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What are fossil groups

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⊙).
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๏ 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).

What are fossil groups
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๏ The observational definition of 
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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 LX > 1042 erg s-1

What are fossil groups
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First hypothesis: 
๏ Old & closed systems 
๏ Dynamically relaxed 
๏ FGs extend the missing satellite 
problem to larger systems 
๏ Infalling galaxies on more radial 
orbits, favouring mergers

FGs are fossil relics of the ancient 
Universe

What are fossil groups
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La Barbera+2009

Analysis of the  
stellar populations 

 in FGs BCGs

Age of fossil groups
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Numerical simulations
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X-ray scaling relations

log LR

lo
g 

L X

 Higher Lx for the same Lopt?

FGs 
non-FGs 
non_FGs

No! Differences due to  
inhomogeneities in the datasets!

Khosroshahi+2007 Girardi+2014
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Luminosity Functions

Khosroshahi et al. 2006 
α = -1.23 ± 0.28

Mendes de Oliveira et al. 2006 
α = -1.6 ± 0.2                 α = -0.6 ± 0.2

Pre-FOGO situation: from flat to steep faint-end slopes
Are FGs really missing satellites? And which satellites?



Luminosity Functions
FOGO: dependence of the LF 

on the magnitude gap

• Sample: ~ 100 clusters and 
groups from FOGO + Aguerri et 
al. (2007)

Zarattini+2015
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FOGO: dependence of the LF 
on the magnitude gap

• Sample: ~ 100 clusters and 
groups from FOGO + Aguerri et 
al. (2007)

Systems with the largest Δm12 have: 

• Fainter M* magnitudes 
• Flatter faint-end slopes
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Orbital shape - theory

Sommer-Larsen (2006) proposed that 
galaxies falling into FGs could have 
been on more radial orbits than non 

fossil systems

Faster merging rate for 
massive satellites

Sommer-Larsen 2006
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Orbital shape - observations
• Sample: ~ 100 clusters 
and groups from FOGO + 
Aguerri et al. (2007) 
• Method: MAMPOSSt 
(Mamon+2013), a code that 
estimates the mass and 
anisotropy profiles
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Orbital shape - observations

We found hints of more 
radial orbits in the 
external regions of FGs 

Jeans Zarattini+2021
• Sample: ~ 100 clusters 
and groups from FOGO + 
Aguerri et al. (2007) 
• Method: MAMPOSSt 
(Mamon+2013), a code that 
estimates the mass and 
anisotropy profiles

MAMPOSSt Zarattini+2021
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Large-scale structure around FGs
First hypothesis: FGs must be 
closed systems
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ad hoc hypothesis?

Adami et al. (2020)

Filaments
Nodes

Mpc
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Large-scale structure around FGs

ad hoc hypothesis?
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First hypothesis: FGs must be 
closed systems

Zarattini et al. (2023)

• Statistical distribution of all NON-
FGs are coming from the same parent 
distribution

• FGs are 
statistically 
different 
(systematically 
farther from 
filaments and nodes!)
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First hypothesis: 
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๏ More radial orbits, favouring mergers 
๏ Closed systems
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NO!
NO!
NO!

YES!
NO, but isolated form the cosmic web!

• PARADIGM SHIFT: FGs are peculiar not for their 
formation time but (probably) due to their position 
within the large-scale structure 
• The infalling of galaxies on radial orbits favour the 
formation of the magnitude gap at recent times




