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- Fiducial NFW
Cored NFW

The effect can be
orders of magnitude in @8
signal expectation. §
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Gala Products (DR3)

AL 5 billion proper: motlons.,_'
A 1.5 billion parallaxes.,

- A 33 million I|ne of S|ght
veIocntles 5

Velocities

LinaNecib, MIT . * Gaia collaboration et al. (2016, 2018, 2021, 2C
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Although Gaia Is extremely powerful,
calculating distances via parallax is stil

challenging, especially at large distanc

Lina Necib, MIT

GAIA'S GOLD

Gaia has measured with high precision the positions, distances and motions
of more than 1 billion stars in the Milky Way. It covers about one-quarter of
the disc of our Galaxy; its predecessor mission, Hipparcos, mapped about
100,000 stars in a much smaller region around our Sun.

Gaia will eventually
measure proper
motions accurate up to
1 kilometre per second
for stars up to 20,000

arsecs awa AT
P y Gaia’s limit for

measuring distances
with an accuracy of 10%
is 10,000 parsecs

-----

Sun
.
i— Hipparcos could
measure stellar
distances with an
accuracy of 10% only
up to 100 parsecs*

enature Nature557, 18 (2018) *1 parsec = 3.26 light years



GAIA'S GOLD

Gaia has measured with high precision the positions, distances and motions
of more than 1 billion stars in the Milky Way. It covers about one-quarter of
the disc of our Galaxy; its predecessor mission, Hipparcos, mapped about
100,000 stars in a much smaller region around our Sun.

' L Gaia will eventually - '_"?‘
measure proper &

motions accurate up to

Although Gaia Is extremely powerful, 4
calculating distances via parallax is stil s 25000
challenging, especially at large distanc

Gaia’s limit for
measuring distances
with an accuracy of 10%
is 10,000 parsecs

L

Use a data driven model to compute &
distances. b—Hoparss ous
| distances with an

accuracy of 10% only
up to 100 parsecs*

Lina NECib, MIT enature  Nature557, 18 (2018) *1 parsec = 3.26 light years
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Systematics
Eilers et al. 2019
Gaia [Stat]

Ou, Eilers, Necib, Frebel(2024
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Systematics
Eilers et al. 2019
Gaia [Stat]

| Data is declining |
here!

Ou, Eilers, Necib, Frebel(2024



LETOS CONSTRUCTATHE Mr#KY wAﬂ
VELOCITY o T S .

Systematics == Baryon + gNFW
All baryon Eilers et al. 2019
-+ DM: NFW §  Gaia [Stat]

| Data is declining |
here!

Ou, Eilers, Necib, Frebel(2024
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Systematics =+ Baryon + gNFW
All baryon Eilers et al. 2019

-+ DM: NFW ¢ Gaia [Stat]

| Data is declining ; £
here! =

p [GeV em™?
-

oNFW .
———. Fiducial NFW :

r [kpc]
Ou, Eilers, Necib, Frebel(2024



LETS PUT THAT CORED PROFILE IN CONTENXT.
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SUCH CORED PROFILE
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IN TENSION WITH OTHER

PROBES OF DARK MATTER IN THE MILKY WAY.
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 LET6S REVIEW THE ASSUMPTI O

.........

Is Gala plckmg some stars over'
. others? ik o
- Is that blasmg the resu1ts ofour. - "
circular velocity measurements? e

‘Lina Necib, MIT.



@
|

Tri Nguyen Xiaowei Ou

LETO0OS REVI EW THE ASSUMPTI

O

Synthetic Gaia Survey (DR3) of a Simulated FIRE Galaxy

Is Gaia picking some stars over

others?
Is that biasing the results of our
circular velocity measurements?

Sanderson et al. (2020) Publicly available at httpsfife.northwestern.edananké

Nguyen, OuPanithanpaisalShipp,Necib, Sanderson, Wetzel (2024)
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10 kpc
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(@
.
] 3

. Xiaowei Ou

10 kpc
. Belokurovet al. (2018) Helml et aI (Nature 2018)_. Sl . : ‘ i | |
Necibet al. (Nature Astronom 2020) T R e R

Nguy. eé Ne@h, et &. (2)624) ) I N N e W LD S We know that the Galaxy is not n equmbnum

Ou, Necib, et &l. @025) . - .+ . - .. 'LinaNecib,MIT." . " “evidenced by the different structures we foun



LET6S GO BACK TO THI S, WHAT kil
SYSTEMATICS? Xiaowei Ou

Systematics = DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto === Baryon + gNF'W

15 20 25 30

R [kpc]

Ou, Eilers Necib, Frebel(2024

Ou, Necib, et al. (2025)



LET6S GO BACK TO THI S, WHAT kil
SYSTEMATICS? Xiaowei Ou

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

15 20 25 30

R [kpc]

