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INTRODUCTION

Comet C/2006 P1 (McNaught) was discovered by Robert McNaught on August 7, 2006, when its
brightness was 17m. The comet passed the perihelion point on January 12, 2007, at a distance of 0.17 AU,
when its brightness reached approximately –5m. The visible tail of the comet was maximal in length, 35°,
during the first days after passing the perihelion. Comet C/2006 P1 (McNaught) is a dynamically new
comet from the Oort cloud; and, probably, this is its first passage through the internal part of the Solar Sys�
tem [12]. When the comet passed the perihelion, a large amount of micron and submicron dust particles
was ejected from its nucleus. The analysis of the infrared spectra obtained with the Spitzer space telescope
yielded a lack of crystalline silicates in the dust component of the comet, which is not typical of the
dynamically new comets [7]. Infrared observations also showed that the chemical composition of the
comet is somewhat poorer in CO and CH4, while the contents of C2H2 and NH3 are noticeably higher than
that in the majority of the comets [1]. From the Odyssey spacecraft, triply ionized oxygen O3+ was for the
first time detected in the cometary tail [13].

In some images of the near�nuclear region of the comet, rather strong jets were found [18]. In the
course of time, the morphology of the jets changes, which can be connected with the rotation of the
nucleus. The characteristic feature of this comet was a wide, strongly elongated tail with distinctly struc�
tured striae. The striated features in the tail were earlier also detected in comets C/1743 X1 (de Chseaux),
C/1901 G1 (Great Comet), C/1910 A1 (Great January Comet), and C/1975 V1 (West). Sekanina and
Farrel attempted to explain the striated features in the cometary tails [15, 16]. Specifically, they suppose
that the appearance of the striated structure in the tails of comets C/1910 A1 (Great January Comet) [15]
and C/1975 V1 (West) is caused by concrete events of increased outflow of particles that are later destroyed
[16]. The authors believe that this should result in the formation of the striae.

Our main purpose was to model the striated structure observed in the dust tail of comet C/2006 P1
(McNaught). In addition, the modeling should yield the physical properties of dust particles: their size
range, the size distribution, the velocity of the particles escaping from the collision zone, and the maximal
age of the particles forming the tail.

RESULTS OF MODELING

To model the dust tail of comet C/2006 P1 (McNaught), we choose one of the best images. It was
obtained by David Headland on January 24.00766 UT, 2007 (http://www.cortinastelle.it/com�
ete/2006P1�mcnaught�best.htm) (Fig. 3b).

Simulation of the dust tail of comet C/2006 P1 (McNaught) was based on the model developed by
P.P. Korsun for studying comets demonstrating substantial activity at large distances from the sun [10].
Later, this model was modified for studying dust tails of comets at close distances from the sun; and, in
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particular, it was applied to the Hale–Bopp comet [8]. The main distinction of the modified model is that
the particles forming the cometary tail are composed of a purely solid component (no ice admixture) and
their sizes are much smaller and time�independent, since no ice sublimation occurs.

To model the dust tail of the comet, the trajectory of each of the individual particles should be tracked
starting from a preceding moment to the moment of observations. To do this, the time point, the velocity
of the particle’s escape from the collision zone, its direction, and the particle’s radius are assumed in the
Monte�Carlo algorithm. Then, for each of the particles, the system of the motion equations is solved; the
motion is assumed to be under the influence of two forces: the solar gravitation and the solar�radiation
pressure. The solution of this equation system is the coordinates of a particle at the moment of observa�
tions, and their set yields the model of the dust tail of the comet. Finally, to be compared with the obser�
vations, the obtained cometocentric coordinates of the particles are projected to the plate plane.

To simulate the clearly expressed transversal striae in the tail of comet C/2006 P1 (McNaught), addi�
tional modification of the model is required. We will assume that the material outflows from the nucleus
surface inhomogeneously: mostly from the active sources of gas and dust particles locally distributed
through the nucleus surface. Due to the axial rotation of the nucleus, the sources are alternately illumi�
nated by the sun and shadowed. Since the rates of the gas and dust outflow from the sources on the sunlit
side and in the shadow substantially differ, the striated heterogeneities are formed in the tail.

In the image of the comet [18], the outflow of the material from at least three local active domains is
clearly seen (Fig. 1). The modeling showed that, to simulate the characteristic features in the cometary tail
caused by the activity of the local sources, it is necessary to take into account the material outflow during
the period when the sources are in the night side of the comet rather than only during the period in the
hemisphere directed to the sun. Examples of the activity of the local domains in the night side can be
found in the observations of comets P/Halley and 81P/Wild 2 [4]. In the paper [6], it is shown that the
crater formations of certain morphology can remain substantially heated and noticeably active on the
night side of the cometary nucleus.

