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Abstract. We have calculated the thermal emission spectru8nCampins (1993). To first order, all the comets have similar
of the dust of comet P/Borrelly (1994l), a short-period comeroperties. However, since the SP (Jupiter family) comets have
(Jupiter family), from 3um to 14um as well as the 1pm sili- passed many times through the inner solar system, one expects
cate feature in terms of the comet dust model as porous agdhe- presence of small scale heterogeneity and differentiation,
gates of interstellar grains. Compared to comet P/Halley dusihd also the existence of some differences in the chemical com-
the dust grains of P/Borrelly appear to be relatively more prpesition, size, morphology, and activity of the outer layer of the
cessed (more carbonized), less fluffy, and richer in smaller patcleus among different types of comets. Indeed, P/Halley is
ticles. The fluffy aggregate model of silicate core-amorphousuch more active than Jupiter family comets. On the other hand,
carbon mantle grains with a porosi/= 0.85 can match the it has also been suggested that the chemical differences may
observational data. To generalize the dust properties of shdidve already existed in the solar nebula for the different types
period comets, systematic observations of the thermal emissafitomets before they formed (AHearn et al. 1995). These dif-
spectra and the silicate features for a large set of samplesfarences should also be reflected in the nature of the coma dust.
needed. In this work we focus on the dust properties of the Jupiter family

comets. In the following sections, unless otherwise stated, the
Key words: ISM: dust — comets: general - comets: individuakerm “SP comets” refers tdupiter familycomets. It should be
P/Borrelly noted here that the outer layers of the dynamically new comets
(belonging to LP comets) could have also been modified by
cosmic-ray processing which may result in less fragile, larger
(and thus cooler) grains (cf. Greenberg et al. 1993). Actually,
1. Introduction the so-called deficiency of£&and CN observed in a new comet,

. . . comet Yanaka (1988r), can be explained in terms of cosmic-

In general, comets are divided into two classes in terms of thelr . :

ray processing and small-aperture-observations (Greenberg et

orbits: long-period comets (with orbital periods ranging frorgll 1993).

200 yrs up tol07 yrs) and short-period comets (with periods , " ,
shorter than 200 yrs). Long period (hereafter LP) comets origi- t has become well recognized that silicates are a major
nate in the Oort cloud with an isotropic distribution of inclinatompPonent of cometary dust particles since theui0 Si-O

tion. Short period (hereafter SP) comets can be further classifsitching emission feature was first detected in comet Bennett
as “Jupiter family” comets and “Halley type” comets. Jupitewaas et a!. 1_970). Howeve_r, all the previous detections _of.the
family comets, which constitute the majority of the SP cometsilicate emission were restricted to the LP comets. No dlst|ngt
have a small inclination and an orbital periBd 20 yrs (Lev- 1bum silicate feature had been detected for the SP comets until,

ison 1996). It is commonly believed that Jupiter family comef80St recently, Hanner et al. (1996) for the first time discovered
originate in the trans-Neptune region which is known as tign tWo SP comets: comet P/Borrelly and comet P/Faye. The
Kuiper Belt. Strong evidence of the evolutionary connection 8f€vious lack of detection of any silicate feature in SP comets
Jupiter family comets with the Kuiper Belt was provided by@Y have been due to the cht that a substantial fraction of their
the recent detection of “Kuiper Belt Objects” (see e.g. Jewitt 8Urfaces are covered by aninert crust and thus SP comets have a
Luu 1995). Halley type comets, with a relatively longer perioH‘UCh lower activity Ie\{e! and are cpp&derably fainter compargd
(20 < P < 200 yrs) and larger inclination, can not come fron{® LP comets so that it is more difficult to make spectroscopic
the Kuiper Belt according to Duncan et al. (1988). Howevgrbs_ervatlons of SP comets. It is the purpose of this work to con-
they could originally come from the Oort cloud and then haydrain, or at least to obtau_’l some clues of,_ the dust properties of
been scattered into SP type orbits by the perturbation of Jupf{§ SP comets by modeling the observational spectra of comet

and/or Saturn. For a recent review on SP comets see WeissfdPelly from 3um to '14 pHm inclpding the lOM'm silicate
feature. In Sect. 2 we briefly describe the modeling procedure.

