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Abstract

Context. We analyzed spectral and photometric data of comet C/2014 N3 (NEOWISE) to investigate its physical properties and activity at a heliocentric distance of 4.51 au.

Aims. The aim of the analysis was to detect gas emissions and determine the dust characteristics in the coma and nucleus regions. We also sought to estimate the comet’s dust production rate and infer the size of its nucleus based on photometric data and Monte Carlo dust-tail modeling.

Methods. Two-dimensional long-slit spectra and photometric images were obtained using the multimode focal reducer SCORPIO-2 installed on the 6 m telescope BTA of the Special Astrophysical Observatory. The spectral range covered λ4000–7200 Å. The analysis focuses on the detection of gas emissions, continuum reddening effects, and the determination of the color and production rate of dust.

Results. No gas emissions above level 3σ were detected. The continuum shows a reddening effect with a normalized gradient of reflectivity along a dispersion of (8 ± 1)% per 1000 Å. The dust color (g–r) of the comet is predominantly red (0.69 ± 0.06)m for an aperture size of about 20 000 km. The A f ρ value varied from 830 ± 70 to 900 ± 80 cm in the r-sdss filter and from 715 ± 65 to 780 ± 70 cm in the g-sdss filter across aperture radii from 5000 to 11 000 km. According to NEOWISE data, the Af ρ parameter changed from 370 ± 88 cm in 2014 to 421 ± 98 cm in 2016. The peak of dust production occurred approximately 300 days before perihelion, with a maximum mass-loss rate of about 700 kg s−1 according to Monte Carlo simulations. The total dust mass loss is estimated to be around 4.5–4.9 × 1010 kg. For particles with a radius of 1 μm, the ejection velocity was about 100 m s−1, while for 1 cm particles, the velocity was ~1 m s−1 at perihelion. Based on NEOWISE data, the upper limit of the gas production rate of CO2 changed from (3.0 ± 0.4) × 1026 mol s−1 at r = 3.96 au to (1.6 ± 0.4) × 1026 mol s−1 at r = 4.68 au (i.e., before and after perihelion passage, respectively).
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1 Introduction
Understanding the mechanisms driving cometary activity, particularly the factors that trigger it, is of fundamental importance for the cosmogony of the Solar System. The study of the activity in faint objects such as distant comets is new and a priority in the field of active small Solar System bodies (e.g., Lowry & Fitzsimmons 2005; Meech et al. 2009; Mazzotta Epifani et al. 2010; Korsun et al. 2014; Kulyk et al. 2018; Ivanova et al. 2019; Ivanova et al. 2021b, 2023). Active processes in comets are accompanied by the emission of primary matter from the inner parts of the nucleus, which makes it possible to establish a comet’s characteristics and understand the main processes involved in the formation and evolution of dust of various origins.
Comet C/2014 N3 (NEOWISE), hereafter C/2014 N3, was discovered by the Near-Earth Object Wide-field Infrared Survey Explorer (NEOWISE; formerly WISE) on 4.52 July 20141 at a heliocentric distance of 4.4 au, 251 days before its perihelion passage. According to JPL’s HORIZONS ephemeris service, the comet passed perihelion on 13 March 2015 at a distance of 3.9 au. The comet orbital eccentricity e = 0.99933, semimajor axis a = 5803.1769 au, perihelion distance q= 3.88223 au, inclination i = 61.6382°, and orbital period P = 442086.167 years.
Comet C/2014 N3 showed a significant level of activity beyond the water snow-line, where the main source of activity is CO or CO2. The IR excess from the dust signal observed by NEOWISE suggests a production rate limit of 2.9 × 1027 mol s−1 at a heliocentric distance of 4.4 au of CO, or 2.8 × 1026 mol s−1 of CO2 at the same heliocentric distance. The NEOWISE observations of C/2014 N3 when it was at 3.96 au show an IR excess signal consistent with 3.9 × 1027 mol s−1 of CO, or 3.7 × 1026 mol s−1 of CO2. Therefore, both species may be produced by C/2014 N3, with each contributing to the observed IR excess signal (Bauer et al. 2015). The Af ρ value for the comet was estimated as 363.40 ± 85.49 cm at a heliocentric distance of 4.45 au (Gicquel et al. 2023).
Our data were collected as part of a program focused on the spectroscopic and photometric studies of distant active comets in the optical range. These studies were conducted from 2006 to 2015 and examined a sample of comets with perihelia beyond 4 au that showed noticeable activity. The perihelion distance of comet C/2014 N3 is less than 4 au, so it was not studied in that program. However, the observations were made at a distance of 4.5 au. Due to the limited spectrophotometric data for long-period comets at large heliocentric distances, we present our results for one object, highlighting the importance of such studies in the context of the upcoming Comet Interceptor mission. Furthermore, we propose a potential scenario for the formation of the observed dust coma based on Monte Carlo simulations.
Observations and reduction techniques are described in Sect. 2. Section 3 presents the results of the analysis of the observed spectroscopic and photometric data. Our Monte Carlo simulation of the dust tail of comet C/2014 N3 is described in Sect. 4. The main findings of the study are presented in Sect. 5.
2 Observations and data reduction
2.1 NEOWISE observations
For the NEOWISE data, individual images were obtained in the mid-IR at wavelengths of 3.4 (W1) and 4.6 (W2) μm through the IRSA WISE image server before perihelion (13 March 2015) on 4 July and 13 December 2014 and after perihelion on 8 August 2015 and 10 January 2016, and were vetted for nearby bright background stars in the WISE All-Sky Catalog (cf. Cutri et al. 2015). The reduced images were grouped by visits (Bauer et al. 2015; Gicquel et al. 2023) and stacked for each visit using the iCore software package (Masci 2013). Those with bright background stars in the 3.4 μm channel (W1) of magnitude 14 or brighter within 11 arcsec of C/2014 N3 comet’s predicted location in the sky were excluded from the visit stack. The discovery stack from the July 2014 visit was first presented and analyzed in Gicquel et al. (2023). We found eight additional frames for the first visit stack, but within the uncertainties our reanalysis and the original analysis match. Here, we present an analysis of those visit stacks with a significant signal, namely, a signal-to-noise ratio in excess of 3.
2.2 Ground-based observations
The observations of comet C/2014 N3 were made with the 6 m BTA telescope of the Special Astrophysical Observatory (SAO) on 5 December 2015, when the heliocentric and geocentric distances of the comet were 4.51 and 3.88 au, respectively. The focal reducer SCORPIO-2 (Spectral Camera with Optical Reducer for Photometrical and Interferometrical Observations), installed at the prime focus of the telescope, operated in photometric and long-slit spectroscopic modes (Afanasiev & Amirkhanyan 2012). The detector used was a CCD chip E2V-42-90 with dimensions of 2K × 4K, where 16 μm square pixel corresponds to 0.18″ px−1 on the sky plane without binning. The full field of view of the CCD is 6.1′ × 6.1′.
The photometric data for the comet were obtained using the filters g-sdss (the central wavelength, λ0, and full width at half maximum (FWHM) were λ4650 and 1300 Å) and r-sdss (λ6200 and 1200 Å). The night was photometric, and seeing was stable at about 1.5″. Observations of the twilight sky were performed through the same filters to provide a flat-field correction. When performing photometric measurements, we applied 2×2 binning of the original frames. The image dimension was 1024 × 1024 pixels, and the scale was 0.36″ px−1.
We obtained the comet’s spectra using a long-slit mask. In the SCORPIO-2 spectroscopic mode, a transparent VPHG940@600 grism was used as a diffuser. The slit, measuring 6.1′ × 1.0″, was located across the comet’s nucleus projected onto the plane of the sky, and oriented along the comet’s velocity vector. The resulting spectra covered the wavelength range of λ3500–8500 Å with a mean reciprocal dispersion of 1.16 Å per pixel. The spectral resolution, determined by the slit width, was 7 Å. We applied a 1 × 2 binning to all spectroscopic images. Wavelength calibration was performed using the spectrum of a He-Ne-Ar lamp, and the flat-field correction was made using the smoothed spectrum of an incandescent lamp. For absolute flux calibration of both photometric and spectral measurements, we observed the spectrophotometric standard star Feige 56 (Oke 1990). Spectral transparency values of the atmosphere for the SAO were obtained from Kartasheva & Chunakova (1978). Standard data reduction procedures were applied to the spectroscopic data, including estimating the sky background level using slit regions free of cometary coma and subtracting this background from the image. As can be seen in Fig. 1, there is significant noise near the λ4000 Å band due to the poor sensitivity of the CCD matrix in the violet region. The noise is even more pronounced at shorter wavelengths. In addition, the red domain contains artifacts introduced by processing. Since we cannot perform a reliable spectrum analysis in these ranges, we studied the spectral range λ4000–7200 Å.
An initial processing of observation data was carried out using specialized software developed in the IDL environment at the SAO. This process involved several steps, including subtracting bias frames, dividing science images by flat fields, removing cosmic ray traces from calibration images (bias, flat frames), and preparing images for further processing. To evaluate the night sky background brightness, we used the classical approach. When we observed the standard stars, the sky background was taken from a ring-shaped region outside the star. In the case of observations of the comet, the background sky level was estimated using areas in the image that were free from contamination from the coma and background stars. The stellar magnitudes of the standard stars were taken from the catalog AAVSO Photometric All Sky Survey (APASS; Henden et al. 2016). The photometric uncertainty of the catalog depends on the brightness of the star and is estimated at 0.02m on average. The accuracy of aligning the photocenter of the photometric frames was verified by several methods (the central maximum method and the isophote method) to prevent possible artifacts.
For long-slit spectroscopy, the data reduction included bias frame subtraction, cosmic ray removal, flat-field correction using a continuous-spectrum lamp, geometric correction along the slit, spectral line curvature correction, sky background subtraction, spectral wavelength calibration. The night sky spectrum was corrected by subtracting the background level measured in each column of regions free of cometary coma. A comprehensive description of the processing of photometric and spectral data can be found in Ivanova et al. (2019); Ivanova et al. (2021a, 2023) and Shubina et al. (2024).
The observation log is presented in Table 1, where the cycle start time, heliocentric (rh) and geocentric (Δ) distances, phase angle of the comet (α), the position angle of the extended Sun-comet radius vector (θ⊙), position angle of the negative velocity vector of comet (θ-V), filter, total exposure time per night (Texp), number of observation cycles obtained per night (N), and observation mode are given.
	[image: thumbnail]	Fig. 1 Long-slit spectrum of comet C/2014 N3 obtained on 5 December 2015. Panel a: energy distribution in the observed spectrum of the comet (black line) and the scaled solar spectrum taken from Neckel & Labs (1984, red line). Panel b: polynomial fit of the ratio of the cometary spectrum to the solar spectrum. Panel c: emission spectrum of the comet derived by subtracting the fitted continuum from the observed spectrum.



