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Active Galactic Nuclei

3" (474 pc) ‘ 1" (158 pc)

Nuclei of galaxies that are active - an energy source other than stars

Called AGN if the activity is substantial in some characteristic determined
observationally e.g., Strong X-ray Variability, Jets from nuclei, Broad
emission lines, etc.



Active Galactic Nuclei
(Phenomenological description)

Large luminosity: ~1042-48 erg/s

Compact: size << 1pc

Broadband Continuum emission

dL /dlog v = constant (IR to X-rays and y-rays)

Strong emission lines in the optical/UV

X-ray & gamma-ray Emission

Strong variability over the EM spectrum on a range of
time scales: minutes to days and months

Jets & lobes in radio-loud AGN: sizes ~ kpc — Mpc



AGN — Physical picture

high luminosities highly variable Central SMBH
1 B (Mg ~ 10° — 10'°Mg)
Eddington limit  gmall size Powered by accretion
=> |arge mass g
i B (L =nMc)
Accretion onto SMBH Size scale : Swarzschild
radius
2GM
(Rs = =)

Luminosity : Eddington
luminosity :
Frad — Fgravity

=> L =1.38 x 10%° (MBH> erg s~
Mg

Artist's impression



Observer's View of RQ AGN

Direct view of central engines in
RQ type 1 AGN such as nearby
bright Seyfert 1 galaxies




Why are X-rays important probes of RQ AGN?

Optical/UV: At =1-10d => £=0.001-0.01 pc
X-ray: At =1 hour =>8 =10~ pc
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X-rays probe immediate environment of SMBH



Photons em = s ! kev !

X-ray continuum of AGN

Powerlaw : Ng (photons cm™2 s™ ! keV™!) = AE™!
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Powerlaw continuum with a high energy cutoff at ~100 keV

Origin : Comptonization in a hot corona




X-ray powerlaw continuum

Two phase model

Compton up-scattering of soft
photons from a cool accretion

disk (<50eV) in an optically thin 0
hot corona (100keV, 7 < 1) | Accretion dis

(~10-20eV)
A fraction 7T of seed photons

get upscattered to energies by a
4kT,

MeC?
Repeated upscattering =>

powerlaw with a cutoff

Ecut ~ kTe

factor 1 4

Haardt & Maraschi (1991, 1993), Done (2010) —




Schematic X-ray SED of type 1 AGN
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Data/Model

Dete/Model

Soft X-ray Excess Emission

XMM-Newton (EPIC-pn), Dewangan et al. 2001

[ Akn 564
S S WA
:%ﬁwﬂw‘lﬂ Mrk 1044 -
o - J{ :
Al
e ' {Wﬁ'*ﬁf
co.a | 05 I o E'Iallllllt}

Energy {keV)

Chandra/LETG
(Turner et al. 2001)

Soft X-ray excess emission (disevered by Singh et al. 1985, Arnaud et al. 1985)

Single or multiple BB kT~100-300eV

Optically thick emission from an accretion disk = NO

Origin not clearly understood - blurred reflection?



Broad iron line and reflection hump
MCG-5-23-16: Suzaku observations

Observed Flux

fo_10kev = 9 X 10_1lergs cm ™2

—1
S (Reeves, Awaki, Dewangan, etal. 2007)

f15—100keV =2 X 10_10€I'g8 Cm_2 1

S T T T T T T

F'},, ) XIS HXD/PIN ?
Absorbed powerlaw — = ]
(N,=1.65x102cm2, , _ RN ;
r=1.95) 5 3¢ e

Q B ]
Iron K line between '?9 N '
6-7 keV af
Reflection hump Bl
above 12 keV 7 E

channel energy (keV)



MCG-5-23-16: Broad Iron K line

(XMM & Simultaneous XMM/Suzaku)
Iron K line shape — Data to 3-5keV best-fit PL ratio

(Dewangan et al. 2002)

~ XMM-Newton H
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Narrow and broad iron K lines
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(Reeves, Awaki, Dewangan, etal. 2007)
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Broad component: FWHM ~ 50000 km/s




X-ray Reflection

Hot corona — powerlaw spectrum
Some of the high energy photons from the hot corona
re-enter the accretion disk

Two possible fates of the incident high energy photon

Compton scattering by free
electrons in the disk

Photoelectric absorption
by metals in the disk and
fluorescent line emission




Counts per unit energy (arb.)

