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We present spectroscopic data obtained in May with the University of Arizona 12-m radio
telescope at Kitt Peak, along with a review of optical spectra taken at Kitt Peak in 1994, as part of
an ongoing project to determine the D/H ratio at different points throughout the Galaxy. With the
radio observations, we were able to make five-point maps of the DCN J = 2-1 (144 GHz) line in
two clouds in the Sgr A region towards the galactic center, and we obtained reasonable upper
limits for DNC (76.31 GHz) and DCO" (72.04 GHz) in a cloud in the galactic anticenter. From
the optical data, we present a possible confirmation of the detection of Dt in the Orion Molecular
Cloud as presented in Hébrard et al. (2000).

Introduction

Big-bang nucleosynthesis shows that the deuterium to hydrogen ratio depends very
strongly on the temperature and baryonic density of the universe during the first 1000 seconds
following the big bang, and measurement of the D/H ratio could determine if the baryonic
density is sufficient to close the universe, as well as predicting the ratio of baryonic matter to
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primordial material. The radio observations presented here are intended to confirm this result
through observations in both the Sgr A 50 and 20 km/s clouds of the GC and a cloud in the
Galactic anticenter.

Observations

Radio

We observed a variety of molecular emission lines at radio frequencies in two observing
runs in the spring of 2001, the first between May 12 and 20 at the Nobeyama Radio Observatory
45-m radio telescope in Japan, and the second, from May 31 to June 5 at the Steward
Observatory 12-m radio telescope at Kitt Peak, Arizona. High humidity levels and high system
temperatures at the Nobeyama Observatory made the detection of deuterated molecules
impossible and other molecules difficult, so here we concentrate on observations made of the GC
and anticenter clouds with the 12-m telescope on Kitt Peak.

We were able to make a five-point map of the DCN J = 2-1 transition at 144.828 GHz in
both the 50 and 20 km/s clouds with observations from a central position determined by the peak
CS emission (Serabyn, Lacy, and Actermann 1992) and offsets of 1 arcmin in both right
ascension and declination. We find a peak intensity (Tr*) at the central position of the 50 km/s
cloud of 38 mK to be in close agreement with the measurement of Lubowich et al. (2001). We
also made similar maps of the J = 1-0 transition of HC'°N at 85.055 GHz. We measure the
different isotopic species of the molecules such as DCN and HCN to use in chemical modeling to
ultimately determine the D/H abundance. In the anticenter, we were able to detect HCO" and
HNC, but, after five hours of integration on each, we were able only to establish a reasonable
upper limit of around 10 mK for the deuterated species, DNC and DCO". The map for DCN in
the 50 km/s cloud is shown in Figure 2 for reference. The characteristics of the gaussian profiles
fit to the lines observed using CLASS (‘Continuum and Line Analysis Single-dish Software’
provided by
the Institut de Radio Astronomie Millimétrique) are shown in Table 1 below.

Figure 2. Five-point map with 1’ offsets of DCN in the Sgr A 50 km/s cloud.




Table 1. Detected lines in the 50 km/s cloud.

Molecuk  Transifon | ¥ (MHz) - T7(mK) < rms(mK) | SV(km's)
center » :

DCN 24, 14880 38, 168 103
HC'SN 10, 85050 135 150 307
SO 2@)-140 86085 146 150 216
1' West

DN 21 148380 30 105 193]
HC'"N 10! 85050 82 410 399
[5e) 2@)-14d 86085 84 410 27.5
1’ East : »

DCN 24 148BO 24 97 181
HC"N 10. 85050 101 400 27.2
SO 20)-14 86085 - 400 -
1' North

DON 21 144880 38 95 247
HC'N 10, 85050 12 420 31.2
S0 22)-1(1 86085 2@ 420 243
1' South

DCN 21 14880 T <15 mK 150 -
HC'*N 10. 85050 118 390 405
SO 20)-1 (4 86085 140! 3g 229

Optical

For this project, we also analyzed optical spectra taken at the Kitt Peak Coude Feed in
January 1994. The data consist of forty-three 1800 s exposures of the Orion Molecular Cloud at
a position 2.5 arcmin south of the trapezium star HD37022. Using IRAF, we averaged all of the
exposures to create essentially one 21.5 hr observation, and we observe a bump on the red wing
of the Ha line profile at a velocity shift of approximately 68 km/s redward of the central peak
emission. This is a possible confirmation of the result reported by Hébrard et al. (2000) where
they report the first optical detection of deuterium Balmer emission lines, and the comparison of
our observation with their proposed Da detection is shown below in Figure 3. There is some
discussion regarding the true source of this emission. It is possible that there could be some line
of sight velocity structure shifting the Hoo emission to the position observed, but Hébrard et al.
(2000) also observe other strong nebular emission lines and see no such velocity shifted
emission. They also observe the feature on all of the lines in the hydrogen Balmer series up to

Hn, and they conclude that it is, in fact, the deuterium Balmer series being observed.
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Figure 3. Comparison of our observation (left) with the Do detection published by Hébrard et al, (2000) (right).
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Future Work

The results presented above summarize the observations made for this project, and the
analysis portion of the work, specifically determining the D/H ratio from the lines observed, is
yet to be completed. We have some new observations of the galactic anticenter from Kitt Peak
in October 2001, as well as another five days of observations from Nobeyama in January 2002
that have not yet been reduced. With more integration time we hope to detect deuterated
molecules at the edge of the galaxy to establish the anticenter D/H ratio and to add another point
to the galactic deuterium abundance curve.
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