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Illuminating numerical complexity with physical simplicity--

EANAM 10, Jeju, 2025/09/16
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• Encodes small scale cosmological information
• Carrier of  satellite galaxies

Cold Dark Matter Warm Dark Matter

Lovell+2014 Springel+ 2008
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Springel+08

Can we understand these laws? 

-Yes, unbiased accretion

What do we learn from them?

- Origin, dynamics, mass loss, disruption, 
hierarchy, cosmology & dark matter

NFW

Han+ 18

Jiaxin Han | Shanghai Jiao Tong University
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Halo

Halos and diffuse matter are accreted indiscriminatively

Subhalo progenitors fall in 
on similar orbits as matter

Subhalo progenitors fall in 
in proportion to matter

Subhalo spatial 
distribution

Subhalo mass 
distribution

Han et al. 2016

Jiaxin Han | Shanghai Jiao Tong University
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Han et al. 2016

Tidal stripping: 

same final mass map to different 
infall mass at different radius

Jiaxin Han | Shanghai Jiao Tong University
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steeper

shallower

He, Han et al. 2023

Jiaxin Han | Shanghai Jiao Tong University
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He, Han et al. 2023

d𝑁 𝑚,𝑚!"" , 𝑅 = d𝑁 𝑚!"" ×d𝑃 𝑚 𝑚!"" , 𝑅 × )𝜌 𝑅

     Progenitor mass function    mass loss    host density profile

Jiaxin Han | Shanghai Jiao Tong University
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Halo

Halos and diffuse matter are accreted indiscriminately

Subhalo progenitors fall in 
on similar orbits as matter

Subhalo progenitors fall in 
in proportion to matter

Halo merger rate proportional 
to halo growth rate

Jiaxin Han | Shanghai Jiao Tong University
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𝜉 = 𝑚/𝑀

Dong, Zhao, Han+ 2022

Jiaxin Han | Shanghai Jiao Tong University
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Level-𝑛 PMF = 𝑛-th convolution of  Level-1 PMF

Jiang, Han+2025

Hierarchical merger leads to different levels 
of  progenitors (and subhalos)

Level 1

Merger rate only models the PMF of   
level-1 subhalos

Level 3
Level 2
Level 1
Level 0 (host)

Jiaxin Han | Shanghai Jiao Tong University
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Tidal limit ~ 𝑓(𝑟#$%&)

Insufficient resolution leads 
to artificial disruption 

van den Bosch et al. 2018 Errani et al. 2021

Current simulations are suffering from 
significant artificial disruption?
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Disrupted Surviving

High redshift Low redshift

Major merger Minor merger

High level sub Level-1 sub

Rapid host 
growth

Slow host growth

He, Han & Li 2025

• Theoretical studies on artificial disruption pertains only to the surviving condition, 
and they indeed remain resolved!

Jiaxin Han | Shanghai Jiao Tong University
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Disrupted Surviving

High redshift Low redshift

Major merger Minor merger

High level sub Level-1 sub

Rapid host 
growth

Slow host growth

He, Han & Li 2025

• Disrupted subhalos experience extreme mass loss for a physical reason
• Current simulations are safe from artificial disruption

Jiaxin Han | Shanghai Jiao Tong University
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Jiaxin Han | Shanghai Jiao Tong University
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~ 50%~ 55%

~ 45% disruptedJiaxin Han | Shanghai Jiao Tong University
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Tidal limit ~ 𝑓(𝑟#$%&)

Insufficient resolution leads 
to artificial disruption 

van den Bosch et al. 2018Han et al. 2016 Errani et al. 2021

Bound Fraction 
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Lower resolution leads 
to artificial disruption

van den Bosch et al. 2018

Tidal limit ~ 𝑓(𝑟#$%&)

Errani et al. 2021, Stucker et al. 2023
Jiaxin Han | Shanghai Jiao Tong University
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Disrupted Surviving

High redshift Low redshift

Major merger Minor merger

High level sub Level-1 sub

Rapid host 
growth

Slow host growth

He, JH+, 2025

• Previous studies on artificial disruption pertains only to the surviving condition, 
and they indeed remain resolved!

Jiaxin Han | Shanghai Jiao Tong University
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Only 40% of the top 
100 progenitors
originate from direct 
mergers with main 
halos.

Pre-processing is 
important!

≡ 𝒎𝒂𝒄𝒄/𝑴𝒉

Jiaxin Han | Shanghai Jiao Tong University



21 /14

• Higher level progenitors dominate 
at progressively lower mass.

• Majority of high-level ones are first 
accreted in major mergers.

• High-level subhalos are acquired 
more recently.

• ...

Jiaxin Han | Shanghai Jiao Tong University


