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Abstract  

The aim of this work is to understand the impact of ionized outflows from H II regions in the nearby Seyfert 2 galaxy 
NGC4945. The study is based on long-slit optical spectra obtained at the Southern African large Telescope (SALT). 
The analysis focussed on recombination lines (Hα and Hβ) and forbidden lines ([N II]λλ6549,6583, [S II]λλ 6717,6731 
and [O III] λλ4959,5007). The physical properties of 26 emission-line objects were determined from a diagnostic 
diagram. They are found to represent different physical environments normally encountered in supernova remnants, 
planetary nebulae (PNe) and classical HII regions, with electron densities varying between 16–3000 cm-3. Apart from 
tracing the galactic rotation, in some cases the line profiles show broadening or even line splitting – we take this as 
evidence that these regions will have an impact (feedback) onto the surrounding interstellar medium. The present-
day chemical abundances were determined using the strong lines method (O3N2 and N2 indices). The oxygen 
abundances are constant between galactocentric distances of ~ 1–5 kpc, while the nitrogen abundance increases 
outwards. Taken together with a tentative positive correlation between oxygen and nitrogen abundance, a generally 
high metallicity but lower in the nucleus than expected from a comparison with the Milky Way, we explain this in 
terms of the inside–out build-up of the disk and present-day nuclear activity triggered by the accretion of relatively 
metal-poor gas. 
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Introduction

Ionized outflows on small and large scales (stellar 
and galactic winds) driven by star-formation 
activity represent a regulating mechanism in the 
evolution of galaxies1,2. Explaining and quantifying 
the impact of these feedback processes on the 
surrounding interstellar medium (ISM) has been 
the subject of considerable interest3,4. Galactic 
winds are comprised of a multi-phase medium 
moving at a range of velocities, and supply energy 
and momentum to the ambient ISM changing its 
kinetic and thermodynamic state5–7. They affect the 
chemical evolution of a galaxy resulting from the 

death and birth of stars from the ISM 8,9. The 
emission line spectra from H II regions offer an 
effective way to determine the chemical 
abundances, which inform us about the star 
formation history and the past chemical 
enrichment 10–11. The gas phase metallicity of H II 
regions in the Milky Way (MW) and nearby disk 
galaxies in general display a negative radial 
metallicity trend12,13, which can be understood 
within an inside-out formation scenario (fast 
nuclear assembly and delayed, slower disk growth). 
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The relation between the nitrogen-to-oxygen ratio, 
log(N=O), and oxygen abundance, 12 + log(O=H), 
has been investigated by observations and 
modelling in terms of chemical evolution 14–17. The 
relation between log(N=O) and 12+log(O=H) is 
confined according to the metallicity regime – low, 
intermediate or high 19. The strong lines method is 
widely used to determine the oxygen abundance 
14,19. Nitrogen deserves special attention as it can 
have both a primary (nucleo-synthesized) or 
secondary (incomplete CNO cycle) origin. 
Therefore, the initial metallicity of the gas affects 
the build-up of nitrogen. Different factors 
determine the relative abundance of nitrogen and 
oxygen: the stellar mass function, star formation 
history, locally enriched outflows from supernova 
or Wolf–Rayet stars, or gas flows from and into the 
galaxy 20. 
In this article, we present new results from a study 
of emission-line regions in the nearby spiral galay 
NGC4945, a well-known Seyfert 2 hosting an active 
galactic nucleus (AGN) located at a distance d ≈ 
3.58 Mpc21 (pertinent parameters of NGC4945 are 
shown in Table I). NGC4945 and the MW have a 

similar morphological class, but the former is 
fainter (MV (NGC4945) = -20.6 mag vs. MV (MW) = -
20.9 mag) and less massive (M(NGC4945) = 8–

15×1010 M☉ vs. M(MW) = 21×1010 M☉). While not 
identical twins, studying NGC4945 sheds led also 
on our own MW’s evolution and nuclear activity. 
NGC4945 exhibits a bright conical emission 
structure emanating from the center and extending 
to the North–East, which has drawn most attention 
5,22–24. While, HII regions in the disk offset from the 
nucleus have been receiving relatively little 
scrutiny20. In a previous study, 24concentrated on 
optical emission lines from the center of NGC4945 
and its immediate surrounding area, but clumpy 
areas away from the center had been observed to 
the South–East of the nucleus and spread across the 
disk. The latter will be the subject of this study. 
This paper is organized as follows: the 
observations, the data reduction and spectroscopic 
measurements are presented in Sect. II. The results 
are analyzed and discussed in Sect. III and 
concluded in Sect. IV. 