Table 1 
Observations of comet C/2014 N3 were made with the 6 m telescope BTA SAO on December 2015.

3 Analysis of observed data
3.1 Spectrum of the comet
One of the objectives of the distant comet observation program is to analyze the energy distribution in cometary spectra and identify potential molecular emissions. We combined the available spectra to enhance the signal-to-noise ratio and summed the counts within a spatial range of approximately ±9″ from the optocenter. Figure 1 illustrates the sequential transformation of the observed spectrum of comet C/2014 N3, from the raw spectrum (panel a) to the continuum and reddening (panels a, b) and, finally, to the emission spectrum (panel c). The black line in Fig. 1a represents the derived energy distribution across the observed spectrum of the comet. Given the high resolution of the solar spectrum (Neckel & Labs 1984), it was convolved using an appropriate instrumental profile to match the resolution of the cometary spectrum, and then normalized to the comet’s flux of about λ5000 Å. The procedure for calculating the continuum calculation is described in detail in our previous papers by Ivanova et al. (2018, 2019); Ivanova et al. (2021b). The resulting solar spectrum (red line) is superimposed on the observed spectrum of the comet. To isolate the emission spectrum of the comet (Fig. 1), we subtracted from the observed spectrum the fitted continuum, obtained as the reddening (Fig. 1b) multiplied by the solar spectrum.
The spectrum of comet C/2014 N3 does not exhibit typical gas emissions, including CO+ and N2+ emissions. Previously, CO+ and [image: equation] ions were detected in comet C/2002 VQ94 (LINEAR) at a distance of 8.36 au from the Sun (Korsun et al. 2014) and CO+ (Ivanova et al. 2021b) at a heliocentric distance of 5.06 au.
Since no emissions were detected, we set upper limits for C2, C3, and NH2 fluxes and their production rates. Unfortunately, we could not determine an upper limit on the CN production rate because this spectral range is very noisy. To determine these upper limits, we used the Haser model (Haser 1957) and the same method applied to the emission-less spectrum of distant comets (Rousselot et al. 2014; Ivanova et al. 2023). We calculated the amplitudes of the minimum measurable signal, equal to the root-mean-square noise level, in the wavelength domains corresponding to the passband of narrowband comet filters (Farnham et al. 2000). Since we conducted spectral observations, the rectangular slit area was converted into a circular aperture, and the observed flux was adjusted accordingly. For calculations, we used the values for fluorescence efficiency (g-factor), parent and daughter scale lengths (lp and ld), and the power-law index n, which depends on the heliocentric distance (r−n), taken from Table 10 of Langland-Shula & Smith (2011). These upper limits are listed in Table 2.
By analyzing the spectral reflectivity of the dust, defined as the ratio of the cometary spectrum to the scaled solar spectrum, we determined the normalized spectral gradient S′(λ) for the (g–r). Usually, the normalized reflectivity gradient of cometary dust S′(λ) is used to quantify reddening in a specific wavelength range. To determine S′(λ), we used the following expression from A’Hearn et al. (1984):
[image: equation](1)
where S1 and S2 are reflectivities at wavelengths λ1 and λ2, respectively. Thus, we obtained a value of the normalized spectral gradient of (8 ± 1)% per 1000 Å, which agrees very well with the average value for the sample of 31 active comets found by Solontoi et al. (2012) and close to that for active long-period comets (see Fig. 10 in Jewitt 2015).
Table 2 
Upper limits for the main emissions in the spectrum of comet C/2014 N3.