Send offprint requests té. Li The model results and the inferred likely dust properties are dis-
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cussed in Sect. 3. Our discussion and conclusion are preseibftre incorporation into comet nuclei is inconsistent with the
in Sect. 4. evidence for cold formation of comets. It would require at least
90% of the volatile mantles to have evaporated, allowing for
only 10% of the original interstellar molecules to be seen in
the coma (Greenberg et al. 1996). This is contradictory to the
observations that the general proportions of the coma volatiles

Comet P/Borrelly (1994l) is a short-period com@t£ 7yrs, are quite similar to those in the interstellar dust mantles and
Jupiter family) with an elongated nucleus and fractional acti@so that the HO spin temperature is comparable to that for
area~ 9.4% (Lamy et al. 1995). Its 1@m silicate excess emis- formation at interstellar grain temperature (see Crovisier 1998
sion was quite pronounced in the spectrum obtained by Hanaggl references therein) rather than having been processed in the
etal. (1996) at a heliocentric distange= 1.45 AU. Thereisno Pprotosolar nebula before comet formation.
evident indication yet of the presence of the crystalline olivine The dust thermal emission is determined by the chemical
feature at 11.2m which has been observed so far in five LRomposition, morphology, and sizes of the dust grains as well as
comets (see Hanner et al. 1994a for a summary), including dhe solar radiation field. According to the interstellar dust model
dynamically new comet (Hanner et al. 1994b) and the receitcomets (Greenberg 1982, 1998) the cometary dust particles
fascinating comet Hale-Bopp (Crovisier et al. 1997; Haywa®te porous aggregates of silicate core-organic refractory mantle
& Hanner 1997) as well as comet P/Halley (Bregman et al. 198m@terstellar grains. The $O dominated ice mantles formed in
Campins & Ryan 1989). In addition, the 1SO (Infrared Spactense clouds were also incorporated into the aggregates when
Observatory) SWS has discovered in comet Hale-Bopp stroggmets formed, while in the comet coma the volatile ices are
far infrared (FIR) emission bands attributable to Mg-rich crysvaporated rapidly after being subjected to the solar radiation.
talline olivine and crystalline pyroxene (Crovisier et al. 1997¥n the basis of both non-gravitational forces on comet nuclei
Although an excess above the amorphous silicate emission @ckman 1986) and on the properties of comet dust (Greenberg
peared at the 11.2m point in the Dec. 13 (1994) spectrum of& Hage 1990) it is established that cometary nuclei must be of
P/Borrelly possibly implying the existence of crystalline sililow density. Furthermore, the splitting of comet Shoemaker-
cate, its drop in the spectrum obtained the subsequent night ady 9 has been interpreted by Sekanina (1996) as most consis-
the relatively low point at 11.Lm make it difficult to draw a tentwith the properties of a highly fluffy nucleus. From model-
definite conclusion (Hanner et al. 1996). High signal to noiseg the 10um silicate emission band of comet P/Halley, Green-
ratio and higher spectral resolution in the 1112 range could berg & Hage (1990) have concluded that the coma dust should
help one to make an identification. In this work we confine oupave a porosity in the range 6193 < P < 0.975. In addition
selves to the broad smooth amorphous silicate feature althotgthat, the absorbing carbonaceous material of the organic re-
it is possible that the silicate minerals could have been partialfactory mantle is required not only to account for the so-called
crystallized due to the frequent exposure to the solar irradiationissing carbon” mystery (Delsemme 1982) but also to heat the
perhaps as a result of the energy released at the interface Witst particles sufficiently to give silicate excess emission since
radical containing organics (Yamamoto et al. 1998). the organic materials are much more absorbing in the UV/visual
The recent ISO observations revealed the presence of ciggd much poorer in emitting in the far infrared/submillimeter
talline silicate materials in the dust shells of evolved oxyge#han silicates.
rich stars (Waters et al. 1996) and in particular, a close sim- A recent evaluation of the in situ PUMA-1 data of P/Halley
ilarity of the crystalline silicate emission spectrum in coméndicated that the rock-forming silicates consist of various
Hale-Bopp (Crovisier et al. 1997) and a young main-sequenténeral components: Fe-rich silicates, Mg-rich pyroxenes (not
star HD 100546 (Waelkens et al. 1996; Malfait et al. 1998)livines), S-rich silicates, and Fe/Ni particles etc. (Schultz et
However, it is not reasonable to assume that circumstellar sil- 1997). On the other hand, Colangeli et al. (1995) fitted the
icates can be the direct precursors of comet silicates withdwin peak silicate feature in comet P/Halley by three mineral
passing through the interstellar medium. Given the comet inteemponents — amorphous pyroxene for the short wavelength
stellar grain model which supposes that comet grains are aggiide of the feature, amorphous olivine for the mid- to long-
gates of interstellar grains rather than solar nebula condensatagelength component of the feature, and crystalline olivine.
(Greenberg & Hage 1990), and since interstellar silicates dxewever amorphous pyroxene and crystalline olivine are not
hibit no crystalline silicate feature, the crystallinity of comefiound to be components of interstellar grains (Li & Greenberg
dust silicate must be attributed either to severe heating of B97). We propose that comet grains are composed of fluffy
terstellar dust in the protosolar nebula or to some phenomeggregates of interstellar grains (Greenberg & Hage 1990) of
occurring after nucleus formation. Laboratory experiments iipterstellar composition (Li & Greenberg 1997). With this as-
dicate that prolonged exposure+01000K, i.e., significantly sumption, we will adopt the Halley properties (Greenberg &
more heating than caused by perihelion passage, can anhte 1990) as a starting point.
amorphous silicate smokes and produce crystalline features atTo calculate the dust thermal spectrum, we first obtain the
11.2um (Hallenbeck et al. 1997), but cannot produce the FI&fective indices of refraction of the porous core-mantle aggre-
crystalline features seen by ISO in comet Hale-Bopp (Crovisigates on the basis of the Maxwell-Garnett effective medium the-
et al. 1997). In any case severe heating of interstellar graory, and the absorption efficiencies are then calculated by using

