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Outline 
§  I will try to pursue you that the known BH scaling law 

break down for  cD galaxies (an special kind of BCG). 

 
§  And that the final BH masses might have been  set by 

initial conditions.   
 

 
 

1 kpc= 3.08521 X 1021 cm 

 



Añorve 2012, Ph.D. 
Thesis, INAOE.  



Sérsic (1963): 

de Vaucouleurs (1953) 

















The Sérsic index 
is hard to recover! 





Black hole 
mass 
correlates 
with the 
velocity 
dispersion 
of their host 
spheroidal 
component.  



Pseudo Bulges 

Classical 
Bulges 



More luminous galaxies have 
larger Sérsic Indexes (n→4) 













Ho & Kim (2014) bulge 
mass best correlates 
BH mass.  



What are cD Galaxies? 
§  cD are supergiant galaxies up to 4 mags. Brighter than 

M*. They can concentrate up to half the total cluster light. 
 
§  They are usually found at the center of the galaxy distribution or 

in local density maxima (Beers  & Tonry 1986). 
 
§  In some cases they have blue cores (McNamara & O’Connell 

1989), or multiple nuclei (Morgan & Lesh 1965) 
 
§  1/4 of the most luminous radio galaxies (WAT) are cD. The term 

was introduced in a study of optical counterparts of luminous 
radio galaxies (Matthews, Morgan, & Schmidt, 1964) 

 
§  Faint extended envelopes (Oemler 1974, Schombert 1988)  







Because of these 
problems, the term BCG 
has been adopted.  







♣Tidal stripping (Aguilar & White 1985,1986) 

♣ 



cD Galaxy Working 
Definition 
§  Take Abell statistical sample (1682 clusters). 

Richness 1 (50 galaxies, m3 - m3 + 2 within 1 
Abell radius 3 h-1

50 Mpc) estimated redshift 0.02 
< z < 0.2; solid angle approx. 2/3 of the sky (14 
438.2 sqr. deg.). 

§  cD are BGCs in BM I - BM I-II clusters. There 
are 137 cD galaxies in Abell’s sample. cD 
galaxies overwhelm satellite galaxies. 
Classification from Leir & van den Bergh (1977). 
Leir’s M.Sc. Thesis at U of T.  



The space density of cD galaxies 
is ~ 6 X 10-7 h71

3 Mpc-3.   

This comparable to the integrated 
density of bright quasars in 
cosmic time. 



Bright QSO from SDDS DR3, Richards et al. 2006 





cD Galaxies & Other High 
Surface Brightness Galaxies 
follow Gaussian LF, but cDs 
have the narrowest 
distribution.  

  



…And we bumped into Postman et al. 2012 

A2261-BGC 

z=0.2233 

α2000=17:22:27.18 

δ2000=+32:07:57.1 



 
 
Postman et al. 2012  were 
introducing the largest core 
yet detected in any galaxy… 
 



The Nuker Law (Lauer et al. 1995) 



Luminosity vs. Cusp Radius 



But, I recalled Abell 85.  James P. 
Brown and I have worked on it 
back in 1995 at DA&A, UofT  

LOCOS, BRI images, 

Taken with the KPNO 0.9m 
Telescope using the T2KA CCD.  
Seeing ~1.6 arcsec 

Scale 0.68 arcsec/pixel 
z=0.05529 +/- 2.4 X 10-4  

Hoessel and collaborators during 
the early 80’s have already singled 
out that  that HOLM 015A  had a 
very large core (modified Hubble 
Profile) 



We tried DGCG on A85 

We 
tried 
DGCG 
on A85 
using 
the 
Nuker 
Law. 

KPNO 0.9m + T2KA 

CFHT+MEGACAM 



The surface brightness profile of Holm 15A 

= 4.57± 0.06 kpc 

=18.48±0.04 kpc 



A2266-BGC 



The Largest Core known so far!!! 



Bonfini et al.   (2015)  has 
challenged this result.  

Core-Sérsic (Trujillo et al. (2004) 



Bonfini et al. 
(2015) used 
GALFIT-CORSAIR 
and showed that 
Core-Sérsic profile 
doesn´t work for 
Holm 15A, but 
recovered Lópe-
Cruz et al. (2014) 
Nuker fit.  



The Mexican Contribution 
to the field (ca. 1978)!! 

… a central mass point of 5 X 106 M❂ 



SMBH Masses: Directly 

Measuring the 
mass of the 
SMBH in our 
Galaxy 
through stellar 
motions. 



SMBH Masses: Directly 



SMBH Masses: Scaling Laws 



The surface brightness profile of Holm 15A 

= 4.57± 0.06 kpc 

=18.48±0.04 kpc 



Missing light correlates with 
BH mass (Kormendy & 
Bender 2009; Kormendy & 
Ho 2013) 



Rusli et al. 2013 



Lauer et al.  2007 



How Big the SMBH in Holm 15A? 



How Big the SMBH in Abell 85 Dark Matter Halo? 



SMBH Dynamical Effects 



Holm 15A is a LINER 



Cores are explained by the scouring action of Supermassive Binary 

Black Holes (SBBH). 
Is there a SBBH in HOLM 015A? Maybe… 

A2261-BGC doesn’t 
show emission lines.  



Are there SMBH binaries? 



SMBM binary 

But Holm 15A has no 
double narrow-lines 



Is there a SMBH binary? 

Holm 15A 



Holm 15A 



Maybe: A candidate supermassive binary black hole system 
in the brightest cluster galaxy of RBS 797 (z~0.35) reported 
by Gitti and collaborators 2014 

Gitti et al. 2014  

EVN observations. 56 
minutes on source 







How about the brightest cD 
in the local universe? 

IC 1101 in Abell 2029, 
z=0.077947 



IC 1101  



IC 1101 breaks away 

MV=-26 
MK=-29 



Conclusions 
We have found that Holm 15A has the largest core known so far. A 
central AGN supports the presence of a central BH, which could be 
ultramassive ~ 1010 Msun. This seems to be a limit for maximum BH 
growth.  Very large cores seem to be rare  and may represent a 
relatively brief phase in the evolution of BCG, as the merging times 
for SMBH binaries should be  relatively short (Kahn et al. 2014). 
After SMBH binary merger cusp  regeneration would induce core 
shrinkage (Merritt 2006). If SMBH growth is regulated by galaxy 
mergers (e.g., Merritt 2006, Booth & Schaye 2011), their final 
masses were set, perhaps, by initial conditions (e.g., Treister et al 
2013). 
 
Holm 15A presents the best conditions to explore the effects of 
SMBH.  We are proposing follow up observations (i.e., detection of 
BH gravitational lens using the background of SMG). I did not 
mention gravity waves nor dark mater annihilation …  
	

López-Cruz, O.,  Añorve, C., Birkinshaw, M., et al.  ApJ , 795, L31 



Desde el 15 de octubre de 
2014,  estamos en las 
noticias en el mundo.  

 
México (Excélsior), Guatemala, Perú, Colombia, Chile, 
Argentina, Brasil, España (El País). 

También en radio y televisón.  
 
Recientemente (6 de noviembre), New Scientist, una 
de las revistas de divulgación de la ciencia más 
importante en el mundo.  
 
15 de noviembre, 2015, Conozca Más  






