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Is dark «matter» inevitably matter?

n

… describes a « dark matter-like » fluid that naturally arises for instance in relativistic 
MOND theories of modified gravity, but what does one mean by « matter » ?
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Ilić et al. 2021



Abedin et al. 2025



Back to galaxies : the « NO DM » hypothesis
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Back to galaxies : the « NO DM » hypothesis

Assume fixed factor between the total mass and the baryonic one at fixed baryonic mass Mb, 
then within a given R, expect V4 ∼ Mb

2/R2 ∼ Mb Σb where Σb is the surface density
In MOND, what is predicted is V4 ∼ Mb , with no dependence on size or Σb



Ghari, Famaey, et al. 
(2019)



Diversity of rotation curves

Ghari et al. (2019)



too many cores

Too many cusps

NOT explained within cold dark matter simulations



(2009)



MOND

Famaey & McGaugh (2012)
Rotationally supported galaxies are all “MONDian” 
also valid for rotationally supported “UDGs”



Weak lensing

Mistele et al. (2024)



Relativistic MOND

ÞAdd a k-essence-like scalar + a vector field for lensing (goes back to 
TeVeS, Bekenstein 2004, now generalized), but can be recasted as a pure 
« khronon » scalar-tensor theory as in Blanchet & Skordis (2024)

MOND action:

Bonus: GW and light speeds are equal



Relativistic MOND

Perturbations:

=> mimicks LCDM to linear order, but pressure contrast (Generalized DM !!)

Static weak field limit:
=> Almost MOND but oscillations of the potential at large radii (problem ?)



Conclusions on MOND

MOND is rather successful at predicting the dynamics
of galaxies, especially rotationally-supported ones: the
question is why does it make successful predictions?

Main problems with the modified gravity approach:

- CMB ok, but at the price of oscillations around
galaxies?

- Clusters! MOND does not work (without unseen
baryons). But see what happens with relativistic
MOND? Bullet cluster always complicated to get…

Note: in MOND, missing mass 
follows almost exactly the ICM at 
100-300 kpc from the center

=> Missing baryons ?

Famaey 2026
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- CMB ok, but at the price of oscillations around
galaxies?

- Clusters! MOND does not work (without unseen
baryons). But see what happens with relativistic
MOND? Bullet cluster always complicated to get…

- Modified gravity MOND fails in Milky Way disk

=> The « phantom »
density needs to be
rounder (no dark disk)

Famaey 2026

+ question of dynamical friction in the MW : 
can the bar slow down in MOND ?



Conclusions on MOND

MOND is rather successful at predicting the dynamics
of galaxies, especially rotationally-supported ones: the
question is why does it make successful predictions?

Main problems with the modified gravity approach:

- CMB ok, but at the price of oscillations around
galaxies?

- Clusters! MOND does not work (without unseen
baryons). But see what happens with relativistic
MOND? Bullet cluster always complicated to get…

- Modified gravity MOND fails in Milky Way disk

- Also fails in the Solar System (quadrupole well
constrained at Saturn by Cassini, needs screening,
that should also screen any effect in wide binaries)

Park et al. 2026    =>13 years of Cassini data:



Generalizations with more dimensioned constants


