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Merging Galaxies
Structured spirals become chaotic
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Metallicity
• Metallicity: abundance of heavy elements 
• Oxygen: easy to observe 
• Convention: 12 + log(O/H) 
• Gradient: metallicity is higher near center of 

galaxy
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Gradient in Mergers: Flatter
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Measuring Metallicity

5 Pettini & Pagel 2004

[O III]/[N II] as an abundance indicator L61

Figure 2. Oxygen abundance against the O3N2 index in extragalactic H II regions. The symbols have the same meaning as in Fig. 1. The long-dashed line
is the best-fitting linear relationship, 12 + log (O/H) = 8.73 − 0.32 × O3N2, valid when O3N2 < 1.9 The short-dashed lines encompass 95 per cent of the
measurements which satisfy this condition and correspond to a range in log (O/H) = ± 0.25. The dot-dashed horizontal line shows the solar oxygen abundance
12 + log (O/H) = 8.66 (Allende-Prieto et al. 2001; Asplund et al. 2004).

& Dopita 2002). Forcing a linear fit to the sample,1 we obtain a line
of best fit according to the relation:

12 + log (O/H) = 8.90 + 0.57 × N2 (1)

shown with the long-dashed line in Fig. 1. Both the slope and the
intercept are lower than the values of the fit by Denicoló et al.
(2002) who proposed 12 + log (O/H) = 9.12 + 0.73 × N2. While
the formal statistical errors on the slope and intercept are small
(0.03 and 0.04 respectively), of more interest is the dispersion of
the points about the line of best fit in Fig. 1. Specifically, 95 per
cent (68 per cent) of the measurements of log (O/H) lie within ±

0.41 (± 0.18) of the line defined by equation (1); the 2 σ limits are
shown as short-dashed lines in Fig. 1. Only a marginally better fit
to the data is provided by a third-order polynomial of the form:

12 + log (O/H) = 9.37 + 2.03 × N2 + 1.26 × N22 + 0.32 × N23

(2)

(valid in the range −2.5 < N2 < − 0.3), with 95 per cent (68 per
cent) of the measurements being within ±0.38 (±0.18) of the values
given by equation (2). This cubic fit is indicated by the solid line
in Fig. 1. We conclude that with the N2 calibrator it is possible to
estimate the abundance of oxygen to within a factor of ∼2.5 at the
95 per cent confidence level. This accuracy is comparable to that of
the R23 method.

3 T H E O 3 N 2 I N D E X

We now consider to what degree the accuracy in the determi-
nation of (O/H) can be improved by considering two ratios,
[N II]/Hα and [O III]/Hβ. Alloin et al. (1979) were the first to intro-
duce the quantity O3N2 ≡ log {([O III] λ5007/Hβ)/([N II] λ6583/

1 We performed an unweighted least-squares fit to the data because in com-
pilations such as this the error estimates are highly heterogeneous. However,
a weighted least-squares fit gives very similar results.

Hα)},2 but since then the O3N2 index has been comparatively ne-
glected in nebular abundance studies. There is now a sufficient body
of high quality data to reassess its merits. We expect the inclusion
of [O III] to be most useful in the high metallicity regime where
[N II] saturates but the strength of [O III] continues to decrease with
increasing metallicity.

Fig. 2 shows how O3N2 varies with (O/H) for the 137 extra-
galactic H II regions in our sample. Clearly this method is of little
use when O3N2 ! 2, but at lower values there appears to be a
relatively tight, linear and steep relationship between O3N2 and
log(O/H). A least-squares linear fit to the data in the range
−1 < O3N2 < 1.9 yields the relation:

12 + log (O/H) = 8.73 − 0.32 × O3N2 (3)

which is shown by the long-dashed line in Fig. 2, with 95 per cent
(68 per cent) of the measurements within 0.25 (0.14) dex of the best
fit line; the short-dashed lines in Fig. 2 show the 2σ limits. The
caveats are that the statistics are somewhat limited, with only 65
out of the 137 H II regions in our sample satisfying the condition
O3N2 < 1.9, and that the relationship defined by equation (3) relies
heavily on the four data points with 12 + log (O/H) ≃ 9.0 deduced
from photoionization models rather than the ‘direct’ T e method.
Nevertheless, in the high metallicity regime the O3N2 method ap-
pears promising and it would be very worthwhile extending the data
base of nearby H II region measurements to improve its statistics.

4 C O N C L U S I O N S

In this Letter we have reassessed the usefulness of ‘empirical’ meth-
ods based on the [N II]/Hα ratio for determining the oxygen abun-
dance in H II regions, particularly with an eye to their application to
the analysis of star-forming galaxies at high redshift. We have re-
vised the extensive compilation prepared by Denicoló et al. (2002)
to include only H II regions where the oxygen abundance is believed

2 This definition is slightly different from the original one proposed by Alloin
et al. (1979) who included both [O III] doublet lines in the numerator of the
first ratio.
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Result
Shallower gradient in interacting galaxies
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Method

• Calculating Gradient 

• Choosing a Calibration 

• Reddening Correction 

• Radial Normalization 

• Control Sample
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Calculating Gradient
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Choosing a Calibration

• Have 8 Calibrations, 5 returned results 

• PP04 O3N2: Largest number of results, largest number of physically 
meaningful measurements
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Reddening Correction
Light is absorbed by interstellar dust
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SourceObserver

Interstellar Dust
Redder Light
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Reddening Correction
Correction changes gradients significantly
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Method

• Calculating Gradient 
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Radial Normalization
Normalize to size of galaxy?
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Control Sample

• 11 spiral galaxies in local universe 

• Already have gradient measurements (Rupke 2010)
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Result
Shallower gradient in interacting galaxies
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Future Work

• Mass-metallicity relation 

• Correlation with merger state 

• Other metallicity indicators
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Tremonti 2004

Stellar Mass
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Questions?
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