 

Table I. Properties of NGC 4945 

Morphological type SA(s)d  27 
Center position RA (2000) = 13h05m27.s4 

 
Dec (2000) = -49°28ʹ5ʺ 

Inclination angle (degree) 78 ± 3  28 
Systemic velocity (km s-1) 563  29 
Distance (Mpc) 3.58  30 
Diameter D25m 23'03 31 

Baryonic mass (stellar plus H I) (M☉)  5.2×101032 

Star formation rate (M☉yr-1) 28  33 

Position angle (degree) 43 ± 2  28 

LIR (L☉) 2.49×1010   34 

Labs 0.6 L 
 

 

Fig. 1. The projection of the slit on a Digital Sky Survey optical image of 
NGC4945 (on a negative intensity scale: black is bright). The center of 
the slit at the green cross is at RA (2000) = 13h05m25s and Dec (2000) = 
-49°28ʹ59ʺwith PA = 43°(image produced with http://pysalt.salt.ac.za 
/finder_chart/). The regions analysed here are labelled R1…R24. 

 

OBSERVATIONS, DATA PROCESSING AND 
RESULTS 

A. Long-Slit Spectroscopy Observations 

The data were collected with the 10-m Southern 
African Large Telescope (SALT) with the long-slit 
spectrograph – a mode of the Robert Stobie 
Spectrograph (RSS)33,34. The two Volume Phase 
Holographic (VPH) gratings PG3000 and PG2300 
were used to involve all emission lines of interest in 
two spectral ranges (4335–5016 and 5904–6756) 
Å. The width of the slit was 1ʺ, which gives a 
spectral resolution of approximately 0.76 Å and 1 Å, 
respectively, at a reciprocal dispersion of about 
0.268 Å pixel-1. The wavelength calibration was 
done based on the spectra of Ne and CuAr 
comparison arc lamps. The long slit was placed on 

http://pysalt.salt.ac.za/
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the sky such as to cross the disk to the South of the 
center of the galaxy as shown in Figure 1, where 
clumpy regions of ionized gas were detected. The 
observational details are summarized in Table II. 
Table II. Summary of observations. 

Date of observation           19th January 2017 
Telescope SALT 
Instrument    RSS 
Detector E2V CCD 44-82 chips 
Mode  Long-slit 
Grating(s)                   PG3000 & PG2300 
Slit width                                1ʺ 
Exposure time                     300 seconds 
Pixel scale                       0.5068ʺ pixel-1 
Reciprocal dispersion              0.268 Å pixel-1 
Spectral resolution                 0.76 Å& 1 Å 
Slit center (PA = 43°) RA (2000) = 13h05m25s 

Dec (2000) = -49°28ʹ59ʺ 
 

B. Data Reduction 

The spectroscopic data were corrected for 
electronic offset (bias subtraction), thermal current 
(dark frame subtraction) and throughput and 
response variations across the detector (flat 
fielding). Additional processing was done using the 
PySALT SALTSPEC package35, PyRAF and IRAF (The 
Image Reduction and Analysis Facility), viz. 
removing cosmic ray impacts from frames, 

wavelength calibration and finally removing telluric 
sky emission lines. The latter was done using the 
background task of standard PyRAF, which fits the 
sky lines background across the traced area around 
the spectrum of interest. This method does not 
affect the lines of astrophysical interest. The 
spectra were extracted from the 2D frames using 
IRAF, and analysed using Python to fit and plot. 
 

C. Emission Line Profile Measurements 

The spectra obtained for 26 individual emission-
line objects within NGC4945 show two kinds of 
emission lines: permitted lines (the Balmer lines Hα 
and Hβ) and forbidden lines of low excitation ([N II] 
λλ6549,6583 and [SII]λλ6717,67321) and high 
excitation ([O III]λλ4959,5007). Not all regions 
show[O III] λλ4959,5007 but R6, R8–13 and R16–22 
do show them. The regions are marked on the 
frame in Figure 2. 
The spectra of each region were plotted and 
examined to diagnose the shape of the emission 
line profiles. The emission lines were fit with a 
single Gaussian component using the MPFIT 
package. Two regions, R14 and R15 exhibit splitting 
of the emission lines or significant broadening of 
their profiles. Therefore, a combination of two 
Gaussian functions was fit to the line profiles of 
these two regions, as shown in Figure 3. 