2. The thermal emission spectrum of comet P/Borrelly:
modeling method
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Mie scattering theory. It should be noted that the spherical shapan tenth micron contribute very little to the thermal emission
assumed for an aggregate of spherical silicate cores coated witbomet P/Halley (Hanner et al. 1987). The upper mass limit
organic mantles is a simplifying assumption which makes teas set at the maximum liftable mass,.,, the mass of the
calculation tractable. However, it should also be noted thatlérgest dust grain which can be dragged away from the nucleus.
the required calculations are only for absorption and emissiédopting the nucleus size (equivalent to a®.2 km radius
cross sections as needed for determining grain temperaturessiiteere) estimated by Lamy et al. (1995), the gas production
errors are not significant. This has been justified by rigorous cedte detected by AHearn et al. (1995) [scaled bygﬁf helio-
culations (Hage & Greenberg 1990). The next step is to derigentric dependence (AHearn et al. 1995)], and assuming a nu-
the temperatures of the dust grains as a function of grain sinéesus density).3 g cm 2 (Rickman 1986), a grain mass density
from the dust energy balance equation. Finally, we can calculate7 g cm =3 (corresponding to a porosily = 0.975), we esti-
the dust thermal emission by integrating over the full size disatedm,,., ~ 2.0 x 10° g from Eq. 19 in Newburn & Spinrad
tribution. The input parameters are the indices of refraction (¥985). For a larger dust mass density (corresponding to a lower
the core (amorphous silicate), the mantle (organic refractorpprosity),m,,., becomes smaller, but one can expect that even
the mass ratio of the mantle to the corg.fm;, the porosityP a significant variation imn,, . Will not affect the resulting near
of the porous aggregates, and the grain size (mass) distribufitinared (hereafter NIR) emission spectrum because those high
n(m) of the aggregate. For further details about the calculatiomass particles are so cold that their contribution is negligible
we refer to Greenberg & Hage (1990). The dust temperatues long as the grain size distribution is not too flat).
and thus the resulting thermal spectrum are dependent on theOur calculations show that, within the Halley size distribu-
grain material, the size and fluffiness (porosity) of the aggregaien, if the particles (with organic residue mantles) are compact
they are thentoo cold to give excess emission at the silicate band.
With the dust size distribution adjusted to be greatly weighted
toward smaller grains, the silicate feature is enhanced as ex-
Following Greenberg & Hage (1990), we model the comet dusg¢cted (Gehrz & Ney 1992) but is then far too narrow com-
of P/Borrelly as fluffy aggregates of core-mantle interstellar pgrared with the observation of comet P/Borrelly. We have tried
ticles. The optical constants [the complex indices of refractioto, fit the observation by both varying the porosity and adjusting
m(\) = m'(A) — im” (\)] for interstellar grains used in thethe dust size distribution. It turns out that none of these at-
modeling of comet P/Borrelly are based on the determinationtempts provides a satisfactory match. In Fig. 1a, b, ¢ we present
the composition of interstellar core-mantle grains by fitting bothe “best-fitting” (to the silicate emission) spectra using amor-
