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In this work we present a new tool adapted from NEBULAR, to determine, using two dimensional spatial
data, the electron densities and temperatures, as well as ionic and total abundances of nebular objects.
This algorithm is capable of performing the following operations: (i) to obtain the map of the c(HB)
spatial distribution, based on two dimensional maps of the Balmer lines. (ii) Once the ¢(HB) map
is determined, each emission-line map can be corrected by reddening. This operation allows different
regions of the object to be corrected by the c(Hp) value that better represents that given region. (iii) After
all the emission-line maps are corrected, the package calculates the electron density and temperature
maps, based on the main diagnostic ratios in the spectral range between ~2,400 and 9,500 A (e.g.
N.[OI1], N [S1u], N[Clm], T, [Nu], Te[Om], T,[Su]). (iv) Electron density and temperature maps
can be used as input in the determination of the ionic abundances, using their respective emission-line
maps. (v) Finally, our tool is also able of calculating maps of total chemical abundance making use of
ionization correction factors from the literature.

Results obtained from our package show no significant differences when compared with those
obtained from NEBULAR, the discrepancies being smaller than 1%.

We used this new tool in the analysis of the planetary nebula NGC 40, where we obtained spatially
resolved maps for its physical and chemical condition.
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Abstract
The well established IRAF NEBULAR package (stsdas.analysis) is a very useful tool to perform the reddening correction and to derive the physical (T, N,) and
chemical properties of nebular objects. On the other hand, tasks of this package work with numerical values only. Because of that, two dimensional emission-
line data, as IFU data and long-slit spectroscopic maps, cannot be directly given as input of the NEBULAR tasks.
In this work we present a new tool, adapted from NEBULAR, to determine, using two dimensional spatial data, the electron densities and temperatures, as well as
ionic and total abundances of nebular objects. This algorithm is also capable of determining the map of the c(Hp) spatial distribution, and performing the
reddening correction of the emission-line maps.
Results obtained from our package show no significant differences when compared with those obtained from NEBULAR, the discrepancies being better than 1%.
‘We used this new tool in the analysis of the planetary nebula NGC 40, showing very exciting results. These results will be discussed in the Gongalves et al.

contribution. The study of other PNe, using this tool, is also in progress.

The raAF NEBULAR Package:

The 2D_Neb Packag

— REDCORR: Reddening correction

— TEMDEN: Physical propreties (N,, T,) ‘We developed a program adapted from the IRAF NEBULAR package (DeRobertis et al. 1987; Osterbrock & Ferland 2006), in IDL, in
— IONIC/ABUND: Chemical abundances (ionic and total) order to deal with two dimensional emission-line maps in fits format, the 2D_Neb. The atomic data used in the solution of the

statistical equilibrium equation is read directly from the IRAF's atomic data directory, in order to guarantee that the atomic data of
This well established package can deal with for numerical values only! 2D_Neb will always be as updated as IRAF's.

‘The 2D_Neb package works as the following:

@ It uses the Balmer lines (Ha, HB, Hy and H3) 2D data to calculate the map of the c(HB) spatial distribution (Cardelli,
Clayton & Mathis 1989, O’ Donnell 1994, Osterbrock & Ferland 2006).

Once the c(HB) map is determined, each emission-line map can be corrected by reddening. This operation allows different
regions of the object to be corrected by the c(HP) value that better represents that given region (De Robertis et al. 1987,
0’Donnell 1994, Osterbrock & Ferland 2006).

After all the emission-line maps are corrected, the package calculates the electron density (e.g. Figure 1) and temperature
maps, based on the main diagnostic ratios in the spectral range between ~2,400 and 9,500 A. The available quantities that
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Electron density and temperature maps can, though, be used together with the emission-line maps (corrected by reddening)
as input in the determination of the ionic abundances (e.g. Figure 1b) of the most common elements whose ionic emissions
are presented in the above mentioned spectral range. They are: He 1, He 1, N i, O 1, O 11, O 11, Ne 11, Ne v, Ne v, S 1, S 111,
Clm, Clv, Arm, Ar v, Ar v, K 1v, K v (Benjamin et al. 1999, De Robertis et al. 1987).

ety ratio§ 113 IEOV/IET30 = 0.5

ereivy 5085.06 /on's -
Finally, our tool is also able of calculating maps of total chemical abundance making use of ionization correction factors
from the literature (Kingsburgh & Barlow 1994).

How Do Modern Data Look Like?

- Integral Field Unit (IFU): Uses a square array of lenses remapped to a slit and then creates the image through a
spectroscope to obtain spatially resolved data (Ren & Allington-Smith 2002). Tsamis et al. (2008) report the first
work of Galactic PNe using this kind of data.

~. Spectroscopic Mapping: Interpolates the data from multiple parallel long:slit spectra of a nebula in order to
generate emission-line maps (Monteiro et al. 2004).

NGC 7009: VLT IFU Hp map 2D_Neb Benchmarks
Cannot b d i 'WFPC2
e e e P ‘Tables 1 and 2 present some benchmarks from the 2D_Neb program. For both tables the benchmarks were done comparing the results
input into the IRAF obtained using 2D_Neb with the results obtained using the IRAF NEBULAR package when the same input values were set.

1
NEBULAR package! In Table 1 we show the benchmarks of the main N, and T,. The first column lists the quantity that is being calculated. The second and third

columns show the input values ~ N, or T, and line ratio, ively. The fourth and fifth col the results given by each
program — 2D_Neb and IRAF NEBULAR (TEMDEN), respectively. The relative difference is shown in the last column.

‘Table 2 shows the benchmarks of the main ionic abundances. First column lists the ion and the wavelength from which the calculus in
being done. The intensity of the emission-line, normalized to HB=100, is shown in the second column. The results obtained from 2D_Neb
NGC3242: VLT IFU O o and IRAF NEBULAR (IONIC) are compared on columns 3 and 4, and the last column shows their relative differences.
‘map (Monteiro et al. 2010, in

Table 1: 2D_Neb T, and N, benchmarks. ‘Table 2: 2D_Neb ionic abundances benchmarks.
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