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Fundamental Metallicity Relation (FMR)

Mannucci et al. 2010

q At fixed stellar mass, gas-phase metallicity decreases with increasing star formation rate.

q The correlation between metallicity and SFR is mostly significant for low-mass galaxies. 
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Why do we expect FMR?

Bigiel+08

q SFR is a proxy of the gas content. 
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Lilly+13



Gas Fundamental Metallicity Relation

q Since SFR is determined by the amount of gas, the gas fundamental 

metallicity should be the fundamental relation.

Bothwell et al. 2013
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N/O versus O/H trends in literature
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Steidel+14 Kewley+08

q There are different observed relations, 

spanning almost one order of 

magnitude of N/O for a given O/H.



What are ULIRGs?

q𝐿!"(8 − 1000 𝜇𝑚) ≥ 10#$ 𝐿⨀
q Local ULIRGs are remnants of major mergers either at an advanced merger stage or in a

post-merger stage with an enhanced star formation rate.

qAt low redshifts (z<0.3), ULIRGs are rare, with less than one per hundred square degrees,

and are mostly mergers between approximately equal-mass galaxies. However, the

number density of ULIRGs increases rapidly with redshift, reaching a density of several

hundred per square degree at z ≥ 1.

HST ACS/WFC I-band (814 nm)
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Metallicity of  optically-selected post-
merger galaxies

q Optically-selected post-merger galaxies in the local Universe are found to

be ∼0.09 dex metal-poor compared to control sample with similar stellar

mass and environment density.

8

Ellison et al. 2013



Optical metallicity of  ULIRGs

q The gas-phase metal abundances of local ULIRGs, with oxygen abundance used as a

proxy for metallicity, inferred from optical emission lines appear to lie ∼0.4 dex below

the now well-established stellar mass-metallicity relation for star forming galaxies, when

the two populations are compared at the same stellar mass.

Rupke et al. 2008
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Far-infrared metallicity diagnostics

q For a fixed metallicity, the density dependence of the [O III]52 µm/[N III]57 µm ratio is the 

opposite of that of the [O III]88 µm/[N III]57 µm ratio. 

Pereira-Santaella et al. 2017
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Cycle 8 SOFIA FIFI-LS proposal to observe 
key FIR lines

Our main target line was [OIII]52 μm line as it is not covered by

Herschel/PACS data for any of our local sources.
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Cycle 8 SOFIA FIFI-LS proposal to observe 
key FIR lines

Targeted Sources: 11 (U)LIRGS
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SOFIA FIFI-LS observations of  key FIR lines

5 ULIRGS with all key lines detected
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FIR metallicity measurements
q In order to maintain comparable results on the oxygen abundance that can be directly compared

to existing results from optical measurements on the mass-metallicity relation of star-forming

galaxies, we recalibrate the FIR oxygen abundances to the same N/O − O/H relation as optical
measurement.
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Where do ULIRGs locate on MZR? 
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q These FIR-based, extinction-insensitive metallicity measurements indicate that ULIRGs

lie on the mass-metallicity relation of star-forming galaxies. They do not indicate

unusual metal deficiencies in ULIRGs, as one would conclude with optical line ratios

alone.
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Control sample of  less-dusty galaxies 
from SDSS

q We select galaxies at 0.07 < z < 0.3 with SFR > 100 M⨀/year and A&< 2.4. We further

exclude AGNs from the sample using BPT diagram, as it is known that optical-based

metallicities can be contaminated by the ionizing spectrum of an AGN, while FIR

metallicity indicator used in this work is robust even in the presence of an AGN.
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ULIRGs lie on the local FMR
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Conclusion

q ULIRGs are metal-rich or at least have oxygen abundances comparable to

normal star-forming galaxies but remain heavily dust-obscured.

q ULIRG sample follows the fundamental metallicity relation and optical

lines are not representative of the metallicity of heavily dust-obscured

galaxies.

q As dust-obscured, IR-bright galaxies dominate the star-formation rate

density of the universe during the peak epoch of star formation, we

caution the use of rest-frame optical measurements alone to study the

metal abundances of galaxies at redshifts of 2-3.

Thank you!
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