the interstellar extinction curve and interstellar polarization (lghous olivine cores and organic residue mantles, calculated from
& Greenberg 1997). For the 10n silicate emission feature, weP = 0.85,0.90, 0.95 respectively. The corresponding grain size
employ amorphous olivine for the silicate core, usingthe \) ~ distributions are plotted in Fig. 1d. It can be seen from these
of Dorschner et al. (1995) for amorphous olivine MgFegi@  figures that the theoretical spectra are a bit sharper than the
wavelengths longward of 2m. For0.3 um < X < 2um, we observation. In addition, the NIR spectrum (3 ) is too
adopt then” (\) of Draine & Lee (1984). FoA < 0.3 um, we low compared to the observation. We note that, lower porosity
adopt them” () of crystalline olivine from Huffman & Stapp or enhancement of larger particles in the size distribution could
(1973), because both crystalline olivine and amorphous oliviheoaden the silicate feature, but then, the whole feature becomes
absorb through electronic transitions in the far ultraviolet. Fieo shallow and the peak position shifts to longer wavelengths
nally, the real part of the optical constamts()\) is calculated (the particles are too cold).
fromm” (\) by using the Kramers-Kronig relation. Forthe grain ~ Suppose that the chemical composition of organics of SP
mantle, we shall first employ the optical constants of H, C, @pmets could have been modified by solar irradiation or possibly
N-rich organic refractory residues (Li & Greenberg 1997). as proposed by AHearn et al. (1996), that the original chemical
The porosityP is treated as a free parameter with a wideomposition for the solar nebula out of which the SP comets
range ofP from 0 (compact) to 0.975 being considerés. a were formed is different from where LP comets were formed.
starting point we adopted the Halley dust size (mass) distrib0-his has led us to consider an extreme case — amorphous car-
tion obtained by spacecrafts (see Fig. 3a of Greenberg & Hagm, which may be characteristic of the most highly processed
1990) which can be expressed by a polynomial function (e.grganics materials — highly depleted in H, O, N. The indices of
see Lamy et al. 1987). Adjustment of the Halley size distniefraction of amorphous carbon are adopted from those com-
bution can be made by modifying one of the coefficients tpjled by Rouleau & Martin (1991). As shown in Fig. 2a, a sat-
for example, enhance the smaller grains. For the mass rasifactory fit to the 1Qum silicate feature and the NIR emission
of the organic refractory mantle to the silicate core, accordan be obtained by the amorphous carbon model with a porosity
ing to the mass spectra of comet P/Halley dust as measuredby: 0.85. The dust size distribution is enhanced toward smaller
the PUMA mass spectrometer on board the spacecraft Vegpatticles. The fits provided by other porosities are not as good
(Kissel & Krueger 1987), we adoptgyimg; = 1. The effects of as that byP = 0.85. It can be seen in Fig. 2b that, although the
a lower m,./mg; ratio will be discussed later. The lower mas§it for P = 0.90 is not bad, the theoretical spectrum is a bit de-
(size) limit was set at0~'4 g which is equivalent to an individ- ficient in the NIR region. Fig. 2c shows that the predicted NIR
ual tenth micron interstellar grain. Particles with radii smallepectrum fronP = 0.95istoo low compared to the observation.

