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Outline

• The Computational Astrophysics community in China
– Galaxy formation and Cosmology 

– Dynamics （galaxy, binary black holes)

– High energy Astrophysics, MHD (Black hole accretion disk, 
Solar Physics)

• Computational Facilities (hardware and software 
development)

• A brief introduction to an international Astronomical 
Journal--RAA (if time is allowed)



The community—Research subjects

Galaxy formation and Cosmology

Black hole accretion physics

Dynamics of  BBH

Solar physics

Galactic dynamics



The community-geographical 
distribution 
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Galaxy formation and Cosmology

3 senior research staffs

1 senior research staff

2 senior research staffs

1 senior research staff



Four major programmes have been carried 
out by the  groups at NAOC

1. The dark matter universe
2. First stars and the formation of galaxies
3. The universe on Gigaparsec scales
4. Dynamics of binary BH in Galactic nuclei
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Goals:
• Characterize the large-scale distribution of dark 
matter
• Establish the formation paths and structure of dark 
matter halos

Often require extremely  large  N-body simulations!

1: the dark matter universe



• A suit of N-body simulations of 9
indiviadul rich clusters  with ultra-
high resolution (108 DM particles)

• One simulation has evolved 1 billion
particles. 

Scientific projects:
• The dark side of rich cluster (Gao et al 

2012a)
• Dark matter annihilation (Gao et al. 

2012b) 
• Intra-cluster light (Cooper et al. 2014)
…….

Pha-1 run

1 billion particles

~105 Substructures

The Phoenix Project

2 Million CPU hours at

Super computer center @CAS

China, UK, Germany collaboration
Gao et al. 2012, a,b



Structure formation and the nature of dark matterUniversity of Durham 

I nstitute for Computational Cosmology 

• cold dark matter • warm dark matter  

Lovell, Eke, Frenk, Gao, Jenkins,  Wang, White, Theuns, 

Boyarski & Ruchayskiy  ‘11 
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I nstitute for Computational Cosmology 
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Boyarski & Ruchayskiy  ‘11 

Cold dark matter Warm dark matter

Lovewell et al. 2009
Wang et et al. 2013
Li et al. 2016a, bA WDM simulation of MW halo with 10^8 particles 



Four major programmes programmes have been carried 
out by the  group at NAOC

1. The dark matter universe
2. First stars and the formation of galaxies
3. The universe on Gigaparsec scales
4. Dynamics of binary BH in Galactic nuclei



Formation of the first stars 

Galaxy formation: disk 

formation, morphology, chemistry, dy

namics, satellites, effect of 

SMBHs,  etc

2:  first stars and galaxy formation



First star
formation
in different 
dark matter
models

Gao &Theuns, 2007a,b

Non-equilibrium chemical hydro dynamical 
Simulation of first stars 



Whether star/galaxy formation can occur in 

WDM filaments at lower redshifts

Are filaments around normal galaxies able to cool and 

condense into stars at lower redshifts?

A simulation of MW type halo assuming WDM with 

hydro-dynamics +

– Cosmological context

– Atomic cooling

– Photo-ionization  

– Turn a gas particle into star once its density is above 0.1cc 

and overdensity >2000 (self -sheilded from UV photons)

Gao,Theuns, Springel, 2014



Observations of a stringy 
appearance of high z galaxies
will rule out CDM

Mpc/h
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Gao, Theuns, Springel, 2015



z = 0   Dark Matter

Kang et al. 2005 (PMO)

Guo et al. 2012 (NAOC)

Semi-analytic modelling
• Find dark matter halos
• Construct halo merger trees
• Apply SA model (gas cooling, star formation, feedback)

Populating pure dark matter simulations  with galaxies



Hot gas

disk formation

Star formation 
and evolution 

Infall 

Galaxy formation

ram-pressure + tidal stripping



Guo et al. 2012

Galaxy 
Luminosity
function



2-Point correlation function



On-going Hyper--Millennium Project

2 Trillion dark matter particles in a 2Gpc/h box, particle resolution 3x10^8 Msun/h

(200 times big the Millennium simulation in size)

Will be running on ½ of the second fastest machine Tianhe-2

Scientific goal:

• Create mock galaxies and Light-cone for on-going galaxy/weak lensing surveys 
–SDSS4, DESI, EUCLID, LSST

Will produce a huge amount of data. A half sky light cone =1.5 PB!

Data analysis will be a big challenge. 

In collaboration with MPA-Durham–Heidelberg (S. White, C.S. Frenk, S. Cole, V. Springel)
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Dynamics of binary black holes

NGC2207/HST

Dynamics of binary black holes: important for gravitational wave detection

Simulations of many body system with general relativity and Newtonian physics

Lead by Prof. R. Spurzem @Naoc
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Activates on G&C from other institutions 



Model:

• Galaxy properties: galaxy redshift survey;

• ISM properties: 21cm emission, millimeter/submillimeter emissions;

• IGM properties: quasar absorption line systems; X-ray observations; 
Sunyaev-Zel’dovich effect.

• N-body simulations  of local 
Universe (40963 particles, 
600Mpc/h)

• High resolution Hydro-
simulations of some 
interesting structures.

• Semi-analytical model of 
galaxy formation 

Observation:

ELUCID - Exploring the Local Universe 

with reConstructed Initial Density field

Carried by the group @SJTU 
in Shanghai
Prof. Y.P. Jing



Hamiltonian Markov Chain Monte Carlo 
Method with Particle Mesh Dynamics is 
applied to reconstruct the initial condition 
from a given non-linear density field. We 
test our method with N-body simulation.



Computational black hole astrophysics 
in SHAO

• Black hole accretion
Global and shearing box; 2D and 3D; HD and MHD; with and without radiative transfer; 
GR and Newtonian

• Jet formation
Shearing box and global; MHD

• AGN feedback
2D and 3D; so far only hydro, no magnetic field

Feng Yuan from SHAO@Shanghai



Galactic dynamics group @SHAO

Disk stability
Bar formation & evolution

Prof. Juntai Shen



Chen +(2002, 2005, 
2006, 2009, 2010, 2011)

Large-Scale Coronal Waves—Nanjing Univ.

Observation

RMHD 

Simulation

Prof. Pengfei Chen

magnetic reconnection



Computational facilities 

Small simulations:  Institutes or Universities (free of charge)

Up to 2000 cores

Medium simulations: Super computer center, CAS (need to pay but it is cheap (0.1 RMB 
per core/cpu hour)

Up to 10,000 cores

Large simulations:  National supercomputer centers (need to pay, 0.1 RMB per core/cpu hour)

Up to 100,000 cores



Source: http://top500.org/list/2016/06/

Plenty of computer resources 
(167 of the Top 500 fastest 
machines are China-based)



Simulation Code developments

N-body  Code
P3M code        Jing et al. 1998 (Shanghai)

Hydra dynamical code:
PM+WENO     Feng et al.  (Guangzhou)

NAOC group members use Gadget (developed by Volker 
Springel @MPA) , because  they graduated from MPA.

A new many-core simulation code is under development at 
NAOC





PM-Tree-PP code: force calculation 
scheme

• PM-Tree-PP code
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Performance Improvements over CPU

36

Tree building Tree walking Overall calculation

Before Opt. 5.7 263.8 271.4

After Opt. 0.6 87.9 90.5
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Performance improvement on 2*Xeon E5-2680 for
227 particles within 215 meshes

9.5x                       3.0x                       3.0x



comparison to Gadget-2

Gadget-2 Ours

We carry out LCDM simulation from redshift 49 to the present, 
with the same initial condition containing 1283 dark matter particles（~3.3e10 solar mass）



POWER SPECTRUM
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Summary

• There is a moderate sized Computational 
Astronomical community in China, especially in 
G&C

• Plenty of Computational resources available in 
China

• There were few collaborations between China and 
BRICS in area, but a strong tier should be built in 
near future 



A brief introduction to RAA

Research in Astronomy & Astrophysics 
(RAA), a monthly astronomy 
journal, published by National 
Astronomical Obs. of CAS & Chinese 
Astronomical Society (2001 - ), and 
distributed by IOP internationally

• Run by a group of astronomers in Asian 
& the Pacific Region

• Refereed & non-profit

• On-line publication in IOP & RAA 
websites, and in ADS: 
www.iop.org/journals/raa www.raa-
journal.org

http://www.iop.org/journals/raa


RAA Sections
 Research Papers

 Original work in all branches of astronomy and astrophysics

 No length limit

• Invited Reviews

 Synthesizing the vast amount of primary research literature and identifying the 
principal contributions in astronomy and astrophysics

 Written by authors who are recognized experts in the field

 By invitation only, however, an interested review author may contact the Editors-in-
Chief for possible invitation

 No length limit
• Letters

 Important new results requiring rapid publication

 Restricted in length to 6 printed pages

 News and views about letters are published online
• Scientific Reminiscences

 Reminiscences written by well-known astronomers

 No length limit



The IF’s Trend from 2009-2015 



 In 2015, RAA received a total of 297 articles. Among these, domestic 

submissions accounted for 189 (64%) and international ones made up 108 

(36%). 

Submissions to RAA



Jingxiu Wang 

(Beijing)

(Editor-in-Chief)

Arnab R. Choudhuri

(Bangalore)

(Co-Executive Editor)

Liang Gao

(Beijing)

(Co-Executive editor)

Wing-Huen Ip

(Chungli)

(Co-Executive Editor)

RAA Editor Board



Scientific Editors (20)

Niayesh Afshordi 

(Waterloo)

Xuelei  Chen 

(Beijing)   

K. S. Cheng 

(Hong Kong)
Mingde Ding

(Nanjing)

P. Edwards 

(Canberra) 

Yu Gao 

(Nanjing)

Hyung Mok Lee

(Seoul) 

Yan Li 

(Kunming) 

Xin-Hao Liao

(Shanghai)

Xiaowei Liu 

(Beijing) 



Jifeng Liu

(Beijing) 

Ken’ichi Nomoto

(Tokyo)
B. Paul 

(Bangalore)

Nikolay N. Samus

(Moscow)
Tinggui Wang

(Hefei) 

Xiaohu Yang

(Shanghai)

Donald G. York

(Chicago) 

Gang Zhao

(Beijing)

Jilin Zhou 

(Nanjing) 

Yong-Tian Zhu

(Nanjing)



Collaboration with BRICS

We are exploring the possibility to jointly run 
RAA with Indian colleagues  and are seeking 
collaborations with other BRICS! 


