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The dynami s of gala ti and extragala ti systems, do not orrespond to the
observed mass-energy as they should if our understanding of gravity is omplete.

The mass dis repan y in spiral galaxies

The mass dis repan y in spiral galaxies, (V /Vb )2 , where V is the observed velo ity and Vb is
the velo ity attributable to visible baryoni matter. The ratio of squared velo ities is equivalent
to the ratio of total-to-baryoni en losed mass for spheri al systems. No dark matter is required
when V = Vb , only when V > Vb .Many hundreds of individual resolved measurements along the
rotation urves of nearly one hundred spiral galaxies are plotted. Famaey& Ma Gaugh (2012)

Messurements of the radial proles of the proje ted velo ity dispersion in GCs.
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Observational studies show that the proje ted velo ity dispersion along the line of sight for stars in
a number of globular lusters in our Galaxy shows
a prole that with in reasing separation to the
luster enter, rst drop along Newtonian expe tations and after a ertain radius, settle to a onstant value whi h varies from luster to luster.
(S arpa & Falomo 2010; S arpa et al. 2007a,b,
2011; Lane et al. 2009, 2010a,b, 2011)

S arpa et al. 2011

MOND (MOdied Newtonian Dynami s)/Modied Gravity (MG)
◮ MOND (Milgrom 1983 a,b y )
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◮ Modied gravity law , Mendoza et al.(2011)
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Gravitational equilibrium models for globular lusters
Hernández X., & Jiménez M.A., 2012, ApJ, 750, 9

We have performed models of GCs as populations of self
gravitating stars in spheri ally symmetri equilibrium ongurations, under a modied Newtonian gravitational for e
law.
.
The equation of hydrostati equilibrium for a polytropi
equation of state P = K ργ is
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Sin e ρ = (4π r 2 )−1 dM (r )/dr , going to lo ally Maxwellian
onditions γ = 1 and K = σ 2 (r ), the pre eding equation
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d σ(r ) + σ(r )2  dM (r ) −1 d 2 M (r ) − 2
dr
dr
dr 2
r
!
1 − xn
= −a0 x
(4)
1 − x n −1
2σ(r )

"

#

where σ(r ) is the isotropi Maxwellian velo ity dispersion
for the population of stars.

Flattened velo ity dispersion proles in globular lusters: Newtonian tides or MG?
Hernandez X., Jimenez M.A., Allen C., 2013, MNRAS, 428, 3196

NGC288

NGC6121

◮ We begin by modelling σobs (R ), in the GCs in our
sample, whi h 
an be a hieved through the fun tion
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◮ We now take the observed data points σobs (R ),

along with the errors asso iated with ea h data
point, to determine obje tively through a maximum
likelihood method the best-tting values for ea h of
the three parameters in equation.
.
◮ Then we ompare
our t with the Lane's fun tion
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Data are from Drukier et al. (1998), S arpa, Mar oni & Gilmozzi (2004), S arpa et al. (2007a,b, 2010,
2011), Lane et al. (2009, 2010a,b, 2011)

Flattened velo ity dispersion proles in globular lusters: Newtonian tides or MG?
Hernandez X., Jimenez M.A., Allen C., 2013, MNRAS, 428, 3196
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◮

Rf , is an adequate empiri al estimate of the radius

beyond whi h the dispersion velo ity prole be omes essentially at
Rf = 1.5Rσ , in terms of equation for σ(R ), whi h
an be seen to be highly onsistent with the observed velo ity dispersion proles, Rf is the radius
su h that σ(Rf ) = 0.1σ1 + σ∞ .
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◮

Ra , is

◮

RT , is the Newtonian tidal radius obtained
Allen et al. (2006) and Allen et al. (2008)
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an empiri al denition of the radius where
the typi al a eleration felt by stars drops below
a0 , where 3 σ(RRa )2 = a0 .
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Testing the Newtonian explanation
In Allen, Moreno & Pi hardo (2006, 2008) performed detailed orbital studies for 54 GCs for whi h absolute
proper motions and line-of-sight velo ities exist. In that study, both a full 3D axisymmetri Newtonian
mass model for the Milky Way and a model in orporating a Gala ti bar were used to ompute pre ise
orbits for a large sample of GCs, whi h in ludes the 16 of our urrent study.

Meridional Gala ti orbits of some lusters. In ea h pair of frames, the orbits with the axisymmetri and
nonaxisymmetri potentials are shown on the left and right, respe tively. The axisymmetri potential
assembles three omponents: a bulge and a attened disk and a massive spheri al halo extending to a
radius of 100 kp .

Testing the Newtonian explanation Rf vs RT

◮ The at velo ity dispersion regime o urs at radii

substantially smaller than the tidal radii, for all of
the GCs in our sample.
◮ Only three of the lusters studied are onsistent
with RT ≈ Rf at 1σ .

◮ A tually, the average values are loser to RT
4Rf , with values higher than 8 appearing.

=

◮ Given the R 3 s aling of Newtonian tidal phenomena, even a small fa tor of less than 2 inwards of the
tidal radii, tides an be safely ignored.
◮ It therefore appears highly unlikely under a Newtonian s heme that Gala ti tides ould be responsible for any appre iable dynami al heating of the
velo ity dispersion of the studied lusters.

Tully-Fisher relation in globular lusters

The relation between the observed asymptoti dispersion velo ity measurements and the total mass of
ea h luster. The line indi ates the best-tting σ ∝ M 1/4 s aling for the data, and is onsistent with the
gala ti s ale TullyFisher relation.

Summary & Con lusion

◮ We have shown that for a sample of sixteen GCs, spheri ally symmetri equilibrium models an
be onstru ted using a modied Newtonian for e law.

◮ We have tested the Newtonian explanation of Gala ti tides as responsible for the observed
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phenomenology, and found it to be in tension with the observations, given the tidal radii (at
perigala ti on) whi h the GCs in our sample present are generally larger than the points where
σ(R ) attens, on average, by fa tors of 4, with values higher than 8 also appearing, making the
explanation under the Newtonian hypothesis suspe t.
◮ Through a areful modelling of the observed velo ity dispersion proles, we orroborate an average
orrelation between the appearan e of a at region in σ(R ) and the rossing of the a0 threshold,
as expe ted under modied gravity s hemes.
◮ By in luding results from areful stellar population modelling of the GCs studied to derive total
mass estimates, we show that the asymptoti values of the measured velo ity dispersion proles,
σ∞ , and total masses for these systems, M, are onsistent with the generi modied gravity
4 ∝ M.
predi tion for a s aling σ∞

◮ An explanation under a MONDian gravity s heme appears probable, given the orrelations we
found for the lusters in our sample, all in the expe ted sense.
Thanks!