	[image: thumbnail]	Fig. 2 Intensity maps of comet C/2014 N3 in the g-sdss and r-sdss filters. Panels a and b: direct images of the comet. Panels c and d: images processed by the rotational gradient method (Larson & Sekanina 1984). Panels e and f: images to which a division by the 1/ρ profile has been applied (Samarasinha & Larson 2014). The color scale does not reflect the absolute brightness of the comet. Arrows in panels e and f indicate the contaminating field stars. The arrows point toward the Sun, the north, the east, and the negative velocity vector of the comet as seen on the plane of the sky.



3.2 Photometry of the comet
Morphology of the coma. We created intensity maps (Fig. 2) by summing all photometric images taken with the same g-sdss filter (left panel) and separately with the r-sdss filter (right panel). The cometary coma appears compact and slightly asymmetrical. The comet’s tail is wide and elongated perpendicular to the direction of the Sun. In shape, it is similar to that observed in the distant comet C/2007 D1 (LINEAR) (Ivanova et al. 2015) and in comet C/2003 WT42 (LINEAR) (Korsun et al. 2010).
To reveal low-contrast features in the dust coma of comet C/2014 N3, we applied digital filtering techniques to the images (see Figs. 2c,d). We used a combination of three numerical methods and visual inspection: the rotational gradient method (Larson & Sekanina 1984), the 1/ρ profile, and the renormalization methods (Samarasinha & Larson 2014). Each enhancement method changes the image differently, so we compared the enhanced images to exclude false features. Each technique was applied to all individual frames and the stacked image to determine the authenticity of the revealed features. We also investigated changes in structure caused by shifts in the comet’s optocenter. This approach is effective in identifying structures in different comets (Ivanova et al. 2017; Ivanova et al. 2021a, 2023; Picazzio et al. 2019; Rosenbush et al. 2017). We did not reveal any noticeable jet-like structures in the processed images.
Parameter A f ρ and color in the visible range. The parameter A f ρ is commonly used as an indicator of the rate of dust production in comets. According to A’Hearn et al. (1984), A f ρ is the product of three characteristics: the albedo (A) of dust particles; the filling factor (f), which is the ratio of the total geometric cross section of cometary dust particles to the projected cross section of a circular aperture measured at the location of the comet; and the radius (ρ) of the circular aperture. Since A and f are dimensionless parameters, the parameter A f ρ is measured in the same units as the radius ρ, usually measured in centimeters. In practice, the parameter A f ρ can be determined from the apparent magnitude of the comet, as follows from the works of A’Hearn et al. (1984) and Mazzotta Epifani et al. (2010):
[image: equation](2)
To calculate the parameter A f ρ from (Eq. (2)), we used the apparent magnitudes and colors of the Sun from Willmer (2018). The resulting dust production rate in g-sdss and r-sdss filters is shown in Fig. 3. Calculations were performed for apertures with different radii, from 1000 to 26 000 km, but the analysis was conducted only for radii starting from 4000 km (excluding the seeing area). The spatial profiles of A f ρ through the coma in the g-sdss and r-sdss filters are uniform and similar for the two filters. The uniformity of the profiles is confirmed by the results of morphological analysis of the dust coma, which shows the absence of clearly defined active structures. As can be seen in the figure, the A f ρ values in the r-sdss band significantly exceed those measured in the g-sdss band. The same behavior of A f ρ with distance from the nucleus in different filters indicates that the properties of particles change with wavelength. According to spectral data (see Fig. 1b), the reflectivity of cometary dust rises significantly toward the red range, leading to an increase in the geometric albedo and, hence, A f ρ in the r-sdss band. A similar difference was observed in the distant comet C/2014 A4 (SONEAR) (Ivanova et al. 2019), where the wavelength-dependent variation in A f ρ and the corresponding reddening trends were also attributed to changes in dust properties.
When the cometary coma is in a steady state, the value of A f ρ should be constant over the coma and independent of the aperture. However, in comet C/2014 N3, the parameter A f ρ is not constant with cometocentric distance. The A f ρ value varies from 830 ± 70 (out of the range of seeing) at ρ ≈ 5000 km to the maximum value approximately 900 ± 80 cm at ρ ≈ 11 000 km for the r-sdss filter and, from 715 ± 65 to 780 ± 70 cm for the g-sdss filter. Such variations in A f ρ across the coma are usually attributed to non-steady-state dust emission and/or if optical properties of dust grains vary within the coma due to sublimation or fragmentation. Possible dust grain fading cannot also be excluded.
Both profiles show a sharp increase in A f ρ up to approximately 11 000 km from the cometary optocenter, part of which is possibly affected by the seeing, which is limited by the dashed line in Fig. 3, and then is a quite slow decrease with increasing cometocentric distance ρ. More or less similar trends in A f ρ across the coma are observed in both short-period comets (e.g., Mazzotta Epifani & Palumbo 2011) and long-period comets (Mazzotta Epifani et al. 2014; Sun et al. 2024). However, the best similarity in the A f ρ profiles (in value and trend) is observed for comets C/2014 N3 and C/2008 FK75 (Lemmon-Siding Spring), which was observed at a heliocentric distance of 5.01 au by Mazzotta Epifani et al. (2014). Indeed, the r-sdss A f ρ value, derived for comet C/2014 N3 in the reference aperture of ρ = 104 km and centered on the optocenter, is 910 ± 60 cm, and R-band A f ρ for comet C/2008 FK75 in the corresponding aperture is 895 ± 72 cm (Mazzotta Epifani et al. 2014). According to these A f ρ values, both comets are moderately active. Indeed, as shown in Fig. 4, the average A f ρ parameters in the optical and near-IR ranges in an aperture with a radius of 10 000 km, obtained in this work for comet C/2014 N3 in the range of heliocentric distances of 4–5 au, are close to the lower limit of values for long-period comets at similar distances.
To create a color map of comet C/2014 N3, we converted each pixel of the stacked g-sdss and r-sdss images to an apparent magnitude. After this, we created a final color map (g–r) by subtracting the two sets of images from each other (Fig. 5). The average measurement error of magnitude is 0.03m. Analyzing the color map obtained, one can see that the dust color (g–r) in comet C/2014 N3 is predominantly red. The low signal-to-noise ratios in the tail and field stars prevent us from concluding with certainty that there is a significant color change there. Using magnitudes obtained in apertures and rings of different sizes, we estimated the dust color in comet C/2014 N3 (Fig. 6). As can be seen from the figure, the dust color measured by both methods practically does not change in the inner coma (0.69m ± 0.06m), indicating a rather homogeneous coma in color up to ~6000 km from the optocenter. However, the observed change in the g-r color with increasing distance from the nucleus falls within the uncertainties suggesting that it may not be a significant effect. This homogeneity is apparently due to the absence of strong active structures in the coma, which have been observed in other distant comets. In general, the distribution of dust color in comet C/2014 N3 differs from what we observed (Ivanova et al. 2019; Ivanova et al. 2021b, 2023).
Compared to the literature data, several characteristic features observed in comets can be highlighted. According to studies by Solontoi et al. (2012) for various types of comets and Holt et al. (2024) for long-period comets, despite the diversity of their physical and dynamical properties, the photometric colors of comets are relatively uniform (g − r = 0.57m ± 0.05m from Solontoi et al. 2012 and g − r = 0.51m ± 0.03m from Holt et al. 2024) and do not correlate with their main characteristics. Solontoi et al. (2012) suggested that this uniformity might indicate that light scattering in the coma is primarily influenced by large dust particles, similar to those found in cometary nuclei and Jupiter Trojans. Regarding our results, the color of comet C/2014 N3 is 0.69m ± 0.06m, which is somewhat higher than the values mentioned above. However, for unresolved comets such as 19P/Borrelly and 174P/Echeclus (Solontoi et al. 2012), the g – r color reaches ~0.7m, which can be attributed to the limited resolution of photometric observations, where the measured color reflects either the nucleus or an unresolved coma. In particular, this conclusion is supported by Ivanova et al. (2021b) for comet C/2011 KP36 (Spacewatch) and aligns with the suggestion by Jewitt (2015) that cometary evolution results in the gradual loss of ultra-red material from the nucleus surface due to activity, exposing more neutral or blue material. Thus, the red color of a comet may indicate its recent transition from the outer Solar System, where activity has not yet altered its spectral properties. Kwon et al. (2024) studied comet C/2017 K2 (Pan-STARRS) and detected transient color changes at ~2.9 au, characterized by sequential bluing and reddening of both the inner and outer coma, followed by a return to the initial values by ~2.5 au. These variations may result from temporary changes in the composition or properties of dust near the water-ice sublimation boundary. Additionally, comet C/2022 E3 (ZTF) also exhibited (Adami et al. 2023) an anomalously red coma color g − r = 0.75m, which could be caused either by gas contamination in the r-band (e.g., NH2) or by the presence of relatively large dust particles (Kolokolova et al. 2001). Thus, the observed color characteristics of the cometary coma reflect a complex interplay of dust, gas, and evolutionary processes, emphasizing the need for further studies in this field.
Parameter A f ρ and CO and CO2 production rate in IR. As described in detail by Bauer et al. (2015), each NEOWISE visit-stack of the W1 (3.4 μm) and W2 (4.6 μm) images was analyzed for IR excess (Fig. 7). The W1 images were used to constrain the reflected light contribution from the dust, while the thermal contribution of the dust was modeled as an aggregate of large (>3 μm) dust grains with equivalent surface area. We note that the thermal signal contribution of the nucleus in the two NEOWISE bands in Fig. 7 at the distances where comet C/2014 N3 was observed was negligible. Results, including 3.4 μm A f ρ in cm units and proxy CO2 production rates (Q(CO2); cf. Bauer et al. 2015; Gicquel et al. 2023) in units of molecules per second, are shown in Table 3. The A f ρ value in the table is given for the 11 arcsec aperture (about 31 000 km), while for the 6 arcsec aperture A f ρ = (370 ± 85) cm, and 9 arcsec apertures (392 ± 94) cm. As one can see, the values overlap. A comparison of A f ρ values in the visible range and at a wavelength of 3.4 μm shows that the 3.4 μm observations, which were taken a few months earlier, yielded lower values. The Q(CO2) rates assume that the IR excess in W2 is completely attributable to the production of CO2 species alone. However, the NEOWISE photometry cannot differentiate between the CO (4.67 μm) and CO2 (4.23 μm) emission bands within the 4.6 μm channel, so comet C/2014 N3 could alternatively emit CO or both species. The production rate of CO, if that is the dominant species, would be ~11 times greater than the CO2 shown in Table 3.
	[image: thumbnail]	Fig. 3 Dependence of the parameter A f ρ on the aperture radius projected onto comet C/2014 N3 in the g-sdss and r-sdss filters. The near-nucleus area, which may be affected by seeing, is delimited by the vertical dotted line and was not considered.



