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Introduction: CO self-shielding is presently the 

leading hypothesis for explaining the CAI oxygen iso-
tope mixing line [1]. Preliminary analyses of 
GENESIS solar wind samples show that the solar wind 
ions have Δ17O ~ -20 ‰ [2], similar to the isotopically 
lightest CAIs. Barring non-mass-dependent fractiona-
tion during solar wind acceleration and ion passage 
through the GENESIS ion concentrator, the prelimi-
nary GENESIS results support a self-shielding sce-
nario for the solar nebula. Recent oxygen isotope 
measurements of CO2 produced during CO photodis-
sociation in the laboratory have been interpreted as 
evidence that self-shielding is not significant during 
CO photolysis, and is therefore not relevant to under-
standing solar system formation [3]. The authors arrive 
at this conclusion based on the massive and wave-
length-dependent fractionation in CO2 they measured. 
I argue here that the laboratory CO photolysis results 
are, in fact, primarily a result of CO self-shielding, and 
I present line-by-line model simulations of 2 of their 4 
(by wavelength) experiments. A critique of the Chak-
raborty et al. paper has been submitted [4] but will not 
be discussed in detail here. 

Simulation of experiments: The photolysis ex-
periments [3] were carried out at the ALS synchrotron 
using the direct undulator beam (FWHM ~ 2 nm, pho-
ton flux ~ 5x1015 ph s-1 from 91-110 nm). The beam 
entered a phototube containing a CO column density 
of 4-12x1017 cm-2. CO2, formed by recombination of O 
and CO, was collected on cold fingers near the end of 
the phototube. Experiments were performed with the 
beam centered at 94.12, 97.03, 105.17 and 107.61 nm.  
The experiments are continuous flow, and the resi-
dence time of CO in the tube is ~ 1 second.  

I have simulated the experiments at 105.17 and 
107.61 nm by converting the code I used to compute 
self-shielding at the nebular surface [5] to a phototube 
geometry. Turbulent diffusion in the disk has been 
replaced by molecular diffusion of CO in the tube, 
with the diffusion coefficient given as ~ / 3COD ac , 
where a is the collisional mean free path and c is the 
thermal sound speed for pure CO gas. The phototube is 
assumed to be 10 cm in length. Only CO photolysis 
reactions are considered; all O is assumed to form 
CO2. (I am neglecting the kinetics of CO2 formation 
and condensation, and O exchange with CO, but will 
include these in later models.) The code has been run 
to ~ 40 seconds for several CO column densities. 

Photodissociation of CO isotopologues is com-
puted using synthetic absorption spectra (Fig. 1) based 
on published data [6-7], and also using the shielding 
functions in [5]. The rate coefficient for dissociation of 
CxO (J in molec sec-1) at depth z is 
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where σ is the absorption cross section for CxO, φ is 
the probability of dissociation for CxO, I0 is the radia-
tion intensity, τ is the optical depth due to all absorb-
ers, and λ is wavelength. Isotopologue-dependent 
variations in σ and φ are typically ~ 30 % or less but 
for some bands can be higher. 

Results and Implications: Figure 2 shows δ-
values, expressed as δO’ = 103ln(1+δO/103), for CO2 
produced by the synchrotron beam centered at 105.17 
nm for CO column densities of 1014-1018 cm-2. The 
model δxO’(CO2) values are comparable to or larger 
than the measured values and have a slope ~ 1.05. 
They decrease with CO column density and become 
negligible when optical depth (not shown) is << 1 (i.e., 
column density = 1014 cm-2, with no pump stage (‘no 
ps’) absorption), as expected for a self-shielding effect.  
Increasing the absorption intensity of C17O in band 32 
increases the slope. Shielding functions yield a steep 
slope in these early time calculations, but are inde-
pendent of wavelength and so cannot explain the ex-
perimental results at 94 and 97 nm (not shown).  

The model results for the synchrotron beam at 
107.61 nm (Fig. 3) show that a slope ~ 1.4, compara-
ble to the measured values, can occur at the highest 
column densities., but is not present at lower densities. 
Simulations of the experiments at 97.03 (Fig. 4a) and 
94.12 nm (Fig. 4b) are in progress. 

The key results here are that massive fractionation 
is expected from self-shielding alone, and that the frac-
tionation depends on wavelength. Refinement of the 
isotopic variations of absorption strength and dissocia-
tion probability for the most important CO bands is 
needed to accurately predict the expected slope rela-
tionship for O derived from CO photolysis. For CO 
self-shielding to be a viable explanation for solar sys-
tem oxygen isotopes, the slope relationship summed 
over all bands must be close to the CAI line (0.95-1.0). 
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Fig. 1. Computed spectra for CO bands 31, 32 and 

33, with C16O in black, C17O in red and C18O in light 
blue. The synchrotron beam intensities (arb. units) for 
the 105.17 nm and 107.61 nm experiments are shown 
as red curves.  
 
 

 
Fig. 2. Computed δ’-values for the synchrotron beam 
at 105.17 nm for several CO column densities. The 
open squares are the experimental results [3]. The sen-
sitivity to a 2-fold increase in σ for C17O of band 32 is 
shown by f32

C17O=2. The vertical bars mark a time of 1-
second on the 3-isotope curve, roughly the CO resi-
dence time for the experiments. The experiments have 
CO column density between 1017 and 1018 cm-2.  
 

 
Fig. 3. Same as Figure 2 but with the synchrotron 
beam centered at 107.61 nm.  
 

 
Fig. 4a. Important CO bands near 97.03 nm. Beam in 
red. Spectroscopic data from [8]. 
 
 

 
Fig. 4b. Important CO bands near 94.12 nm. Beam in 
red. Spectroscopic data from [8].  
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