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+lam very mterested in black holes and studylng Active Galactlc Nucle| (AGN) is a cruual step rn s
Trndrng Supermassrve Black Hole as Wellas undersfandrng them. .. =~ . s ool SRS
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< In general relatrvrty, a black ‘hole is a regron of space in Wthh the grawtatlonal freld is s0 *

povverful that nothrng, including light, can escape jts 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, re‘flectlng #nothing, j.ust like a peswfect blackbody ho
; thermodynamlcs Quantum analy5|s of black holes shows ‘them to possess a temperature and
Hawklng rad|at|on '
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; Desplte its |nV|S|bIe |nter|or a black hole can reveal |ts presencefthrough |nteract|on Wlthother

e matter. A black-hole can be JAnferred by trackrng the movement of a group of stars that orbrt 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 .. -
. ;emrttrng large amounts of radratron that can- be detected from earthbound and earth- orbrtmg S
- telescopes: such observations have restlted in the screntrfrc consensus that, barrrng a breakdown in
“our understandlng of nature, black heles do existiin our upiverse. ~ 04
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e What |s Actrv‘e Galactrc Nucl(al\GN)’? o N . % .' "'- e . 3

An actrve galactrc nucleus (AGN) is'a compact reglon at the centre of a galaxy whrch has a_‘.

: ‘rnuch higher than normal lumrnosrty over some-of all of the electromagnétic spectrum (in the radro, v

Cinfrared, optical, dltra-violet, X- ray and7Zor Gamma ray wavebands) A galaxy hostrng an AGNs called ~

-an acfive galaxy. The radiation from AGN is believed to be a result of accretion ‘of mass by the

l,supermassrve black.hole at the centre of the. host galaxy. AGN -are, the most lumrnous persrstent

" sources -of electromagnetrc radiation in ‘the tniverse, and as such can be: used as a means of

" . - discovering distant objects their evolutlon asa functlon of cosmrc time also provrdes constralnts on
; cosmologrcal models ' ; ; . :
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- Basic fucture ofan AGN: . . |

... ‘Supermassive Central Black Hole = . - | — Jetof high-speed
wobes sAccreton Disk L T S Wy e particles
-'. Relativistic Jets. - ', et W .
sk, Sl R e T b+ Magnetic field
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Region Broad Line Regi

Source: Www.nasa.gov . - - - . .Source: http://abyss.uoregon-edu”
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Above are two plctures i |IIustrat|ons of the basrc structures of an AGN A typlcal AGN has D

three fundamental components a supermassive black hole ‘at -the- center an accretion dlsk

surroundlng the black hole, and two jets perpendrcular to the drsk through the center
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Accretlon DISk ' ' '
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: An accretlon d|sc is a structure (often a C|rcumstellar dISk) formed by drffuse matenal in’ orbltal

5t motion around a central body. The central body is typlcally a young star, a protostar a white dwarf, a

" ‘netitron star, or a black hole; Gravity causes mater|a1 in-the disc to spiral |nward towards the central "

; ',.body Gravitatjonal farces’ compress the material. causrng the emission. of electromagnetlc radratlon A
: .The frequency range of that radiation depends on the central object. Accretion: dises of young stars '

.“and protostars rachate i in ‘the infrered, those around neutron star:s and black holes in the X ray part of ;-

_the spectrum : = v ¥ o, & - ot 4
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_ - A supermas'sive"black hole is a black"hole witha mass of the"order of between 10%and 10%°
.+ solar masses. Mest, 'if not all, galaxres mcludlng the I\/lrlky Way, are belleved to contaln supermasswe
. black holes at thelr centers : \e : s

Supermasswe black holes have propertres which dLstlngmsh them from. their reIatlver Iovv—' ;
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A" The 'average density of & 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 Schwarzschlld radius is drrectly proportlonal to mass;-while
~.density | |s mversely proportlonal 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 a5

_ radius, and mass merely increases I|nearly, the volume increases at a greater rate than mass B
il i Thus average den5|ty decreases for mcreasmgly Iar‘ger rad|| of black.holes s R it
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A The trdal forces In the V|crn|ty of the event honzon are srgnlfrcantly weaker Slnce the central
singularity is'sa far away from the horizon, a hypothetical astronaut travelling towards the. -
-"black hole center would not expenence srgnlflcant tidal force until very deep into the black

hole
.'v' T I .';' L. 39 .';' S, 39 .';' S, b .';'
_Relativistic Jets: . .- PR A NGEE T

. 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 thausands 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, o that when conditions are’ ."- '

“suitable, a jet will emerge from each face of the aceretion disk. If the jet is oriented:along the line’ of- ;

2 '5|ght to,earth; relgtivistie beamipg will change |ts appargnt brightngss. Popular mechanisms, for the - '

- creatign of jets and the composition -of jéts are still_a matter of much debate .in the sGientific
" community. It is believéd that the jets are composed of an eIectncaIIy neutral mlxture of electrons
; ,,‘fp05|trons and protans’if some proportlon A » .2
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CIassification;ofiAGN: .3
_©*. ~When viewed from different anglesz | ‘Db Q& OFy 0:8* Gk 1Sy &
. -..characteristics of these objects: WL ‘ M ‘ -

o

*+ " Narrow Broad*: uve FarR

|Galaxy Type ‘Emissionline . = Srays |Excessof = “iStrong Jets” |Varia 'Radio
o g 0L Radie | *_ |ble | Loud:

e o- . =

Seyfert I yes: | " lyes:. ‘|some  |some |yes " [no no - |yes ‘/no
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- -\ Seyfert Il yés N - |some-” lsome (yes - |no--° JNO. |yes- |no.