	[image: thumbnail]	Fig. 4 Comparison of average A f ρ parameter in comet C/2014 N3 and other active small bodies (A’Hearn et al. 1995; Hui et al. 2017; Jewitt 2005; Korsun et al. 2014, 2016; Lamy et al. 2009; Lowry et al. 1999; Lowry & Fitzsimmons 2001; Lowry & Weissman 2003; Lowry & Fitzsimmons 2005; Mazzotta Epifani et al. 2007, 2009a,b, 2014, 2016; Schleicher et al. 1997; Shubina et al. 2023; Snodgrass et al. 2006; Szabó et al. 2001; Rousselot et al. 2016, 2021; Voitko et al. 2022; Wong et al. 2019).



	[image: thumbnail]	Fig. 5 Color map (g–r) of comet C/2014 N3 obtained from images taken on 5 December 2015 using the g-sdss and r-sdss filters. The arrow indicates contaminating field stars. The rest of the designations are the same as in Fig. 2.



	[image: thumbnail]	Fig. 6 Variations in the color of dust in the coma of comet C/2014 N3 measured through different apertures and rings about 0.7″ wide. The near-nucleus area, which may be affected by seeing, is delimited here by the vertical dashed line and was not considered.



	[image: thumbnail]	Fig. 7 Stacked images of comet C/2014 N3 for the four NEOWISE visits with significant signals (see Table 3); on 4 July 2014 (Panel a), 13 December 2014 (Panel b), 8 August 2015 (Panel c), and 10 January 2016 (Panel d). For each panel, the 3.4 μm band stacked image is mapped to the blue and green channels, and the 4.6 μm stacked image is mapped to the red. The N and E sky directions are labeled, along with the antisolar vector (in red) and the anti-velocity vector (in blue). The photometry from NEOWISE observations of comet C/2014 N3 for each visit is shown below the stacked image. The fluxes from emissions at 3.4 μm (red triangle) and 4.6 μ (black diamond) are shown. The reflected light model (dotted line), thermal model (solid line), and combined signal (dashed line) are overplotted.



Table 3 
Dust and W2 excess measurements for comet C/2014 N3 as observed by NEOWISE.

