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Impact of Galaxy Interactions and Mergers on Galaxy Properties 

- Star Formation
- Black Hole Activity

- Redistribution of Stars and Morphology



(GD= Galactic  Dynamics, 
Binney & Tremaine)

distance =

Mergers occur for E<0  :bound orbits

Merger timescale = f (E, relative orbital angular momentum L) 



(EAC)

distance =

The Antenna  galaxies = ongoing major merger of 2 disk galaxies

Note  dust,  gas and sites of  massive stars (recent star formation)  
between the 2 disks  



(EAC)

distance =

Star formation is obscured at optical wavlengths by  dust in gas-rich region,

but revealed in mid-infrared images



(GD)

distance =

Interacting galaxies : wider range and more extreme colors



Y axis  = Max value of the RATIO 
(SFR of merging systems /SFR of 

normal undisturbed galaxy)

SFR is enhanced typically by a factor 
of 2-3 in a merger compared to an 
isolated undisturbed galaxy

Di Matteo, P. et  al.  2007

Statistical study of several hundred  
TREE-SPH simulations of  major   
mergers of  different  B/D, gas, orbital  
parameters, etc 

- E+E  =  merger 2 early type spirals
e.g.  Sa +Sb

- E+L  = merger of early type and   
late type spiral e.g. Sa+Sc

- L+L  = merger of 2 late type spirals



Out to lookback times of  7 
billion years (half of  age of 
Universe) , the average SFR 
of strong/y disturbed galaxies 
is enhanced by a factor of a 
few  w.r.t that of normal 
undisturbed galaxiesc

Average SFR in Interacting  vs Normal galaxies  over last 7 Gyr

(Fig from Jogee et  al.  2008)
(http://xxx.lanl.gov/abs/0802.3901
(On astrophysics preprint today)
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Central BH  in Galaxies

(Fig from Gehbardt et al 2000)



Mass accretion rate to power high and low luminosit y AGN  

(Jogee 2006, Ch6, AGN Physics on All Scales; astro-p h/0408383 )



L in cm2 s-1

Fueling the Central BH :The Angular Momentum Proble m 

Before gas in the outer disk

at a radius  R of ~5 kpc can 

can feed a black hole , its 
specific angular momentum 

L must be lowered by a 

factor of 105. 

Interactions or mergers can 
help at least partly 

(Jogee 2006, Ch6, AGN Physics on All Scales; astro-ph/0408383 )



(Mihos & Hernquist;  DM halo + Stars =yellow, gas= blue,  Duration = 1 Gyr) 

distance =

Simulation of a major merger

Merger of 2 spirals of similar gives a spheroidal system with a de 
Vaucouleurs surface brightness profile, a low V/s e.g., an E?

Data 
The  Toomre

Sequence



Merger two spirals (B+D)  of similar mass 
1/4 < m1/m2 <= 1

1) Cold molecular gas is driven to central  
regions, piles up to high density and 
form stars at a high rate (central starburst)

2) Gravitational forces fling out gas and stars  
into two extended tails  (Orbital KE and      
orbital angular momentum of galaxies 
converted to internal KE and  angular
momentum of stars)

3) The stars in the tails fade away, while gas 
in the tails falls back into the galaxies to 
form stars.

4) The disks are destroyed due to tidal 
heating and violent relaxation. 

à Vel dispersion of stars in disk rises 
à Stars redistribute into a  spheroidal

configuration with de Vaucouleurs SB 
proflie and a low v/s

5)  End-product is a system ressembling
an elliptical galaxy (or a bulge)           

Toomre Sequence set of galaxies believed to represent different stages of a major merger 



NGC 4736 / The Mice (Credit: NASA & ACS Science team)

HST image shows details of  a collision between  2 spiral galaxies 30 kpc apart
(NASA/STScI/Hubble Heriitage)

Nearby Major Merger



Minor merger
21 cm  (atomic H) map shows  a disk, a 
redshifted 20 kpc tail to the left  and a huge 
50 kpc pc blueshifted tail to the right  

Optical R image of NGC 2782
- a disk  with some ripples 
- a 20 kpc pc tail to the left

The optical morphology (distribution of stars)  & the  distribution + kinematics of the 
HI atomic gas distribution can be modelled with a merger of mass ratio 1:4 

(Jogee et al 1999; Smith et al 1999



The  elliptical galaxy 
(NGC 1316)  has 
recently cannibalized  
smaller gas-rich  spiral 
galaxies which are 1/10 
to 1/100 its mass

Minor merger



à Milky Way  is moving  at 83 km/s toward  M31 (SAb ) at d=770 kpc: future major merger

Current and Future Interactions of Milky Way (SBbc spiral )
à It is presently ‘digesting’ the Spr I  (dSp?)  = accretion or minor merger 
à It is interacting w/ SMC (63 kpc)) and  LMC  (50 kpc)  to give Magellanic stream of atomic H.

à System of  SMC and LMC  may be sinking via dynamical friction into M Way: minor merger

à It has a warp and thick disk à may be due to a past minor mergers



Example of interacting/merging galaxies at  lookbac k =3 to 8 Gyr

2 at similar  z 

2 at similar  z 



Example of interacting/merging galaxies at  lookbac k =3 to 8 Gyr


