A MODEL OF P/TEMPEL 2 WITH DUST AND DETAILED CHEMISTRY
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ABSTRACT. We apply our fluid dynamic model with chemical kinetics of dusty comet comae to
P/Tempel 2. A brief summary of results concerning gas/dust dynamics and chemistry is given.

One-dimensional, multi-fluid simulations of the coma of P/Tempel 2 at perihelion have been
performed. These simulations are based on our model that treats the physics and chemistry
of the inner coma in great detail as summarized by Schmidt et al. (Comp. Phys. Comm.
49, 17-59, 1988). Recent progress of the model includes incorporation of dust entrainment
by the gas, dust size distributions, dust fragmentation, distributed coma sources of gas-
phase species related to the dust, and a separate accounting of the electron energetics. An
improved calculation for the sublimation rate of water from the nucleus is now performed
and the chemical reaction network has been expanded to include CH30H, H,S, and H;CO,
as possible parent molecules. The assumed volatile composition is given in Table 1 and
other model parameters are listed in Table 2.

The model species profiles are appropriate for neutrals throughout the coma and for ions
within the contact surface. Figure 1 illustrates that methanol is a distributed source of
H,CO upon photodissociation with a lifetime of 1.96 - 10*s (quiet sun). In turn, H,CO
forms a distributed source for CO with a lifetime of 5.15 - 103s. Several organic species, as
well as the dust, contribute to enhance the coma abundance of CH and extend its range.
As shown in Fig. 2, protonated parent molecules may be major ionic species in the inner
coma if the parent abundances in the nucleus are & 0.5% with proton affinities greater
than that of water (e.g., NHz, CH30H, H,CO, H2CO;). It can be seen that the abundance
of a protonated parent species is higher than the respective parent ion in the inner coma
(R < 500 km). For illustrative purposes, we have set the abundance of H;CO, rather high
(1%) in the nucleus composition which leads to its protonated ion H;COj being the most
abundant ion in the inner coma. This demonstrates the sensitivity of the abundances of
protonated species on the initial composition of these parents.

The dust mass distribution is approximated by a power law (exponent ) with 11 discrete
sizes, logarithmically spaced between @i, and apg.;. The model capabilities for dust
fragmentation are not used in the present calculations. Gas and dust are rapidly accelerated
upon leaving the nucleus. For standard dust densities, small particles are more efficiently
entrained with the gas flow than large particles, resulting in higher terminal speeds. The
acceleration zone for all particles is approximately within 10 R,,.. A complete description
of the model and results will be presented in a forthcoming publication.
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TABLE 1. Composition of P/Tempel 2 Model TABLE 2. Model Parameters for P/Tempel 2
Species Number Species ~ Number Symbol Value Symbol Value
Abundance Abundance
H,0 0.8692 C,H, 0.0066 Th 1381AU Z 2.9-10cm~2 s~1
CO 0.034 CS, 0.005 A 0.03 Q 4.0 -10%%5?
CO; 0.029 H,S 0.005 € 0.97 Quater  3.5-10%85~1
CH30H 0.01 CH3CN  0.0016 Rpuc 1.5 km Pdust 0.5gcm™3
NH3 0.01 NH,CH3 0.0008 Apuc 14 km? X 0.027
H,CO  0.01 POM; 0.0008 Thue 193.8 K Gpmaz lcm
H,CO, 0.01 HCN 0.0006 Pruc 05¢g cm™3  @min 0.1 ym
N, 0.007 H,C3Hy  0.0004 B 0.5
27
10 -
co
— T T—|

™S "\ CH,0H

H,co\\\
. \

Flux (s

10

1 10 0* 8 10 10" 10° 5
R(km) 10
Figure 1. Profiles of the integrated flux for CO, CH30H, and H,CO throughout the coma.
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Figure 2. Number density profiles of electrons and ions related to selected parent molecules
via protonization and ionization.
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