 

Fig. 2. Spatial and kinematic map of the Hα line along the slit. The spectral dispersion axis was converted into heliocentric Doppler velocity for the 
Hα line. Zero arcsec marks the place on the slit closest to the galaxy center. The selected regions are labelled. 



NeuroQuantology | December 2020 | Volume 18 | Issue 12| Page 06-17 | doi: 10.14704/nq.2020.18.12.NQ20232 

Hasanein A. Hamza et al / Feedback from Ionized Outflows Traced Across the Nearly Edge-on Disk of the Nearby Seyfert 2 Galaxy NGC 4945* 

eISSN 1303-5150 
 

www.neuroquantology.com 
 

9 

ANALYSIS AND DISCUSSION 

A. The Kinematics of the Gas 

Gas kinematics were probed within each region via 
the Doppler effect along the line-of-sight. The radial 
velocities and velocity dispersion were measured 
for each emission line component, and are listed in 
Table VI. The velocities of the Balmer lines range 
between -150 and 20 km s-1, and to a large extent 
reflect the projected rotation of the disk of 
NGC4945. The rotation curve was reconstructed 
from the radial velocities of the Ha emission lines to 
the South–West side from the center of the galaxy 
up to about 4.6 kpc (Figure 4), assuming circular 
orbits in a flat plane with zero thickness. The 
highest velocity dispersion is typically seen in the 
high photoionization emission lines of 
[OIII]λλ4959,5007, and is notably high in R9, R10, 
R16, R17, R20 and R22. This could be related to the 
high temperature of the gas in which these lines 
arise, and a sign of high pressure as a potential for 
feedback onto the surrounding ISM. At two 
locations (R14 and R15) the recombination and low 
ionization forbidden lines split into two separate 
kinematic components. This is especially clear in 
the Hα and [N II]λ6583 lines, with separations of ≈ 
110 km s-1 (slightly higher in Ha than in [NII]). The 
line splitting could be a sign of expansion and/or 
outflows, seen in the recombining and more 
tenuous gas in the outskirts of these regions. We 
should point out that R14 and R15 are immediately 
adjacent to one another and could be part of one 
and the same physical structure. 
 

B. Emission Line Ratios 

The ratio of [S II]/Hα is sensitive to the ionization 
parameter (relative densities of photons vis-a-vis 
atoms) and, naturally, metallicity36,37 and, because 
of the proximity in wavelength of these lines, is 
insensitive to reddening by interstellar dust. A high 
ratio is in general indicative of excitation by 
interstellar shocks. The ratio of the doublet 
components, [S II]λ6717/[S II]λ6731 is highly 
sensitive to the density of the environment and can 
be used to derive the electron density in gas of 
typically 104 K 38. The [N II]λλ6549,6583 pair, on the 
other hand, is sensitive to the electron temperature. 
Note that in the [N II]/Hα ratio the much stronger of 
the two nitrogen lines was used, [N II]λ6583, while 
in the [S II]/Hα we used the summation of both 
sulphur components, [S II]λ6717 and [S II]λ6731. 
 

1. Diagnostic Diagrams 

The ionization mechanisms in expanding areas 
such as HII regions, supernova remnants (SNRs) and 
planetary nebulae (PNe) could be due to either 
photoionization or collisional excitation (or both), 
but their relative contributions tend to differ 
between these classes of objects – strong shocks in 
SNRs and high temperatures in PNe in comparison 
to classical HII regions. Sabbadin, Minello, and 
Bianchini39 suggested boundaries to discriminate 
between HII regions, SNRs and PNe based on the 
[NII]/Hα and [SII]/Hα line ratios. A diagnostic 
diagram combining these line ratios can be used to 
determine which mechanism controls the 
excitation of the gas40. This is shown in Figure 5 for 
our sample. 
Ten of the selected regions reside within the 
boundaries of classical HII regions, with a further 
three right at the boundary. Only R14a and R14b, 
but convincingly, exhibit characteristics of SNRs 
(R6 sits at the boundary of the SNR zone) – R14 is 
one of two regions showing line splitting. Five 
regions display ratios typical of PNe, though not far 
below the classical HII regions. These include R15a 
and R15b, which form part of the R15 region 
showing line splitting. The remaining five objects 
(R8, R12, R19, R21 and R23) fall in the region 
between SNRs, classical H II regions and PNe, 
though closest to the HII boundary. 
 