From expediency consideration, we selected four zones (A–D) in the considered image, as is shown in
Fig. 2. Two local active domains are responsible for the formation of striae in zone A (Figs. 2, 3). They are
the sources of approximately similar in size particles and differ only in their location on the surface of the
cometary nucleus. The rate of the gas and dust outflow from these domains on the sunlit side (in zenith)
is 35% higher than that on the night side. The third local active domain is the source of the heavier parti�
cles, and it produces 15% more dust on the sunlit side than on the night side. This active domain forms
the structure of striae in zone B.

In the modeling, we took into account the changes in the activity of the local domains proportionally
to the cosine of the angle of deviation from the direction to the sun. Just after passing the perihelion, the
comet demonstrated a sharp unpredicted increase of brightness; later, the brightness returned to the cal�
culated values [17]. In our model, this fact is displayed as the appearance of the local active zones while
the comet is near the perihelion point and the subsequent gentle decrease of their activity in proportion to
the cosine of the time scale in cube.

Fig. 1. Outflow of the material from
three local active domains in the nucleus
of comet C/2006 P1 (McNaught) [18].
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Fig. 2. Most characteristic zones in the tail of
comet C/2006 P1 (McNaught).
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To reproduce the material distribution observed along the striae, the law of the size distribution of par�
ticles suggested in the paper [3] was used: 

n(a) = (1 – a0/a)M(a0/a)N, 

where a is the radius of particles, a0 is the minimal radius of particles, and M and N are the model param�
eters responsible for the position of the peak in the size distribution and its steepness. The most probable
radius of a particle can be obtained from the formula ap = a0(M + N)/N. In the model, the following sets
of values of the size�distribution parameters were used: a0 = 0.1, N = 50, M = 120 and a0 = 0.1, N = 50,
M = 170 for the local active zones A and B, respectively. The size distribution with such high degrees M
and N yields a narrow range of the particle sizes.

The best agreement between the modeled and observed images was obtained when the period of the
axial rotation of the nucleus is 21 h.

The total number of particles for which the trajectories were traced is 5 × 107. To calculate the escape
velocity of particles, we used the expression [2, 14] 

V = a–0.5, 

where V is the velocity of the ejected particles, rd is the heliocentric distance of a dust particles, a is the radius
of a particle, and A is the parameter.

The table contains the model parameters providing the best results in modeling. The values of the
velocity V of dust particles are reduced to the distance of 1 AU from the sun. They are in reverse proportion
to the square root of the particle radius. It is seen that the model image is composed of the particles with
an age smaller than 12 and 11.2 days in the cases of the outflow from the active domains and from the
whole surface of the nucleus, respectively. It is worth noting that this parameter strongly influences the
position of the distinct lower boundary of the model image of the cometary tail (zone C in Figs. 2, 3),
formed by the material outflow from the whole surface of the nucleus. The active domains produce parti�
cles with sizes limited within two very narrow ranges, while the particles escaping from the whole surface
of the comet are in a wide size range. The presence of the active domains, which are the sources of particles
different in size, can indirectly testify to the heterogeneity of the cometary nucleus. Such heterogeneity
was, for example, inherent in the comet, from which comets D/1996 Q1 (Tabur) and C/1988 A1 (Liller)
originated [9]. From the model interpretation of the morphology of the OH, CN, and C2 components, the
strong chemical heterogeneity of the nucleus of comet C/1995 O1 (Hale�Bopp) was inferred [11].

In our model analysis, the dust particles outflow from the whole surface of comet C/2006 P1
(McNaught) is according to the exponential law of the size distribution with the exponent typical of the

Ard
0.5–

Optimal parameters of the model

Active zones Maximal age
of particles, days a, μm γ V, m/s ap, μm

A 0.2–0.48 – 390–604 0.34

B 12 0.33–0.77 – 317–470 0.49

Homogeneous nucleus 11.2 0.35–65.0 –3.5 33–456 –

3°(а)

Sun N

(b)

Fig. 3. Images of comet C/2006 P1 (McNaught) obtained (a) in the model and (b) during the observations on January 24, 2007. 
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comets, γ = –3.5 [5]. The model parameter of the escape velocity of dust particles substantially influences
the width of the component of the cometary tail denoted as zone D in Figs. 2 and 3. The period of the axial
rotation has not been estimated earlier.

