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Mirabel et al. (1992) 



NGC 3038/39  „AntennaGalaxies“ 

• Merger in an early stadium 

• TDG candidates are self-gravitating gas clumps in the 

southern tidal arm 



In addition, ca. 800-8000 stellar clusters 

identified comprising 4 populations: 

 very young:10≈ Myr 

 young:100≈ Myr 

  Myr 500≈             

 old:10≈ Gyr 



What is a tidal dwarf galaxy? 
 
 At first, observed as HII regions in tidal arms 

of merging galaxies: star formation! 

 Gas condensations in the tidal arms.  

 Gas from outermost galactic regions.  

 Masses of dwarf galaxies.  

 Gravitationally bound objects! 

 Containing old stellar pop.s? probably! 

 Containing DM? probably not! 

 

 
 



bright star-formation knots 
are even structured within 
the tidal tail. 



AM 1353-272 (Dentist's chair) 

Weilbacher et al.  (2000) 

Questions: 

 

How many 

clumps are 

formed? 

 

How many evolve 

to TDGs? 

 

How many TDGs 

survive? 



Formation of  
tidal galaxies 

Wetzstein  et al. (2007) 

Only with combined    

N-body + SPH sim.s 

bound structures can 

form irrespective  

of the resolution of the 

simulation. 



(2006, A&A, 456) 

Issues:  

 Only 2 self-gravitating fragments survive 800 Myrs  

 Probably none of them will survive 10 Gyrs!? 



Survival of  
TDGs? 

Issues: 

 The innermost 

TDGs fall back to the 

parent merger! 

 

 Most of the 

survivor TDGs form 

at the tip of the tails! 

 

 But:  

The contribution of 

TDGs to the total 

population of dwarf 

galaxies should be 

minor (10% at most) 
 

Bournaud & Duc (2006) 



Okazaki & Taniguchi (2000): 100%  

Bournaud & Duc (2006): 25% with a few 108 M
 

Kaviraj et al. (2012): 6%  

Simulations: 593/96  TDGs /merger 

SDSS / Galaxy Zoo 3373 mergers for z < 0.1 

1-2 TDGs /merger 

Wen et al. (2012): 3% (up to 10%)  

How to identify survived but detached TDGs 
among normal DGs? 



1. TDGs are Dark-Matter free!!     NGC5291 revisited 

Accurate rotation curves show the presence of a limited amount  

of dark matter: baryonic DM and/or kinematical effect? 

Bournaud et al. (2007) 



Weilbacher et al. (2003) 

2. Metal-enriched TDGs 
Duc & Mirabel (1998) 

Reverte et al. (2007) 

The O abundances of observed 

present-day TDGs are larger 

than of dIrrs! 



 Star-formation self-regulation according       

to Koeppen, Theis, G.H. (1995, 1998) 

 Kroupa IMF 

 Stellar rad.+wind  
(Hensler, 1987) 

 Gas cooling (Boehringer & Hensler 1993)  

 Chemical yields and                              

stellar lifetimes              

    (Portinari et al.  1998) 

 Free parameters: SN eff.  

 Adaptive-mesh Refinement code FLASH; well parallelized and 

advanced to cdFLASH (Vienna) 

 present: Star formation produces SSP part.: module in FLASH 

future: Boltzmann mom. equ. module (Mitchell et al. 2013, MN, 428)        

Ploeckinger, G.H. et al. (2014) 



Gas density  

Initial conditions: 

 

Mgas,0 = 1.95 108 M
 

Ms,0 = 0 

r = 4.55 kpc 

Zgas,0 = 0.3 Z


 

 

Mmer = 1012 M


 

nh = 4.4 10-6 cm-3 

Th = 106 K 

Rmin = 50 kpc 

Rini = 123.5 kpc 

 



Merger DM halo 

+ 

hot halo gas  

Bournaud & Duc (2006) 

Ploeckinger, G.H. et al. (2014) 



Bournaud & Duc (2006) 

M =1.2 108 M  

M =1.4 108 M   

Can tidal dwarf galaxies survive the first 
star-formation episode? 

Ploeckinger, G.H. et al. (2014) 



Star-formation 

rates for models   

of different 

accumulated stellar 

mass (Ms is M


;    

M 0.1means’0‘


) 

thresholds at which 

the stellar feedback 

sets in within a grid 

cell.  

(Ploeckinger 2014, PhD thesis) 



SFRs derived from indicators (massive 

stars normalized to IMF) H and UV begin  

to deviate below ~ 10-2 M


 yr-1.  

Explanation: H preferably from higher-

mass stars than UV  IMF not complete in 

uppermost mass range. 

Lee et al., 2009, ApJ, 706 



The IGIMF and its consequences (Weidner & Kroupa 2004) 

 IGIMF stands for Integrated Galactic Initial Mass Function 

 It assumes that all the stars in a galaxy are formed in 

embedded star clusters (Lada & Lada 2003). 

 Within each embedded cluster the stars are distributed 

according to a fixed, canonical IMF (Kroupa 2002) 

 The IMF within each cluster is truncated according to the 

total mass of the cluster (the more massive the cluster, 

the higher the upper stellar mass) 

 Stellar clusters are distributed according to a power-law 

distribution function ξ(M
cl
) ∝M

cl
-βdM

cl
.  

 Observations suggest β to be about 2. 

 The largest star cluster in a galaxy depends on the star 

formation rate (the higher the star formation rate, the 

higher the probability to find massive star clusters) 



Larsen, 2002, AJ, 124 

Maximum star-

cluster V brightness 

is correlated with 

the K-S SFR. 

 

Exceptions are 

galaxies with 

starbursts forming 

super star clusters. 



Consequences of low SFR: 

Filled IMF: star fractions lead to SNII fractions  heating 

Truncated IMF: longer lifetimes of heaviest stars; w/o SNeII?  

star  fractions!! 

filled IMF reduced to star  fraction                       IMF truncated at upper mass  interval 

with N=1 



Models with and without full IMF explored.   

n  2 





The IMF filling varies with time and place according to 

the SFR and gas reservoir! 

For the global TDG SFR leads to IMF truncation already 

in the range of a few 10-2 M


 and below!   

 



Ploeckinger, GH, et al., 2014, MN, 437 

2D cut t=0.5 Gyr:   truncated IMF    vs.    fully populated IMF 



2D cut t=500 Myr:    

               truncated IMF         vs.        fully populated IMF 

The TDGs remain bound although the stars are more 

concentrated in the truncated case. 



 TDGs are exposed to tidal interactions with the parent 

merger galaxy 

 The TDG shape is distorted, leading to rotation + 

enhanced vel. dispersion 

 The SFR varies and is temporally unable to fill the IMF!! 

 TDGs feel ram pressure by the hot halo gas 

 TDG models survive for more than Gyrs (when they can 

escape from the merger); even easier for truncated IMF 

 The survival probability for detached TDGs is higher at 

lower Z    high-z TDGs survived more frequently 

Questions:  

 How do survivor TDGs look like? Can they be identified? 

 What is the TDG contribution to the DG population? 





The stochastic IMF filling  

does not lead to significant 

differences from a filled 

(but fractional) IMF. 