C. The Electron Density 

HII regions typically have densities in the range 10-
104 cm-3. The ionization process can liberate 
electrons (photoelectrons) with kinetic energies 
equal to the difference between the energy of the 
ionizing photon and the ionization potential of 
hydrogen. The collisions between these electrons 
and other electrons and ions result in kinetic 
energy equipartition following a Maxwellian 
velocity distribution with a characteristic electron 
temperature – typically of order 7,000–13,000 K. 
McCall41 suggested a formula to determine the 
electron density (Ne) from the sulphur doublet ratio 
([S II]λ6717/[S II]λ6731)39: 

I( S II  λ6717 )

I( S II  λ6731 )
= 1.49

1+3.77𝑥

1+12.8𝑥
         (1) 

Where the parameters 

𝑥 =  10−4𝑛𝑒𝑇𝑒
−1/2

                       (2) 
and x and Te represent the density parameter and 
temperature of the electron in units of 104 K,  
respectively. The electron density in our sample 
ranges between 16–3000 cm-3 (adopting Te = 
10,000 K)38. R5, R11, R16, R20 and R24 show a high 
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ratio of the sulphur doublet (I[SII])/I([SII]) ~ 1.8), 
which is outside the accepted range in McCall41 ’s 
equation. On the whole, PNe exhibit the highest 
densities, followed by SNRs, with the lowest 
densities encountered in some classical H II regions. 

The components of R15 show the highest and 
second-highest values, Ne ≈ 3000 and 2000 cm-3, 
respectively. The values of Ne in the selected 
regions are listed in Table III. 

 

 

 

Fig. 3. Red spectra and emission line profiles for R14 (top) and R15 (bottom). In each case, the bottom panel represents an overview of the 
spectrum while the top panels zoom in on the emission lines. 

 

Fig. 4. Rotation curve of NGC4945 derived from Hα to the South– West 
side of the center of the galaxy. 

 

Fig. 5. The 26 emission-line objects in NGC4945 are shown on the 
diagnostic diagram depending on the ratios of Balmer recombination 
line (Hα) and collisionally excited lines ([S II] and [N II]). The black 
circles represent regions that show split in their emission lines, and the 
boundaries are adapted from Camps-Fariña etal: (2017)42. 
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Table III. Classifications and electron density determinations. 

Region Type 
Ne (cm-

3) 
Region Type 

Ne (cm-

3) 
R1 HII 167 R14a SNR 672 
R2 HII 23 R14b SNR 672 
R3 PN 433 R15a PN 2868 
R4 HII     ? 16 R15b PN 1947 
R5 HII …. R16 H II …. 

R6 
SNR 
? 

513 R17 H II 254 

R7 HII 311 R18 H II 102 
R8 …. 760 R19 …. 105 
R9 HII     ? 278 R20 PN ….  
R10 HII 762 R21 …. 131 
R11 PN …. R22 H II 79 
R12 ….                                1145 R23         ….   215 
R13 HII   ? 80 R24 H II …. 

 

E. Determination of Abundance from Emission Line 
Ratios 

Auroral lines [O III]λ4363 and [N II]λ5755 were not 
generally detected in the spectra of the H II  regions 
under study. Therefore, the direct method for 
determining electron temperatures was not 
available in order to calculate oxygen abundances 
36,43. We thus had to, and could, resort to the strong 
line methods. Two strong line diagnostics were 
used by45 to determine the O3N2 index from 

O3N2 = log  
 O III 𝜆5007

Hβ
×

Hα

 N II λ6583
   (3) 

In this paper, the calibration by45 was used, valid 
for the range of O3N2 = 1 to 1.7. The linear fit of the 
empirical calibration is expressed by 

12 + log  
𝑂

𝐻
 = 8.533 − 0.214 ×  O3N2  (4) 

Another strong line diagnostic index, 
N2 = log ([N II]6583/Hα)       (5) 

can be used to determine the oxygen abundance45–

47. Marino et al.45 suggested a correlation between 
the oxygen abundance and N2 index, valid for the 
range of N2 = 1.6 to 0.2. The linear fit can be 
described by 

12 + log  
O

H
 = 8.743 + 0.462 ×  N2     (6) 