3. Modeling results and the possible dust properties
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P=0.90 fi} 16 Fig.la—d. The infrared thermal emis-
sion spectrum of comet P/Borrelly (in

] 107" Wm=2 um™'). The observational

-4 data (points) are taken from Hanner

et al. (1996). The predicted spectra of

1 the porous aggregate comet dust model

-2 of silicate coreerganic refractory man-
tle interstellar grains with a porosity
P = 0.85,0.90,0.95 are plotted as solid

@5 lines in a b and c, respectively. The
chi-square, x> = > {[f,(model) —
fu(obs)]/o:}2/(N — M) (here N = 63,

10 the number of observational data points;
M = 2 is the number of free parameters:
the porosity and the dust size distribution)

5 which, to some extent, can describe the
goodness of the fit, is about 18.4, 18.9, 19.0
forP = 0.85,0.90, 0.95, respectively. The

0 dotted line imis a blackbodyT = 275K)
emission (Hanner et al. 1996). The corre-

0 T T O SR ! ! » sponding dust size distributions are shown
4 6 8 10 12-15 -10 5 |n d: solid — the Halley dust size distribu-

(2)] tion; dotted —P = 0.85; short dashed —

P = 0.90; long dashed £ = 0.95.
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If we increase the weight of smaller particles, the fit to the NIR. = 10~* g, the corresponding dust production rate would be
spectrum improves; however, then the silicate feature becomes.0 x 10°gs~1.
too sharp. We have also tried lower porosities< 0.85), but Alternatively, we have also tried to model the IR emis-
then we found that the dust grains are too cold so that the calsion spectrum in terms of a power law dust size distribution
lated spectra shift the peak positions to longer wavelengths arfeh) ~ m~. We found that a model witt? = 0.85 and
are deficient in the NIR. « = 1.63 provides a good match. Actually, the modified Hal-
Therefore we conclude that the amorphous olivine coley size distribution (forP = 0.85, see Fig.2d) can be ap-
- amorphous carbon mantle model with a porogity= 0.85 proximated by two power law distributions (far < 10~° g,
(Fig. 2a) provides the best fit to the observations. Integratingm) ~ m~'-5%; form > 107° g, n(m) ~ m~!8%).
over the mass range of interest in this work, the total dust It is possible that the carbonaceous mantle could have un-
mass required by the model with= 0.85 is~ 3.9 x 10° g. If dergone partial evaporation in the coma. We have also taken
we assume an average outflow veloaity= 0.5 km s~ for all  this into account by considering a model with a thinner man-
the grains rather than taking into account the outflow velocithe, m,,/mg = 1/2. Intuitively, we expect that, for a lower
distribution as a function of grain size, following the formulan., /m; which leads to a lower dust temperature, a higher
given by Hanner et al. (1985), we derive the dust productigorosity and/or a steeper dust size distribution, which results
rate to bex~ 1.5 x 10°gs~!. If we adopt the water produc-in a higher temperature, are needed to account for the emission
tion ratelog Qm,o = 28.33 mols~! measured ag, = 1.38 AU  spectrum. In the case,,/mg; = 1/2 which implies that half of
(AHearn et al. 1995) scaled by a heliocentric evolutigri-”  the mantle has evaporated, the original poroBity: 0.85 then
(AHearn et al. 1995) as the gas production rate, the ratio of dimtcome® ~ 0.90. Using the same size distribution as derived
to Hy O production rate is thesy 2.6. One should keep in mind for P = 0.85 (see Fig. 2d), our calculations show that the fit
that the dust production rate deduced from the infrared (IRy the model withP ~ 0.90 andm,,, /my = 1/2 is reasonably
emission may not reflect the actual dust mass loss since lagged (plotted as dashed line in Fig. 2b), but the silicate feature is
particles are too cold to be well constrained by the IR emissishghtly too sharp and the NIR emission is a bit too low. Increas-
(Crifo 1987; Fulle 1998). As long as the size distribution faoing the porosity or enhancing the small particles, the fit to the
the large particles are not too flat, some degree of variationNiR emission gets better but the silicate feature becomes even
the slope of the large particle size distribution will not affectharper. Decreasing the porosity or enhancing the large particles,
the IR emission spectrum, but result in considerably differenciée silicate feature becomes broader but then the model fails to
in the dust mass lose rate. Actually, the IR emission spectriitnthe NIR emission. For a mantle thickness, /mg; < 1/2,
in the wavelength range considered in this work is contributéioe match to the overall spectrum is even poorer.
