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Kavli Institute for AstronomyKavli Institute for Astronomy
  and Astrophysics, Peking Univ.. and Astrophysics, Peking Univ.. 

Total 25 faculty; 1/3 are non-Chinese

Regular Openings:

Postdoc
Faculty
Visitors
(see AAS Job Reg,
search KIAA)



NAOC/NAOC/
CASCAS

Top: NAOC Headquarter Beijing
Bottom: LAMOST Site

Silk Road Project =
Computational Science Project...



Pakistan: Fazeel Khan
Kazakhstan: Chingis Omarov, Mukhagaly Kalambay
Germany: Andreas Just, Taras Panamarev, Bekdaulet Shukirgaliev
Ukraine: Margaryta Sobolenko, Alexander Veles



MNRAS 2010

MNRAS 2011

MNRAS 2010

J. Downing
VESF Fellow
Heidelberg



Downing 
et al. 2011
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Tidal Disruption 
Merging Galaxies
Li et al. subm. MNRAS

Tidal Disruption 
Recoiling Black Hole
Li, Liu, Berczik, Chen, 
Spurzem ApJ 2012

Tidal Disruption 
Rotating Galaxies
Zhong, Berczik, Spurzem,
ApJ 2014 (Paper I)
ApJ 2015 (Paper II)



 

Stardisk Project – Beijing – Almaty – Kiev - Heidelberg

Just, ... Berczik, Spurzem, et a, 2012, ApJ (Paper I)
Kennedy, Meiron et al. 2016 MNRAS  (Paper II)
Shukirgaliev et al. 2016 in prep. (Paper III)

The presence of a gaseous accretion disk near an SMBH enhances the mass 
growth rate of SMBH and forms a compact stellar disk. 

With disk

Without disk
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Cohn (1980): Direct Fokker-Planck model

                      Core Collapse

                      Gravothermal Catastrophe

Bettwieser & Sugimoto 1984:

Gravothermal Oscillations by

   energy generation from binaries

   (cf. nuclear stellar energy generation), later also Heggie, Hut, Goodman...

                                                                 earlier: Henon

Binary Heating was detected before 2000...Binary Heating was detected before 2000...



    Mass Segregation 
N-Body

Khalisi, Amaro-Seoane, 
Spurzem, MNRAS, 2007

Black Hole Subsystems
Due to mass segregation:

Phinney + Sigurdsson 91
Kulkarni, Hut, McMillan 93
Sigurdsson, Hernquist 93
Portegies Zw., McMillan 2000

Spitzer 1967 mass seg. Inst.



Methods for studying the evolution of globular clusters 
 (adopted from D.C.Heggie)

Kim, Lee & Spurzem (2004)
Fiestas & Spurzem (2006)

Title Picture
IAU 208

Henon, Giersz, Freitag   Henon, Giersz, Freitag   
                            Joshi, Rasio…Joshi, Rasio…
Spitzer, Shapiro, MarchantSpitzer, Shapiro, Marchant

Cohn (1980)Cohn (1980)

Amaro-Seoane et al. (2004)Amaro-Seoane et al. (2004)

Hybrid models (Giersz & Spurzem 2000, 2003)
                           



“Moore's” Law for Direct N-Body

by D.C. Heggie Via added new cits. Sippel

Vector Computers

GRAPE

GRAPE/
GPU Clusters



Wang, Spurzem, Aarseth, Naab et al. 
                           MNRAS, 2015
Wang, Spurzem, Aarsteh Naab, et al. 
                           MNRAS 2016

One million stars direct simulation,

biggest and most realistic direct N-Body 
simulation of globular star clusters. 
With stellar mass function, single and binary 
stellar evolution, regularization of close 
encounters, tidal field (NBODY6++GPU).
(NAOC/Silk Road/MPA collaboration).

DRAGON
Simulation

http://silkroad.bao.ac.cn/dragon/



天龙星团模拟：百万数量级恒星、黑洞和引力波

Dragon Star Cluster 
Simulations: Millions of 
Stars; black holes and 
gravitational waves

● First realistic globular star cluster 
model with million stars (Wang, 
Spurzem, Aarseth, …, Berczik, 
Kouwenhoven, … MNRAS 2015, 
2016)

● Synthetic CMD (right side) with 
zero photometric errors, different 
ages shown 

● Black hole binary mergers occur as 
observed by LIGO. Our grav. 
waveforms computed from 
simulation (right side). (Only 
inspiral plotted not ringdown.)