Pérez-Montero and Contini47 introduced a 
calibration that can be used to estimate the 
nitrogen-to-oxygen abundance ratio, log(N/O), as 
follows: 

log  
N

O
 = 1.26 ×  N2S2 − 0.86,       (7) 

Where the strong line diagnostic N2S2 index is 
defined as 

N2S2 = log([N II]6853/[S II]6716,6732)  (8) 
The relation between the nitrogen and oxygen 
abundances are investigated in Figure 6. All 

emission-line regions display values of 12 + 
log(O/H) >8.3, which places NGC4945’s disk in the 
high-metallicity regime48 (though Milky Way sized 
galaxies can reach 12+log(O/H) _ 9). The median 
and standard deviation are 12+log(O/H) =  
8.531±0.044. The log(N/O) comprise a much larger 
range, from -1.206 to -0.375, though this is mainly 
due to R15a having a very low value, with a median 
and standard deviation of log(N/O) = -0.63±0.24. 

This is higher than the solar value of log(N/O)☉=-
0.8, and may reflect the high current rate of star 
formation in NGC4945 and the fact that the Sun 
formed 4.6 Gyr ago. 
The typical relation between N/O and O/H is a 
constant N/O at low metallicities and a growing 
N/O for increasing O/H as a result of the 
production of secondary nitrogen at high 
metallicities. This trend in spiral galaxies has been 
the subject of intense debate49–51. While the scatter 
precludes the emergence of a clear correlation 
between nitrogen and oxygen abundances, a mild 
positive slope is seen (the black sold line in Fig. 6), 
which however becomes much more significant if 
we exclude the highly dynamical R14 and R15 
regions (Pearson correlation coefficient r = 0.75 for 
the ten secure classical HII regions). Such trend 
would be consistent with that appearing in metal-
rich HII regions in starburst galaxies53 such as 
M101, contrary to the flatter N/O versus O/H 
relation seen in more quiescent but still metal-rich 
galaxies such as M3153 and the MW where nitrogen 
is predominantly of primary origin. 

Radial variations of the star formation efficiency 
would be another factor that controls the behavior 
of the trend of N/O versus O/H in hydrodynamical 
cosmological simulations55. 
 

F. Radial Abundance Gradients 

If star formation proceeds at different rates and 
with different histories in different parts of a galaxy 
then we can expect to see this reflected in the 
present-day (ISM) elemental abundances. 
Especially given the high current star-formation 
rate in NGC4945, we therefore examine whether 
there is evidence for a radial abundance gradient in 
its disk. 

Figure 7 shows the radial distribution of oxygen 
abundances, where the radial distance from the 
centre of NGC4945 is obtained taking into account 
the slit offset and inclination of the disk. It is 
important to distinguish between objects that fall 
within the boundaries of the classical H II 
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regionszone, and SNRs and PNe, in Figure 6. 

 

Fig. 6. Nitrogen-to-oxygen abundance ratio versus oxygen abundance 
for 26 emission-line objects in NGC4945. The black solid line 
represents the best-fit linear regression. The blue lines represent the 
medians of log(N/O) and 12+log(O/H). The solar value is represented 
by the red dashed line. The black circles represent regions that show 
split emission lines. 

The symbols have the same meaning as in Figure 6, 
but H II regions, PNe and SNRs are marked with 
green, red and blue circles to make it easier to 
distinguish between them. The error bars on the H 

II regions are in general larger than those on the 
PNe and SNRs that have stronger oxygen lines. 
Figure 8 is similar to Figure 7 but reports on the 
radial variation of the nitrogen-to-oxygen 
abundance ratio. Linear regression fits of 
12+log(O/H) and log(N/O) as a function of the 
radial distance d are presented in Figures 7 and 8, 
with the parameters summarized in Table V. Our 
sample includes too few SNR-like determinations to 
obtain a meaningful fit, so we only marked their 
positions in Figures 7 and 8. In Figure 7 we show 
separately the abundances based on the N2 (black 
solid line) and O3N2 (green dashed line) indices. 
We note that the values for classical H II regions in 
common are larger when based on the O3N2 index 
by Δ log(O/H) ~ 0.05 as compared to those based 
on the N2 index (but identical within ±0.01 for the 
few SNRs and PNe in our sample), but the former 
are not available for many of the regions. The 
oxygen abundance ratio appears to be independent 
of radial distance to the center of NGC4945. This 
can be concluded with high confidence for the 
combined sample as well as the sample of 10 
classical H II regions based on the N2 index. The five 
classical H II regions for which the O3N2 index was 
used exhibit a negative gradient, but for such small 
sample and limited range in radial distance a 
Pearson correlation coefficient of -0.76 renders this 

