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Ponman et al (1994) discovered 
RX J1340.6+4018, a system 
dominated by an elliptical galaxy.


The giant elliptical is surrounded 
by an X-ray emitting halo of hot 
gas suggesting a group-sized 
halo (6x1013 M⊙).

Ponman et al. 1994
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What is a Fossil System?

The “Fossil Group Origins” (FOGO) project



The observational definition of these 
systems was given by Jones et al.
(2003).


Magnitude gap between the two 
brightest galaxies: Δm12 > 2 mag in 
the r-band within half the virial 
radius (or Δm14 > 2.5, Dariush et al. 
2010).

NASA, ESA and the Hubble Heritage (STScI/AURA)-ESA/
Hubble Collaboration. Acknowledgment: M. West (ESO, Chile)
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The “Fossil Group Origins” (FOGO) project



NASA, ESA, M. West (ESO, Chile), and CXC/
Penn State University/G. Garmire, et al. 2006

The observational definition of these 
systems was given by Jones et al. 
(2003).


Magnitude gap between the two 
brightest galaxies: Δm12 > 2 mag in 
the r-band within half the virial 
radius (or Δm14 > 2.5, Dariush et al. 
2010).


X-ray emission of at least 1042 erg s-1
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The “Fossil Group Origins” (FOGO) project

http://www.nasa.gov/
http://www.esa.int/
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First observational results:


Higher LX and TX for the same 
Lopt


Higher centrally-concentrated 
DM halos


Massive BCGs


Differences in BCGs properties


Lack of other bright (M*) 
galaxies

The “Fossil Group Origins” (FOGO) project
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Model for the formation of fossil 
systems:


Old formation


Fast and efficient merging of 
bright galaxies with the BCG


Few interactions with the cosmic 
web


Consequences:


Old and dynamically relaxed 
systems


Δm12 correlates with the dynamical 
state 


Fossil relics of the ancient Universe


The “Fossil Group Origins” (FOGO) project



FOGO project

MAIN GOAL:
multiwavelength observational characterization 

of a large sample of FGs

Properties of the BGGs:

How and when did thy form?


Are BGGs in FGs similar to those 
of non-FGs?

Properties of the satellites

Do FGs have peculiar LFs?


Do FGs have similar sub-structure 

than non-fossil ones?


Are FGs old and dynamically relaxed 

systems?


Properties of DM halos in FGs

do the halos of FGs follow similar 
scaling relations than non fossil 

ones?

clues about earlier assembly of 

their DM halos? 


Numerical simulations:

Compare theory with observations

The “Fossil Group Origins” (FOGO) project

Properties of ICM

Which is the mechanism 
driving the metallicity 

enrichment of the ICM? Are 
there cooling cores in FGs?
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FOGO project

MAIN GOAL:
multiwavelength observational characterization 

of a large sample of FGs

Properties of the BGGs:

How and when did thy form?


Are BGGs in FGs similar to those 
of non-FGs?

Properties of the satellites

Do FGs have peculiar LFs?


Do FGs have similar sub-structure 

than non-fossil ones?


Are FGs old and dynamically relaxed 

systems?


Are their orbits peculiar?

Properties of DM halos in FGs

do the halos of FGs follow similar 
scaling relations than non fossil 

ones?

clues about earlier assembly of 

their DM halos? 


Numerical simulations:

Compare theory with observations

The “Fossil Group Origins” (FOGO) project

Properties of the environment

Are FGs found in peculiar large-

scale environment?

Properties of ICM

Which is the mechanism 
driving the metallicity 

enrichment of the ICM? Are 
there cooling cores in FGs?
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ITP programme: 52 observing nights in the period 2008-2010 
at the Roque de los Muchachos observatory (La Palma, Spain)

The “Fossil Group Origins” (FOGO) project



TNG

Multiobject spectroscopy 
with DOLORES

FOGO

ITP programme: 52 observing nights in the period 2008-2010 
at the Roque de los Muchachos observatory (La Palma, Spain)

The “Fossil Group Origins” (FOGO) project



FOGO

WHT

Multiobject spectroscopy with WYFFOS

K-band imaging with LIRIS


Integral field spectroscopy with INTEGRAL

ITP programme: 52 observing nights in the period 2008-2010 
at the Roque de los Muchachos observatory (La Palma, Spain)

The “Fossil Group Origins” (FOGO) project



FOGO

NOT

ITP programme: 52 observing nights in the period 2008-2010 
at the Roque de los Muchachos observatory (La Palma, Spain)

r-band images with ALFOSC

INT

r-band images with WFC

The “Fossil Group Origins” (FOGO) project



FOGO

GTC

Additional time: 10 observing nights in the period 2011-2012 
at TNG under Spanish and Italian TACS


27 observing hours in semester 2013B at GTC under Spanish 
TAC

Long slit spectra with OSIRIS

The “Fossil Group Origins” (FOGO) project



Scaling relations of FGs
Scientific question: are FGs over luminous in X-rays?



Scaling relations of FGs
Scientific question: are FGs over luminous in X-rays?

NO!



Scaling relations of FGs
Scientific question: are FGs over luminous in X-rays?

NO!

NEW QUESTION: 
Why FGs were claimed to be  
X-ray over luminous? 



Scaling relations of FGs
Scientific question: are FGs over luminous in X-rays?

NO!

Previous findings were biased 
due to not homogeneous 
measurements!