4 Monte Carlo dust tail modeling
To retrieve the dust’s physical properties and loss rate, we used our forward Monte Carlo dust tail code (see Moreno 2022, and references therein). The BTA image taken through the r-sdss filter is the most appropriate for this analysis since it is the least possibly contaminated by molecular emissions. The code is only applicable to the region at a distance outward of about 20Rn (Rn is a nucleus radius), where the nucleus gravity and the gas drag force can be neglected. Thus, the initial particle speeds refer actually to the terminal speeds at such distances. The particle orbits are Keplerian, since they are affected by the solar gravity and radiation pressure forces only. The code computes the trajectories of such particles, which depend on their initial velocity and the so-called β parameter; it can be expressed as [image: equation], where Cpr = 1.19 × 103 kg m−2 is the radiation pressure coefficient, Qpr is the scattering efficiency for radiation pressure, taken as unity (Burns et al. 1979), ρd is the particle density, assumed to be 1000 kg m−3, and r is the particle radius. The heliocentric position of each particle is computed at the observation date, and projected onto the sky plane. In the Monte Carlo procedure, a large number (≳ 107) of particles are simulated, whose brightness is a function of their size and geometric albedo, assumed at pv = 0.04, a customary value for comet dust. The phase function effect is made through a linear phase coefficient of 0.03 mag deg−1. Both the geometric albedo and the phase coefficient values are in the range of those measured by Meech & Jewitt (1986, 1987). The final synthetic brightness image, being a function of the assumed mass-loss rate and size distribution, is computed as the sum of the contribution of all the sampled particles. This distribution is taken as a power-law function limited by minimum and maximum radii (rmin and rmax) and a certain power exponent, κ (i.e., [image: equation]). In addition to the dust brightness, we also considered the brightness contribution from the comet nucleus, which is assumed to be located at the image photocenter, and has the same geometric albedo and linear phase coefficient as those of the particles. The only free parameter is a nucleus radius, Rn, to be determined during the tail fitting procedure.
To find the best possible fit to the observed tail, the method is necessarily a trial-and-error procedure. Since there is only one available image, and given the large number of free parameters of the model, the solution cannot unfortunately be unique. We rely on previous typical determinations of physical parameters found for other comets to obtain a set of parameters that could give a reasonable fit to the observed image. Thus, in addition of the parameters already described, we fixed the power-law index to κ = −3.5, and the limiting radii of the size distribution to rmin = 1 μm and rmax = 1 cm. These values are in the range of those retrieved by dust tail analysis for several comets (see Fulle 2004). We then searched for the best-fitting velocity and mass-loss-rate functions. The velocity is parameterized by a function of β and the heliocentric distance as [image: equation], where v0 is expressed in km s−1 and rh is expressed in au (Whipple 1951). The dust mass-loss rate was set to a Gaussian function with peak production rate occurring sometime relative to perihelion, t0, and a certain FWHM.
In addition to the BTA image, another source of information on the activity of this comet comes from magnitude measurements, available from the Minor Planet Center (MPC), as well as from amateur observations, specifically from Cometas_Obs2, a group of enthusiastic amateur astronomers that have provided photometric and image data of many comets since the 1990s. These photometric measurements would help us better constrain the model parameters, owing to their large temporal coverage, −250 to +650 days since perihelion, as will be described below.
Before starting the analysis with the Monte Carlo model, we built a synchrone map (Finson & Probstein 1968), which provided us with a zeroth-order constraint on emission times from the comet. Figure 8 gives different synchrones overplotted on the image brightness contours. The synchrone ages are −1000, −600, −400, −200, 0 (the perihelion synchrone, shown as a dashed line), +100, +200, and +250, in clockwise order. From this diagram, we can say that the comet was significantly active since ~1000 days pre-perihelion, lasting at least till the BTA image observation time ~268 days post-perihelion.
We start the modeling procedure by considering the most simple scenario, which corresponds to an isotropic ejection model with the above mentioned parameters. After repeated experimentation with the model we arrived at the fit shown in Fig. 9. In this plot and subsequent image, the synthetic image has been convolved with a Gaussian function to mimic the seeing effect. The best fit image, is shown compared with the observation by a contour map (panel a) and a brightness profile along the tail, in the direction of the blue dashed line (panel b). This fit corresponds to the dust loss rate as a function of time displayed in panel c, which peaks 300 days before perihelion (t0 = −300 days), with maximum at 700 kg s−1, and with a FWHM of the Gaussian of FWHM = 700 days. The velocity parameter v0 was found at v0 = 125 m s−1. We found that a nucleus radius of Rn = 15 ± 3 km fits very well the brightness levels near the photocenter, although we emphasize that it is only a weakly constrained parameter. This radius will remain fixed for all the models described below. As shown in Fig. 9, while the overall fit to the image is good, the model isophotes do not capture very well the observed shapes. Then, to check whether an improvement is possible, a second attempt to model the image was made by changing the emission pattern to a more realistic scenario where the ejection is limited to the illuminated portion of the spherical nucleus and with the ejection velocity proportional to the cosine of the solar zenith angle, z, with no emission from the nightside. In Fig. 10, we see that this sunward ejection model constitutes a better fit to the observed isophotes. The only difference between the isotropic and sunward models is the addition of the term cos z to the expression of the velocity; v0 is now v0 = 0.25 km s−1, twice the value of the isotropic ejection model, to account for the term cos z. The equation of the velocity for this sunward model is therefore [image: equation], with v0 = 0.25 km s−1. The same dependence of speed on particle size, heliocentric distance, and solar zenith angle was proposed by Kelley et al. (2009) in their dynamical modeling of the dust ejected from comet 67P/Churyumov-Gerasimenko at 5.5–4.3 au from the Sun, although with v0 = 0.5 km s−1 (i.e., a factor of two higher than what we find for C/2014 N3).
In our model, a r = 1 μm particle would have v ~100 m s−1 at noon at perihelion, while for a 1 cm particle the velocity would be 1 m s−1. These speeds are in line to those found by Mazzotta Epifani et al. (2016) for comet C/2009 P1 (Garradd) at large heliocentric distances. Table 4 summarizes all the best-fit model parameters, specifying whether they were assumed or derived in the analysis.
To constrain the model parameters more accurately, we used the photometric data, which span a long time baseline, and ran the tail model for such dates to obtain synthetic r-sdss band magnitudes. The magnitude determinations come from two sources, the MPC, and the amateur group Cometas_Obs. From the MPC we take only the measurements labeled as “nucleus magnitudes” since they refer to the circumnuclear region only. In Fig. 11, panel c, those measurements are plotted as tiny black dots. The scatter is large, so to minimize this scatter we performed an average of every 4 days, shown as green dots. On the other hand, the measurements performed by Cometas_Obs are obtained through R-band filters and are represented by brown dots. These measurements are directly comparable with our modeled r-sdss magnitudes, which are close to the R-band photometric data (the expected magnitude differences between the two filters are minimal, less than 0.2 mag, which is completely negligible in this context). The average of MPC magnitudes and those by Cometas_Obs are quite consistent, and provide a reliable brightness evolution for comparison. In this sense, we run the Monte Carlo model for all the observation dates by Cometas_Obs, and calculated the synthetic magnitudes at each date, using the same apertures as provided by the amateur observers. Then, for the sunward ejection model, we obtained the curves shown in thick red lines in panel c. We see that the magnitudes are reasonably well reproduced from −50 to +650 days to perihelion, except for the time span between −50 and +100 days, where no data were taken, and we cannot confirm the agreement. However, the model predicts an excess of brightness when we project it to earlier dates, between 250 and 50 days pre-perihelion. Although the excess is not very large (always less than a magnitude), we tried to improve the fit by varying one-by-one each of the model parameters. The only possibility that we found of doing this without affecting severely the quality of the fit to the observed image contours was by varying the dust mass-loss rate as indicated in the blue line of the panel c in Fig. 10. We tried to improve the fits by adjusting each of the model parameters one by one, in particular the dust loss rate as a function of time, which we found to be the most influential parameter on the final result. This was accomplished by testing tens of functions, by modifying the initial gaussian profile with piecewise functions producing similar total dust mass ejection. With this mass-loss-rate profile, the fit to the magnitude light curve clearly improves (as indicated by the blue line of panel c in Fig. 11); the fit to the tail, although worse than that with the Gaussian profile, it is still acceptable (blue contours in panel b of Fig. 11). A possible reason for this loss rate dependence being more abrupt with respect to the Gaussian profile is a seasonal effect, but we do not have other observations that could provide further insight into this phenomenon. In fact, the same seasonal argument could be invoked to explain the fact of having the maximum production rate before perihelion. However, the total dust production is very similar for the two dust loss rate profiles, 4.5 × 1010 kg and 4.9 × 1010 kg, respectively. The peak dust mass-loss rate of about 700 kg s−1 is similar to that of 29P/Schwassmann-Wachmann 1 at about 6 au (Fulle 1992; Moreno 2009). A similar production rate of ~500 kg s−1 was derived by Fulle et al. (1998) for comet C/1995 O1 Hale-Bopp but at a much larger heliocentric distance of 13 au. The diversity in production rates for long-period comets is clearly shown by Mazzotta Epifani et al. (2014) who, out of a sample of seven long-period comets at large heliocentric distances (5–8.5 au), they obtained production rates ranging from 30 to 1400 kg s−1.
	[image: thumbnail]	Fig. 8 Isophote and synchrone map corresponding to BTA image of comet C/2014 N3 in the r-sdss filter. Isophotes are shown as black contours, and from the outermost to the innermost they are 24.5, 24, 23, 22, and 21 mag arcsec−2. Synchrones (in red) point approximately from south to east and (going clockwise) correspond to −1000, −600, −400, −200, 0 (perihelion synchrone, dashed line), +100, +200, and +250 days relative to perihelion. All images shown in this section are in the standard orientation: north is up, east to the left.



