
Galaxy Mergers in a Cosmological Context 

 Ivayla Kalcheva, St. Cuthbert’s Society 

Interacting Galaxies? 

When the vast distances to galaxies were understood in the 
20th century, galaxies were considered to be forming and 
evolving in isolation[1]. However, irregulars were discovered 
that did not fit anywhere on the Hubble “tuning fork” [2]. In 
an early general description of the classification program - 
Galaxies (1943), Shapley suggested that these “frankly 
pathological types” of deformed galaxies might be due to 
collisions. His comment was based on Holmberg's (1941) 
paper - the first to present models of galaxy interactions[2].  
Using an analogue computer made of photocells and bulbs, 
where the 1/r2 intensity falloff represented gravitational 
forces, Holmberg demonstrated that the expected tidal 
deformations could be explained via galaxy collisions[2]. 
Afterwards, studies of galaxy interactions and mergers 
became central to the understanding of galaxy evolution – 
the early highlights being H. Arp’s  Atlas of Peculiar Galaxies 
(Arp, 1966), the work of Vorontsov & Velyaminov (1959) and 
especially Toomre & Toomre (1972).  

Mergers: “Rare Freaks?” 
A long time after Shapley’s “rare freaks”, numerous 
sophisticated N-body computer simulations were developed 
to model galaxy interactions[1]. The current theories of 
cosmological structure formation indicate that most galaxies 
have experienced a strong interaction during their lifetime [2]. 
Therefore, galaxy interactions are most likely the dominant 
process shaping the evolution of the galaxy population. Due 
to the operation of dynamical friction, most collisions lead to 
a merger [1]. Interactions and mergers lead to the formation 
of new structures such as shells, rings, bridges, tails and 
plumes. More importantly, mergers cause bursts of star 
formation and thus lead to forming star clusters, which are 
the likely progenitors of globular clusters and possibly of tidal 
dwarf galaxies and ultra-compact dwarf galaxies[3]. 
Hierarchical models suggest we most likely observe the 
“incarnations” galaxies go through during their lifetime: 
mergers, ultra-luminous infrared galaxies (ULIRGs),   
      quasars, AGN and elliptical galaxies.[4]  

 
 

 

 

Role of Major Mergers 

Take two galaxies with masses ~ 1012 Mʘ, flying at 
300 kms-1 towards each other. The collision energy 
involved is of order 1053 J, or 109 supernovae[1].  
  

    

 

 

 

 

 

 

 

 

Role of Minor Mergers 

Minor mergers occur when a larger galaxy interacts 
with a companion galaxy (mass ratio > 10:1)[1]. 
Minor mergers are now considered an important 
driver of galaxy evolution because: 
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As this energy is comparable to the binding 
energies of galaxies, major mergers have a 
significant evolutionary effect. Dynamical 
friction is very efficient: the galaxies merge 
after a few perigalactic passages ~ 0.3 Gyr [1]. 

   

Dry Mergers occur between two 
equal-mass elliptical galaxies. As 
there is no gas to absorb the energy, 
it is transferred into orbital energy of 
the stars. The merger results in a 
redder elliptical galaxy [1]. 

 
 

Wet Mergers (two similar in size 
spiral galaxies) trigger galaxy-wide 
starbursts (ULIRGs), quasar activity, 
and the creation of elliptical galaxies: 
possibly also at z∼2 (SMGs) [4].  (See 
Co-evolution)  

 From mergers we learn more about dark 
matter: without DM halos, galaxies would 
slowly spiral inwards and mergers would be 
extremely rare. Even if the galaxies "miss" 
one another, the halos provide the necessary 
cross-section, dynamical friction and global 
torques  for a merger to occur [5].  

They are very frequent (in cosmological 
timescales), as practically every large galaxy 
has a great number of small satellites. Due to 
the mass ratio the orbital decay of the 
satellite’s orbit is slow : the merger takes 
more than  10 Gyr [1].   

Multiple minor mergers may change 
the morphological types of galaxies, 
and trigger star formation (in gas-rich 
merging) [3].  

Minor mergers provide an 
explanation for the fast size evolution 
of ellipticals between z = 1.5 and z = 
1. They may be the cause of 
lenticular galaxies formation through 
dynamical heating of spiral disks [2]. 

In spiral galaxies, they are likely to constitute 
the spheroidal components - bulges and 
stellar halos. This is a process observed in 
the Milky Way and Andromeda [3]. 
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Some Unanswered 
Questions 

Do we see enough mergers? 
There is no final agreement 
in the theoretical predictions 
of the merger rates.  
Why do we not see AGN 
preferentially in distorted 
galaxies – are they simply 
obscured by dust? 
 
 

 

Merger Rates over Cosmological Time 
The merger rate of galaxies is well parameterised as a 
power-law function of redshift up to z~1.5,  
fm(z)=fm,0(1+z)m [5]. However, in literature the value of m 
ranges from 0 to m > 3 (high rates of evolution) and 
increases with redshift. Most recent studies suggest strong 
dependence on the environment and merger type – the 
major merger fraction increasing with z and minor mergers 
showing little evolution[5]. According to the current ΛCDM 
model, minor mergers should still be occurring today [4]. 
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