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 Dark Matter 

3rd peak needs net forcing term 
to overcome Silk damping 

 



ΛCDM galaxy scale problems 

« Minor » problems 

-  Large disks with low 
bulge/disk ratio 

-  Missing sats. Problem 

-  Cusp problem 

Bigger problems 
-  Tightness of baryonic 

Tully-Fisher relation 

-  Mass Discrepancy-
Surface density 
relation 

-  TBTF problem           
& sats phase-space 
correlation 

 



Baryonic Tully-Fisher relation: 
Log Mb = 4 log V – log β 
 
Zero-point defines an acceleration 
constant a0 ≈ V4/(GMb) ≈ 10-10 m/s2 

Such that β=Ga0 
 
 a0

2 ~ Λ 
 

McGaugh (2005, 2011) 
Famaey & McGaugh (2012) 

Not Vmax!!!! 

Slope of 3.5 & larger scatter 
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The same acceleration constant a0 plays the role of a transition 
acceleration where the dynamical effects of DM appears: 
 
In the DM framework this is a fully independent role of a0 

McGaugh (2004) 
Famaey & McGaugh (2012) 
 



The baryonic surface density (or characteristic acceleration) also 
determines the shape of rotation curves: huge fine-tuning 

Famaey & McGaugh (2012) 
 



MOND paradigm 

 Higher order 
Coupling 
 
  

g = gN    if g>>a0 
g = (gN a0)1/2   if g<<a0 

… BUT keep in mind 1) Cosmology  2) Strong field tests 
      (e.g. CMB)  (e.g. Solar System) 



Key difference with particle DM: 
dynamical friction 

-  Bar appears more quickly than with CDM and are not slowed 
down by dynamical friction => fast bars 

-  Long merging time-scale for interacting galaxies, but each 
oscillation could trigger a starburst 

-  There must be less mergers at intermediate redshift than in 
LCDM, but lasting longer 

-  Possible past interaction of Local Group galaxies 

 



Galaxy clusters 

 => missing mass (very concentrated in the center) 
 Interacting clusters indicate something collsionless 

-   missing cluster baryonic dark matter (CBDM)? 

-  or new field producing MOND but behaving as DM (DDM?) 

Angus, Famaey & Buote (2008) 
 



Conclusion 

  

 Independently from the theoretical framework, the MOND formula is 
an extremely efficient way of predicting the gravitational field in 
galaxies 
  

 

 Any galaxy formation theory should be able to ultimately reproduce 
the MOND formula as an observed relation for galaxies!   

 


