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4+ Milky Way mass.~ 1012h-TMg,,
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e What is Local Group?

+MW-M31 separation: ~/85kpc

. from the Tip of the Red Giant Branch (TRGB)
* M|H(y Way Mass., ~ 1 012h'1 Msun e,g, McConnachie+05

e.g. Wang+20
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e What can we learn from the Local Group

Many things that are only observable in our Local Group

Stellar streams Proper motion

Dwart galaxies



New universe crisis from our Local Group

Satellite Plane Satellite Lopsidedness
Kroupa+2005, Pawlowski+2012, Pawlowski & Kroupa 2013, McConnachie & Irwin 2006, Conn+2012, Savino+2022,
Pawlowski+2015, Libeskind+2015, Pawlowski 2021, etc. Kanehisa+2025, etc.

Milky Way

Simulated
- > systems




New universe crisis from our Local Group

Satellite Plane Satellite Lopsidedness
Kroupa+2005, Pawlowski+2012, Pawlowski & Kroupa 2013, McConnachie & Irwin 2006, Conn+2012, Savino+2022,
Pawlowski+2015, Libeskind+2015, Pawlowski 2021, etc. Kanehisa+2025, etc.

Milky Way

Simulated
- > systems

These peculiar properties of our Local Group made it either

® a challenge to LCDM cosmology and our galaxy formation paradigm
® or just an unfortunate outlier



e Our Local Group shaped by the large-scale cosmic web

There are tons of evidence that

small-scale structures are related to Large-scale Cosmic Web.
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There are tons of evidence that

SraH-Scate-stracturesare related to Large-scale Cosmic Web.
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e Our Local Group shaped by the large-scale cosmic web

There are tons of evidence that

SPAaH-SCate-Struetures are related to Large-scale Cosmic Web.

halo spin
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e Our Local Group shaped by the large-scale cosmic web

There are tons of evidence that

~SFRaH-scate-struetures are related to Large-scale Cosmic Web.

Local Group Analogue?

“* SextansB
- SextansA , , S —

+Leo A
* NGC 3190
= Antila Dwarf
Leo] * - Canes Dwarf
- Leoll
Ursa Major | -
Sextans Dwarf - Ursa Major Il
Bodtes Dwarf « __——Ursa Minor Dwarf
. . — Draco Dwarf Bic 10

Large Magellanic Cloud 9 ’

Small Magellanic Cloud N )

Sagittarius Dwarf
Carina Dwarf »

NGC 185 =

- Sculptor Dwarf = NGC 147

- Fornax Dwarf

M8 '. Andromeda Galaxy (M31)

= Andromeda |
*M32
- NGC 6822 . \
Triangylﬁumigalaxy (M33) & \Andromeda Il

Andromeda lll

- Phoenix Dwarf , ~— .+ Pisces Dwarf

IC1613+  ~ ——Aquarius Dwarf
~SagDIG
* Pegasus Dwarf

Cetus Dwarf -
= Tucana Dwarf

- WLM



e Our Local Group shaped by the large-scale cosmic web
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Our peculiar Local Group caused by peculiar Large-scale environment?



e Our Local Group shaped by the large-scale cosmic web
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Yes! We are living in a peculiar large-scale environment.
(see Libeskind+2015)

peculiar Large-scale environment
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e two 1072Mgyn/h halos
* separated by ~500kpc/h
* in a relatively isolated environment
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¢ Quantifying Local Group Analogue/and Cosmic Web

e two 1072Mgyn/h halos
* separated by ~500kpc/h
* in a relatively isolated environment

Local Group Analogues property: Cosmic web properties:
® Gravitational coupling energy ® overdensity
1 mm, _, Gmm, ® anisotropy
Ecoupling = Ve —