● GPU accelerated supercomputers 
laohu in NAOC and hydra of Max-
Planck (MPCDF) in Germany 
needed! 

http://www.mpa-garching.mpg.de/328833/hl201603

http://www.mpa-garching.mpg.de/328833/hl201603


 



 
Original Slide by 
Taras Panamarev

Or KTG 1993

(XX)

(XX)

(XX) Only in case of central SMBH

● SSE/BSE: Mass Loss, Common Envelope?

DRAGON Simulations



 

Initial – Final Mass Relation in simulations for neutr. stars/black holes

Hurley, Pols, Tout et al. 2000, 2002; Belczynski et al. 2007



Are there 
gravothermal oscillations?

N-Body – Monte Carlo Comparison I
Rodriguez, Morscher, Wang, Chatterjee, Wang, Rasio, Spurzem, 2016



N-Body – Monte Carlo Comparison II
Wang, Askar, Giersz, Spurzem, 2016, in prep.



 



Example Detections in one of the Dragon models....
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Post-Newtonian DynamicsPost-Newtonian Dynamics

Brem, Amaro-Seoane,
Spurzem, 
MNRAS 2013

Include
Spin-Orbit
Spin-Spin
PN3, PN3.5
Spin Dynamics

By Patrick Brem
(Diploma Thesis
Univ. Heidelberg)

1PN
2PN + 1.5PN SO
3PN + 2.5PN SO
2.5PN + 2PN SS
3.5PN PN dynamics from Blanchet, Spins Faye et al. 2006



Rezzolla 
Final Spin
Formula

Brem,
Amaro-SeoaneS,
Spurzem,
MNRAS 2013



Post-Post-
Newtonian Newtonian 
DynamicsDynamics

Gravitational Gravitational 
Wave Wave 

TemplatesTemplates

Handle spin-orbit and 
spin-spin coupling
 (P.Brem, R. Spurzem, 
Univ. Heidelberg) 



Brem, Amaro-Seoane, 
Spurzem, MNRAS, 2013



GW Detection Frequency Time Diagram
Top: Our simulation (Wang et al. 2016, Berczik et al. In prep.)
Down: Abott et al. 2016 LIGO measurement



 

Chinese Space Mission Case Study ALIA
Gong, Lau, …
Amaro-Seoane,
…
Spurzem et al.
2015



Sesana 2016

Taiji
Hand
Drawn
Estimate

“Our”
DRAGON
Black Hole
Binary



Fazeel Mahmood Khan  ARI Heidelberg

(Khan et al. 2012, 2013, 2016) Full Model from Merger
To
SMBH coalescence
6 orders in separation!

GW Emission from
Pulsar Timing to 
LISA band modelled

Pulsar Timing

LISA band

Pulsar Timing

LISA band

1 / SMBH Bin. Separation

SMBH Bin. Eccentricity
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64 Kepler K20

Request:
New Supercomputer

Laohu: 2009/2013 
(Kepler GPU)
100 Tflop/s 150k cores

Need:
~100 Pascal GPU
1.5 Pflop/s 300k cores

Compare:
AEI Hannover B. Allen

MPG Garching Hydra



 

Nr. 1,2 Supercomputer from China: 96/33 Pflop/s Linpack
Wuxi/Guangzhou/Tianjin National Supercomputing Center
Taihu 10 mill. cores

32000 Intel Xeon 12 core, 
48000 Intel Phi Accelerators 57 Core

Test of Taihu planned;
But:
Local cluster with new
GPUs at NAOC gives
much more resources.
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Summary
Astrophysical High Precision N-Body – Star Clusters 
         DRAGON simulations of low-density star cluster
         Need more Dragon simulations to study physics of 
              rotation, binaries, high density, nuclear star clusters
(Wang et al. 2015a, ApJ, 2015b, Cai et al. 2015, ApJS, Pang et al. 2015 
RAA, Huang et al. 2015, RAA)
Black Holes in Galactic Nuclei
         No stalling problem – robust result with rotation
         STARDISK project – disk, stars and black hole...
         Enhanced tidal disruption rates due to:
          galaxy mergers / black hole kicks / rotation
(Zhong et al. 2014, 2015, ApJ. Li et al. 2012 ApJ, 2015 subm. ApJ
Khan et al. 2012, 2014 ApJ, Sobolenko et al. 2015 ApJ subm.)
Further Astrophysical Science Drivers:
         Gravitational Waves in Pulsar Timing/eLISA/LIGO 
         more work on spins needed
         Coordinated update of SSE/BSE needed...
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