NEW QUESTION: 
Why FGs were claimed to be  
X-ray over luminous? 



Scaling relations of FGs
Scientific question: are FGs over luminous in X-rays?

Girardi+2014

NO!

Previous findings were biased 
due to not homogeneous 
measurements!

NEW QUESTION: 
Why FGs were claimed to be  
X-ray over luminous? 



Scaling relations of the BCGs

F-J relation

Early-type galaxies from Pahre+1998
BCGs from Pahre+1998
BCGs from FOGO with ell > 0.3
BCGs from FOGO with ell < 0.3

Scientific question: how BCGs in FGs were formed?
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F-J relation

Early-type galaxies from Pahre+1998
BCGs from Pahre+1998
BCGs from FOGO with ell > 0.3
BCGs from FOGO with ell < 0.3

BCGs follow the tilt of the FJ 
BCGs have larger re than normal 
ellipticals

Mergers with gas only at early time, 
then mergers without gasMéndez-Abreu et al. 2012

Scaling relations of the BCGs
Scientific question: how BCGs in FGs were formed?
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BCG of RXC J2315.7-0222 system

z = 0.025

LX = 2.1 x 1043 erg s-1

R200 = 862 kpc

M200 = 7.4 x 1013 M⊙

Δm12 = 1.88 (bona fide FG)

Cool core system


Observations with OSIRIS@GTC:

1” x 7.4’ slits

Resolution: 2500

3 axes: major, minor, and intermediate

3.2 - 3.2 - 2.4 hours

Stellar populations of NGC 7556 and NGC 6482

NGC 7556

Scientific question: when BCGs in FGs were formed?



BCG of MCXC J1751.7+2304 system

z = 0.013

LX = 1 x 1042 erg s-1

R200 = 310 kpc

M200 = 4 x 1012 M⊙

Δm12 = 2.19

Non cool core system


Observations with OSIRIS@GTC:

1” x 7.4’ slits

Resolution: 2500

3 axes: major, minor, and 
intermediate

2.5 - 2.5 - 1.8 hours

NGC 6482

Stellar populations of NGC 7556 and NGC 6482

Scientific question: when BCGs in FGs were formed?
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 [
Å

]

 [Å]

 [
Å

]

 [Å]

NGC 6482

Scientific question: when BCGs in FGs were formed?

Stellar populations of NGC 7556 and NGC 6482



Central  
metallicity

Central  
age

metal richer

younger

Scientific question: when BCGs in FGs were formed?

Stellar populations of NGC 7556 and NGC 6482



Central  
metallicity

Central  
age

metal richer

younger

Scientific question: when BCGs in FGs were formed?

Stellar populations of NGC 7556 and NGC 6482

Corsini+2018



Fit of the LFs using the Schechter formula:


φ(M)dM = φ*100.4(M*-M)(α+1)exp(-100.4(M*-M))dM

Luminosity functions in FGs:

Dependence of the LF on the magnitude gap



Fit of the LFs using the Schechter formula:


φ(M)dM = φ*100.4(M*-M)(α+1)exp(-100.4(M*-M))dM

Zarattini et al. 2015

Luminosity functions in FGs:

Dependence of the LF on the magnitude gap



250  new spectra

with WHT and GTC


within R200

26 members

RXJ075243.6+45565 

Luminosity functions in FGs:

Spectroscopy

Fossil Group FGS03 


(RXJ075243.6+45565):


- zc = 0.05


- σv = 333 km/s


- R200 = 0.96 Mpc


- LX = 2.2 x 1043 erg/s


- Mtot = 4.2 x 1013 M⊙


- Mr BGG = -22.67


- Δm12 = 2.1



RXJ075243.6+45565 

Luminosity functions in FGs:

Spectroscopy



Luminosity functions in FGs:

Spectroscopy

A transitional fossil group?

RXJ075243.6+45565 



Luminosity functions in FGs:

Spectroscopy

A transitional fossil group?

Aguerri+2018

RXJ075243.6+45565 



Scientific question: are FGs dynamically relaxed?

Substructures in FGs
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Scientific question: are FGs dynamically relaxed?

Substructures in FGs

Zarattini+2016



Scientific question: if FGs are not old, why are they so effective in merging galaxies?

Orbits in FGs

Sommer-Larsen2005 suggested that massive galaxies on radial orbits can merge  
faster than those in tangential orbits…but how can we measure orbits?

We need to estimate the anisotropy parameter!

PROBLEM! we need to compute in two steps:

1) The mass profile M(r) using the kinematics of galaxies 
2) The anisotropy profile using the Jeans’ equation

BUT M(r) and 𝜷(r)  are degenerate! 

𝜷(r) = 



Scientific question: if FGs are not old, why are they so effective in merging galaxies?

Orbits in FGs

MAMPOSSt (Mamon+2012) breaks the degeneracy 
using parametric models for 𝜷(r) and performing 

a maximum-likelihood fit to the full distribution of galaxies 
in the projected phase space

𝜷(r) = 



Scientific question: if FGs are not old, why are they so effective in merging galaxies?

Orbits in FGs

MAMPOSSt (Mamon+2012) breaks the degeneracy 
using parametric models for 𝜷(r) and performing 

a maximum-likelihood fit to the full distribution of galaxies 
in the projected phase space

𝜷(r) = 

Zarattini+2021
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