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What we will talk about:

- What cosmology simulation do

- Why cosmology simulation

- How to perform N-body simulation

- About hydrodynamical simulation

- Adding AGN feedback

- Further Work
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Cosmology Simulation

Nelson+ (2019) (IllustrisTNG)

Input Parameters Evolution Output Data
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Cosmology Simulation

Springel+ (2004)

2020

Euclid Flagship

ELUCID

TianNu

N-body simulation:
Millennium
HyperMillennium (@NAOC & @SHAO)
Euclid Flagship
ELUCID (@USTC & @SJTU)
TianNu (@CITA & @NAOC)

HyperMillennium
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Hydrodynamical

Sijacki+ (2015)

IllustrisTNG300-1

2020 2025

Hydrodynamical simulation:
EAGLE
IllustrisTNG
NIHAO
FIRE
ELUCID-hydro
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Why cosmology simulation?

Credit: Annika Peter

Growth history of the Universe
Nature of DARK ENERGY
Nature of DARK MATTER
INFLATION theory
GENERAL RELATIVITY

Simulation Based Inference (SBI) !
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Why cosmology simulation?

Credit: DESI

Precision  Cosmology

Prob the universe: 
BAO (Boxsize > 2Gpc/h)
Weak Lensing
RSD
and etc.
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Why cosmology simulation?

 Credit: (Left fig.) Oliver Philcox
(Right fig.) Ofer Lahav

Theory Computing Observation

Simulation

Emulation
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N-body Simulation

Credit: Atelier (2020)

Linear Full Physics 
(CLASS, CAMB)

N-body Universe

LPT to Displace Particles

N-body simulation

Summary Statistics

Initial Condition Phase Simulation Phase

Analysis
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N-body Simulation — Initial Condition

Credit: Atelier (2020),
Michaux+ (2020)

Lagrangian Perturbation Theory (LPT)
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N-body Simulation — Evolution

Credit: Shuyan’s Note

Leapfrog Method （drift-kick-drift as an example）:
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N-body Simulation — Gravity Solving

Galaxy Formation and Evolution, App.C
Springel+ (2020) (GADGET-4)

PP (particle-particle)

Tree

PM (particle-mesh)

FMM, PP-PM (P3M), Tree-PM, FMM-PM……
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N-body Simulation — Post-processing

FOF: Springel+ (2000)
Merge Tree: Millennium Merger Trees 

Substructure Find Method:
Friend of Friend (FOF)
ROCKSTAR

Merge Tree
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N-body Simulation

Credit: IllustrisTNG300-1

To fully access a simulation, you should know:
- Simulation Details (parameters and configs)
- Snapshot
- Initial Conditions
- Merge Trees
- (optional) Supplementary Data Catalogs
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N-body Simulation

Yu+ (2026, in preparation)

Analysis:
- Correlation function 

(assembly bias)
- Power spectrum
- Dark matter 

(halo/subhalo)
- Cosmic web
- ……
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Hydrodynamical Simulation

Key processes happen below the resolution of Cosmology simulation

Add gas dynamics and baryonic physics

Subgrid models for unresolved process

Consider:
Gravity, Hydrodynamics, Cooling and 
Heating, Star Formation, AGN feedback*…
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Hydrodynamical Simulation

Gravity

Hydrodynamics

Cooling and Heating
Star Formation
AGN Feedback*
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Numerical Methods
a) Smoothed Particle Hydrodynamics (SPH)

b) Adaptive Mesh Refinement (AMR) 

c) Moving Mesh (IllustrisTNG)

Bagheri et al. 2024            Tumblin et al. 2015                                Springel 2010   
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AGN Feedback

Peterson & Fabian 2006

Cooling Flow Problem:

X-ray observation     Short cooling time

           Cooling flow 

Observed: No cooling gas (missing line)

Need heating! AGN feedback

Radio/ Jet  and Radiative/ Quasar Mode
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Two Modes of AGN Feedback

Radio/ Jet Mode Radiative/ Quasar Mode
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Add AGN Feedback in Simulations

Lulu Zhang et al. 2025

Basic procedure:

1. Seed black holes in massive halos

2. Grow BHs by gas accretion and mergers

3. Estimate accretion rate

4. Convert accreted mass into 

    feedback energy

5. Inject energy into gas:

  thermal heating / kinetic winds
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Example: IllustrisTNG

Springel et al. 2017

AREPO moving-mesh MHD simulation

Updated galaxy formation model

New low-accretion radio AGN feedback

TNG300: 302.6 Mpc, 2×2500³

TNG100: 110.7 Mpc, 2×1820³

Full-physics + DM-only counterparts
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Further Work 

Reconstruction of…

- Density field (scalar)
- Velocity field (vector)
- Tidal field (tensor)

Credit: NASA, ELUCID, Planck 25



Further Work

SBI
Simulation Based Inference:
Field level?
Effective Field Theory of Large-scale 
Structure (EFT of LSS) ?

Initial Conditions: 
Quijote
and etc.

Clustering Dark Energy: 
Linda+ (2026)
GINKAKU (2026)

Neutrinos: 
TianNu (2023)
GINKAKU (2026)

Weak Lensing: 
Stefan+ (2019)
Ulagam (2023)

Alternative DM Model:
AIDA-TNG (2025)

……
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Thanks For Your Listening!


