
Studying the cores of galaxies is a diverse and dynamic field covering a wide range 
of energies and cosmological ages. In 2000, Gemini’s first release of data on the 
core region of our Milky Way (see page 6) gave us a glimpse into the quiescent 
end of the galactic-core energy continuum. However, in galaxies where central 
supermassive black holes are on a feeding frenzy, the environment is a violent, 
energetic caldron of activity. These active galactic nuclei (AGN) are laboratories 
for high-energy astrophysics and an area where Gemini’s capabilities, especially in 
the infrared and using high spatial resolution integral field spectroscopy, provide 
a window into the inner workings of AGN. Over the past decade, astronomers 
using Gemini have been treated to some of the highest-resolution, multi-dimen-
sional views of AGN available. These views capture the voracious eating habits and 
dynamics of supermassive black holes that can grow to several billions of times the 
mass of our Sun.

Integral field spectroscopy has been available at Gemini since nearly the beginning of science operations, when the 
Gemini Multi-Object Spectrograph (GMOS) became available on Mauna Kea in 2001. One of the first integral field 
spectroscopic observations (during science verification of GMOS) was led by Gemini astronomer Bryan Miller, who 
focused on the core of the one of the closest active galaxies: NGC 1068. Parsing the galaxy’s light via a fiber-optics 
bundle in the GMOS integral field unit (IFU, see Figure 3, page 30), the commissioning team spectroscopically dis-
sected the core of the galaxy and assembled it into a “data-cube.” By expanding the data cube and studying the velocity 
signatures in the spectra at each of the 8,137 points covering the galaxy’s core, a multi-dimensional image emerged. The 
data from NGC 1068 revealed evidence for a galactic-scale jet that, according to Jean-René Roy (then Deputy Direc-
tor of Gemini), allowed astronomers for the first time “…to clearly see the jet’s expanding lobe as its hypersonic bow 
shock slams directly into the underlying gas disk of the galaxy. It’s like a huge wave smashing onto a galactic shoreline,” 
(Figure 1).

Located only 14.4 megaparsecs away, NGC 1068 is the most-studied AGN galaxy in the sky. Because AGN radi-
ate over a wide range of energies––from radio to X-rays––a nearby specimen like NGC 1068 is a popular target for 
astronomers observing at all wavelengths. However, the GMOS IFU observations provided a truly unique glimpse into 
the inner workings and dynamics of an archetypical AGN. A key interpretation of this work was published in 2006 Jo-
ris Gerssen of the University of Durham (UK). Concurrent with this paper, R. E. Mason et al. (2006) published results 
on spatially resolved mid-infrared spectroscopy of NGC 1068 based on 10-micron spectroscopic data from 
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Figure 1: Artist’s rendition of the central 

region around NGC 1068, as seen from 

the edge of the disk that surrounds the 

core’s black hole. The red- and blue-shifted 

radiation formed by the interaction 

between the disk and the bowshock at 

the end of the jets can be seen above 

and below the disk. Blue-shifted light is 

moving toward us and red-shifted light 

is receding.

Gemini artwork by Jon Lomberg
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Figure 2: NIFS IFU channel maps of 

NGC 4151 along the emission-line profile 

of [FeII]λ1.64 microns, where each panel 

corresponds to a velocity bin centered on 

the value (in kilometers per second) shown 

in white in the left corner of each panel.

The dashed and continuous lines are the 

axes of the bicone and major axis of the 

galaxy, respectively.

MICHELLE. These two papers assembled some of the most detailed optical and mid-infrared data ever obtained of 
this active galaxy’s core. The studies revealed a complex emission-line morphology in the [OIII] doublet and hydrogen-
beta lines (optical), striking variations in continuum slope, silicate feature profile and depth, and fine structure line 
fluxes on subarcsecond scales (mid-infrared). In the final analysis, the mid-infrared MICHELLE results give evidence 
for a compact source with a dusty torus obscuring the AGN, and AGN-heated silicate dust in the ionization cones. 
The variety of velocity components in the optical IFU optical data defy easy association with physical structures, but 
some appear to be associated with the expected biconical outflow. Other features hint at high-velocity flows or disk-like 
structures. 

About six months prior to the GMOS IFU observations of NGC 1068, the visiting mid-infrared instrument OSCIR 
(University of Florida) on Gemini North provided what was the deepest mid-infrared images of M87’s nucleus, which 
has the most well-known AGN jet and a central black hole estimated to “weigh in” at some three billion solar masses. 
The extended jet of M87 had never been imaged in the mid-infrared (see Figure 4, page 31) and the combination view 
of its nucleus and jet required a total of seven hours of telescope time (two hours on the jet, and five on the nucleus). 
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The results (Perlman et al., 2002) revealed that the theorized doughnut-shaped torus of material surrounding the black 
hole must contain far less material than other AGN tori, like those associated with Cygnus A or Centaurus A.