	[image: thumbnail]	Fig. 9 Isophote fields, dust loss rate profiles, and brightness scans along the tail of the C/2014 N3 BTA image in the r-sdss filter. In panel a, the black contours are the observed isophotes, with the same brightness levels as in Fig. 8. The red contours are the isophotes corresponding to the isotropic ejection model, whose dust loss rate profile is given in panel c. In panel a, the dashed blue line indicates the direction of the brightness scans along the tail, shown in panel b as a black line (observation) and a red line (isotropic ejection model). The spikes indicated by arrows are contaminating field stars.



	[image: thumbnail]	Fig. 10 Isophote fields, dust loss rate profiles, and brightness scans along the tail of the C/2014 N3 BTA image in the r-sdss filter. In panel a, the black contours are the observed isophotes, with the same brightness levels as in Fig. 8. The red contours are the isophotes corresponding to the sunward ejection model, whose dust loss rate profile is given as the red line in panel c. The solid blue line in panel c corresponds to the modified dust loss rate to account for the magnitude measurements in Fig. 11. In panel a, the dashed blue line indicates the direction of the brightness scans along the tail, shown in panel b as the black line (observation) and the red line (sunward ejection model).



Table 4 
Physical parameters of the best-fit dust ejection model.

	[image: thumbnail]	Fig. 11 Comparisons of the observed and model isophotes and of the synthetic magnitudes, both as a function of time to perihelion. In panel a, black contours are the observed isophotes, and red contours the sunward ejection model, with the dust loss rate profile shown in red in panel c of Fig. 10. In panel b, the black contours are the observed isophotes, and the blue contours correspond to the same sunward model as in panel a, but with the modified dust loss rate profile shown as the blue line in panel c of Fig. 10. Isophote levels in panels a and b are the same as in Fig. 8, and the axis labels are also expressed in km. Panel c displays the C/2014 N3 magnitude as a function of time extracted from the Minor Planet Center (“nuclear magnitudes”; little black dots). Also, the moving averages of these measurements are shown using 4-day-width boxes (green dots) and the R-band measurements by Cometas_Obs (brown dots). The red lines correspond to the magnitudes modeled using the sunward ejection model with the Gaussian profile (red line in Fig. 10), while the blue line corresponds to the sunward profile with the modified dust loss rate profile (blue line in Fig. 10).



