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Introduction: The deuterium to hydrogen ratio
(D/H) is a key indicator of cometary formation condi-
tions and the role played by comets in delivering vola-
tiles and organics to the Earth [1]. In particular, the
D/H in cometary water can be compared to that in
standard mean ocean water (SMOW) to determine how
much of the terrestrial water inventory could be pro-
vided by cometary impacts. The D/H ratio in cometary
water has been measured in three comets: in 1P/Halley
via in situ mass spectrometry [2,3], and in C/1996 B2
(Hyakutake) [4] and C/1995 O1 (Hale-Bopp) [5] by
observing submillimeter emission from HDO. In all
three cases, the cometary D/H ratio was approximately
twice the value in SMOW. During Hubble Space Tele-
scope (HST) observations of C/2001 Q4 (NEAT), we
discovered atomic D emission, which is potentially
another probe of the D/H ratio in comets.

Hubble Observations: On three different dates
(2004 April 24.3,26.9, and 28.8 UT), the D Lyman-a
line at 1215.34 A was clearly detected during observa-
tions of C/NEAT using the Space Telescope Imaging
Spectrograph (STIS) on HST (Fig. 1). During that
time, the comet’s heliocentric distance varied from
1.04 AU to 1.00 AU, the geocentric distance ranged
from 0.54 AU to 0.39 AU, and the water production
rate was ~1.9 x 10%’ s, The STIS echelle grating
E140H was used with a 0.2" x 6" slit, which provides a
velocity resolution of 5.5 km s~ for a spatially uni-
form emission, to measure the D line simultaneously
with the atomic hydrogen (H) Lyman-a line, both of
which were cleanly separated from the terrestrial air-
glow H and D emissions. The derivation of the H pro-
duction rate is relatively straightforward, but uncer-
tainty in the photolysis pathways for HDO, the pre-
sumed primary source of D in the inner coma, and of
the spatial distribution of D, make deriving the D pro-
duction rate problematic. We discuss these issues, pro-
vide our best estimate of the D/H ratio in C/NEAT, and
also report on an HST search for D emission from
C/2002 T7 (LINEAR) in June 2004.
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Fig.1: HST/STIS spectra of C/2001 Q4 (NEAT) show-
ing clear detections of atomic deuterium (D) emission
in 2 different echelle orders on 3 different dates.
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