2 my+my D with halos above 10116 Meo/h as tracers



e Correlations between Local Group Analogue and Cosmic Web
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Correlations between Local Group Analogue and Cosmic Web
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Correlations between Local Group Analogue and Cosmic Web
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e Correlations between Local Group Analogue and Cosmic Web
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e Correlations between Local Group Analogue and Cosmic Web
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e Correlations between Local Group Analogue and Cosmic Web

dr

al

Andromeda/M31

TN

Milky Way



e Correlations between Local Group Analogue and Cosmic Web

dv,

4

Andromeda/M31

dr

dr

dv,

TN

Milky Way
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e Correlations between Local Group Analogue and Cosmic Web

LSS tracer halo
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e Correlations between Local Group Analogue and Cosmic Web

LSS tracer halo
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e Correlations between Local Group Analogue and Cosmic Web
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e Correlations between Local Group Analogue and Cosmic Web

@ Anisotropic pattern changes with Ecoupling.
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e Correlations between Local Group Analogue and Cosmic Web

dv,
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e Correlations between Local Group Analogue and Cosmic Web

dv,

@ Anisotropic pattern changes with Ecoupling.
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e Correlations between Local Group Analogue and Cosmic

Low Ecoupling ngh Ecoupling
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Low Ecoupling ngh Ecoupling




f) two 10"2Mgn/h halos, separated by ~500kpc/h
Take home: We found Local Group Analogues with ...
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e |Local Group Analogue

Milky Way

o

Local Group Analogue:
® One MW with Mhalo ~ 101220.3 Mo/h
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Local Group Analogue:

® One MW with Mhalo ~ 1012#0-3 Mo/h
® One MW-like-companion within [400, 700] kpc/h




Andromeda/M3 1%,

Local Group Analogue:
® One MW with Mhalo ~ 1012£0.3 M/h
® One MW-like-companion within [400, 700] kpc/h
® No other massive halos within 700 kpc/h
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Local Group Analogue:

® One MW with Mhalo ~ 1012#0.3 Mo/h

® One MW-like-companion within [400, 700] kpc/h
® No other massive halos within 700 kpc/h

® > 5R,;, away from other massive halos




¢ |Local Group Analogue

Local Group Analogue:

® One
® One

MW with Mhalo ~ 1012+0.3 Mo/h
MW-like-companion within [400, 700] kpc/h

® No other massive halos within 700 kpc/h
® > 5R,;, away from other massive halos

ABACUSSUMMIT simulation:
e contains 25 (2Gpc/h)3 boxes
e particle mass of 2 x 10?Mgyn/h




e Correlations between Local Group Analogue and Cosmic Web

® coupling energy:

1 mm
E — _#Vz _
2 Iy -+ o ”dl’”

Gmm,
coupling =

® |arge-scale bias:

BrLa(r) = () ()
traced by halos above 1011-6Mo/h




e Correlations between Local Group Analogue and Cosmic Web

low-density env. > high-density env.

0.10]

® coupling energy:

0.05]

1 mm
E — 12 2
2 Iy -+ o ”dl’”

Gmm,

coupling =

Ecoupling

® |arge-scale bias:

BrLa(r) = () ()
traced by halos above 1011-6Mo/h

® | GAs in higher-density regions have higher Ecoypling.




e Correlations between Local Group Analogue and Cosmic Web

low-density env.

0.10[ ]

> high-density env.

® coupling energy:

1 mm
E — 12 2
2 Iy + o ”dl’”

Gmm,

O
o
S

coupling =

Ecoupling

® |arge-scale bias:

BrLa(r) = () ()
traced by halos above 1011-6Mo/h

® | GAs in higher-density regions have higher Ecoypling.

e Higher-E...i., LGAs live in denser regions
and the large-scale bias differs by ~80%.
—> strong “secondary halo bias” effect

Eoupling Percentile

lOW"Ecoupling > high"Ecoupling




e Correlations between Local Group Analogue and Cosmic Web

LSS tracer halo Polar Amsotropg Azimuthal Amsotropg
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e Anisotropic environment of our Local Group
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