It is worth noting that the modeled and observed orientations of the striae differ by several degrees. This
discrepancy can be explained under the assumption that the dust particles in the tail are charged, and this
charge is subjected to the solar wind.

CONCLUSIONS

The dynamical modeling based on the Monte�Carlo technique allowed us to reproduce the clearly
expressed structure of striae observed in the tail of comet C/2006 P1 (McNaught). We explain this phe�
nomenon by the presence of three local active domains on the surface of the nucleus, which are alternately
on the day and night sides due to the axial rotation of the comet. The different rates of the gas and dust
outflow on the day and night sides of the rotating nucleus cause the quasi�periodic heterogeneities
observed in the tail. The period of the axial rotation of comet C/2006 P1 (McNaught), which was the
model parameter, turned out to be 21 h.

REFERENCES

1. N. Dello Resso, R. J. Vervack, H. A. Weaver, and C. M. Lisse, “Infrared Measurements of the Chemical Com�
position of C/2006 P1 McNaught,” Icarus 200, 271–279 (2009).

2. A. H. Delsemme, “Chemical Composition of Nuclei,” in Comets, Ed. by L. L. Wilkening (1982), pp. 85–130.

3. M. S. Hanner, “The Nature of Cometary Dust from Remote Sensing,” Cometary Exploration 2, 1–22 (1982).

4. R. B. Hoover et al., “Astrobiology of Comets,” Proc. SPIE 5555, 93–106 (2005).

5. K. Jockers, “Observations of Scattered Light from Cometary Dust and Their Interpretation,” Earth, Moon and
Planets 79, 221–245 (1997).

6. A. V. Ivanova and K. M. Shulman, “Modeling of Heating and Intensification of Sublimation from a Cometary
Active Regions,” in Proc. of Conf. on Asteroids, Comets, Meteors (Berlin, Germany, 2002), pp. 55–58.

7. M. S. Kelley, D. E. Harker, D. H. Wooden, and C. E. Woodward, “Crystalline Silicates and the Spectacular
Comet C/2006 P1 (McNaught),” Bull. Amer. Astron. Soc. 39, 827 (2007).

8. S. V. Kharchuk, “Dust Tail Modelling for Comet Hale�Bopp,” in YSC'15 Proc. of Contributed Papers, Ed. by
V. Ya. Choliy and G. Ivashchenko (Kyuvsk. Univ., Kyiv, 2008), pp. 57–59.

9. K. Kiselev, K. Jockers, and V. Rosenbush, “Comparative Study of the Dust Polarimetric Properties in Split and
Normal Comets,” Earth, Moon, Planets 60, 167–176 (2002).

10. P. O. Korsun, “Distant Activity of Comet C/2001 K5 (Linear),” Kinem. Phys. Celest. Bodies Suppl., No. 5,
465–471 (2005).

11. S. M. Lederer and H. Campins, “Evidence for Chemical Heterogeneity in the Nucleus of C/1995 O1 (Hale�
Bopp),” Earth, Moon Planets 90, 381–389 (2002).

12. B. G. Marsden, IAU Circ., No. 8801 (2007).

13. M. Neugebauer, G. Gloeckler, J. T. Gosling, et al., “Encounter of the Ulysses Spacecraft with the Ion Tail of
Comet McNaught,” Astrophys. J. 667, 1262–1266 (2007).

14. Z. Sekanina, “Thermal Infrared Imaging and Spectroscopy of Comet Hale�Bopp (C/1995 O1),” Astrophys. J.
538, 428–455 (2000).

15. Z. Sekanina and J. A. Farrel, “The Striated Dust Tail of Comet 1910 I,” Bull. Amer. Astron. Soc. 18, 818 (1986).

16. Z. Sekanina and J. A. Farrel, “Evidence for Fragmentation of Strongly Nonspherical Dust Particles in the Tail
of Comet West 1976 VI,” in Solid Particles in the Solar System: Proc. of the Symp., Ottawa, Canada, 1979 (Reidel,
Dordrecth, 1980), pp. 267–270.

17. J. Shanklin, “Review of Comet Observations for 2007 January – 2007 December,” Comet’s Tale (Newslett.
Comet Sect. Brit. Astron. Assoc.), No. 2, 10–29 (2007).

18. C. Snodgrass, A. Fitzsimmons, E. Jehin, et al., “Optical Observations of Comet McNaught from La Silla,” in
Asteroids, Comets, Meteors, LPI Contributions (2008), No. 1405, Paper id. 8328.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


