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Discrepancy

ROTATION CURVES

Baryonic Component (dashed line)
follows a Newtonian decline

Total measured RC becomes flat at
larger radii

The discrepancy at larger radii
suggests the need for more matter
here or a modification to
gravitational laws




Dark Matter Models

The missing mass problem




Cusp

Core

Models of this work

Cuspy Profiles:
Cold Dark Matter (CDM) via the NFW profile — match simulation

predictions

Cored Profiles:

CDM + Baryonic Feedback via the DC14 profile — Modifies the
NFW profile

Warm Dark Matter (WDM) — Smaller particle masses (m, = 1,3 keV)

Fuzzy Dark Maftter (FDM) — Ultralight particles with de Broglie

wavelength at galactic scales (m, = 1072 eV)



MOND Models

Modified inertia




1

mu g g = mgy Standard MOND: u(x) = =
a, G’

« g = MOND gravitational Slmple MOND: M(x) — -

acceleration /1+(%)
r

* gy = Newtonian gravitational

acceleration

* ay = universal constant of MOND ' e
+ External Field Effect - Gravitational

acceleration of external bodies
suppress the outer velocities of @
galaxy's RC

regime

ap = (1.2 +£0.02) x 107 1%ms~2




The Data N RIAVR 4

Spitzer Photometry & Accurate Rotation Curves
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Individual RC Fits — Dark Matter
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Cored Profile
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— DC14 — FDM MOND fixed ag + EFE
— NFW




Individual RC Fits — Dark Matter

Free ~1.8-2

/i’ All other
Models
J+— (NFW ~1.5,
| WDM ~1.9)

Dark Matter |

10-1 100 101 ' 10!

DC14 —:= Standard IF, free a; —-= Simple [F, free ag Standard IF + EFE, free ag

M FW —=—- Standard IF, Gaussian ap ——- Simple IF, Gaussian ag Standard IF + EFE, GGaussian ap
— WDM m = 3 kev — Standard IF, fixed ay —— Simple IF, fixed &g Standard IF + EFE, fixed ay
—— WDM m =1 kev

FDM




Observational Uncertainties

Dark Matter:

Profile shaped by the halo mass and
concentration

These parameters give many possibilities
of total RC fits

The total RC fit is not as dependent on
the baryonic component

Observational uncertainties have little
effect on the overall fits

MOND:

Profile is shaped purely from the baryonic
component alone

The mass-to-light ratio normalises the stellar
and bulge components

The baryonic component is VERY important
for MOND

Observational uncertainties are VERY
iImportant and improve the fits




Extended Rotation
Curves to 1 Mpc




Weak Lensing Data

NFW-+twohalo
" " M L M M 1

10°

Rin Mpc

Weak Lensing data from Mistele et al. (2024)
- WL data show flat RC up to 1 Mpc
- Mistele et al argue that the NFW profile cannot explain this flatness

- We expand on this by fitting all our models and including all of the SPARC data
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1.

Mistele split data into 4 baryonic
mass bins

. We calculate the mean RCs of

SPARC data

. We attach the mean RC of SPARC

galaxies within each bin to
Mistele’s curves

. We fit each model to the

combined RC using three prior
prescriptions
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V [km/s]

logap (Mg) =[9.0,10.5] Mg

1. Free-Free curves of NFW, WDM,
and FDM can reproduce the data

. : just beyond the virial radii
- / T :

2. All DM decline too quickly
regardless of priors

3. Scaling Relation predictions
cannot explain both the HI and
Weak Lensing data
simultaneously

4. MOND can reproduce the whole
curve

R [Mpc]
—-—- Stars —— Mean HI —— Fixed My, fixed cr —— Standard IF + EFE, Y- =0.5
- - Bulge O  Weak Lensing Free M. fixed Cy- — — Standard IF + EFE, Y« = 0.7

----- Gas —— Free My, free cur
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DM cannot explain the flatness

beyond the virial radius
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2. Each DM model gives

100 F}.
indistinguishable fits
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3. MOND can reproduce the full
curve only if a larger mass-to-
light ratio is assumed (dashed
line) - maybe even larger than
0.7!
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Summary...

Dark Matter and MOND cannot be directly compared using Bayesian
Statistics

However, both produce good fits to the individual SPARC RCs
Including the uncertainties in Distance and Inclination exaggerate
degeneracies in DM models

But helps add flexibility to the MOND fits when a, Is fixed

Ditference in DM and MOND fits become clearer at smaller acceleration
scales (larger galactocentric distances)

DM fails to fit the mean RCs out to 1Mpc whilst simultaneously agreeing
with known scaling relations

MOND can reproduce the flathess out to 1 Mpc, but requires a larger

mass-to-light ratio at ~0.7 ¢/, to fit the mean HI data



Thank You

Amy Smith
a.n.smith@soton.ac.uk
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- MOND prediction
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MaNGA, Slow Rotators, V. =V30
SPARC Best-fit

SPARC + MaNGA (V. =2 o) Best-fit
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—— SPARC
—— SPARC + MaNGA (V. =v30)

—— SPARC + MaNGA (V. =V20)
® TNG - Spirals
3¢ TNG - All Galaxies

TNG - Ellipticals