Ou, Eilers Necib, Frebel(2024

Ou, Necib, et al. (2025)
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SYSTEMATICS? Xiaowei Ou

Systematics == DM: NFW Eilers et al. 2019
All baryon Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto =+ Baryon 4+ gNFW

p [GeV em™

—— oNFW .
———. Fiducial NFW :
1 1 1 III| L

100 10
r [kpc]
Ou, Necib, et al. (2025) Ou, Eilers, Necib, Frebel(2024
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LET6S GO BACK TO THI s, WHAT Kk
SYSTEMATICS? Xiaowei Ou

Actual Sys. = DM: NFW Eilers et al. 2019
All baryon Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

, t  Literature
-_ 1012__ :
i o
|
= 11

p [GeV em™

—— oNFW .
———. Fiducial NFW :
1 1 1 IIII L

100 10
r [kpc]
Ou, Necib, et al. (2025) Ou, Eilers, Necib, Frebel(2024




WE HAVE A BETTER FIT, THAT IS NOT IN TENSlONl'ﬂ
BUT WE STl LL NEED TO SOLVE DA

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

15 20 25 30

R [kpc]

Ou, Eilers Necib, Frebel(2024

Ou, Necib, et al. (2025)



WE HAVE A BETTER FIT, THAT IS NOT IN TENSIONka
BUT WE STl LL NEED TO SOLVE DA

Actual Sys. ==+ DM: NFW Eilers et al. 2019
All baryon Baryon + Einasto Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

p [GeV em™]

[ =—-—' Fiducial NFW :
——— Cored NFW :

10°

r [kpc]

Ou, Necib, et al. (2025)



WE HAVE A BETTER FIT, THAT IS NOT IN TENSlONl'ﬂ
BUT WE STl LL NEED TO SOLVE DA

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

15 20 25 30
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BUT DUSTEé

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

15 20 ‘ 30
R [kpc]

Ou, Necib, et al. (2025) Ou, Eilers, Necib, Frebel(2024



WHAT | NEED THEN IS SEETHROUGH-DUST GLASSES

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

15 20 25 30

R [kpc]

Ou, Necib, et al. (2025) Ou, Eilers, Necib, Frebel(2024



WE ACTUALLY HAVE SEETHROUGH-DUST GLASS

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon 4+ gNFW

15 20 25 30

R [kpc]

Ou, Necib, et al. (2025) Ou, Eilers, Necib, Frebel(2024



CAN WE SOLVE THIS IN FINITE TIME?

Actual Sys. =+ DM: NFW Eilers et al. 2019
All baryon ——— Baryon + Einasto ¢ Gaia [Stat]
= DM: Einasto ==+ Baryon + gNFW

15 20 25 30

R [kpc]

Ou, Necib, et al. (2025) Ou, Eilers, Necib, Frebel(2024



NEED THE SAME INGREDIENTS, EACH WITH A
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well defined
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published catalogs.
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EARLY WORKS HAVE SHOWN THAT DWARF GALAXIES
MIGHT HAVE CORES

-
o
w

- DDO 154

—
o
[.=]

-
o
=1

Dark Matter Density (Mg/kpc®)
o

0.5 1
Radius (kpc) Radius (kpc)

Oh et al. (2015)
Lina Necib, MIT Spergel& Steinhardt (2000) Tulin & Yu (2017)




EARLY WORKS HAVE SHOWN THAT DWARF GALAXIES
MIGHT HAVE CORES

-
o
w

—
o
[.=]

—5
o
|

—
o)
L&)
o
=
e
s
e
==
=
w
=
@
O
_
(5]
—
1)
=
-
[
l1)
(]

—
o
53]

05 1
Kowalczyk et al. (2013) Radius (kpc)
Ackermann et al. (2015

Bonnivardet al. (2015) Oh et al. (2015)
El-Badryet al. (2017) Lina Necib, MIT Spergek Steinhardt (2000) Tulin & Yu (2017)




ONE NEEDS ABOUT 10,000 STARS TO GET THE PROFILE
CORRECTLY IN THE STANDARD JEANS ANALYSIS
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ONE NEEDS ABOUT 10,000 STARS TO GET THE PROFILE
CORRECTLY IN THE STANDARD JEANS ANALYSIS
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Build a method where we can get the correct inner den:
profile of Dark Matter.

Jeans analysis, the standard method, makes a lot of
assumptions to deal with this problem, and requires a
LOT of statistics to get the answer right.

Use Simulation based inference + Graph Neural Netwo
to train a model that obtains the density profiles of
dwarfs.
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WE USE SIMULATION-BASED INFERENCE TO OBTAIN THE
INNER PROFILE OF THE DARK MATTER FROM THE
KINEMATICS OF THE STARS
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