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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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Tight correlations between the black hole mass and 
various galaxy properties

Co-evolution between black holes and bulges?
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based on
Häring & Rix 2004

NGC4342

NGC4291
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Galaxies with overly massive black holes

Bogdan+12

MBH/Mbulge  ratio is ~6.9% and ~1.9%  instead of the 
average ~0.2% 
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★ 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?

Too massive black holes or missing stars?
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X-ray/optical composite image

Ákos Bogdán

NGC4342 NGC4291

Mbulge~6.7 x 109 Msun

MBH~4.6 x 108 Msun

Mbulge~5.1 x 1010 Msun

MBH~9.6 x 108 Msun
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Measure the total gravitating mass

Assumption: hot X-ray gas is in hydrostatic equilibrium

Measure: gas density and temperature distribution

Dark matter halo

4 BOGDÁN ET AL.

106

107

108

109

109 1010 1011 1012

M
BH

, M
su

n

Mbulge, Msun

NGC4342
NGC4291

Fig. 3.— Black hole mass as a function of bulge mass. Thick
solid line shows the mean M• − Mbulge relation from Häring &
Rix (2004), whereas the thin dashed line represent the intrinsic
scatter of the relation. Both NGC4342 and NGC4291 are highly
significant outliers from the trend.

3.2. M•/Mbulge of NGC4291

The supermassive black hole of NGC4291 has been
studied recently by Schulze & Gebhardt (2011), who used
stellar dynamical modeling to compute the black hole
mass. They included the effect of a dark matter halo in
their models, which resulted in a mass larger than previ-
ously reported (Gebhardt et al. 2003). Namely, the mass
of the nuclear black hole in NGC4291 (for a distance of
26.2 Mpc) is M• = (9.6±3.0)×108 M! (Schulze & Geb-
hardt 2011). The total apparent K-band magnitude of
the galaxy is 8.417 mag, which translates to a K-band
luminosity of LK = 6.1 × 1010 LK,!. Based on the K-
band mass-to-light ratio of M!/LK = 0.83 (Section 2.2),
the stellar mass of NGC4291 is Mbulge = 5.1× 1010 M!.
Given these parameters the black hole-to-bulge mass ra-
tio of NGC4291 is M•/Mbulge = 1.9%± 0.6%.

3.3. Comparison with the mean M• −Mbulge relation

The observed black hole-to-bulge mass ratios in
NGC4342 and NGC4291 are unusually large compared
to other galaxies. To illustrate this point we show the
mean M• − Mbulge relation from Häring & Rix (2004)
in Figure 3, with the loci of NGC4342 and NGC4291
marked. Based on the Häring & Rix (2004) relation
and the bulge masses of the two galaxies, the expected
black hole masses are 7.7 × 106 M! and 7.4 × 107 M!
in NGC4342 and NGC4291, respectively. Thus, the ob-
served values are factors of ≈60 and ≈13 times larger
than the predicted ones. From the intrinsic scatter of
the relation (0.30 dex) and the uncertainty of the black
hole mass measurements (0.18 dex and 0.12 dex), we con-
clude that NGC4342 and NGC4291 are ≈5.1σ and ≈3.4σ
outliers, respectively.
Reversing the problem, we also compute the bulge

masses, in which the supermassive black holes of
NGC4342 and NGC4291 would be typical. According to
the Häring & Rix (2004) relation and the observed black
hole masses, we find that the black holes of NGC4342 and
NGC4291 would be expected in bulges with 2.6×1011 M!
and 5.0×1011 M! mass, respectively. These bulge masses
exceed by factors of ≈39 and ≈10 the observed values in

NGC4342 and NGC4291, respectively.

4. TIDAL STRIPPING AS A POSSIBLE ORIGIN OF THE
HIGH BLACK HOLE-TO-BULGE MASS RATIO

One possibility to explain the unusually large black
hole-to-bulge mass ratios observed in NGC4342 and
NGC4291 is that most (!90%) of their stars were tidally
stripped. However, the tidal stripping process would re-
move not only the stellar content of galaxies, but also
the more loosely bound dark matter halos. Therefore, if
∼90% of the stars were stripped from the galaxies, no
significant dark matter halos should be observed around
them. Thus, to test the stripping scenario it is critial
to determine whether NGC4342 and NGC4291 host ex-
tended dark matter halos.
In Section 4.1 we use Chandra X-ray observations of

the hot gas content of NGC4342 and NGC4291, to show
that they reside in massive dark matter halos, thereby ex-
cluding the stripping scenario. In Section 4.2 we present
a deep optical image of the surroundings of NGC4342,
which – independently from X-ray observations – ex-
cludes the possibility that majority of the NGC4342 stel-
lar population was tidally stripped.

4.1. Dark matter halos

4.1.1. NGC4342

The 0.5−2 keV band X-ray image of NGC4342 reveals
a diffuse hot gas component associated with the galaxy,
which exhibits a significantly broader distribution than
the stellar light (Figure 1). To compute the gravitating
mass profile of NGC4342, we assume that the hot gas
is in hydrostatic equilibrium (Mathews 1978; Forman et
al. 1985; Humphrey et al. 2006) and use the following
equation:

Mtot(< r) = −kTgas(r)r

Gµmp

(
∂ lnne

∂ ln r
+

∂ lnTgas

∂ ln r

)
,

where Tgas and ne are deprojected temperature and den-
sity, respectively. To determine the projected tempera-
ture and density profiles of the hot gas, we describe the
soft-band emission with an optically-thin thermal plasma
emission model (APEC model in Xspec). To obtain
deprojected profiles, we use the technique described by
Churazov et al. (2003). Namely, we model the observed
spectra as the linear combination of spectra in spherical
shells plus the contribution of the outer layer. We assume
that emissivity in the outer shell declines as a power law
with radius at all energies. The matrix that describes
the projection of the shells into annuli is inverted and
the deprojected spectra are calculated by applying the
inverted matrix to the observed spectra.
Due the head-tail distribution of the hot X-ray emit-

ting gas (Figure 1 right panel; Bogdán et al. 2012), the
assumption of hydrostatic equilibrium is questionable at
radii larger than ∼5 kpc. To account for these uncertain-
ties we computed mass profiles in three different sectors:
(1) towards the northeast, (2) towards the southwest, and
(3) assuming spherical symmetry. The left panel of Fig-
ure 4 illustrates that within the central 10 kpc region of
NGC4342 the hot gas is approximately isothermal. Ad-
ditionally, in Bogdán et al. (2012) we show that the abun-
dance is also fairly uniform within this region. Therefore

08/08/2013Akos Bogdan
6



Total mass exceeds 
the stellar mass

within 10 kpc:
(1.4-2.3) x 1011 Msun

Origin of the unusually massive MBH/Mbulge ratioDark matter halo of NGC4342
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Mass distribution

within 10 kpc:
(2.1-2.6) x 1011 Msun
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Total mass exceeds 
the stellar mass

Dark matter halo of NGC4291
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★ Significant dark matter halo around both galaxies

★ Stars were not lost in tidal stripping 

★ NGC4342/NGC4291 are real “outliers”

based on
Häring & Rix 2004
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 1. Black holes and bulges did not co-evolve

Consequences
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 2. Black hole grew faster than the bulge?

Agarwal+13
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 2. Black hole grew faster than the bulge?
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 3. Black hole growth tied to the dark matter halo?
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 1. Black holes and bulges did not co-evolve

Consequences
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4. How common are these galaxies?

 2. Black hole grew faster than the bulge?

Agarwal+13

 3. Black hole growth tied to the dark matter halo?
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Thank you!
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