5 Conclusions
In this paper we have presented the results of a comprehensive analysis of observations of the distant comet C/2014 N3. These observations were made with the 6 m BTA telescope on 5 December 2015 at a heliocentric distance of 4.51 au, approximately 268 days after perihelion. In the coma, which was asymmetrical and slightly elongated in the direction of the comet’s motion, we do not find any pronounced jet-like structures, only a long dust tail. The A f ρ parameter, a proxy of the dust production rate in the comet, obtained in the r-sdss band, varied through the coma and tail from 830 to 900 cm within distances from 5000 to 11000 km and then remained almost constant, ~900 cm, up to distances of 26 000 km. The comet’s color map (g–r) shows a homogeneously red dust coma with no significant color variations along the tail. On average, the dust color index (g–r) is about 0.7m.
In addition, we analyzed NEOWISE observations of comet C/2014 N3 taken at rh = 4.45 and 3.96 au (inbound) and at rh = 4.09 and 4.68 au (outbound) in the two IR bands, 3.4 μm (W1) and 4.6 μm (W2). It appears that the A f ρ parameter obtained from the W1 stacked images slightly increases as the comet approaches perihelion and then gradually decreases as the comet moves away; however, we cannot assert this with confidence because the errors in A f ρ are quite large. On average, A f ρ is about 370 cm in the 3.4 μm band. The difference between the visible A f ρ value and the IR value is most likely due to either the lower reflectivity of the particles at a wavelength of 3.4 μm or the presence of a significant fraction of submicron particles.
We do not detect typical gas emissions of C2, C3, or NH2, nor CO+ or N2+, in the cometary spectrum. We have established upper limits for the fluxes and production rates of C2, C3, and NH2 molecules but could not determine the production rate of CN due to noise in this spectral range. The calculated upper limits for these molecules are relatively low. Via our analysis of dust reflectivity, we find a reddening gradient of approximately 8% per 1000 Å. According to NEOWISE data, the production rate of CO2 molecules correlates with the heliocentric distance; in other words, as the comet approaches perihelion, the Q(CO2) value increases to (3.0 ± 0.4) × 1026 mol s−1 at r = 3.96 au and after perihelion decreases to (1.6 ± 0.4) × 1026 mol s−1 at r = 4.68 au. Due to the low spectral resolution in the 4.6 μm band, it is impossible to separate the contributions of CO and CO2, so we can only assume that if the signal in that band comes from CO rather than CO2, the Q(CO) value would be 11 times greater than that for CO2 molecules. Overall, comet C/2014 N3 has lower dust and gas production rates than other long-period comets (Pinto et al. 2022; Reach et al. 2013). Its CO2 production rate is notably lower than that of comets like C/1995 O1 (Hale-Bopp) and C/2016 R2 (Pan-STARRS). However, comets 269P/Jedicke, 273P Pons–Gambart, P/2012 B1 (Pan-STARRS), C/2013 G6 (Lemmon), and 2014 Q1 (Pan-STARRS) Gicquel et al. (2023) have production rates similar to those of C/2014 N3 at similar distances. In contrast, comets such as 103P and 19P (Reach et al. 2013) and centaur 39P (Pinto et al. 2023) exhibit production rates lower than those of C/2014 N3. These differences suggest that C/2014 N3 may have a distinct composition (for example, less volatile content), nucleus size, or number of active areas compared to more CO2-rich comets. CO and CO2 are the primary carbon-bearing molecules in cometary comae and play a key role in driving their activity. Their relative abundances impose important constraints on models of Solar System formation and evolution. According to Pinto et al. (2022), CO2 dominates over CO in most studied comets, particularly among Jupiter-family comets, whereas in the outer regions of the Solar System (beyond 3.5 au), CO-dominated comae are more common. This may be related to prolonged cosmic irradiation of the nucleus surface. Recent JWST observations of 39P/Oterma (Pinto et al. 2023) also confirm the presence of CO2.
The Monte Carlo dust tail modeling of comet C/2014 N3 allowed us to estimate key physical parameters. The model reproduces the observed comet magnitudes well between 250 days before perihelion and 650 days after perihelion. However, an excess brightness was observed on earlier dates, which was corrected for by modifying the dust mass-loss rate. So, the peak dust production occurred around 300 days before perihelion, with a maximum mass-loss rate of approximately 700 kg s−1, which is within the range of dust production rates of other observed long-period comets at large heliocentric distances. The total dust mass loss is estimated to be around 4.5–4.9 × 1010 kg. The isotropic dust ejection model produces an acceptable fit to the observations, but the sunward directed ejection model provides a better fit to the observed isophotes. The latter assumes that ejection occurs from the illuminated side of the nucleus, which improved the fit considerably. For particles with a radius of 1 μm, the velocity was about 100 m s−1 at perihelion, while for 1 cm particles, it was about 1 m s−1. Our study shows that dust ejection occurred over an extended period, starting 1000 days before perihelion and continuing until 268 days after perihelion.
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Observations of comet C/2014 N3 were made with the 6 m telescope BTA SAO on December 2015.
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	[image: thumbnail]	Fig. 1 Long-slit spectrum of comet C/2014 N3 obtained on 5 December 2015. Panel a: energy distribution in the observed spectrum of the comet (black line) and the scaled solar spectrum taken from Neckel & Labs (1984, red line). Panel b: polynomial fit of the ratio of the cometary spectrum to the solar spectrum. Panel c: emission spectrum of the comet derived by subtracting the fitted continuum from the observed spectrum.
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	[image: thumbnail]	Fig. 2 Intensity maps of comet C/2014 N3 in the g-sdss and r-sdss filters. Panels a and b: direct images of the comet. Panels c and d: images processed by the rotational gradient method (Larson & Sekanina 1984). Panels e and f: images to which a division by the 1/ρ profile has been applied (Samarasinha & Larson 2014). The color scale does not reflect the absolute brightness of the comet. Arrows in panels e and f indicate the contaminating field stars. The arrows point toward the Sun, the north, the east, and the negative velocity vector of the comet as seen on the plane of the sky.
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	[image: thumbnail]	Fig. 3 Dependence of the parameter A f ρ on the aperture radius projected onto comet C/2014 N3 in the g-sdss and r-sdss filters. The near-nucleus area, which may be affected by seeing, is delimited by the vertical dotted line and was not considered.
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	[image: thumbnail]	Fig. 4 Comparison of average A f ρ parameter in comet C/2014 N3 and other active small bodies (A’Hearn et al. 1995; Hui et al. 2017; Jewitt 2005; Korsun et al. 2014, 2016; Lamy et al. 2009; Lowry et al. 1999; Lowry & Fitzsimmons 2001; Lowry & Weissman 2003; Lowry & Fitzsimmons 2005; Mazzotta Epifani et al. 2007, 2009a,b, 2014, 2016; Schleicher et al. 1997; Shubina et al. 2023; Snodgrass et al. 2006; Szabó et al. 2001; Rousselot et al. 2016, 2021; Voitko et al. 2022; Wong et al. 2019).
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	[image: thumbnail]	Fig. 5 Color map (g–r) of comet C/2014 N3 obtained from images taken on 5 December 2015 using the g-sdss and r-sdss filters. The arrow indicates contaminating field stars. The rest of the designations are the same as in Fig. 2.
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	[image: thumbnail]	Fig. 6 Variations in the color of dust in the coma of comet C/2014 N3 measured through different apertures and rings about 0.7″ wide. The near-nucleus area, which may be affected by seeing, is delimited here by the vertical dashed line and was not considered.
In the text



	[image: thumbnail]	Fig. 7 Stacked images of comet C/2014 N3 for the four NEOWISE visits with significant signals (see Table 3); on 4 July 2014 (Panel a), 13 December 2014 (Panel b), 8 August 2015 (Panel c), and 10 January 2016 (Panel d). For each panel, the 3.4 μm band stacked image is mapped to the blue and green channels, and the 4.6 μm stacked image is mapped to the red. The N and E sky directions are labeled, along with the antisolar vector (in red) and the anti-velocity vector (in blue). The photometry from NEOWISE observations of comet C/2014 N3 for each visit is shown below the stacked image. The fluxes from emissions at 3.4 μm (red triangle) and 4.6 μ (black diamond) are shown. The reflected light model (dotted line), thermal model (solid line), and combined signal (dashed line) are overplotted.
In the text



	[image: thumbnail]	Fig. 8 Isophote and synchrone map corresponding to BTA image of comet C/2014 N3 in the r-sdss filter. Isophotes are shown as black contours, and from the outermost to the innermost they are 24.5, 24, 23, 22, and 21 mag arcsec−2. Synchrones (in red) point approximately from south to east and (going clockwise) correspond to −1000, −600, −400, −200, 0 (perihelion synchrone, dashed line), +100, +200, and +250 days relative to perihelion. All images shown in this section are in the standard orientation: north is up, east to the left.
In the text



	[image: thumbnail]	Fig. 9 Isophote fields, dust loss rate profiles, and brightness scans along the tail of the C/2014 N3 BTA image in the r-sdss filter. In panel a, the black contours are the observed isophotes, with the same brightness levels as in Fig. 8. The red contours are the isophotes corresponding to the isotropic ejection model, whose dust loss rate profile is given in panel c. In panel a, the dashed blue line indicates the direction of the brightness scans along the tail, shown in panel b as a black line (observation) and a red line (isotropic ejection model). The spikes indicated by arrows are contaminating field stars.
In the text



