PAHs trace the molecular gas in galaxies
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Al l yo u n e e d to kn o w a bo u t th i s w o r k
We combine new CO(1-0) line observations of 34 intermediate redshift galaxies (z~0.3, Figure 1a) from the 5MUSES sample along with literature
data of local and high−z galaxies to explore scaling relations between the Polycyclic Aromatic Hydrocarbon (PAH) 6.2 μm feature (L6.2, Figure 1b),
CO (L’CO), dust, and infrared (LIR) luminosities for a wide range of redshifts and physical environments. We find that on galaxy integrated scales,
PAH emission is better correlated with cold rather than with warm dust emission, suggesting that PAHs are associated with the diffuse cold dust, a
known proxy for the total gas mass in galaxies (Figure 2). We observe a better correlation between L6.2 and L’CO (proxy for the molecular gas mass,
MH2) than with LIR (proxy for the star formation rate) (Figure 3). Focusing on normal galaxies among the 5MUSES sample, we derive molecular gas
mass (MH2) estimates based on the metallicity−dependent gas−to−dust mass ratio technique and find a constant MH2 / L6.2 ratio of α6.2 = 10.7 M⊙ / L⊙
(σ ≈ 0.3 dex). This ratio is in excellent agreement with the L′CO−based MH2 / L6.2 values for αCO = 4.5 M⊙ / (K km s−1 pc−2) which is typical of normal
star−forming galaxies. We propose that the L6.2−L’CO and L6.2−MH2 relations will serve as a useful tool for determining the physical properties of
high−z star-forming galaxies, for which PAH emission will be routinely detected by the James Webb Space Telescope (JWST, Figure 4).
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Figure 1a: New CO(1-0) observations. 34 PAH emitters from the infrared (IR)
bright 5MUSES sample at intermediate redshifts (z<0.3) filling the gap between
local and distant galaxies with both PAH and CO observations. Figure 1b: Rich
coverage. Full 5MUSES galaxy sample (N~280) have Spitzer and Herschel
photometric coverage (warm and cold dust emission, IR luminosity, and dust
mass), and Spitzer IRS spectroscopy (PAH emission).
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Tight correlation between 6.2 microns PAH luminosity (L6.2) and CO(1-0)
luminosity (L’CO(1-0)) followed by normal star-forming galaxies, AGNs, and SBs
at all redshifts. Hence, the PAH-CO(1-0) luminosity relation appears
unaffected by the physical conditions of the galaxies. This indicates that
PAHs trace the molecular gas in galaxies similarly to CO(1-0).
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Left: PAHs vs warm dust emission. Right: PAHs vs. cold dust emission.
Note the smaller intrinsic scatter between PAHs and cold dust emission (𝜆
=160 μm) than that of warm dust emission (𝜆=24 μm) on galaxy integrated
scales.

Figure 4
With the launch of JWST, PAHs can serve as a useful tool to trace the gas
reservoir and the ISM properties of star-forming galaxies at high redshift in
lack of existing far-IR and CO(1-0) observations. Although the PAH features
at 6.2 μm and 7.7 μm are among the brightest, the 3.3 μm PAH feature can
be observed in galaxies beyond z~4.
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