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&
Motivation

e Primitive solar system bodies
e Farly solar system/solar system formation

e Farth’s evolution and water origin



Orbits
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(comprising many
billions of comets)

Oort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
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Figure 1: Oort Cloud and Kuiper Belt diagram
{B Credit: NASA/ESA and A. Feild (Space Telescope Science Institute)
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Comet Anatomy
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Figure 3: Diagram of comet anatomy
Credit: NASA/JPL-Caltech
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Photodissociation
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Figure 4: Photodissociation of water molecules into hydrogen and hydroxide ions
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Aim

e To map and model gas production rates and outflow velocities
of OH™ molecules in comets nearing perihelion
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Observations

e Data spanning 16 years (2001-2017)
e Over 30 comets; we look at 23

e Arecibo Observatory and Green Bank Telescope, ground-based
radio observations, 18 cm A-doublet
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Monte Carlo Simulation

e Produce synthetic coma, divide into sections, look at doppler
shift to map

e Generate 10”6 H,0 molecules, sublimated
e Randomly assign parent production time, parent destruction
time, daughter destruction time, and azimuthal (¢) and polar

(@) angles of motion for each molecule

e Grid of different sublimation/initial velocity v, and
quenching radi’ r,



&
Calculations

e Parent lifetime At , sine and cosine projections

e Final parent position:

X12

y,, = Vv, At, sin(el) S'in(tpl)

v, At, sin(©,) cos(@.)

z, = v, At cos(©))

e Velocity due to photodissociation v, = 1.05 km/s
e Final daughter x-velocity, sublimation + photodissociation

v, = v, sin(©,) cos(®,) + v  sin(O,) cos(®,)
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Spectral Mapping
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Figure: Spectrum for C/2009 Pl Garradd at
@' 2.757 AU from the Sun on June 30, 2011
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Gas Production vs Heliocentric Distance
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Gas Production vs Gas Velocity
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OH Velacity vs Heliocentric Distance
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Conclusions and Future Work

e Correlations between gas outflow velocity and heliocentric
distance

e Fewer correlations between gas production and distance or gas
production and velocity

e Possible reasons for poor fit for some comets: high
velocities, spectral inversion factor

e FExamine different OH initial velocities
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