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Dark Matter?

Dark Energy
Present-day observations support the Cold
Dark Matter paradigm.

Baryons
However, still no direct/indirect detection. 570
Will there be?
Newtonian ;| observed

Natural to look for alternatives. dcceleraton o a | et

any=u|— |a

0
fundamental

MOND has been successful at describing Acceleaton 4
the internal dynamics of galaxies. a > ag a < ag

(MOdified Newtonian Dynamics) S 2
A= a’  ay



Dark Matter?

NGC 2403 — Rotation

One can fit the data by:

1. adjusting the DM halo
2. adjusting the acc. scale ag
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Acceleration scale?

MOND is successful at describing many galaxies.
However, it could be just a phenomenological theory

and one expects two possibilities:

1. fundamental theory =2 same ao for every galaxy

2. effective theory for DM = case-by-case ag



The Radial Acceleration Relation

In disk galaxies, there is a sharp correlation

between the observed acceleration and the ~°
acceleration inferred from baryonic matter.
Derived from 153 of the 175 SPARC =
galaxies. &
i
The correlation can be described by: £ S|
Ay ar \:g
CLO S . p—oi
: i 6_\/abar/a0 —lL
with ay=1.20x 10713 km/s*.
Sl

Therefore, ag is distributed around a central
value.

Manugh, Lelli, Schombell‘t, PRL 2016
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Fundamental acceleration scale?
Ludlow et al PRL 2017

The RAR could be the result of | S M
o 0 o NoAGN
—9t o 0 @ OnlyAGN

1. complex interplay between dark

matter and baryons: emergent nature

2. modified theory of gravity, which
reduces to MOND at the scale of

galaxies: fundamental nature



Fundamental acceleration scale?
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The basic idea is that in order to understand the nature
of ag one has to:

High redshift: Planck
0.96 —

1. compute the posterior on ag for the SPARC galaxies |~ ™" ™

0.90 —

2. see if the posteriors are compatibles %y

0.78 —
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MAGMA

Mathematica Automatized Galaxy Mass Analysis
github.com/davi-rodrigues/MAGMA

mBayes

Bayesian inference with Mathematica
github.com/valerio-marra/mBayes

Credible intervals on agp


https://github.com/valerio-marra/mBayes
https://github.com/davi-rodrigues/MAGMA
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mBayes

NGC6195

03 04 05 05 07 Bayesian inference with Wolfram Mathematica
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Significance

sl BT

—12.0:

k. =/dao (a0 — 8o 5)* fi(ao), ™ . Al

which is minimized by the
global best fit.

The null hypothesis that a
common acceleration scale
exists is then rejected at:
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For the case above we find:
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—11.5_ .
—12.0f
—12.5f
—13.0{ ,

140!

T

—14.5—

HING

10 region

30 region N
S0 region

- == (GlObal best fit
| | | | | |

10 1:2



Conclusions

Using the very (SPARC) data that showed via the RAR the
existence of a "common" acceleration scale in galaxies, we

showed that this scale is emergent and not fundamental.

Hence, MOND, or any other theory that behaves like it at
galactic scales, is ruled out as a fundamental theory for

galaxies with high significance.