X-ray Reflection Spectrum

T e ——— — At soft X-ray energies, reflection is
% pg"jﬁiL . | small due to photoelectric absorption
105 L S 1 by lighter elements
ki - | At hard X-rays, Incident photons are
L | M . ,
e | 1T gl i 1 Compton back-scattered from the disk
3L _1 A spectrum of fluorescent emission
ot lines arises from the photoionization
mﬂ;_ Reynolds (1997) . of metals in the disk
U 5 B B Iron Ka line at 6.40 keV the most
=nery{eY) prominent due to
high fluorescence yield
Ko line large cosmic abundance.
L

X-ray reflection : Xillver, reflionx table models



Broadening of iron line — Strong gravity
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Broad Iron Line —
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Reflection & Relativistic blurring

SE + broad line + hump
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BH Spin from broad iron line

- MCG-6-30-15

20107 4w1o? Bwin ™t Beipt
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325ks
XMM-Newton

i
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14

(Fabian et al 2002)

Exireme red-wing requires emission from below 6R,

Inner disk radius at~, 2 R,
mm) Highly spinning BH



(Data/PL model)

Ratio

1.5

Brood Iron line and Reflechon hump

MCG 6 30-15:

350|<s Suzaku

Reflection hump

(Miniutti et al. 2007)
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Retlection & Absorption
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the continuum and broad iron line




X-ray Absorption

Kaspi et al.

(2002)

T T T 1 T T T T | T 1
004 900ks Chandra/HETG observation .
_ om
E 0.01 -
I-IIE CID:IS | I:II:IE |||||||||||| FTETTTTTONfNrTerreent |||||!|||||||||l|-_
‘B 0.01 —
5 003 _ g -
o 0.005 ‘!i,
= o.003 FH P
ﬁw cl.r:-m i ' .
0.001 '
= IIIIIII ||||| |l|||||||| | !||||I|||
Q.5 06 0.7 0.8 09 1
dfoa L 1 [ S | j | I I | I
05 06 07 08 09 1 2 3 4 5 & g 9
Energy [KeV] .
: ) Blustin et al. 2002
b b I d W N 0 VI 0 VIl
Absorbing clou :
g ‘1 e-L, Ne 0 Iv.v;ﬁ RGS
~ T
“ 10 ‘| ‘ NVI-VII
= ‘ S',Ar
2 H
B
a2 s M i ‘ M M
| l | |‘ i ’l\“
‘ | ” M |m
\ ITK
|,| F)l “"'WI!
0 W

Wavelength (&)




Absorption in the X-ray band
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AF, (ergsems')

2x10-1

AF, (ergs cm™?s™)
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X-ray Warm Absorbers in Seyfert 1s
XMM RGS
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Complex & Variable Absorption
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X-ray narrow-line region
NGC1068: Compton-thick Seyfert 2

XMM RGS : Kinkhabwala et al. 2002,
Brinkmann et al. 2002
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NGC1365 : Photoionized+ Colliosionally
lonized Plasma

XMM RGS (0.5 Ms)
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Multi-wavelength SED of AGN
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ASTROSAT

LAXPC
3-100 keV X-ray UVIT CZTI PI: S. Seetha (ISRO)
Timing, broadband 1.4” UV .
spectroscop imagiflg 10-250 KeV PMs: S.N. Tandon (UVIT),

hard X-ray J.S. Yadav (LAXPC),
imaging, K.P. Singh (SXT)
timing, A.R. Rao (CZTI)

SXT
Spectroscopy M.C. Ramadevi (S$M

0.2-8 keV
imaging & line
spectroscu

P
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LAXPC: TIFR, RRI

SXT: TIFR, ISRO, UoL
CZTI: TIFR, ISRO, IUCAA,
RRI, PRL

SSM: ISRO, IUCAA, RRI
UVIT: 1A, ISRO, IUCAA,
CSA

Star Sensor

Spacecraft: ISRO
Operations: ISRO
Ground software: ISAC, SAC,

N TIFR, RRI, 1IA, IUCAA,

RS  INCRA, PRL

SSM

rotating 2- -
10 keV Phased N
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Integrated AstroSat before launch PSLV XL Rocket
weight: 1.5 ton Launched: 28 Sept. 2015
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AGN SED & Astrosat coverage
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UVIT : FUV/NUV/VIS
15 optical/UV filters
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(1300 - 5500A)
SXT (0.2-8 keV)
LAXPC (3-80 keV)

CZTI (10-100 keV)

] AGN truly MW objects

| Astrosat well suited
] for MW study of
|l nearby bright AGN



NGC300 | UVIT team




Fairall 9: UVIT observations

NUV Grating exposure : 6000s
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Sriram, 2017



Fairall 9 : SXT Data

Net exposure : 25.8ks, source : 0.46 counts/s

1 pev!

T~ 2.2
 Reduced x? = 1.17

Counts =
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SXT Observations of AGN

BH mass : 6x10° solar mass
Flux (2-10keV) ~1e-11 cgs
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Flux {cts/s)
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NGC4151 : AstroSat SXT/LAXPC
broadband continuum

data and folded model
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Fairall 9: Spectral Energy Distribution
AstroSat SXT+LAXPC+UVIT/NUV grating data
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Thank You



