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Introduction: The anomalous distribution (i.e., 
mass independent) of oxygen isotopes (18O/16O and 
17O/16O) among rocky bodies is considered a 
pronounced and intriguing chemical feature of the 
solar system. One plausible explanation for this 
isotopic distribution in the early solar system is self 
shielding by CO in the face of photodestruction by far-
UV from the central star. A prediction of this model is 
that protostellar disks like the circumsolar nebula 
should exhibit high C16O/(C17O+C18O) relative to the 
surrounding interstellar environment when observed 
from a distance.  Here we present preliminary steps in 
using astronomical data to search for C16O/C18O and 
C16O/C17O excesses in protostellar disks around young 
stellar objects (YSOs)—environments believed to be 
similar to the protostellar environment for our Sun—  
to test the plausibility of the self shielding phenomeon  
as a cause for this anomaly.  

CO self shielding: Molecular self shielding, known 
to be important in the interstellar medium [1, 2], refers 
to the saturation of photodissocitating spectral lines for 
optically thick molecular species.  While self shielding 
has long been regarded as a possible origin of  non-
mass-dependent oxygen isotope fractionation [3,4], 
further exploration on the topic languished until 
Clayton [5] argued that self shielding by CO in 
particular could be the origin of non-mass-dependent 
oxygen isotope fractionation in the solar system.   

Carbon monoxide absorbs FUV wavelengths in 
proportion to column densitites of the consituent  
oxygen isotopologues, C16O, C17O and C18O. Because 
the canonical interstellar 16O/18O and 16O/17O ratios are 
~500 and ~2600, respectively, C16O will be more 
optically thick and thus photodissociate at a lesser rate 
(i.e. “self-shield” to a greater degree) than C17O and 
C18O [6].  

Conceptual model: Lyons & Young [7] suggested 
that self shielding by CO is likely in the surface 
regions of disks (Fig. 1) and suggest further that the 
18O and 17O liberated by photodissociation of CO is 
likely sequestered in water ice [7,8], precluding a 
return of the liberated heavy isotopes to CO gas.  This 
suggestion relies in part on the fact that surface regions 
of nebulae are similar in temperature and pressure to 
dense molecular clouds, where large fractionations 
have been observed [1, 9] and predicted [6]. 

Goals of present study. Our goals are two-fold: 
(1) to search for evidence of self shielding in disks 
surrounding YSOs, and (2) to test the integrity of the 
model for isotope specific CO photodissociation in 
disk surface layers. 

Fig 1.  Illustration of protoplanetary disk model 
(circumstellar distance R vs. height above the 
midplane Z) with illumination of UV light from the 
central star and corresponding CO photodissociation 
rates superimposed, showing that CO 
photodissociation  is likely to be concentrated at disk 
surfaces. 

Previous relevant studies: The fundamental band 
of CO at 4.6 μm has been observed in numerous 
protostars and YSOs [10], often with the emphasis on 
the solid state [11, 12]. While the 13CO isotopologue 
has been detected in the solid state, access to the rarer 
oxygen isotopes is much better with the gas-phase 
lines because of the higher optical depths of the 
relatively narrow gas-phase lines; for example, C18O
lines have been noted alongside the 13CO spectral 
features [11].  Detection of a high C16O/C18O ratio in 
the HL Tau disk (C16O/C18O = 800 +/- 200), based on 
measurements of high-resolution infrared absorption 
by gas in the outer disk at ~ 100 K [13], is tantalizing 
evidence that CO self shielding of stellar UV may be a 
feature of the chemical evolution of disks.

Methods: We analyzed previously collected Keck 
Telescope (NIRSPEC) data for the protostellar object, 
IRAS 19110+1045.  We sought column densities for 
four CO isotopologues, in particular the optically thin 
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species (a curve of growth analysis is underway to test 
this assumption) 13CO, C18O and C17O. Column 
densitites (NJ)  for each rotational transition were 
determined using the equivalent widths W  and the 
linear relation W =( e2/mec2)fJ NJ, with fJ representing 
the absorption oscillator strength for the Jth transition 
(values from [14]) and the other terms having their 
usual meanings. By assuming thermodynamic 
equilibrium, i.e., NJ /(2J+1) exp( EJ /kT), where EJ
is the energy of the Jth rotational state above the 
ground rotational state and T the to-be-determined 
rotational temperature for each species, we plotted 
column densities for the (assumed) optically thin 
species 13CO, C18O and C17O as a function of EJ. The 
slopes of the data yield rotational temperatures for the 
rare CO isotopologues. Total column densities (N)
were calculated using the Boltzmann distribution.  
One-sigma error bars for this first attempt are large and 
are based on fitting the continuum background.  In 
analyzing our data for evidence of self shielding we 
used for now 13CO as a proxy for the more abundant 
isotopologue since the abundance of this species is 
intermediate between that of CO and C18O, and greater 
self shielding by 13CO relative to C18O  is expected [6]. 

Results and discussion: Rotational temperatures 
and column  densities for 13CO, C18O and C17O are 
shown in Fig. 2. Of particular interest is the detection 
of the rare isotopologue C17O, appreciable signals of 
which have not been previously detected in protostellar 
disks by near IR. While the uncertainties in C17O line 
intensities are large, we are nevertheless confident that 
these lines are real and that uncertainties in the data 
will be overcome by longer, more systematically 
calibrated observations.  

In the rotational plot (Fig. 2) the 13CO and C17O
data, respectively, cannot be fit by a single 
temperature. Better fits are obtained by taking separate 
regressions through low J points, yielding a lower 
temperature, and through high J points, yielding a 
higher temperature. Distinct temperatures can be 
explained by sampling distinct regions of the disk [15].  

We compared column density ratios for IRAS 
19110+1045 to abundance ratios of the local ISM and 
solar values [16].  Ratios were obtained for each 
temperature where applicable. The high-T 13CO/C18O
ratio for the disk is 3.6 +  2.03 and is within 3 sigma 
of the ISM value of 8.07 (solar = 5.55), while the low-
T 13CO/C17O for the disk is 6.1 +/  25 and the high-T 
value is 29 +/- 90. Both values are within one sigma of 
the ISM value of 29.1 (solar = 27.7).   

Fig. 2: Rotational temperature plot for the 3 rare 
isotopologues of CO, based on a relatively brief 
integration made at 4.7 μm (near-infrared) with 
NIRSPEC of the protostellar object, IRAS 
19110+1045. 

Conclusions: Our analysis of the IRAS 
19110+1045 protostellar disk indicates that all four CO 
isotopologues are detectable in the near-infrared using 
the Keck Telescope and NIRSPEC. Based on these 
preliminary data we see no evidence for isotope 
specific photodestruction of CO in IRAS 19110+1045, 
but there is plenty of room for more precise data. 
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