CRITICAL POINT: ¥ i
How you MODEL the & NG ——>
3D orbit matters! .

thousands of AU

3

This paper shows the
reported anomaly (from
Chae et al. 2026) might

Just be orbital parameter
miscalculation.

THE CHALLENGE OF MOND

/) | ;_—-'1
galaxy 7 the dis |
?\ .
Chae et al.: ¥y ~ 1.6
MODIFIED :
GRAVITY Our reanalysis: y ~ 1.12 THIS 1S THE MOND
OR DARK ACCELERATION SCALE
MATTER? — where things are
ao=12%x10"""ms™= / meant to get weird

A unique (and annoying')
feature of MOND that
we must consider.

By @) €D
We show that including an ¥ ) = .

extra orbital parameter : ,
(semi-major axis) effectively Banik & Zhao 2018 These previous works

ERASES the apparent anomaly! Chae et al. — 2022 W argue FOR modified

| gravity in wide
Newfon stays! binaries. We are

arguing AGAINST it.

Original fit Our fit
NEWTONIAN REIGN - standard (W/O extra (w/ extra
gravity usually works... until para parameter)  parameter, no anomaly)

it doesn't.




AT IS THIS hoost |
“G\Q’EVITY BOOST"2 —> 7 = Geff/GN
e

T =

The same datasets have

~_ yielded DIFFERENT
C_\ ~conclusions...
Chae 2023 ' '

Chae 2024

Hernandez et al. 2024

Chae et al. (2024) : ' _
Chae et al. (2026 \> ...some finding
standard Newton (~ 1),

others finding an
anomaly (~ 1.6)!

O

O

This hints that the
results are very sensitive
to how you do the
statistical math!
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Gaia DR3 We're using HIGH-PRECISION
NRES ~7 radial velocities (RVs) from
MAROON-X a bunch of powerful
:ggg& ground-based telescopes.
SDSS

By looking at how

y
differential nove RVs. RA

By looking at how much " ' 7.
faster one star moves ey
relative to its partner.. StarA y oo

Avg = Vgg = Vra

Now we're ready to put their
analysis to the test with our
improved modeling framework!



Our improved framework models
each each pair as a two-body
Keplerian system.

- on . We fit a single global 7y
GLOBAL —Value, shared across all

Parameters systems simultaneoulsly.
Y (Gravity Boost y = G,n/GN) h T

PER-SYSTEM
Parameters (6))

bt e bpudgairun 1 429g  OBSERVABLES (d)
>NV —— Equation 1

Speed depends on pararrieters (e, .) / P TR :
and the gravity boost -y. This is crucial . i (‘ A Y,

for calculating Av, and compar- G i e

comqring with data. Ntness ‘_ /\Or thoce
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; The Student-t ol 9 ) VC
. i, distribution reduces o :

; T I the impact of rare, We also add ‘jitter’ to model
cal model is shown in Figure 1. outlier data. . additional, unknown sources
he joint posterior is. adshens: of noise or uncertainty.
MODEL 1: BASELINE For 1 MODEL 2: GEOMETRIC
(more detailed) (more simplified)

- o ‘ O 11
s e 2 We're comparing two ways to
relate the observed 2D data
to the underlying 3D orbits.




rs
Okay, this looks crazy, This big box means 'repeat
but let's break it downl = > | These steps steps for

v : ingle bi ir.'
This is our main model ol s’ oat
'recipe’ to find 7.
Everything connects.

1. Parameters (what
we want to infer
for *each system)

2. Intermediate variables
(calculated steps)

3. Probability distribu-
tions (where the math

& modified gravity go!)
4. Observables (what
the telescopes F

actually saw) We use basic geometry Velocities get
(and modified physics) - projected onto

v to rela‘re.'rhese. The the sky, too.
- - o e yellow one is on the sky!
PARAM 3D ORBIT PREDICT COMPARE TO
OBS MEASUREMENT

Bavesian model [

The results of both model variants are summarized
in Table 1 and Figure 2. For the baseline model, our
hierarchical Bayesian analysis vields v = 1.12 with a
68% credible interval of [0.90, 1.38] and a 95% credible
interval of |0.74.1.72]. The Newtonian value v = 1 is 3

| he probabilif

MAIN RESULT: NO GRAVITY BOOST!
The final value v is consistent with 1.
It means Newtonian gravity is
sufficient, no exotic effects needed
for these wide binaries.



