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Introduction: The [12C]/[13C] abundance ratio in
the solar system (∼ 89 [1-4]) is peculiar in relation
to the local interstellar medium (ISM) and nearby am-
bient clouds (∼ 62 − 68; [3, 5-7]) as measured from
a range of carbon-bearing molecules. Models invok-
ing Galactic enrichment of 13C relative to 12C over the
lifetime of the solar system [6, 8] in order to explain
this carbon isotope discrepancy assume that the current
solar system [12C]/[13C] reflects the local ISM ∼ 4.6
Gyr ago, and that protostellar systems forming today
should be isotopically similar to their parent clouds.

We report high [12C]/[13C] ratios obtained from CO
observations towards several solar-type young stel-
lar objects (YSOs) and 2 foreground clouds in local
star-forming regions. We derive ratios ranging from
∼ 84 − 158, including values which are significantly
higher than in both the solar system and local ISM,
and we find a significant correlation between the gas-
phase ratios and the fraction of CO in the solid (ice)
phase. These findings suggest that CO isotopologue
fractionation between ice and gas may be an important
process governing carbon chemistry during protostel-
lar evolution, and that forming protostars may not be
isotopically similar to the clouds in which they form,
violating the assumptions in Galactic chemical evolu-
tion models for describing the [12C]/[13C] discrepancy
between the solar system and local ISM.

Observations: We obtained near-infrared observa-
tions of CO isotopologues for 8 YSOs and 2 fore-
ground clouds in nearby star-forming clouds, using the
CRIRES spectrograph on the Very Large Telescope in
Chile at very high resolution (λ/∆λ ≈ 95,000). Ex-
amples of two fundamental bands (v = 1 − 0) for the
foreground cloud traced by DoAr24E and the embed-
ded YSO RNO 91, both in Ophiuchus, are shown in
Figure 1. Overtone (v = 2 − 0) spectra (not shown)
were used for observing optically thin 12C16O lines.

Derivation of isotope ratios: Total column den-
sities for the CO isotopologues, 12C16O, 13C16O,
12C18O and 12C17O, were calculated by summing
the measured column densities of observed rotational
states and assuming a Boltzmann distribution for the
remaining states at the best-fit temperature derived
from the observed lines. The high spectral resolution
of CRIRES (∼ 3 km s−1) enables us to infer the opti-
cal depths and intrinsic line broadening from the line
profiles; these parameters were used to derive precise
column densities and isotope ratios [9].
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Figure 1: Infrared spectra of the CO fundamental rovibra-
tional bands towards the foreground cloud traced by the
DoAr24E binary disk (the spectrum for component (1) is
shown) and the embedded protostar, RNO 91, both in Ophi-
uchus. Representative lines and the CO ice feature charac-
teristic of embedded sources is marked for RNO 91. Only
the more abundant CO isotopologues, 12C16O and 13C16O,
are observed in the foreground cloud [16].

Results and discussion: Example rotational plots
for the DoAr24E (0,1) binary system and for RNO 91
are shown in Figure 2, illustrating the sub-level col-
umn densities,NJ/(2J+1) vs. the lower-energy state
(J) compared to the best-fit linear trend expected for
a single-temperature gas. The excitation temperature
(T ) of the gas is determined from the negative recipro-
cal of the slopes of their respective best-fit lines. In
our data set, the predominantly cold lines for fore-
ground clouds such as those traced by DoAr24E are
best described by a single-temperature model, while
a two-temperature fit best captures the variable tem-
perature distributions of disks and embedded objects,
such as RNO 91. We derived [12C]/[13C] ratios rang-
ing from ∼ 84 − 158, most of which are significantly
higher than both the solar system and local ISM (Fig-
ure 3). We find a direct correlation between the gas-
phase [12C]/[13C] and the CO ice fraction (Figure 4),
which we interpret as a signature of 12CO-13CO ice-
gas fractionation. For the background YSO, IRS 51,
we derive [12C]/[13C]Gas of ∼ 158, [12C]/[13C]Ice of
∼ 68, and a CO ice fraction of∼60%. Whereas the ice
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Figure 2: Rotational plots for two of the CRIRES Ophiuchus
sources observed in this study: the binary disk, DoAr24E
(0,1), which traces foreground cloud material, and the em-
bedded YSO RNO 91. Error bars are 1σ. EJ is the energy
of the Jth rotational state, and k is the Boltzmann constant.

fraction here is high, an even larger ice fraction would
be required to account for the high gas-phase fractiona-
tion observed, so we conclude that carbon isotope frac-
tionation in CO may be subjected to complex open-
system chemical processes. While CO self-shielding
may explain the oxygen isotope ratios in several ob-
jects [9, 16], CO photochemistry is an insufficient ex-
planation for the high [12C]/[13C] found towards these
solar-type protostars [16] .

Conclusions: We find high [12C]/[13C] towards
several local solar-type YSOs and foreground clouds.
Our observations indicate that 12CO-13CO ice-gas
fractionation could have a significant influence on car-
bon isotopic evolution in forming protostellar sys-
tems, and may help explain the peculiar differences in
[12C]/[13C] between the solar system and local ISM.
Future observations towards massive protostars will
help determine the influence of CO photochemistry on
the carbon isotopes in high-UV environments.
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Figure 3: Compilation of published [12C]/[13C] ratios vs.
RGC (kpc). Our CRIRES data (red dots; left-side labels)
show 12C/13C ratios that are significantly higher than the
solar system and local ISM (68 ± 15; [6]) and solar sys-
tem (86.8 ± 3.8; [4]). The evolutionary stage/source type
is noted at left. Other infrared YSO data for MonR2 IRS3,
LkHα, AFGL 490 [10] and HL Tau (lower value; [11]) are
marked (purple; right-side labels). The black arrows indicate
high [12C]/[13C] in diffuse regions of Ophiuchus [12, 13].
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Figure 4: Comparison of the CO ice fraction vs. the
[12C]/[13C]Gas for our CRIRES sources. Ice data were ob-
tained from published optical depths [14, 15].
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