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N/O: Nitrogen-to-Oxygen abundance ratio

Intermediate mass stars

primary + secondary

Massive stars

primary

• Age, star formation history

Vila-Costas & Edmunds 1993

• N/O - O/H relation

Background: N/O
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Secondary

Primary

Dwarf galaxies

Background: N/O - O/H relation

4(Vincenzo F. et al. 2016)

Perez-Montero et al. 2013

• N/O - O/H relation well established


• No evolution up to z ~ 0.4


• Affected by SFE, SF pattern 
(continuous or busty), feedback …

Mouchine & Contini 2002



Implicit appearance in 
• Metallicity diagnostics 

[N II]/H⍺, [N II]λ6584/[O II]λ3727, [N II]λ6584/[O III]λ5007, 

[O III]52+88/[N III], [O III]88/[N II]122, etc.


• Photoionisation models 

     input parameter of abundance


• BPT diagram 

       [N II]/H⍺ to [O III]/Hβ

Background: N/O
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Pereira-Santaella et al. 2017

N/O-O/H relation



• Optical strong line method 

      N2O2 ([N II]λ6584/[O II]λ3727), N2S2 ([N II]λ6584/[S II]),


      N2R2 ([N II]λ6584/Hβ + [O II]λ3727/Hβ)


• Te methods 

• Far-IR strong line 

      [N III] 57 μm/[O III] 52 μm. Only on H II regions and PNs.

Background: previous N/O diagnostics
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N/O diagnostics



• Insensitive to electron temperature

• Moderate dependence on density

• Little-to-none dust extinction

• Atmosphere absorption, low transmission


• Strong

Background: far-IR fine structure lines

• Exponential dependence on temperature

• Moderate dependence on density

• Require extinction correction

• Good observation condition

• Strong

Far-IR Fine-structure lines Optical forbidden lines

Clear physical interpretation 
Difficult to detect 
Density weighted

Difficult to interpret 
Easy to detect 
Temperature weighted
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Abundance

Ionisation fraction 
(radiation field strength/hardness)

Line ratio

Energy level distribution 
(density, temperature) Transition probability and energy

 [N III] 57 μm/[O III] 52 μm

Far-IR N/O diagnostics: line ratio
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Ion O II N II He II N III O III

Ionization 
energy (eV) 13.62 14.53 24.59 29.60 35.12

Ionisation fraction

(Groves et al. 2004)

Co-spatial in He Strömgren sphere

N2+/N
O2+/O ∼ 1 in hard radiation field, weakly 

dependent on hardness

Far-IR N/O diagnostics: [N III] 57 μm/[O III] 52 μm
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Highly ionised, only exist in H II region  
no contamination from DIG and neutral gas



Energy level distribution

Ion Line wavelength 
(μm)

Critical density 
(cm^-3)

N III 57.32 2.1E+03

O III
51.81 3.6E+03
88.36 510

Close in critical density

ϵ[N III]
ϵ[O III]52

function of electron density, change by 5 from low 
to high density limit, can be corrected

Far-IR N/O diagnostics: [N III] 57 μm/[O III] 52 μm

Other benefits • proximity in wavelength

• [O III]52 bright

• [O III]52/88 probing ne in the same region 
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N3O3 parameter emissivity ratio at low density limit

With density correction

Replace density factor by [O III]52/88 line ratio

Far-IR N/O diagnostics: [N III] 57 μm/[O III] 52 μm
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3MDB: A virtual observatory for photoionized nebulae

• BOND

• CALIFA

ne = 100 cm^-3 Match in parameter space

• log U = -4 to -1.5, Δ log U = 0.5

• Age = 1, 3, 4, 6 Myr

• log O/H = -3.2, to -4.0, Δ log O/H = 0.2

• log N/H = -1.25 to -0.25, Δ log N/H = 0.25

480 + 480 

= 960 models

• Data repository of photoionisation grids

• Cloudy

• Stellar population synthesis

• Independent N/O input

Calibration: photoionisation grids

ne = 10 cm^-3

(Morisset et al. 2015)

Cid Fernandes et al. 2014

Vale Asari et al. 2016
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Ion N II Ne II He II N III Ne III

Ionisation 
energy (eV) 14.53 21.56 24.59 29.60 40.96

• [N III]/[N II]


• [Ne III]15.6/[Ne II]12.8 can probe very 
hard radiation field; strongly correlated 
with N++/O++ ionisation fraction

