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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) 
 



     Diversity of RC profiles                          
at given DM mass scale 

Oman, Navarro, Fattahi, Frenk, Sawala, White, et al. (2015) 



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

Famaey & McGaugh (2012) 
 

DIVERSITY of observed profiles at given V 
vs. 

UNIFORMITY of profiles at given  Σb 



MOND paradigm 

Coupling 
 
  

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



MOND paradigm 

 Higher order 
Coupling 
 
  

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

… 

??? 



Challenge 1: Solar System 

Strong constraints on 
modified gravity versions 
of MOND from Cassini 



Challenge 1: Solar System 

Hees, Famaey 
et al. in prep. 



Challenge 2: VVD in disk 
galaxies? 

Angus et al. (2015), see Garry’s talk 



Challenge 3: dwarf galaxies 

McGaugh & Wolf 2010 

= √3 σ  
(< Vc from virial relation) 



Challenge 4: globular clusters 

-   Best radially anisotropic MOND 
model 350 X less likely than best 
Newtonian model without dark 
matter 

-  BUT NGC 2419 part of the Virgo 
stream… on a very eccentric orbit         
=> varying external field! 

-   Are remote GCs generically on 
quite eccentric orbits? (cf Pal 14) 

-  Non-equilibrium and/or EFE, 
needs to boost dispersion in 
dwarfs and lower it in GCs: 
weird! 
 

NGC 2419 (Ibata et al. 2011) 

8 km/s 

2 km/s 
 



Challenge 5: galaxy clusters & 
cosmology 

 => missing mass (very concentrated in the center + collisionless) 
  missing cluster baryonic dark matter (CBDM)? 

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

Angus, Famaey & Buote (2008) 
 

Angus et al. 
(2013) 



Challenge 6: ultra-diffuse 
galaxies in clusters 

Ultra diffuse galaxies found in the Coma cluster  
(van Dokkum et al. 2015, Koda et al. 2015) 
 
To be immune to tidal effects, needs very large dynamical M/L in Newton 
 
Newtonian acceleration at 2Re of the order of  
 
 
Dynamical M/L predicted by MOND without EFE 
 
                                                                  roughly OK 
 
….. BUT EFE KILLS IT !!!!!!! 
 
=> Either NO EFE, or EMOND (see A. Hudson talk), or CBDM inside the 
UDGs and dispersed in cluster when those are destroyed (Milgrom 2015) 


