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Abstract. The spectrum of the planetary nebula NGC 1501 is reportedladt divided into dferent regions in
order to point out the variations in the measured tempezatlensity, and chemical abundances. The data were
corrected for extinction with the purpose of obtaining thiginsic values.

1. Introduction

A planetary nebula is the expanding shell of gas around
a white dwarf progenitor, with a mass lower than 5 so-
lar masses. Its formation is due to the fact that the star is
not heavy enough to ignite the carbon fusion. The star
contracts in order to maintain its hydrostatic equilib-
rium; its temperature increases making the surrounding
gas expand. The planetary nebula NGC 1501 surrounds
a Wolf-Rayet star at a distance of 1500 pc.

2. Observational Data

The spectra were taken with the Boller & Chivens spec-
trograph mounted at the 1.22-m telescope of the Asiago
Astrophysical Observatory. Three images with expo-
sure time of 300, 900 and 900 s were processed and
combined together.

3. Work Description

Using the software ds9, the spectrum of the nebula was
divided along the spatial-axis into 8 sections of 10 pix-
els each plus a central one of 8 pixels containing the
continuum of the star.

By using the software IRAF, the flux of the gas
emission lines necessary to analyze NGC 1501 was
measured for each one-dimensional spectrum (see
Tablel). The plot of the intensity versus the wavelength
shows the peak of each emission line. We calculated
the flux fitting a Gaussian function. This measurement
allowed us to derive the average temperature, density,
and chemical abundances. In the external regions of the
nebula there are weaker fluxes that are mofigcdit to
detect; because of this, many important emission lines
could not be measured.

Table 1. Measured fluxes of the emission lines

Region flux Ha flux HB flux Hel5876
ergcnt? st ergcnt? st ergcnt? st
4n 1.33e-15 1.9e-16 —
3n 2.46e-14 4.01le-15 8.29e-16
2n 4.55e-14 7.98e-15 1.44e-15
1n 3.46e-14 5.98e-15 9.46e-16
1s 3.75e-14 6.69e-15 1.04e-15
2s 4.19e-14 7.18e-15 1.2e-15
3s 1.78e-14 3.48e-15 5.3e-16
4s 6.9e-16 1.51e-16 —
Region | flux Hell4686 | flux [N11]6548 | flux [NII]6584
ergcn? st ergcnr? st ergcnr? st
4n — 3.48e-17 3.77e-17
3n 1.11e-15 4.11e-16 1.28e-15
2n 2.98e-15 6.42e-16 2.12e-15
1n 4.19e-15 6.76e-16 1.28e-15
1s 3.73e-15 5.57e-16 1.23e-15
2s 2.61e-15 6.12e-16 1.83e-15
3s 1.0e-15 2.94e-16 9.07e-16
4s — 3.39e-17 4.06e-17
Region | flux [SI6716 | flux [SII]6731 | flux [Ol]3727
ergcnr? st ergcnr? st ergcnr? st
4n — — —
3n 2.4e-16 2.62e-16 6.93e-16
2n 3.57e-16 3.62e-16 1.33e-15
1n 1.7e-16 2.15e-16 7.88e-16
1s 2.38e-16 2.36e-16 9.35e-16
2s 3.45e-16 3.46e-16 1.1e-15
3s 1.89e-16 1.85e-16 7.34e-16
4s — — —
Region | flux [OIl1]4959 | flux [OIII]5007 | flux [OIlI]4363
ergcnt? st ergcnt? st ergcnt? st
4n 8.44e-16 2.63e-15 —
3n 1.74e-14 5.36e-14 2.84e-16
2n 3.38e-14 1.04e-13 5.24e-16
1n 2.43e-14 7.49¢e-14 5.31e-16
1s 2.74e-14 8.36e-14 3.92e-16
2s 3.07e-14 9.37e-14 6.22e-16
3s 1.51e-14 4.53e-14 2.23e-16
4s 6.38e-16 1.81e-15 —
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Fig. 1. Spectrum of the planetary nebula NGC 1501.
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Fig.2. Example of an emission line fitted with a
Gaussian curve.