	[image: thumbnail]	Fig. 10 Isophote fields, dust loss rate profiles, and brightness scans along the tail of the C/2014 N3 BTA image in the r-sdss filter. In panel a, the black contours are the observed isophotes, with the same brightness levels as in Fig. 8. The red contours are the isophotes corresponding to the sunward ejection model, whose dust loss rate profile is given as the red line in panel c. The solid blue line in panel c corresponds to the modified dust loss rate to account for the magnitude measurements in Fig. 11. In panel a, the dashed blue line indicates the direction of the brightness scans along the tail, shown in panel b as the black line (observation) and the red line (sunward ejection model).
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	[image: thumbnail]	Fig. 11 Comparisons of the observed and model isophotes and of the synthetic magnitudes, both as a function of time to perihelion. In panel a, black contours are the observed isophotes, and red contours the sunward ejection model, with the dust loss rate profile shown in red in panel c of Fig. 10. In panel b, the black contours are the observed isophotes, and the blue contours correspond to the same sunward model as in panel a, but with the modified dust loss rate profile shown as the blue line in panel c of Fig. 10. Isophote levels in panels a and b are the same as in Fig. 8, and the axis labels are also expressed in km. Panel c displays the C/2014 N3 magnitude as a function of time extracted from the Minor Planet Center (“nuclear magnitudes”; little black dots). Also, the moving averages of these measurements are shown using 4-day-width boxes (green dots) and the R-band measurements by Cometas_Obs (brown dots). The red lines correspond to the magnitudes modeled using the sunward ejection model with the Gaussian profile (red line in Fig. 10), while the blue line corresponds to the sunward profile with the modified dust loss rate profile (blue line in Fig. 10).
In the text





    
      Table 1 

      Observations of comet C/2014 N3 were made with the 6 m telescope BTA SAO on December 2015.

      
        


	Date, (UT)
	rh, (au)
	Δ, (au)
	α, (deg)
	θ⊙, (deg)
	θ−V, (deg)
	Filter/greed
	Texp, (s)
	N
	Mode





	5.936
	4.515
	3.882
	10.36
	93.14
	182.35
	g-sdss
	120
	5
	Image



	5.944
	4.515
	3.882
	10.36
	93.14
	182.34
	r-sdss
	90
	5
	Image



	5.952
	4.515
	3.883
	10.36
	93.10
	182.34
	VPHG1200@540
	300
	3
	Spectra





      

    

  
    
      Table 2 

      Upper limits for the main emissions in the spectrum of comet C/2014 N3.

      
        


	Emission band
	Flux F × 10−17, (erg s−1 cm−2)
	Production rate log(Q), (mol s−1)





	C2 (Δv=0)
	<1.8
	<21.8



	C3 (λ4050 Å)
	<11.3
	<20.2



	NH2 (λ6630 Å)
	<1.3
	<23.3



	CO+ (λ4266 Å)
	<7.9
	−





      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Intensity maps of comet C/2014 N3 in the g-sdss and r-sdss filters. Panels a and b: direct images of the comet. Panels c and d: images processed by the rotational gradient method (Larson & Sekanina 1984). Panels e and f: images to which a division by the 1/ρ profile has been applied (Samarasinha & Larson 2014). The color scale does not reflect the absolute brightness of the comet. Arrows in panels e and f indicate the contaminating field stars. The arrows point toward the Sun, the north, the east, and the negative velocity vector of the comet as seen on the plane of the sky.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Dependence of the parameter A f ρ on the aperture radius projected onto comet C/2014 N3 in the g-sdss and r-sdss filters. The near-nucleus area, which may be affected by seeing, is delimited by the vertical dotted line and was not considered.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Color map (g–r) of comet C/2014 N3 obtained from images taken on 5 December 2015 using the g-sdss and r-sdss filters. The arrow indicates contaminating field stars. The rest of the designations are the same as in Fig. 2.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Variations in the color of dust in the coma of comet C/2014 N3 measured through different apertures and rings about 0.7″ wide. The near-nucleus area, which may be affected by seeing, is delimited here by the vertical dashed line and was not considered.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Stacked images of comet C/2014 N3 for the four NEOWISE visits with significant signals (see Table 3); on 4 July 2014 (Panel a), 13 December 2014 (Panel b), 8 August 2015 (Panel c), and 10 January 2016 (Panel d). For each panel, the 3.4 μm band stacked image is mapped to the blue and green channels, and the 4.6 μm stacked image is mapped to the red. The N and E sky directions are labeled, along with the antisolar vector (in red) and the anti-velocity vector (in blue). The photometry from NEOWISE observations of comet C/2014 N3 for each visit is shown below the stacked image. The fluxes from emissions at 3.4 μm (red triangle) and 4.6 μ (black diamond) are shown. The reflected light model (dotted line), thermal model (solid line), and combined signal (dashed line) are overplotted.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Isophote and synchrone map corresponding to BTA image of comet C/2014 N3 in the r-sdss filter. Isophotes are shown as black contours, and from the outermost to the innermost they are 24.5, 24, 23, 22, and 21 mag arcsec−2. Synchrones (in red) point approximately from south to east and (going clockwise) correspond to −1000, −600, −400, −200, 0 (perihelion synchrone, dashed line), +100, +200, and +250 days relative to perihelion. All images shown in this section are in the standard orientation: north is up, east to the left.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Isophote fields, dust loss rate profiles, and brightness scans along the tail of the C/2014 N3 BTA image in the r-sdss filter. In panel a, the black contours are the observed isophotes, with the same brightness levels as in Fig. 8. The red contours are the isophotes corresponding to the sunward ejection model, whose dust loss rate profile is given as the red line in panel c. The solid blue line in panel c corresponds to the modified dust loss rate to account for the magnitude measurements in Fig. 11. In panel a, the dashed blue line indicates the direction of the brightness scans along the tail, shown in panel b as the black line (observation) and the red line (sunward ejection model).

      

    

  
    
      Table 4 

      Physical parameters of the best-fit dust ejection model.

      
        


	Parameter
	Value
	Assumed/Derived





	Geometric albedo
	0.04
	Assumed



	Phase function coefficient
	0.03
	Assumed



	Minimum radius
	1 μm
	Assumed



	Maximum radius
	1 cm
	Assumed



	Density
	1000 kg m−3
	Assumed



	Power index
	−3.5
	Assumed



	Maximum speed at perihelion
	1 m s−1 for r = 1 cm
	Derived



	Peak production rate
	700 kg s−1
	Derived



	Time of peak ejection
	300 days pre-perihelion
	Derived



	Full-width at half-maximum
	700 days
	Derived



	Total dust mass loss
	4.5–4.9 × 1010 kg
	Derived





      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Comparisons of the observed and model isophotes and of the synthetic magnitudes, both as a function of time to perihelion. In panel a, black contours are the observed isophotes, and red contours the sunward ejection model, with the dust loss rate profile shown in red in panel c of Fig. 10. In panel b, the black contours are the observed isophotes, and the blue contours correspond to the same sunward model as in panel a, but with the modified dust loss rate profile shown as the blue line in panel c of Fig. 10. Isophote levels in panels a and b are the same as in Fig. 8, and the axis labels are also expressed in km. Panel c displays the C/2014 N3 magnitude as a function of time extracted from the Minor Planet Center (“nuclear magnitudes”; little black dots). Also, the moving averages of these measurements are shown using 4-day-width boxes (green dots) and the R-band measurements by Cometas_Obs (brown dots). The red lines correspond to the magnitudes modeled using the sunward ejection model with the Gaussian profile (red line in Fig. 10), while the blue line corresponds to the sunward profile with the modified dust loss rate profile (blue line in Fig. 10).
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