‘|Quasar © - |yes | ‘lyes - - some. '|yes "|yes' [sqme ' -lsomé |yes' |10%"- |-

tBlazer  * . lno” .psome’ *'. . |yes .t lye$ ‘lno.  yes.t ' |yés ‘|yes  |yes .

“[BLiac. ... Tho = “[noneffaint . T [yes * lyes . ino T tyes- lyes..yes” |yes
- OV %% . JNo. strongér t.hén, BL|yes ..~ |yes' .rio, yes', yes* yes yes .

.-

.*|Radio Galaxy |seme .:|some - .~ .+|sOme . |some’|yes .+ |yes' . |yes‘‘ |yes . |yes.
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“Blazar
Viewing down the jet
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: " / “Quasar | Seyfert 1"
Viewang at an angle to the jet "
‘Radio Galaxy / Seyfert 2"

Viewing at 907 from the jet
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4 : “Solirce: Www.nasa.gov :
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: In my prOJect I am |dent|fy|ng AGNs by absorptron features in the center of neutral hydrogen
- (HI) profiles. These occur only when there isa contlnuum source |n the center of (or behlnd) a cIoud

of neutral hydrogen gas. : : : .

B What is a continuum source? A radlo contlnuum is produced 0)Y synchrotron radratlon in the - -
_ ,Jets and lobes of the AGN. : :
My first attempt Was going to NASA-ExtragaIactlc Database (NED). to Iook for galaxies-that afe

_radio. sources at the same time-A lot of objects were found and their spectra from ALFALFA database

L AVEre studled I eventuaIIy narrowed down toa few objects in the ALFALFA data coverage which show
absorptlon that cuts deep down into the spectra One object we pald some. attention to s Nelo

. 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 .

- kmfs, there is a cut: down in the.centre that shows possrble absorption pattern.”. B
“It.is not definitive from the- spectra alone. We heed more information about the steepness of the.. -

- dnner parts of the, twor forns to,say whether there is absorptlon ar. not, By d0|ng some I|terature

- review and Cross- referencrng N4535 (AGC 7727) was eventually identified to be a galaxy that contains
“an AGN, A lot of Ilterature revrew has been done and we have coIIected some lnformatron about the

object . : : . .

— Bazelined spectrum Arecibo L egacy Fast ALFA Survey
AGC 7727
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Source http //arecibo. tc cornell edu/hlarchlve/alfalfa/search php

Since some of the potential AGN-contaihing galaxies are not.identified as radio sources in"NED,
-*or the continuum sourcg and the optical countér parts are not shown-3s the same object | togk
* "another approach - ditf a search in NED for alf galaxres in.the” ALFALFA public coverag’e area with
~brightness less than 300 mly (anythrng brighter than that causes problems:to the. ALFALFA program).

-~ = Upon searching, objects with width greater than- 100 km/s and- SIgnaI to norse ratio- (SN) brgger than

10 are chosen to. form alist for further |nvest|gat|on




Spectra of4ll the objects’in the- listyvere carefullfl examined.one by ore. Four objetts wefe
. Selected to be looked at.in greater details. They, are AGC 7313, AGC 210798, AGC 220240 and AGC

.. 333218. Qf these four, AGC 7313 shows great probablllty of contarnlng an AGN, sihce there is a very

" obvious deep cutin' the curve. -The spectrum |s below

Hrec1hu egacy Fast ALFA Survey
AGC 7313
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'Source: http://arembo,tc.eornell.edu/hrarchive/alfallfa'/

< kstarted late; therefOre ‘my summer is only halfway over. For the rest of time, | plan to Iook at

¥ ‘grlds of these;objects and obtain information.of them using gridview. Below is the gridview of. grld
+1220+13 which contains object AGC 7313. This channel cerrésponds to 6z 2134 km/s, close to the
. ‘redshift* of 7317.+The réd C|rcle' is the. suspected AGN, 'for whickr the. details h'ave to be- further
mvestrgated Zi v
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-“From- the ‘grids, we can“seék 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. | will look carefully at the tontinuum source to‘make sure-that it is right at the

. " . center, not a‘chance superposition of the gafaxy in front of a mare distant continuum source: | will

: “look for signs of interaction-with companion gaIaX|es or.recent mergers smce these are often the ’
,cause of Iarge quantltles of gas streamlng into the, accretlon dISk : ‘ '
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