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CAS 2016 武汉



Star2000 Conference Heidelberg: Dynamics of Star Clusters 
and the Milky Way, ASP Conference Series, Vol. 228. 
Edited by S. Deiters, B. Fuchs, R. Spurzem, A. Just, and R. Wielen. 
San Francisco: Astronomical Society of the Pacific.
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Erich Bettwieser

Daiiichiro Sugimoto, Jun Makino

Douglas Heggie, Sverre Aarseth

Mirek Giersz, Peter Berczik

Gerhard Hensler, Roland Wielen

Doug Lin, Suijian Xue



1980

 Conductivity  ∝ ρ/v  
 Based on Jeans Length
 Anisotropic generalization
(Louis & Spurzem 1991)



GRAPEGRAPE
Daiichiro Daiichiro 
SugimotoSugimoto
Visiting Visiting 
Gauss Gauss 

ProfessorProfessor
GGööttingenttingen

Historic Observatory; Erich Bettwieser✝ Jun Makino GRAPE-4



Gravothermal Oscillations (“Catastrophe”)
Bettwieser & Sugimoto 1984, later confirmed by Heggie, Cohn, Hut (watch the time step!)

Conductivity tested versus N-body (N=1000)! Bettwieser & Sugimoto 1985
-7/4 cusp in nuclei found: Amaro-Seoane, Freitag, Spurzem (2004)



Gravothermal Oscillations - Attractor in Phase Space
Spurzem 1994, in “Ergodic Concepts in Stellar Dynamics”, Springer
Giersz & Spurzem 1994, Amaro-Seoane, Freitag & Sp. 2004



Erich Bettwieser: 

A ∝ dr(u/r),dr(F/r)
(gaseous model)

Douglas Heggie:
(analytic, kind of

Gaseous model)

Mirek Giersz:
(N-Body, gaseous model,

1D Fokker-Pl.)

Sverre Aarseth:
(N-Body)

 

Jun Makino: 64k with GRAPE, 1996

Gerhard Hensler, Christian Theis: GRAPE-3/HARP-2 to Kiel!



(Spurzem & Aarseth 1996)                                 (Giersz & Spurzem 1994)
                                                                            (now in Binney/Tremaine)

N-Body / N-Body                         N-Body / Gas Model 

→ 
 central supermassive black hole
 Anisotropic heat transport, aniso TOV generalization
 Ultracold plasma and self-interacting dark matter

Star Clusters: Modelling the DynamicsStar Clusters: Modelling the Dynamics
(compare gaseous model with direct N-body integration)(compare gaseous model with direct N-body integration)



Some methods for studying the evolution of globular clusters  (by D.C.Heggie)

Hybrid models (e.g. Giersz & Spurzem 2000, 2003)

Title Picture
IAU 208

Numerical Stellar DynamicsNumerical Stellar Dynamics

(citations are not complete for 2006)



Gerhard Hensler, call to Kiel, 1990-1996 ; Roland Wielen, to Heidelberg, since 1996

Doug Lin, Suijian Xue: Beijing, since 2009

Christian Einsel:
(2D Fokker-Pl.)

Koji Takahashi:
(gaseous model,

1D Fokker-Pl.)

Pau Amaro-Seoane:
(gaseous model)

Could be used for (self) interacting dark matter, cf. Shapiro & Heggie (2022)



Rotating Star ClustersRotating Star Clusters
(compare Fokker-Planck model with direct N-body integration)(compare Fokker-Planck model with direct N-body integration)

Dissolution of Star Cluster in Tidal Field

Three Phases in 

Cluster Dissolution:

1) Core Collapse 

2) Post-Collapse 

3)  final dissolution 

spherical

rotating

Kim, Einsel, Lee, 
Spurzem, Lee, 2002

Kim, Lee, Spurzem, 2004

Fiestas, Spurzem, Kim, 
2006

Kim, Yoon, Lee, Spurzem, 
2008

Hong, Kim, Lee, Spurzem, 
2013

See also models 

with central star-accreting

supermassive black hole 

and 2D loss cone:

Fiestas, Spurzem, 2010

Fiestas, Porth, