
 

 

Finding Active Galactic Nuclei 
-Summer research by Peiyuan Mao, Lafayette College 

 

Motivation: 
 

I am very interested in black holes and studying Active Galactic Nuclei (AGN) is a crucial step in 
finding Supermassive Black Hole as well as understanding them. 
 

 
What is a black hole? 

In general relativity, a black hole is a region of space in which the gravitational field is so 
powerful that nothing, including light, can escape its pull. The black hole has a one-way surface, called 
an event horizon, into which objects can fall, but out of which nothing can come. It is called "black" 
because it absorbs all the light that hits it, reflecting nothing, just like a perfect blackbody in 
thermodynamics. Quantum analysis of black holes shows them to possess a temperature and 
Hawking radiation. 

Despite its invisible interior, a black hole can reveal its presence through interaction with other 
matter. A black hole can be inferred by tracking the movement of a group of stars that orbit a region 
in space which looks empty. Alternatively, one can see gas falling into supermassive black hole, from 
companion stars (an Accretion Disk). This gas spirals inward, heating up to very high temperature and 
emitting large amounts of radiation that can be detected from earthbound and earth-orbiting 
telescopes. Such observations have resulted in the scientific consensus that, barring a breakdown in 
our understanding of nature, black holes do exist in our universe. 

 
What is Active Galactic Nuclei (AGN)? 
 

An active galactic nucleus (AGN) is a compact region at the centre of a galaxy which has a 
much higher than normal luminosity over some or all of the electromagnetic spectrum (in the radio, 
infrared, optical, ultra-violet, X-ray and/or gamma ray wavebands). A galaxy hosting an AGN is called 
an active galaxy. The radiation from AGN is believed to be a result of accretion of mass by the 
supermassive black hole at the centre of the host galaxy. AGN are the most luminous persistent 
sources of electromagnetic radiation in the universe, and as such can be used as a means of 
discovering distant objects; their evolution as a function of cosmic time also provides constraints on 
cosmological models. 
 

 
 
 
 



 

 

 
 
 
Basic structure of an AGN:  

 
- Supermassive Central Black Hole 
- Accretion Disk 
- Relativistic Jets                                              

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

         Source: www.nasa.gov                      Source: http://abyss.uoregon.edu 
 
 
 
Above are two pictures of illustrations of the basic structures of an AGN. A typical AGN has 

three fundamental components, a supermassive black hole at the center, an accretion disk 
surrounding the black hole, and two jets perpendicular to the disk through the center. 
 

Accretion Disk: 

An accretion disc is a structure (often a circumstellar disk) formed by diffuse material in orbital 
motion around a central body. The central body is typically a young star, a protostar, a white dwarf, a 
neutron star, or a black hole. Gravity causes material in the disc to spiral inward towards the central 
body. Gravitational forces compress the material causing the emission of electromagnetic radiation. 
The frequency range of that radiation depends on the central object. Accretion discs of young stars 
and protostars radiate in the infrared, those around neutron stars and black holes in the X-ray part of 
the spectrum. 

 



 

 

Supermassive Black Hole: 
 

A supermassive black hole is a black hole with a mass of the order of between 105 and 1010 
solar masses. Most, if not all, galaxies, including the Milky Way, are believed to contain supermassive 
black holes at their centers.  

Supermassive black holes have properties which distinguish them from their relatively low-
mass cousins: 

Â The average density of a supermassive black hole (measured as the mass of the black hole 
divided by its Schwarzschild volume) can be very low, and may actually be lower than the 
density of air. This is because the Schwarzschild radius is directly proportional to mass, while 
density is inversely proportional to the volume. Since the volume of a spherical object (such as 
the event horizon of a non-rotating black hole) is directly proportional to the cube of the 
radius, and mass merely increases linearly, the volume increases at a greater rate than mass. 
Thus, average density decreases for increasingly larger radii of black holes. 

 

Â The tidal forces in the vicinity of the event horizon are significantly weaker. Since the central 
singularity is so far away from the horizon, a hypothetical astronaut travelling towards the 
black hole center would not experience significant tidal force until very deep into the black 
hole. 

 

Relativistic Jets: 
 
 Relativistic jets are extremely powerful jets of plasma which emerge from the centers of some 
active galaxies, notably radio galaxies and quasars. Their lengths can reach several thousand or even 
hundreds of thousands of light years. It is believed that the twisting of magnetic fields in the accretion 
disk collimates the outflow along the rotation axis of the central object, so that when conditions are 
suitable, a jet will emerge from each face of the accretion disk. If the jet is oriented along the line of 
sight to earth, relativistic beaming will change its apparent brightness. Popular mechanisms for the 
creation of jets and the composition of jets are still a matter of much debate in the scientific 
community. It is believed that the jets are composed of an electrically neutral mixture of electrons, 
positrons and protons in some proportion.  
 
 
 
 
 
 
 
 
 



 

 

 
 
 

Classification of AGN: 
 
 When viewed from different anglesΣ !DbΩǎ Ŏŀƴ ōŜ ǘŀƪŜƴ ŀǎ ŘƛŦŦŜǊŜƴǘ ƻōƧŜŎǘǎΦ .Ŝƭƻǿ ŀǊŜ ǎƻƳŜ 
characteristics of these objects: 
 

 
 

                                     Source: www.nasa.gov 

Galaxy Type Emission Line X-rays Excess of Strong 
Radio 

Jets Varia
ble 

Radio 
Loud 

Narrow Broad UV Far-IR 

Seyfert I yes yes some some yes no no yes no 

Seyfert II yes no some some yes no no yes no 

Quasar yes yes some yes yes some some yes 10% 

Blazer no some yes yes no yes yes yes yes 

BL lac no none/faint yes yes no yes yes yes yes 

OVV no stronger than BL 
Lac 

yes yes no yes yes yes yes 

Radio Galaxy some some some some yes yes yes yes yes 



 

 

 

Iƻǿ ŀǊŜ !DbΩǎ ŘƛǎŎƻǾŜǊŜŘ and what have I done: 
 
 In my project, I am identifying AGNs by absorption features in the center of neutral hydrogen 
(HI) profiles. These occur only when there is a continuum source in the center of (or behind) a cloud 
of neutral hydrogen gas.  

What is a continuum source? A radio continuum is produced by synchrotron radiation in the 
jets and lobes of the AGN. 
 My first attempt was going to NASA Extragalactic Database (NED) to look for galaxies that are 
radio sources at the same time. A lot of objects were found and their spectra from ALFALFA database 
were studied. I eventually narrowed down to a few objects in the ALFALFA data coverage which show 
absorption that cuts deep down into the spectra. One object we paid some attention to is NGC 
4535(AGC 7727). Below is the spectra of N4535 (AGC 7727). The peak in the middle with redshift 
about 0 is the galactic hydrogen. For the double-horn feature on the right at redshift about 2000 
km/s, there is a cut down in the centre that shows possible absorption pattern. 
It is not definitive from the spectra alone. We need more information about the steepness of the 
inner parts of the two horns to say whether there is absorption or not. By doing some literature 
review and cross-referencing, N4535 (AGC 7727) was eventually identified to be a galaxy that contains 
an AGN. A lot of literature review has been done and we have collected some information about the 
object. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Source: http://arecibo.tc.cornell.edu/hiarchive/alfalfa/search.php 
 
   
 Since some of the potential AGN-containing galaxies are not identified as radio sources in NED, 
or the continuum source and the optical counter parts are not shown as the same object, I took 
another approach. I did a search in NED for all galaxies in the ALFALFA public coverage area with 
brightness less than 300 mJy (anything brighter than that causes problems to the ALFALFA program). 
Upon searching, objects with width greater than 100 km/s and signal to noise ratio (SN) bigger than 
10 are chosen to form a list for further investigation. 



 

 

 Spectra of all the objects in the list were carefully examined one by one. Four objects were 
selected to be looked at in greater details. They are AGC 7313, AGC 210798, AGC 220240 and AGC 
333218. Of these four, AGC 7313 shows great probability of containing an AGN, since there is a very 
obvious deep cut in the curve. The spectrum is below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                Source: http://arecibo.tc.cornell.edu/hiarchive/alfalfa/ 
 
 I started late; therefore my summer is only halfway over. For the rest of time, I plan to look at 
grids of these objects and obtain information of them using gridview. Below is the gridview of grid 
1220+13 which contains object AGC 7313. This channel corresponds to cz 2134 km/s, close to the 
redshift of 7317. The red circle is the suspected AGN, for which the details have to be further 
investigated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
From the grids, we can seek for further evidence that the absorption is real, by producing 

spectra for the central beam of the galaxy alone and perhaps for the outer region alone if the galaxy is 
sufficiently resolved. I will look carefully at the continuum source to make sure that it is right at the 
center, not a chance superposition of the galaxy in front of a more distant continuum source. I will 
look for signs of interaction with companion galaxies or recent mergers, since these are often the 
cause of large quantities of gas streaming into the accretion disk. 
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