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Background

The cosmic web originates from the gravitational amplification of the 
small Gaussian density fluctuations present within the primordial plasma.

Four components:
1. High-density nodes - inhabited primarily by galaxy clusters, 

groups and extremely massive galaxies;
2. Filament;
3. Walls- flattened walls spanning the nearly empty space between 

the filaments;
4. Voids
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Background

1. This anisotropic gravitational collapse driving the emergence of 
the cosmic web is also responsible for the hierarchical assembly 
of dark matter halos on smaller scales;
2. Baryons accumulate deep within the potential wells of DM halos;

The properties of galaxies are sensitive to their host halos and 
environments.



Attempts to connect DM halo properties with the cosmic web

Gao et al. 2005; Wang et al. 2007,   

1) Most massive DM halos are found only in the highest density cosmic web environments;

2) Their abundance, concentrations, and assembly histories are similarly correlated with environmental density.

Aragón-Calvo et al. 2007b; Hahn et al. 2007a,b; Libeskind et al. 2012; Forero-Romero et al. 2014; Ganeshaiah Veena et al. 2018, 2019, 

2021

Halo spins and shape align with the principal axes of the filaments, or aligned towards the centers of the nearest void.

Aragon Calvo et al. 2019; Malavasi et al. 2022, Xu et al. 2020

Hydrodynamic simulations show that galaxy properties such as star formation rates and angular momentum exhibit a similar dependence on the 

large-scale environment.

Wang et al. 2017, Zhang et al. 2021, Dressler 1980, Miraghaei 2020

Observational studies of galaxies have also shown that their mass and luminosity, formation times, morphological properties, as well as the

activity of the active galactic nucleus, are influenced by the nature of their environment. 



Motivation
The abundance and the internal properties of subhalos;

Previous:   previous studies have examined how these properties depend on 

their host.

This work: expands these analyses to consider the influence of the cosmic web 

environments surrounding their hosts.

Goal:         is to address this gap in understanding and, using gravity-only 

numerical simulations, to connect the present-day properties of subhalo

populations with the cosmic web environments of their hosts.



Methodology

利用引力势的 Hessian 矩 阵来描述暗晕周围大尺度环境
这里潮汐场 𝑇"#由引力势的 Hessian 矩阵给出：

𝑇"# = 𝜕"#𝜙
因此靠近语句引力势极值附近的运动可以完全由潮汐场的本征值核本征方向
确定: 𝜆( > 𝜆* > 𝜆+
空洞： 均为负；

Wall:       𝜆( > 0, 𝜆*,+ < 0；
Filament: 𝜆( > 𝜆* > 0, 𝜆+ < 0；
Node:      𝜆( > 𝜆* > 𝜆+ > 0



Methodology-Cosmic web segmentation

1. First, we smooth the DM density field, with a Gaussian filter and adopt several smoothing 
scales, R0, resulting in a smoothed field, 𝑓23(𝑥⃗).

2. Second, for each filtering scale the Hessian matrix is calculated via:

3. Hessian eigenvalue for different environments



4. Repeat step1-3 for each smoothing scale, and the 
resulting environmental signatures are combined into one 
parameter-free, multi-scale signature, 𝑆 𝑥 = max	[𝑆>3(𝑥)]
5. Assign cosmic web environments:

Clusters: The regions satisfying all of the following criteria are 
classified as clusters: 

Cautun,2013

The shape strength

Cluster 
environment



Filaments/Wall: 
𝑀A(𝑠A)： the mass in filaments with a signature value larger or equal to 𝑆A.

Cautun,2013



Simulations
the COpernicus complexio LOw Resolution (COLOR) simulation

DM halos: FoF with  b=0.2 , use	𝑀*CC as the host halo mass

Np 𝒎𝒑 L Cosmology

1620+ 6.19×10L𝑀⊙/ℎ 70.4𝑀𝑝𝑐/ℎ WMAP-7

Halos in Filament/wall/void

In this analysis, we ignore the ‘node’ environment and focus only on 
the host halo samples in filaments, walls, and voids. Because they 
facilitate the creation of samples of unperturbed host halos in each 
environment





The dependence of subhalo population properties on the cosmic web



the fraction of the total mass of halos contained in subhalos



summary

In this paper, we have analyzed 
the impact of the cosmic web 
environment on the subhalo
populations of host halos at 𝑧 = 0. 