Calibration: [Ne III] 15.6 μm/[Ne II] 12.8 μm

Radiation hardness indicator

13



Calibration

0.2 dex 0.03 dex
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9 regions in 8 local galaxies 
• 4 LIRGs 

• 1 SF galaxy nucleus 

• 3 dwarf galaxies

limited by data available

Application: sample

2 components: 

Arp 299A and 

Arp 299B&C

HST/WFPC2 (Neff et al. 2004)

Region I

Region II

For NGC 4214 only 
region I is used

Herschel/PACS (Cormier et al. 2015)
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(Poglitsch et al. 2010)

• [O III]52 outside of Herschel/PACS

• [N III] very dim

• Sparse simultaneous detection for [N III] and [O III]52

SOFIA/FIFI-LS 

• IFU similar to PACS 

• 50 - 100 μm (blue)

Application: SOFIA/FIFI-LS

Need for SOFIA
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Arp 299 A [O III]52

Application: SOFIA/FIFI-LS [O III]52

Arp 299 B&C [O III]52

Haro 3 [O III]52 II Zw 40 [O III]52

M 83 nuclei [O III]52 MCG+12-02-001 [O III]52
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Application: SOFIA/FIFI-LS [O III]52 and [N III]

NGC 4194 [O III]52 NGC 4214 region I [O III]52

II Zw 40 [N III] MCG+12-02-001 [N III]

NGC 4214 region I [N III]

Strong tulleric feature

Probably half of the flux ~ 3.5 σ

~ 2.8 σ
18



SOFIA/FIFI-LS

Spitzer/IRS: all mid-IR data

Application: ancillary data

ISO

Herschel/PACS: all the rest of far-IR data

Electron density cluster 
around 200 to 400 cm^-3 
except NGC 4214
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Application: results

BCD

In the case of no Neon line

• LIRG: N3O3

• Dwarf: N3O3ne
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Application: comparison

N/O in literature 
+ 

N2S2 calculation 
+ 

N2S2 & PG16 photoionisation grid calibration
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Application: comparison

De Vis+19

Ancillary 
N/O result

PG16: -0.657 - 0.201 log N2 + 
(0.742 - 0.075 log N2) * log(N2/R2)

N/O in literature

• De Vis et al. 2019 (4/8 sources, PG16)

• Shi et al. 2005; Cormier et al. 2009; 

Kobulnicky & Skillman 1996
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Application: comparison

N2S2 
calculation

N2S2: [N II]λ6584/[S II]λ6717+6731

New optical N/O calculation

• N2S2 is insensitive to extinction

• Moustakas & Kennicutt (2006) 

integrated spectroscopy covers the 
whole galaxy
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Model calibration
• N2S2 vs N3O3

• PG16 vs N3O3



Application: comparison

Far-IR to Optical comparison

• FIR and optical N/O follow similar trend


• Large scatter in the reference optical N/O


• N2S2 photoionization grid calibration 
agrees with N3O3 (blue dashed line); 
PG16 overestimate at low N/O end, and 
underestimate at N/O > -0.9


• Large error from FIR data, especially [N III]


• Optical N/O ~ FIR N/O + 0.2 dex 
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Application: comparison

Far-IR to Optical N/O discrepancy
• Extinction?  X 

Not for N2S2 calculation


• Optical and Far-IR data mis-match in beam size?  X

Not for N2S2 calculation


• ISO beam size larger than SOFIA and Herschel?  X 

Effect <30%, not for NGC 2146, and would overestimate N/O for NGC 4194


• DIG contamination in optical method? 

Probably. DIG can contribute to low ionized lines (e.g. [N II]λ6584)


• Far-IR and optical lines probe H II regions of different physical condition? 

Probably. Far-IR is density weighted, and highly ionized lines are mainly emitted 
in hard radiation environment. N3O3 is biased to ISM around massive, dense, 
young stars. 25



• [N III]/[O III]52 physically robust probe for N/O 

• Density correction 

• Radiation hardness calibration with [Ne III]15/[Ne II]12 

• Demonstrate on local LIRGs and dwarf galaxies 

• FIR - optical trend agrees, see 0.2 dex discrepancy 

• Limited by sample size and noisy [N III] observation 

• Prospective application: 

• more SOFIA/FIFI-LS data 

• on high redshift galaxies (dwarf like, some with [O III]88)

Summary
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