We corrected our measurements for interstellar ex-
tinction by using Cardelli’'s equation:

|(Ha)int _ 1(H@)obs , ~-0.1386A,
(B~ 1(HB)os

Knowing that the value of the intrinsic ratio corre-
sponds to 2.86, it was possible to calculéte Using
this value each line could be corrected:

1(int = 1(A)ops - 10744 (2)

There is a specific(1) codficient for each line:

1)

lon | Wavelength ()| c(1)
[on 3727 1.53917
[ol 4363 1.33812
[Hell] 4686 1.22194
[HA] 4861 1.16427
[OI11] 24959 1.13427
[O1l] 5007 1.12022
[Hel] 5876 0.92773

NII] 6548 0.82006
[Ha] 6563 0.81775
[NI] 6584 0.81451
[si] 6716 0.79417
[S11] 6731 0.79183

In particular [Olll] and [SII] were used to find out
the dfective temperature and density of the analyzed
region respectively.

Using the [SII] :Eg;—é‘;ﬁg ratio for a set of tempera-

tures, the density can be obtained, and using the [OllI]

1(5007A)%1(4959A) : it _
BT Ve ratio for a set of densities, the tempera

ture can be measured. Therefore, by using an iterative
method, a temperature around*kOvas chosen to get

an approximate density. The obtained density was then
used to have an approximate temperature. This method
was applied until the values converged, giving the cor-
rect result.

Region’s name| Temperature| Density [e cm?]
4n — —
3n 11000K 900
2n 10700K 650
1n 12000K 150
1s 10400K 600
2s 11800K 600
3s 10400K 550
4s — —

In the external regions the emission was too weak to
be detected, so it was not possible to obtain temperature
and density values in those regions. By using TOPCAT,
plots were created in order to show the radial profiles of
the temperature and density of NGC 1501. The positive
values correspond to the upper regions and the negative
ones to the lower regions. The distance was converted
from pixels to pc applying the following formula:

] = ripd - scale[p—x} @)

r[”1d[pc]

206265 @

rlpc] =
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Fig. 3. Radial density profile.
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Fig. 4. Radial temperature profile.

It is possible to determine Oxygen and Nitrogen

abundances by using the following formulas:

12+ Iog(%) _ |og('I3T7;7) +5.89+ 5)

1.67
+ti6 —0.40logt2) + log(1 + 1.35x)
2

12+Iog(%)=log lassot ls0or) | 6174, (g
HI ™

+%51— 0.55logt;) + log(t)
Ol (lasse 013
Oll + Ol ‘(|5876)0'11JI )
_ T[OI11]
Y= "ok ®

ty = Tg[Oll] = 0.243+ t(1.031- 0.184) 9

Ne
= 10
N (10)
O Ol +0ll +0lll
T — (11)
Iog(9) - log(—I3727 )— 0307+ 2726, (12
N lesag+ l583
1+ 1.35x
+0.02 I()g;tg + |()(J (Ei-t;-zijz[?iig;z)
N O\ /N
=m0 (13)
Region OMH O/N N/H

4n — — —

3n 4.4148e-4| 5.1599 | 8.5559e-5
2n 5.0698e-4| 5.2926 | 9.5790e-5
In 5.1585e-4| 5.2869 | 9.7571e-5
1s 6.2080e-4| 6.1897 | 1.0029e-4
2s 4.2792e-4| 4.8208 | 8.8765e-5
3s 5.2487e-4| 5.3840 | 9.7485e-5
4s — — —

4. Results

According to the experimental data, it is possible to in-

fer that variations of temperature and density are nei-

ther uniform nor regularly changing. It can only be ob-

served that there are high temperatures where there are
high densities. From the analysis of the chemical abun-
dances, it is detected a higher presence of Hydrogen
than Oxygen and Nitrogen. It can be deduced that the

planetary nebula NGC 1501 is not symmetrical.
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