OK, let’s look at the actual data:

This line is an extreme

claimed anomaly
(no hint of it here!)—\

L
/ ‘The
Our primary model ,ﬁgjgfa?\,vees
Is centered right on a di{-‘fegrenf
NveOf(‘ifl_"l)Q"aV“Y result
v = boost factor (1 is Newtonian)
A CLASH OF TWO MODELS

Model 1 (Baseline)
/-9 ﬁ;&
<Q < -

Model 2 (Geometric)

r AW
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Sees r on the
sky and infers
orbital elements
(including a)

Takes r directly as
input to geometric
de-projection

You have to model

the semi-major axis! No, Just use the

A

geometric constraint!

It all boils down to whether you
\ think you can just measure r from
the sky without assuming a.

Two models of the same binary system!

Wait, so what's
the difference
between the
two models?

e ¥
This is just log(boost

factor) -- it makes the
plot easier to read

Model 1 assumes orbital separation
a is an independent, random
parameter. So r must fit a.

Model 2 uses observed separation r
directly to geometric de-project.
a is not independent.

The core mathy difference:
how 74,0 IS Calculated!

MODELS
DIVERGE!



Figure 3: This flow chart is a detailed roadmap of
where our two models diverge and how that affects
the final boost factor calculation. 35§

/" The story starts here:

choosing which numbers are
free parameters and which
are intermediate steps.

Baseline path (our Geometric path (like
preference): a is free, so , Chae et al.): a is fixed by a
lirue 1S Calculated from that. geometric assumption, so T, is
i the starting point for r, ..
Newtonian result: | !
Consistent with no significant . S
boost, because the sampler |
explored a wider range of _> (‘ \
physically plausible orbits. | &
igure 3 Both models still do_’rhe Anomalous result:
standard astronomical ‘e 005 motric assumption

coordinate transformation,
~but starting with different i

values changes everything:

limits the allowed orbits to a
very narrow, high-gamma

range.
W t A1t fust be
the sampling algorithm? \ = R %N
- Chae et al. used emcee, ' The paper says it
yvhile we used NUTS. ~is unlikely to be the

primary cause, but it '
is another difference
b to be aware of.

Conclusion of Section 4: The difference in boost factors is primarily driven by the assum-
ption about orbital scales, not the sampling method or other secondary factors.



Is this an anomaly? D
Scale of binary vs.
statistical sensitivity.

N S0, the “anomaly” is really sensitive
to how you define the size of the
© / orbit. A small change there makes
the data look anomalous!

- We've been studying these same
~ binaries for a while! This analysis
uses better tools and more data,
data, confirming our suspicion
JESRRECE st ' “that MOND is unlikely. .
Past studies... but this ... .. LIARP! '
time we have more data! )
P its provide aCSNaIFNSONdIdany ™

other papers find _

a boost factor? / T
| \+ MAIN TAKEAWAY:

The current data for a gravitational
gravittional anomaly in this >{
36-system sample is not robust.

Gaia is AWESOME! Its preciseN_%
measurements of how things Y,
move are essential for testing
gravity models like this. We
need more data to be sure.




Okay, we're done with the math! Now we can see the |
_ full ‘cast of characters’ who made this work possible.

(hae K.-H
Chae K.-11., Lell1 F., D

Wow, so many
names! It really
IS @ massive
collaborative
effort to

push science
forward.

A paper isn't
just about one
set of results,
it's also about

summarizing the
Journey of how

Shout out to all the we got here.
global collaborators!
SCIENCE HAS NO BORDERS.

Ah, Fritz Zwicky... and
here he is. He's a legend!
Known for finding clues to
dark matter way before

anyone else. His name

pops up in everything!

I wonder if I can use
some of these studies
in my own work?



