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ABSTRACT

Comet 8P/Tuttle was observed by the Galaxy Evolution Explorer (GALEX ) UT 2007
December 6 � 8, 10, 12, 26, and 2008 January 2. GALEX is a NASA Small Explorer
(SMEX) mission designed to map the history of star formation in the Universe (Martin et al.
2005). It is also well suited to cometary coma studies because of its high sensitivity and
large �eld of view. OH and CS in the NUV (1750�3100 	A) are clearly detected in all of the
data. The FUV detector was only operational during the last two observations. C I is clearly
detected in this band. We present an analysis of scale lengths and production rates of these
species as well as a comparison to comet C/2004 Q2 (Machholz) data recorded with GALEX
UT 2005 March 1. This work is supported by the GALEX guest investigator program.
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Introduction

The Galaxy Evolution Explorer (GALEX) is a NASA Small Explorer mission designed to map the
history of star formation in the Universe using two modes: two-band photometry (1350�1750 	A,
1750�2800 	A) and objective grism spectroscopy (10�20 	A resolution) (Martin et al. 2005). ApJS
Vol. 173 Num. 2 (2007) has been devoted to the science team results from the �rst three years of the
GALEX mission.

The 1.2 degree FOV diameter and high sensitivity to extended sources ideally suits GALEX to cometary
coma studies. Traditional long-slit spectrometry typically lacks the sensitivity to extended emission
at large cometocentric distances necessary to establish accurate scale lengths of long-lived parent-
daughter species such as H2O/OH. The wide-�eld GALEX objective grism observations simulta-
neously capture all of the emission from several bright UV lines. Comets C/2004 Q2 (Machholz;
Morgenthaler et al. 2005, 2006), 9P/Tempel (before, during and after Deep Impact; McCandliss et al.
2006), 73P/Schwassmann-Wachmann 3 (fragments B and C, recorded with directors discretionary
time), and 8P/Tuttle (this work) have been observed.
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Status

As shown in grism images below the combination of low spectroscopic resolving power and high
sensitivity to extended sources leaves considerable overlap between different coma species. This,
together with the low counting statistics, has led us to adopt the technique of constructing a model of
the comet, telescope, and detector system and comparing that model directly to the data.

We model coma emission with the one- or two-component Haser (1957) model, as appropriate for
the line in question. Scale lengths for the models are computed using parent out�ow and daughter
ejection velocities and the prescription of Combi et al. (2004). The computational simplicity of the
Haser model makes it practical to use in parameter optimization exercises. The coma emission is
scaled by the energy-dependent telescope/instrument A
 curves and blurred by the telescope PSF as
determined by the GALEX grism pipeline software.

Like many astrophysical observatories, the standard GALEX pipeline data processing system is op-
timized for astrophysical sources with �xed coordinates on the sky. In order to extract meaningful
cometary data, we have had to reconstruct parts of the GALEX pipeline processing and account for
the following effects:

� Moving target

� Moving observatory (work in progress)

� Mask contaminating sources (need more work with source catalog and edge effects)

Our modi�ed pipeline software is implemented in the Interac tive Data Language IDL (a product of
ITT Corporation) and will be made available to the community through the GALEX guest investiga-
tor website as part of our GALEX Cycle 4 Guest Investigator program.
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Observations

Table 1: GALEX Observations of Comet 8P/Tuttle

Obs UT Orbits� r _r � Q(OH)y Q(CS)y

Name obs NUV/FUV AU km s�1 AU �10
28

s
�1 �10

26
s
�1

A 2007-12-07 5/0 1.28 -14.8 0.54 1.0 0.1
B 2007-12-08 4/0 1.27 -14.7 0.52 1.0 0.1
C 2007-12-10 4/0 1.25 -14.3 0.48 1.4 0.1
D 2007-12-12 4/0 1.24 -14.0 0.46 1.5 0.1
E 2007-12-27 2/2 1.13 -10.8 0.28 2.5 1.9
F 2008-01-02 2/2 1.10 -9.1 0.25 3.0 2.2

� GALEX exposure time is approximately 1300 s per orbit
y Preliminary production rates based on this work

Comet 8P/Tuttle is a short period Halley-family comet whose most recent apparition was well posi-
tioned for extensive ground and space-based study. The particularly small Earth-comet distance (�)
necessitates a correction for parallax yet to be implemented in our reduction software (see Fig. 2).
Because of this, our goal of accurately determining the radial pro�le of coma emissions cannot yet be
achieved. A �rst estimate of production rates using standar d molecular lifetimes out�ow and ejection
velocities (Smith et al. 1980; Crovisier 1989; Budzien et al. 1994; Combi et al. 2004) are shown in
Table 1.
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Data: pipeline processed

Fig. 1.� GALEX pipeline processed NUV (1750�2800 	A) data of observation C. On the left, the
light from the telescope is focused directly on the detector. On the right the light is dispersed by a
grism which extends over the entire telescope FOV. The result is simultaneous low-dispersion spectra
of all the objects in the FOV. OH 3080/2826 	A (upper) and CS 2576/2663/2507 	A (lower) coma
emission lines are seen in the comet grism image. The dispersion direction is perpendicular to the
ion tail. The edge of the 1.24� FOV is visible on the left of the images.
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Fig. 2.� Expansion of the direct image shown in Fig. 1 with the comet motion taken out (assuming
GALEX was �xed at the geocenter). Parallax due to the orbit of GALEX is detected in a �20
arcsecond shift of the comet centroid and a NW extension in the comet’s shape (unlikely to be due to
dust or ion emission). The dominant emission seen in the direct images is OH 3080 	A. On the right,
stars with catalog NUV magnitudes brighter than 19 are masked (see Fig. 3 for more explanation.)
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Fig. 3.— Here we have co-added all 4 grism exposures in observation C. On the left without source
masking and on the right, with source masking. Because the comet is moving relative to the back-
ground sources, masked areas are �lled in by other exposures. As shown in Fig. 2, we apply the mask
on an instantaneous basis to the data as we are building each image, reducing the amount of area
lost to background sources. Support from ourGALEX Cycle 4 Guest Investigator program will help
us to create software that will handle theGALEX source catalogs in a more sophisticated manner
allowing ef�cient masking of more sources and better handling of edge effects.


