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CO Abundance: appearance is physics and environment matters[18]

Abstract: We used FIR/sub-mm photometry from the Herschel Space 

Observatory[9,19] and the Atacama Pathfinder EXperiment (APEX, 

[21]) to fit pixel-by-pixel modified Planck SEDs[11] to molecular clumps 

in the Census of High- and Medium mass Protostars (CHaMP, [1,2,3]) 

(280°<l<300°, -4°<b<2°).  We present maps of H2 column density for 

molecular clumps in the Carina Nebula complex (Regions 9 - 11), and 

surrounding RCW 64 (Region 26). We compare the column densities of 

CO and H2 (NCO and NH2,) to chart spatial variations in their cor-

respondence, and derive maps of the CO abundance (denoted 

[CO/H2]). We find the CO abundance varies by an order of 

magnitude or more across each region, averaging a few×10−5 per H2, 

and its distribution across each clump correlates with environmental 

conditions, especially dust temperature. This, plus the tension between 

dust- and CO-derived H2 column densities shows that even at clump 

scales, no one CO abundance is appropriate to convert from NCO to 

NH2. We also find that L/M from dust continuum SED-fitting depends 

almost exclusively on dust temperature and thus does not 

independently trace cloud evolution. Finally, using data from the 

Australia Telescope Compact Array (ATCA*) and Gemini’s Thermal-

Region Camera Spectrograph (T-ReCS, [22]) to de-blend BYF73 (in 

Region 9) in the FIR/submm, we find protostellar objects account for 

<3% of its mass. BYF73’s most massive core, MIR 2, accounts for ~1% of 

the clump’s 2×104 M⊙ mass but nearly half of its ~104L⊙ luminosity.

NH2 (pink) and CO abundance (rainbow) maps of Regions 9 (above left column), 10 (above right column), and 26b 

(below). Regions 11 and 26a are not shown, but have similar ranges of values to Regions 10 and 26b respectively. Note the 

poor correspondence between the peaks in NH2 and those in [CO/H2]

L/M from dust SED-fitting traces temperature, not evolution

❖ F-Type: local maximum in NH2 coincides with 

local minimum in [CO/H2]

❖ FA-Type: same as F-Type, but higher-[CO/H2] 

envelope is lop-sided. If the highest-[CO/H2] 

side faces an ionizing radiation source, it is a 

Sublimating FA (sFA)-Type.

❖ C-Type: local maximum in NH2 coincides with 

either a local maximum in [CO/H2] or a flat 

[CO/H2] distribution.

❖ A-Type: local maxima in NH2 and [CO/H2] are 

offset from each other. If a known OB 

star/cluster is nearby, these may be 

subdivided as:
❖ Sublimating (sA-Type): where [CO/H2] 

enhancement faces an ionizing flux source.

❖ Dissociating (dA-Type): where [CO/H2] peaks 

opposite the local max in NH2 from the ionizing 

flux source. Max [CO/H2] is often very low.

❖ P-Type: local maximum in [CO/H2] has no 

counterpart in NH2; usually tiny.

To compute CO abundance, we divided NCO maps from Barnes+2018 by dust-based 

NH2 maps. Comparing to the NH2 maps, and knowing the locations of nearby OB 

stars/clusters, each clump could be classed by appearance in [CO/H2] as:

These morphologies were found to correlate with the minimum temperature of the 

clump in a way that, unlike NH2, was not vastly different from cloud to cloud.

On a pixel-by-pixel basis, [CO/H2] 

vs. dust temperature is a snap-

shot of the competition between 

CO desorption from ice and CO 

dissociation. There exists a 

temperature between ~15 and 

27 K where the pixel-averaged 

[CO/H2] is maximized near the 

canonical 10-4 [4-7,13,15-17], and 

almost any clump morphotype 

can be seen. CO ice binding 

energy increases with the 

temperature at which it froze out 

[15-17], so the temperature of 

maximal [CO/H2] encodes 

information about the cloud’s 

earliest physical conditions.

In the optically thin limit, the 

dependence of L/M on NH2

disappears, so if the dust 
emissivity index (β), dust opacity 

coefficient (κ0), and gas-to-dust 

ratio (γ) are held constant, L/M 

becomes an abstract 

restatement of the temperature:

L/M does, however, make visible 

the exceptionally weak inverse 

correlation between NH2 and T in 

starless clumps. Only clumps 

known to contain protostars

have a different functional form.

Case Study: BYF 73 is one of the least-evolved 

massive molecular clumps known

T-ReCS resolved 8 MIR sources at 8.74, 10.4, 

12.3, and 18.3 µm. Only MIR-1, 2, and 5 appear 

to be embedded, with AV ranging from 15 to 

55. Gaussian fitting to Herschel data at the 

known coordinates and PSFs recovered MIR 2 

and 1. Our SED-fitting code was able to fit MIR 2 

with T=49.2±0.5 K and NH2 = 8±1×1028 m-2. If MIR-

2’s size at 3 mm is representative, its mass is thus 

220±40 M⊙ and its mean density n=8×1013 m-3. 

This agrees with n from the ratio of the [OI] 

145µm and [CII] 158µm lines, as well as the [CII] 

line flux, taken by FIFI-LS[8] aboard SOFIA and 

compared to n vs. FUV field strength (G) maps 

from PDR Toolbox[12]. The same maps constrain 

G along the PDR front west of BYF 73 to 

between 101.5 and 102 G0.

Top: [OI]145/[CII]158 line
ratio map via FIFI-LS.

Bottom: 3-color Herschel 
image (70, 160, & 350 µm)

MIR2 dwarfs MIR1 and 3, and 

pumps out ~50% (4770±40 L⊙)of 

BYF73’s total luminosity, but is only 

~1% (220±40 M⊙) of the total mass 

of the clump. Therefore, BYF 73 is 
≳97% gas, one of the most gas-

dominated star-forming clumps 

ever found. MIR 1-3 also show no 

signs of outflows at these 

sensitivities, so the physical 

conditions at the onset of massive 

star formation should be well-

preserved. Thus BYF73 is among 

the most promising places to 

observe the elusive transition from 

starless core to class-0 protostar.
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These measures also imply that 

using the depth of the 9.7µm 

silicate absorption line and AV/τ9.7

= 18.5±0.1 mag[13] may under-

estimate the mass in dense gas by 

100-fold or more.