only by grains smaller than 10~ g (within the size distribu- The modeling results as presented above clearly indicate
tion as derived foP = 0.85). If the upper mass limit is set atsome differences between the dust properties of P/Borrelly and
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Fig. 2a—d.The theoretical spectra calculated
for the porous aggregate comet dust model
of silicate coreamorphous carbommantle
grains with a porosityp = 0.85 (a, x? ~
4.5), 0.90 (solid line inb, x*> ~ 6.6), and
0.95 (). The dotted line ina is a black-
body (I' = 275K) emission (Hanner et
al. 1996). Also plotted irb (dashed line,
x* =~ 10.5) is the spectrum produced by
the P = 0.90 model with a thinner man-
10 tle (mor/mg = 1/2) and with the same size
distribution as for th® = 0.85 model (dot-
ted line ind). In ¢, both the solid line
5  (x?® ~ 7.8) and the dotted liney(® ~ 9.1)
are model spectrafd® = 0.95. The corre-
sponding dust size distributions are shown
in d: solid — the Halley dust size distribu-
tion; dotted —P = 0.85; short dashed —
O" o v b b | | P = 0.90; long dashed P = 0.95 (cor-
4 6 ) 10 12 -15 10 5 responding to the dotted curve @ dotted
- short dashed P = 0.95 (corresponding
to the solid curve irT).
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those of P/Halley. First of all, the dust aggregates of P/Borrellgr organics. The fact that some @nd G come directly from
are somewhat more compact compared to P/Halley. The bedté volatile nuclear ices (which are relatively depleted in SP
to the P/Borrelly observation is provided = 0.85, while comets) while CN is mostly produced from grains (AHearn et
Greenberg & Hage (1990) have shown that, a higher por@d-1995) is consistent with the idea of carbonization. While this
ity, in the range 0f0.93 < P < 0.975, fits the silicate emis- is supported by the results of the EURECA space experiments
sion of P/Halley well. Moreover, the dust size distribution ofvhich have indicated the carbonization of the “first generation”
P/Borrelly is steeper (weighted toward smaller size grains) tharganic refractory materials by solar irradiation (Greenberg et
that of P/Halley. Furthermore, the organic mantle materials aff 1995) there may be other ways of explaining theabd
P/Borrelly, best fit by amorphous carbon, appear to have be@ndepletion. For example, it has also been suggested that the
strongly processed and are depleted in H, O, N comparedcteemical abundance in the solar nebula out of which the SP
P/Halley. comets formed was different from that of LP comets (AHearn
et al. 1995). This is not easy to understand because SP comets
These differences are not surprising. Actually, there is R@eformed furtherout than LP comets (see e.g. Levison 1996)
reason to expect the dust properties of P/Borrelly to be identieg) arecloserto interstellar medium composition. On the other
to those of P/Halley. Since P/Borrelly has passed through thgnd, if it is the case that the crystalline silicates formed in the
inner solar system many more times than P/Halley and thefgst, inner region of the solar nebulextensive radial mixing
fore been SUbjeCted much more to the solar irradiation, the d“@ukj have occurredo that these materials could have been
grainswithin the surface layeof the nucleus could have beenyansported to the outer region where the cometesimals were
Significantly modified. In particular, the OrganiC refractory m%rming (Hanner etal. 1994a, 1994b)’ a|though where and how
terials formed in the interstellar medium and then incorporatggk crystalline silicates formed is still not known (see e.g. Green-
into the protosolar nebula and finally aggregated into comejisrg et al. 1996). The solar irradiation can also lead to a lower
could have undergone further carbonization. Here the term “CPbrosity than that of Halley dust due to the packing effect (Mukai
bonization” means that the organic materials, subjected to {g-echtig 1983; also see Smoluchowski et al. 1984). The dust
processing of solar ultraviolet photons, would partially lose thejfze distribution could be weighted toward smaller grains; i.e.,
H, O, N atoms and thus become carbon-rich (Jenniskens etsphaller grains are enhanced as a consequence of evaporation and
1993). In other words, the elements H, O, N relative to C woulgipsequent fragmentation in the coma. There are both observa-
be more depleted than in comet P/Halley organics. Observatigigfal and theoretical indications of dust fragmentation in the
do show that some SP (Jupiter family) comets are depleted in€gma of comet P/Halley. As the volatile ice sublimates from the
and G (however, CN is approximately constant, see AHealiycleus, it leaves behind the refractory particles and loosens the

