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The abundance discrepancy

in ionized plasmas

* Emission lines are used to infer the abundances of C, N, O, Ne, Cl, S,
and Ar in ionized plasmas throughout the universe.

 Normally, collisionally-excited (probihited) emission lines are used,
though the much fainter recombination lines may also be used for

at least C, N, O, and Ne for nearby objects.

 There is a long-known result that the recombination lines of C, N,
O, and Ne indicate higher abundances than the collisionally-excited

lines (e.g., Wyse 1942, Liu 2010).

* This result gives rise to what is known as the “abundance
discrepancy” between the chemical abundances inferred from

these two types of lines.
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 The data were acquired with the UVES spectrograph at the VLT.

* A “long slit” was oriented along the major axis.

* Position-velocity (PV) diagrams were constructed, revealing the
kinematics of the nebular plasma.
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Temperature and density

throughout NGC 7009

Constructing PV diagrams of the physical conditions
requires using ratios of observed PV diagrames.
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The abundance discrepancy

In NGC 7009:

 We find an emission component in recombination lines of
O** and Ne** that arises from a different volume from that emitting collisionally-

excited lines of the same parent ions.

For multiple plasma components, the ADF may simply reflect different chemical

compositions for each component. Until now, the debate has been on which
abundance is correct? Possibly, both are, but pertain to different plasma components.
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Two plasma components

In NGC 7009, there are two emission components for
the O** recombination emission.

One arises, as expected, throughout the O** zone.
The other arises in the innermost part of the O** zone.
Based upon our data, all of the foregoing holds for Ne

Given the similar velocity structure for C Il and N Il lines,
the foregoing presumably holds for these lines as well.

In NGC 7009, there is an emission component in
recombination lines of O** and Ne** that arises from a
different volume from that emitting collisionally-excited
lines of the same parent ions (and probably for C** and
N** too).

Recombination in [N 1]
AN5755

Compare [N II] AA5755,6583 PV diagrams:
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This structure is not
present in [N 1] A6583
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I1] A5755 brings the [N 1]
temperature into agreement with
[O IIl] temperature, though the S/N
is lower.
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