unconvincing. Stanghellini, Magrini, and Casasola22 
determined abundances based on three indices 
(O3S2N2, O3N2 and N2) for 15 HII regions, over a 
similar range in galactocentric distance. They found 
a shallow, negative radial oxygen gradient, and 
compared their results with a basic MW model56. 
This model gradient was constrained with oxygen 
abundances of HII regions obtained by Deharveng et 
al.57 using the direct method. The O3S2N2- based 
oxygen abundances in NGC4945 are lower than 
those predicted by the MW model, in particular 
within the central kpc. Our N2-based oxygen 
abundances fall below the MW model near the 
nucleus of the galaxy, but are comparable to the 
measurements near the nucleus by Stanghellini, 
Magrini, and Casasola20. Infall of metal-poor gas 
may have triggered the nuclear starburst57 and 
outflows24, but slowed down (or even reversed) the 
build-up of metals in that region of the disk. 

The nitrogen-to-oxygen abundance ratio, on the 
other hand, does exhibit a clear, positive trend with 
galactocentric distance. This is especially so for the 
ten classical HII regions, with a Pearson correlation 
coefficient of 0.82. The aforementioned secondary 
origin of nitrogen in starburst environments may 
be responsible for this trend in an inside–out 
formation scenario of the disk, where star 
formation rates further out in the disk are higher 
now than they have historically been; if the current 
nuclear starburst activity results from relatively 
metalpoor freshly accreted gas then this could 
explain why not a similar high N/O ratio is found 
closer to the nucleus. 

 

Fig. 7. Radial variation of the oxygen abundance for 26 emission line 
objects in NGC4945. Green, red, blue circles represent classical H II 
regions, PNe and SNRs, respectively. The black dashed line represents 
the best-fit linear regression for all 26 objects, while the green and 
solid black lines are fits for only classical H II regions from the N2 and 
O3N2 (black star symbols) indices, respectively. The red line is the fit 
for PNe. 
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Table IV. The metallicities of the emission-line regions in NGC4945 

Region      r (kpc)       O3N2       12+log(O/H)        N2S2          12+log(O/H)        N2S2           log(N/O) 

R1                 1.04             ….                     ….                -0.465                 8.527              0.030               -0.821  

R2                 1.18             ….                     ….                -0.609                 8.461              0.036               -0.814 

R3                 1.52             ….                     ….                 0.456                 8.532              0.274               -1.206 

R4                 1.67             ….                     ….                -0.465                 8.532              0.056               -0.788 

R5                 1.77             ….                     ….                -0.500                 8.511              0.025               -0.828 

R6                 1.97         -0.149                  8.565        -0.304                 8.602              0.384               -0.375 

R7                 2.27             ….                     ….                -0.586                 8.472              0.195               -0.613 

R8                 2.43         -0.158                  8.566        -0.400                 8.558              0.280               -0.506 

R9                 2.50         -0.084                  8.565        -0.530                 8.497              0.206               -0.600 

R10               2.53         -0.173                  8.565       -0.472                 8.524              0.193               -0.615 

R11               2.63          0.153                  8.565        -0.461                 8.529              0.110               -0.721 

R12               2.71         -0.043                  8.565       -0.436                 8.541              0.313               -0.465 

R13               2.81          0.077                  8.565       -0.488                 8.517              0.089               -0.746 

R14a             3.17             ….                     ….               -0.428                 8.545              0.040               -0.808 

R14b             3.17             ….                     ….               -0.243                 8.630              0.117               -0.711 

R15a             3.19             ….                     ….               -0.401                 8.557             -0.497               -1.487 

R15b             3.19             ….                     ….               -0.304                 8.602              0.497               -0.487 

R16               3.71         -0.264                  8.565       -0.494                 8.514               0.248                -0.546 

R17               3.77         -0.135                  8.565       -0.514                8.505                0.101                -0.732 

R18               3.82         -0.105                  8.565       -0.516                8.504                0.193                -0.616 

R19               3.92          0.055                  8.565       -0.408                 8.554                0.214                -0.590 

R20               3.97          0.094                  8.565       -0.485                 8.518                0.320                -0.871 

R21               4.26          0.379                  8.565       -0.266                 8.620                0.303                -0.477 

R22               4.36         -0.003                  8.565       -0.432                 8.543                0.350                -0.418 

R23               4.63            ….                         ….            -0.441                 8.539                0.175                -0.638 

R24              4.67            ….                         ….            -0.640                8.447               0.276               -0.511 

Table V. Parameters of the linear fits of the radial variation of oxygen and nitrogen abundance for emission-line regions in NGC4945, and the 
Pearson correlation coefficient r. 

