The asyncﬁonous evolution of
bulges and black holes in
NGC4342 and NGC4291
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Correlations with the black hole mass
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Tight correlations between the black hole mass and
various galaxy properties
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Correlations with the black hole mass

~>10 N
o= (o ;
% \% o g
w2 7p
‘.. 'F.d. \8 oo

® O '+ Vet 8
= <~ 9.\
Y IR AN
s Hiring & Rix 2004 & L e

aring & Rix 1y s

bulge mass (Msun) velocity dispersion (km/s)

Tight correlations between the black hole mass and
various galaxy properties

l

Co-evolution between black holes and bulges?
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Galaxies with overly massive black holes
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MgH/Mbpulge ratio is ~6.9% and ~1.9% instead of the
average ~0.2%
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Too massive black holes or missing stars?

% They could have had more stars
% More than 90% of stars were lost during an interaction
* Specific binding energy of dark matter is lower than stars

* During the interaction first the dark matter is lost

Does NGC4342 and NGC4291 have an extended
dark matter halo?
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X-ray/optical composite image

NGCq342 . ' NGC42.91

Mbulge~6.7 X 10° Msun Mbulge~5.1 X 101° Msun

Mgu~4.6 X 10% Msun Mgu~9.6 x 103 Msun
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Dark matter halo

Measure the total gravitating mass

Assumption: hot X-ray gas is in hydrostatic equilibrium
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Measure: gas density and temperature distribution
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Dark matter halo of NGC4342

Mass distribution
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Dark matter halo of NGC4291

Mass distribution
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Dark matter halo

* Significant dark matter halo around both galaxies
* Stars were not lost in tidal stripping

* NGC4342/NGC4291 are real “outliers”
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Consequences

1. Black holes and bulges did not co-evolve
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Consequences

1. Black holes and bulges did not co-evolve

2. Black hole grew faster than the bulge?
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Consequences

1. Black holes and bulges did not co-evolve
2. Black hole grew faster than the bulge?
3. Black hole growth tied to the dark matter halo?
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Consequences

1. Black holes and bulges did not co-evolve
2. Black hole grew faster than the bulge?
3. Black hole growth tied to the dark matter halo?

4. How common are these galaxies?
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Thank you!




