Black hole — galaxy co-evolution
Making a case for paradigm change
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Black hole—Bulge relations
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Gebhardt et al 2000, Ferrarese & Merritt 2000




Deviations from the BH—bulge relations



¥ Stellar dynamics

[] Excluded

@ Elliptical
S0

@ Spiral

Gultekin et al. 2009

Bulge velocity dispersion



Locus of NLS1s on the
Mg,--o plane

m The Mg,--o for normal

galaxies and broad
line Seyfert 1s is not
followed by the
narrow line Seyfert 1
galaxies.

Mathur et al. 2001
Grupe & Mathur 2004
Mathur & Grupe 2005a,b



Interpretation

B Black holes grow during accretion phase in
well formed bulges.

B Accretion rate highest in the beginning
and dwindles as the time goes by.

m BHs approach the Mg,--o relation towards
the late stages of active life.

Mathur 2000



Independent methods of BH
mass determination give same
result

B BH mass from fits to o
SEDs. (Mathur et al
2001)

® BH mass from power
spectrum analysis
(Czerny et al 2001)




HST/ACS observatlons of NLS1s

Mathur et al. 2011




NLS1s lie below the “"Magorrian”
relation: a robust result

Mathur et al 2011

Bulge luminosity

NLS1s also lie off the fundamental plane of AGNs
(Barway & Kembhavi; Graham et al. )



Surface brightness

Host galaxies have pseudobulges

---still in formation process
--- blue, starforming

---as such young

Effective radius (Kpc)



B Pseudobulges do not follow the
fundamental plane of galaxies

B Pseudobulges form & grow by
secular processes



Is bulge crucial for the existence of a BH



Supermassive BHs in Bulge-less galaxies

1. NGC 4561, an Sdm galaxy

2. NGC 3184, an Scd galaxy

3. NGC 4713, an Sd galaxy

4. M 101, an Scd galaxy

Ghosh, Mathur et al.




Chandra image XMM spectrum

Unabsorbed luminosity
few x 10°42 erg/s

Araya et al 2011



NGC 5457 (M101)

Scd, 7 Mpc, HII




M 101

m AGN

X-rays

— Low luminosity (3x1038 erg/s) but varies by factor of 9 in 8
months

Optical (HST)
O, = 1.4 similar to AGN
IR (2MASS)
vL ~ 10% erg/s difficult to produce without AGN
oy = 1.9 similar to x-ray faint AGN (Laor et al. 1997)

Radio
— Upper limit vL, < 6x10% erg/s (Heckman 1980)



B X-ray binary?
— X-ray luminosity like XRB

— BUT, bolometric luminosity implied by IR,
~10% erg/s, would require implausibly high
number of XRBs (10° - 10%)



Jun Jul
Date (2004)

The nucleus of M 101 (the N source)
varied by a factor of ~9 between March and
November 2004.



AGN activity — Star-formation
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No clear correlation with star
formation rate

Iog L(0.3—10 keV)

log L (24 micron)



AGNs in SINGS galaxies
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Grier, Mathur et al 2011



Hershel observations of GOODS

hcrease whh z ot SFR
n massive golacies

Star-forming Luminosity

AGN Luminosity
Shao, Lutz et al 2010



AGN feedback



Jets



Do outflows carry sufficient
energy and momentum to be
effective agents of feedback?



What is the distance of the
absorber from the nucleus?

Proposals span a factor of > 10°
from accretion disk to Kpc scale
narrow line region

n R2
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Krongold et al. 2007

Time 10% s



Kinetic power released: ~1038 erg/s

c.f. bolometric luminosity: 2.5 x 10* erg/s

Energy injection rate in the surrounding
medium is significantly smaller than that
in feedback models

Scannapieco
Silk



Several nails in the present paradigm

B Bulge crucial for BH formation & evolution:
NO, we discovered BHs in bulge-less
galaxies

B BH—Dbulge correlations tight: NO, we
observe significant scatter/ offset

B Correlation of AGN activity with star
formation rate: NO, not seen in local
galaxies OR at high redshift



B Feedback regulates BH/Bulge growth: NO,
measured feedback orders of magnitude
smaller.

B Hierarchical growth is the driver: NO,
pseudobulges host AGNs; secular
processes important



....and these are not pathological cases

B About 2/3 of all bright spirals host
pseudobulges (n<2) (B/T<0.2)

B About 65% of these also host a bar

Weinzerl et al 2009



A strong correlation......
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Kennicutt 1990



Non-causal origin of the black
hole-- galaxy scaling relations

Janhke & Maccio 2010



Conclusions

B All galaxies host a supermassive BH
B Bigger galaxies, bigger BHs

B Total mass, not just the bulge mass
® Non-causal relation

B Secular processes dominate



ASTROSAT

B Broad-band X-ray: BH finding factory
® UVIT: Star-formation
B SSM: trigger alert



.....S0 what's the new paradigm?



.....S0 what's the new paradigm?

Keep our eyes open



.....S0 what's the new paradigm?

Keep our eyes open

Keep our mind open