Abundance Type Slope(dex kpc-1) Intercept (dex) no. Index r 

12+log(O/H) all 0.0046 8.520 26 N2 0.11 

12+log(O/H) H II -0.0227 8.639 5 O3N2 - 0.76 

12+log(O/H) H II 0.0010 8.501 10 N2 0.00 

12+log(O/H) PNe 0.0041 8.536 5 O3N2 0.11 

log(N/O) all 0.0560 -0.866 26 N2S2 0.25 

log(N/O) H II 0.0885 -0.909 10 N2S2 0.82 

log(N/O) PNe 0.1077 -1.267 5 N2S2 0.25 
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Table VI. Centroid velocity and full-width at half maximum of 26 emission-line objects in NGC4945. 

Objec
t 

 Hα  [N II]  [S II]  [O III]  Hβ 

 
Velocit
y 

FWH
M 

Velocit
y 

FWH
M 

Velocit
y 

FWHM 
Velocit
y 

FWH
M 

Velocit
y 

FWH
M 

 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 
(km s-

1) 

R1 20±1 69±1 38±5 70±5 -10±11 
107±1
1 

… … … … 

R2 13±2 56±2 32±6 54±6 -28±  5 76±  7 … … 28±  8 66±5 

R3 -4±2 54±2 9±3 49±7 -34±20 75±  2 … … … … 

R4 -9±0 56±1 7±4 52±4 -38±17 68±  1 … … -3±  1 73±6 

R5 -16±1 54±1 2±4 53±4 -46±17 62±  1 … … -9±  8 77±5 

R6 -33±8 43±8 -19±2 49±2 -63±11 54±  1 -26±  8 49±8 -27±  3 62±3 

R7 -34±0 55±1 -16±4 51±4 -62±  4 67±  6 … … -24±  3 74±3 

R8 -47±7 55±7 -30±3 52±3 -70±  8 97±  9 -34±11 65±9 -36±  2 62±2 

R9 -38±2 52±2 -22±4 56±4 -68±10 40±  8 -30±22 165±3 -27±  6 … 

R10 -40±1 53±1 -23±4 54±4 -65±  8 38±  6 -30±22 165±3 -34±  8 … 

R11 -45±1 57±1 -28±4 53±4 -67±17 13±  6 -37±  9 59±4 -44±  8 82±8 

R12 -53±8 58±8 -36±3 54±3 -76±  8 85±  8 -39±  9 53±1 -50±  5 73±5 

R13 -43±8 51±8 -25±3 46±3 -76±12 18±  1 -21±  9 59±4 -39±  5 74±5 

R14a -167±5 52±5 -138±4 37±4 
-
192±13 

62±  1 … … … … 

R14b -49±5 37±5 -49±5 51±2 
-
191±12 

83±  1 … … … … 

R15a -161±4 58±4 -141±4 54±4 
-
193±13 

33±  1 … … -97±  9 77±9 

R15b -49±5 55±5 -47±4 63±3 -299±  9 41±  9 … … -107±  9 77±9 

R16 -124±7 70±7 -106±4 67±4 -162±  3 65±  3 -82±17 116±9 -110±  2 96±2 

R17 -123±7 77±7 -104±5 76±5 -162±  3 78±  4 
-
111±12 

97±9 -97±  3 87±3 

R18 -137±6 59±6 -117±4 55±4 -167±  3 57±  3 -96±11 82±3 -131±  4 90±4 

R19 -126±7 60±7 -105±3 59±3 -165±  5 71±  5 -86±  8 66±9 -87±  3 69±6 

R20 -131±8 15±8 -109±3 17±3 -117±  5 30±  6 -94±12 115±7 -94±  4 83±4 

R21 -132±3 38±3 -107±5 53±5 -160±  9 76±  9 -73±46 73±3 
-
113±36 

64±3 

R22 -129±1 45±1 -105±5 18±5 -309±  9 28±  9 -75±61 99±1 -95±  2 67±2 

R23 -119±7 55±7 -101±4 57±4 -162±  3 65±  3 … … … … 

R24 -149±1 50±1 -127±8 42±8 -178±  0 37±  3 … … -110±3 70±7 
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TABLE VII. Emission line ratios of 26 emission-line objects in NGC4945 

