structure implies that there may be an 08 [ ]T: i
active area on the comet’s nucleus in the anti-tail direction. Long period comets
The region associated with the fan-shaped structure area o7t + |
still outflowing at pre-/post-perihelion. As can be seen
from Figure 1, when the comet’s heliocentric and geocen- o6 @ sn ) ‘ .
tric distances decrease, the dust outflow becomes fainter. 02 0304 05 0607 08

The dust tail is found in the approximate point of the so-
lar direction. Based on our analysis, it is suggested that the
slight variation of the coma may be caused by the rotation
of C/2015 Ol (e.g., Bair et al. 2018), but there is no clear
evidence to support this.

3.2 Afp Parameter

The Afp value is usually used to describe the dust activity
of a comet (Ahearn et al. 1984), where A is the average
grain albedo, f is the filling factor of the aperture FOV and
p is the linear aperture radius of the comet. The parameter
Afpis determined by
2 A2100.4(me—mc
Afp:4RhA1o (mo >’ @
P

where r denotes the heliocentric distance, A denotes the
geocentric distance, m is the apparent magnitude of the
Sun in the R band and m,. is the comet’s integrated mag-
nitude for the aperture radius m.. The values of Afp for

Fig.2 B — V color plotted against V' — R color for this work
(five-pointed star) and other works (triangles or diamond). The
color of the Sun is marked (dot).

comet C/2015 O1 were derived from data of the R band, as
listed in Table 3. From this table, it can be seen that A fp
gradually decreased from 2580+56cm to 1686+£54cm
during 2018 January 29 to April 13.

The dust production rate among comets is usually
signified by the parameter Afp, which represents some
observational and physical parameters, such as the aper-
ture size, geometric albedo of grains and so on (Mazzotta
Epifani et al. 2011). The multi-aperture measurements re-
veal that A fp is nearly constant (within error bars) outside
¢ = 15.75”, which indicates a dust environment consistent
with a situation of steady-state emission. The fluctuation of
Afp at different p implies that there may be non-steady-
state dust emission from the coma (e.g., Shi et al. 2014).
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3.3 Coma Color

The observational data obtained by NOWT allow us to
perform an analysis of coma colors (at least partially) for
C/2015 O1. The coma BV R magnitude and coma color at
the selected aperture are displayed in Table 3. Based on this
table, we can find that the color of C/2015 01 in V — R did
not change by a statistically significant amount between
January 29 and 30, but the color in B — V' did increase by a
statistically significant amount, i.e., by >3o. It might sim-
ply be that there were thin clouds on 2018 January 30 that
absorbed more light in B band than in V' and R bands. We
make a plot of the corresponding broad-band colors B — V'
versus V' — R, as shown in Figure 2. The color index of
the Sun is represented by a solid point, and its values are
B-V =0.62and V—R = 0.36 (Drilling & Landolt 2000).
The triangle stands for the color indices of the short-period
comets (SPCs) and Centaurs (Hainaut & Delsanti 2002). In
Figure 2, the values of the LPCs are obtained by averaging
the observational results of Meech et al. (2009), in which
an individual comet was observed using the same method
of obtaining means and standard deviations so that the val-
ues are computed in the same way as those for the SPCs
and Centaurs from Hainaut & Delsanti (2002).

Comparing the colors of C/2015 O1 with those of the
Sun in Figure 2, it can be seen that the former is redder
than the latter. Meanwhile, the colors of C/2015 O1 are
closer to those of SPCs, since the values of the comet (B —
V =0.812and B — V = 0.795) we obtained are closer
to those (B —V =0.795 and V — R = 0.590) of the
SPCs. This phenomenon may originate from differences in
dust properties or the activity level of C/2015 O1 (Storrs
et al. 1992; Bonev et al. 2002; Jewitt 2009; Shi et al. 2014;
Meech et al. 2016).

In this work, we present the observations of comet
C/2015 O1 using NOWT and investigate its physical prop-
erties by the morphology method and photometric analy-
sis. Our conclusions are summarized as follows:

(i) An elongated coma is displayed, and a scenario of
dust outflow is depicted by an excess in the anti-tail direc-
tion.

(i) The values of Afp lie in the range of
1500cm <Afp<3000cm, which demonstrates that
C/2015 O1 has dust activity to some extent.

(iii) An analysis of the diagram of B—V versus V — R
shows that the colors of the LPCs and SPCs are not statis-
tically different. Furthermore, the mean colors of C/2015
Ol are actually closer to those of the SPCs.
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