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While the black hole accretion disk model applies for all AGN, the unique appearance 
of Seyfert galaxies is due to the presence of two additional areas within the nucleus.  
The innermost region surrounding the black hole is known as the broad line region 
(BLR), from which we observe broad emission lines due to the large velocity 
dispersion near the continuum source.  This area is surrounded by a dense torus of gas 
and dust, which obscures our view of the BLR if seen edge on.  Even if this is the case, 
the narrow line region (NLR) will still be visible.  This region consists of gas clouds 
lying in the path of the nuclear outflows, perpendicular to the plane of the accretion 
disk and the BLR.  In type I Seyfert’s both of these regions are visible, while in type 
II’s only the NLR is observable.  Type I and type II Seyfert galaxies are thought to be 
the same phenomena, with the only difference being orientation with respect to Earth’s 
line of sight (Fig. 1).

To analyze the HST data, we used the software package IRAF (Image Reduction and Analysis Facility), which is widely used 
for data analysis in astronomical research.  The  spectra consists of multiple image files, each providing spectral and 
positional data for one of the slits.  In each image, the x-axis corresponds to wavelength, the y-axis corresponds to position 
along the slit, and the brightness of each pixel represents the flux at that point (Fig. 3).  Although the Hβ and [OIII] 4959Å 
lines are weaker, notice the common velocity structure, seen as the varying horizontal displacement of the features at 
different positions along the slit. Using the “splot” task in IRAF, we produced plots of wavelength vs. flux for each line, or 
position along the slit.  Gaussian fitting and statistical analysis of the [OIII] 5007Å lines (doubly ionized oxygen) then 
allowed for the determination of gas cloud velocities at each point along the slit.

Our analysis of the gas cloud kinematics in NGC 1068  and NGC 4151 has provided evidence 
of powerful outflows within the galaxy’s nuclear regions.  In addition to revealing the 
magnitude of nuclear outflows, the STIS spectra have allowed for the construction of detailed 
plots of the narrow line region’s velocity distribution.  At this time there does not appear to be 
a strong correlation between ionization state and velocity, though studies of ionization states 
have provided valuable information about NGC 1068’s starburst.  The models seem to show 
evidence of both nuclear wind driven outflows and jet-gas interaction outflows, however, 
further analysis will be needed to confirm these results.  

For photoionization by the central source, one should expect log(O[III]/Hβ) ≈ 1.  This is 
observed in NGC 4151 and NGC 1068 as expected, but NGC 1068 also has a strong feature at 
log(O[III]/Hβ) ≈ 0.6.  This indicates that there is a starburst in the galaxy, which contributes 
strongly to Hβ emission thus lowering the O[III]/Hβ ratio.  From this, we can determine 
which areas in the galaxy are unaffected by the central source, and eliminate them from our 
kinematical analysis.  In our comparisons to the models, we find definite signs of each major 
type of outflow.  NGC 4151 seems to be dominated by a nuclear wind, though it shows minor 
evidence of jet-gas interaction, while NGC 1068 shows significant contributions from both.  
Agreement between the data and the models is reliant on accurate input parameters, so 
further work may be required to more accurately determine such parameters.

NGC 1068 is a spiral galaxy located in the 
constellation Cetus, and is the prototypical 
type II Seyfert galaxy, while NGC 4151 is 
a type I Seyfert located in Canes Venatici.  
The two galaxies both lie at a distance of 
about 50 million light  years ,which allows 
for high resolution study of their central 
regions.   At this distance, one arcsecond
corresponds to about 300 light years.
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Observations
Long slit spectroscopy is the primary data collection technique for the study of active 
galactic nuclei, and our spectra were taken with the Space Telescope Imaging 
Spectrograph (STIS) which is one of the instruments onboard Hubble Space Telescope 
(HST).  For NGC 1068, six slit positions were placed over the central region of the 
galaxy, positioned strategically in order to capture as many features of the narrow line 
region as possible (Fig.2). Five slit positions were used in NGC 4151.  Each slit 
provides spectral data for each point along its length. With STIS each pixel 
corresponds to 0.05 arcseconds and so provides good spatial resolution. In the end 
there are five data files for NGC 1068 and six for NGC 4151, each with spectral and 
positional data of clouds in the galaxy’s narrow line region. 

Fig. 1 – Seyfert Galaxy Model

Fig. 2 – Narrow Line Region of NGC 1068 shown in [OIII] 5007Å Fig. 3 – From left to right, Hβ (4861Å), [OIII] (4959 Å), [OIII] (5007 Å)
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Kinematical Modeling
We have developed a computer model to produce theoretical  plots of radial velocity vs. distance along the slit .  These  
models allow us to visualize what nuclear wind or jet-gas interaction driven outflows should look like in a longslit spectrum 
given the mathematical form of the outflow,  a particular orientation, and several other parameters like the jet velocity and
nuclear wind velocity.  Nuclear winds emanate from the center in all directions, but are confined to a bi-cone by the 
molecular torus of gas and dust surrounding the accretion disk (see  Fig. 1).  Jet driven outflows act differently, driving gas 
away from the jet axis perpendicularly.  While the wind model is able to produce outflows of various forms (i.e. velocity 
proportional to the distance, constant velocity, etc.), the most successful  has been  one in which the nuclear wind accelerates
gas to some maximal speed, and at a certain distance begins to weaken, causing gas motions to slow down.  The jet model  
remains relatively unchanged for most sets of input parameters, consistently showing both blue shifts and red shifts at small
nuclear distances.

Ionization States
NGC 1068 and NGC 4151 are Seyfert Galaxies, the most common type of active 
galaxy, in which a luminous nucleus is powered by accretion onto a massive black hole 
at its center.  Seyfert galaxies are known to exhibit high velocity outflows from their 
nuclei, however, the driving mechanisms are not fully understood.  Typically, they are 
attributed to a nuclear wind, which blows material away from the nucleus in a bi-polar 
conical flow, or to interactions with a radio jet, which would expel material 
perpendicularly away from the jet axis.  Using spectroscopic observations taken by the 
Hubble Space Telescope we are studying the structure and motion of the ionized gas 
clouds in these two objects, to understand the nature and origin of the flow. We 
compare our data with models of the gas kinematics to identify regions in these 
galaxies that display the signatures of a nuclear wind, jet-gas interaction, or both. We 
also measure the relative strengths of specific emission lines produced by these clouds 
to provide information about the ionization state of the clouds themselves. Preliminary 
results show high velocity gas flows in both galaxies and indicate that both processes 
may be operating.

The most recent development in this research has been to analyze the ionization state of the gas 
in the narrow line regions of these galaxies.  The ionization state in general can provide 
information about the source of the ionization, whether it be due to the primary x-ray source 
(photoionization) or due to shock wave heating (shock ionization) . For our analysis, we are 
only concerned with determining if there is a relationship between velocity and ionization state.  
To do this, we use the [OIII]/Hβ  flux ratio.  To distinguish between shock ionization and 
photoionization, the measurement of additional line ratios is required.
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