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According to the CDM, there are ~10^4 subhalos in the 
Milky Way with masses bigger than 10^7 Msun

 

Lowell et al. 2014
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The visible mass in galaxies and galaxy clusters is not 
sufficient to account for their dynamics, when analysed 
using Newton's laws.
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In MOND, violation of Newton's laws occurs at extremely small 
accelerations.

To solve this discrepancy, Milgrom (1983) suggested that the 
gravitational force experienced by a star in the outer regions of a 
galaxy came to vary inversely with radius (as opposed to the inverse 
square of the radius, as in Newton's law of gravity). 
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NGC2419 is a massive globular cluster in the outer 
halo of the Milky Way (d~87 kpc)
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NGC2419 is a one of the GCs with the largest predicted 
velocity dispersion profile by Newtonian and MOND models.  

Sollima & Nipoti (2009)

 A. P. Milone                                    Stellar Populations                          University of Padova, 2019  



Modified Newtonian Dynamics (MOND)Modified Newtonian Dynamics (MOND)

Sollima & Nipoti (2009)
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The kinematics of NGC2419 might be hard to 
explain in MOND  

Sollima & Nipoti (2009)
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The Sagittarius (Sgr) dwarf spheroidal (dSph) galaxy 
is merging with the Milky Way with tidal arms 
encircling the Galaxy   

 A. P. Milone                                    Stellar Populations                          University of Padova, 2019  



  



  



  



Siegel et al. (2007)
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Milone (2015)



M54 + Sgr field is 
dominated by the 
old metal-poor 
populations of Sgr 
and the globular 
cluster. 

Young and 
intermediate-age 
populations are 
also present.

Siegel et al. (2007)
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Siegel et al. (2007)

Is M54 the nucleus around which later star formation occurred (e.g. 

Layden & Sarajedini 2000)?   

The age-metallicity relation is consistent with a closed-box model and 
multiple (4–5) star formation bursts over the entire life of the satellite, 
including the time since Sgr began disrupting.



The Sgr dSph would appear as a nucleated dwarf 
independently from the presence of M54 in its center    

Monaco et al. (2005)

M54 would form separately from Sgr and was pulled into the dSph 
center through dynamical friction

The Sagittarius dwarf galaxyThe Sagittarius dwarf galaxy



Anomalous GCs: a new class of stellar systemsAnomalous GCs: a new class of stellar systems
M54 (NGC6715)



Type I 
‘normal GCs’

~82% 

Type II 
‘anomalous GCs’

 ~18%

Publicly available maps:  http://progetti.dfa.unipd.it/GALFOR/ 
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Publicly available maps:  http://progetti.dfa.unipd.it/GALFOR/ 
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M54

M54 metal poor 

M54 metal 
intermediate

Milone et al. 2017, MNRAS, 464, 3636

Omega Centauri and M54, which is located in the nucleus 
of the Sagittarius dSph, are both Type II GCs.  

Sgr dSph



Publicly available maps:  http://progetti.dfa.unipd.it/GALFOR/ 
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Metal poor

M2
Metal 

intermediate

Metal rich
Milone et al. 2017, MNRAS, 464, 3636

Are all type II GCs dwarf-galaxy remnants? 



  

Are anomalous GCs the remnants of dwarf galaxies  
 destroyed by tidal interaction with the Milky Way?

What is their contribution to the missing-satellite problem 
of the lambda-CMD scenario?  

   A. P. Milone                                     Sydney                                       February 10th, 2017    31/55 
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M54 (NGC6715) is the nucleus of the Sagittarius dwarf galaxy. 
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Publicly available maps:  http://progetti.dfa.unipd.it/GALFOR/ 
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Olszewski et al. 2009, AJ, 138, 1570

The halo of NGC1851

NGC 1851 is surrounded by  a 
halo that is visible from the tidal 
radius of 700 arcsec  (41 pc) to 
more than 4500 arcsec (>250 
pc). 

It contains approximately 0.1% of 
the dynamical mass of NGC 
1851.



The halo of NGC1851: a spectroscopic perspective

The distribution in RVs confirms the presence of a halo of stars 
dynamically linked to NGC1851 (Sollima et al. 2012).

Marino et al. 2014, MNRAS, 442, 3044



The halo of NGC1851: a spectroscopic perspective

The distribution in [Fe/H] in the halo spans a range similar to that 
observed in the cluster.

fSGB
bSGB

Marino et al. 2014, MNRAS, 442, 3044
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Marino et al. 2014, MNRAS, 442, 3044

SrII SrII BaII



The halo of NGC1851: a spectroscopic perspective

Marino et al. 2014, MNRAS, 442, 3044

SrII SrII BaII

Evidence for a halo of stars 

around NGC1851 populated 

mostly by s-poor stars



The halo of NGC1851: scenarios

 Evaporation of stars?
      
     NGC1851 is loosing into the field preferentially s-poor
     stars. 

 Dwarf galaxy relict?
     NGC1851 is the nucleus of a dwarf galaxy disrupted 

 by tidal interactions with the MW, and the halo 
       represents the relic of the dwarf where the cluster   
       was embedded (Bekki & Yong 2012).

Marino et al. 2014, MNRAS, 442, 3044