Object [S II]/Hα [N II]/Hα Hα/Hβ [S II]6717/[S II]6731 
 log 
([O III]/Hβ) 

log 
([NII]/Hα) 

log 
([S II]/Hα) 

R1 0.31±0.02 0.34±0.01 … 1.34±0.95 … -0.46 -0.49 
R2 0.23±0.05 0.24±0.07 … 1.89±0.95 … -0.60 -0.64 
R3 0.65±0.03 0.34±0.09 … 2.32±0.09 … -0.45 -0.18 
R4 0.31±0.04 0.34±0.01 17.20±0.01 1.56±0.09 … -0.45 -0.51 
R5 0.29±0.01 0.31±0.01 10.00±0.01 1.67±0.20 … -0.50 -0.52 
R6 0.23±0.03 0.56±0.01   5.02±0.01 1.02±0.00 -0.49 -0.24 -0.64 
R7 0.21±0.01 0.25±0.01   9.53±0.01 1.49±0.85 … -0.59 -0.67 
R8 0.28±0.01 0.25±0.02   9.73±0.02 1.30±0.06 -0.50 -0.40 -0.54 
R9 0.31±0.04 0.39±0.01 11.00±0.07 1.48±0.00 -0.31 -0.45 -0.51 
R10 0.35±0.01 0.35±0.05 10.20±0.07 1.33±0.00 -0.31 -0.47 -0.54 
R11 0.64±0.04 0.33±0.01   8.92±0.01 1.38±0.20 -0.24 -0.43 -0.19 
R12 0.23±0.01 0.36±0.01 10.40±0.70 1.46±0.70 -0.59 -0.44 -0.54 
R13 0.48±0.03 0.36±0.01   7.28±0.01 1.06±0.06 -0.52 -0.47 -0.31 
R14a 0.48±0.03 0.33±0.01 … 1.19±0.00 … -0.12 -0.46 
R14b 0.34±0.04 0.74±0.06 … 1.19±0.00 … -0.05 -0.36 
R15a 0.51±0.01 1.14±0.07   3.67±0.01 1.81±0.00 … -0.62 -0.28 
R15b 0.61±0.01 0.23±0.01   2.93±0.01 1.81±0.00 … -0.52 -0.21 
R16 0.21±0.01 0.29±0.03   8.36±0.02 1.77±0.00 -0.65 -0.48 -0.67 
R17 0.24±0.01 0.33±0.02 15.00±0.02 1.22±0.09 -0.84 -0.51 -0.61 
R18 0.29±0.01 0.30±0.02   9.21±0.01 1.47±0.09 -0.61 -0.51 -0.65 
R19 0.24±0.01 0.39±0.01 1190±0.02 1.36±0.01 -0.39 -0.40 -0.62 
R20 0.20±0.00 0.34±0.01   8.47±0.01 0.14±0.06 -0.33 -0.46 -0.68 
R21 0.18±0.06 0.39±0.07   5.78±0.00 1.48±0.07 -0.18 -0.40 -0.74 
R22 0.12±0.00 0.28±0.01   5.17±0.02 1.84±0.00 -0.33 -0.54 -0.89 
R23 0.24±0.01 0.36±0.01 … 1.26±0.09 … -0.44 -0.61 
R24 0.12±0.00 0.22±0.01 … 2.51±0.01 … -0.64 -0.91 

Conclusions 

We presented the analysis of optical spectroscopy 
of 26 emission-line objects in the nearby active 
galaxy NGC4945, characterizing Balmer lines (Hα, 
Hβ) and forbidden lines ([N II], [S II] and [O III]) 
using Gaussian fits. Two regions (R14 and R15) 
show evidence of expansion in the form of double 
kinematic components. One (R14) has properties 
of a SNR whereas the other (R15) we propose is a 
young H II region; both may be related to the high 
current star formation rate in the disk of 
NGC4945. Oxygen and nitrogen abundances were 
measured. While the oxygen abundance appears 
independent of galactocentric distance the 
nitrogen abundance increases. We explain the 
results in a consistent picture of an inside-out 
formation of the disk in combination with a 
nuclear starburst feeding off freshly accreted, 
relatively metal poor gas. 
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