etal. 1995 for details). This can be explained by attributing thgygregates. If the fragmentation indeed results from the subli-
“missing carbon” to the carbonization of the original interstel-
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mation of volatile materials which act as “glue”, one may expergsults in photodissociation and depletion of H, O, N elements
relatively more drastic and more complete fragmentation in thed thus higher visual absorptivity. The optical properties of the
coma of SP comets since volatiles are relatively depleted in B&avily processed organics would ultimately resemble those of
comets (Weissman & Campins 1993). A statistical study of tleenorphous carbon.
cometary dust size distribution indeed seems to suggest thatThe solar irradiation not only results in the sublimation of
the dust size distribution of short-period comets is somewhatlatile ices, depletion of H, O, N elements, but also creates an
steeper than that for long-period comets (Fulle 1998). inert crust on the nucleus surface. The inert crust grows with the
age of a comet and progressively lowers the activity level. Fi-
nally some SP comets which have exhausted all of their volatiles
or whose nucleus surfaces are completely covered by crusts will
Hanner et al. (1996) have modeled the thermal emission speessibly evolve into extinct asteroid-like objects (Weissman &
trum of comet P/Borrelly in terms of either a mixture or a simcampins 1993). Thus it is natural to expect the existence of
ple combination of twseparatecomponents of compact amor-various degrees of carbonization and activity level among SP
phous silicate (bronzite or olivine) and glassy carbon grairggmets due to different degrees of physical evolution (different
Their models, using the Hanner size distribution form (Hanngassage frequency through the inner solar system). Admittedly,
et al. 1985), fit the observations reasonably well (withi¥%) itis still too early to conclude that all SP comets show the same
except for some deficiencies in reproducing the silicate featubghavior as comet P/Borrelly. In the observations of Hanner
The spectrum produced by the model with two separate co@i-al. (1996), another SP comet, comet P/Schaumasse, shows
ponents is both a bit deficient in the short wavelength wing 6P silicate emission at all. This may indicate some variations
the silicate feature as well as having a peak emission at a longerong SP comets: either dust size (see Fig.5 of Greenberg &
wavelength. These effects imply that the silicate grains ardiage 1990 and Fig. 6 of Hanner et al. 1994b) or activity level
bit too cold. This may be due to the fact that the pure silicater both). Systematic investigations on the thermal emission
materials are rather transparent in the near ultraviolet, visg@ectrum as well as the 11.2n crystalline silicate feature of
and the near infrared so that they can not be heated sufficien8. comets are needed to confirm or reject the above results.
While other investigators have attributed the short wavelengi¥e stress here that the highly processed dust grains make up
side of the silicate feature in comets to amorphous pyroxedely a minor fraction of the nucleus, in other words, on a global
(see, e.g., Colangeli et al. 1995; Hanner et al. 1998; Wooderse&le, the comet nucleus is still expected to maintain the original
al. 1998), the fluffy aggregate interstellar grain model attributéghemical) properties of interstellar dust. As shown by Kouchi
the short wavelength shoulder to the effects of grain porosiyal. (1992), the effect of solar heating on the comet nucleus is
and particle size distribution. The model with a mixture of twoegligible below the outer several centimeters.
components gives too sharp a silicate feature which indicates Our conclusion is that, a fluffy aggregate model of silicate
that the particles are too small (although they are sufficientipre-amorphous carbon mantle grains with a pordsity 0.85
hot). One could expect to broaden the silicate feature by incllaest reproduces the observed thermal emission spectrum of
ing larger particles, however, the particles would then be teomet P/Borrelly from 3um to 14 ym as well as the 1Qumn
cold. A possible solution to this dilemma is to adopt the modeilicate feature. Compared to the comet P/Halley dust, the dust
consisting of porous aggregates of interstellar dust. As showrgifains of P/Borrelly appear to be relatively more processed,
the preceding section, the fluffy aggregate model indeed leadstore carbonized, less fluffy, and richer in smaller particles. At
an improved fit: both the NIR continuum and the silicate featutbis point we are not able to generalize the dust properties of
are well reproduced. This is because, for a highly fluffy aggr&P comets. Observational data are needed for a larger set of SP
gate, its mass absorption coefficiency is much higher than teatnet samples.
of its equal-mass compact counterpart, and it approaches that of
the individual small particle unit in the case of extreme porosifjcknowledgementsiVe are grateful for the support by NASA grant
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The suddenjump at 5.5 um of the spectrum of therganic  suggestions.
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