Indeed, in 2006 Gemini South observed the nucleus of Centaurus A with T-ReCS in the mid-infrared (J. Radomski), 
and, despite nearly diffraction-limited images, was unable to resolve the torus (confirming earlier Keck results that 
countered a tentative detection with the Magellan Telescope). Gemini’s non-detection of an extended torus in M87 
and Centaurus A deepened the concern that a “torus size crisis” was upon us; until astronomers could resolve a distinct 
torus in an AGN, we would likely never be able to understand the environment around the supermassive black holes 
that power these energetic behemoths. The findings sparked new (and tested existing) theoretical models of galactic tori 
to help settle the crisis. “These more recent models predict that, far from being a huge and uniform doughnut of gas 
and dust as once thought, instead the torus orbits the supermassive black hole in clumps. The size constraints placed by 
the Keck and Gemini data indicate that the clumps are primarily ‘bunched up’ and must orbit within a few light-years 
of the black hole,” explained team member Nancy Levenson, who was then at the University of Kentucky and now 
serves as Gemini’s Deputy Director and Head of Science.

T-ReCS observations of the Circinus galaxy, presented at the first Gemini Science Meeting in Brazil in 2005 by Chris 
Packham, put an early tight constraint on the torus size (see Figure 5). This partly led to the spectral energy distribu-
tion (SED) modeling, and indicated (even ahead of the 1068 observations) that the torus was indeed very small. To 
further address the challenges of modeling the unresolved AGN tori, and understand the environment around the 
black hole engines that energize AGN, Ramos Almeida partnered with Levenson, and Chris Packham (part of the 
T-ReCS team from the University of Florida), in assembling subarcsecond mid-infrared data (predominantly from 
Gemini North and South) to construct SEDs from 18 nearby Seyfert galaxies. Key to this science was the high spatial 
resolution (~0.3 arcsecond at 10 microns) which kept the data relatively uncontaminated by starlight and hence 
dominated by AGN/torus emission. By including similarly high spatial resolution near-infrared photometry and using 
a Bayesian fitting routine developed at the University of Florida, the team was able to accurately reproduce the high 
spatial resolution measurements with a clumpy torus model. This is consistent with the objects having a torus scale of 
< 5 parsecs. Interestingly, for the Seyfert 2 objects, it was found that the number of clouds along an equatorial view is 
as low as 5-15, although the total population of clouds number in the thousands.

Most recently, near-infrared IFU observations using the Near-infrared Integral Field Spectrometer (NIFS) with adap-
tive optics have probed one of the closest AGN, NGC 4151 (at 13.3 megaparsecs), in unprecedented, diffraction-limit-
ed detail (see Figure 2, previous page). This work, led by T. Storchi-Bergmann (Insitiuto de Fisica, Universidade Federal 

Figure 3: The main techniques for achiev-

ing integral field spectroscopy. Adapted 

from Allington- Smith, Content and 

Haynes (1998). The Lenslets and Fibres 

design in the central row is most similar 

to the GMOS IFU set-up. The Slicer 

design on the bottom row is most similar 

to NIFS’s.
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do Rio Grande do Sul – UFRGS, Brazil), mapped the excitation and kinematics of the gas and studied the feeding and 
feedback occurring near the core of this AGN. The team finds that most of the ionized gas originates in a biconical 
outflow—thus mapping the AGN feedback—whereas most of the molecular gas originates in the galaxy plane, in orbit 
around the supermassive black hole and is probably the source of the AGN feeding. The team further estimates the 
mass of the ionized gas at 2.4 million solar masses and molecular gas at only 240 solar masses. Nevertheless, they argue 
that near-infrared molecular gas emission maps only the “hot skin” of a probably much larger colder molecular gas 
reservoir. They also find a nuclear red source, whose spectrum is consistent with that predicted for a dusty torus with 
temperature T ~ 1300 K surrounding the AGN. As in previous studies, this source is unresolved, but the observations 
do provide an upper limit for its distance from the nucleus of four parsecs. Bergmann et al. have published over 10 
additional papers based on Gemini IFU observations of NGC 4151 and three other galaxies (ESO 428-G14, NGC 
4051, and Mrk1066) and found similar results to those of NGC 4151. 
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Figure 4 (above): M87 jet is shown at 

various wavelengths, including the 

Gemini near-infrared OSCIR data at 

lower right.

Figure 5 (right): high spatial resolution 

infrared SED of the Circinus galaxy fitted 

with the clumpy torus models. Solid and 

dashed lines are the best fitting model and 

that computed with the median of each 

of the six parameters that describe the 

models. The shaded region indicates the 

range of models compatible with

a 68% confidence interval around the 

median. T-ReCS N and Q images 

(8.8 and 18.3 microns, respectively) 

are also shown.
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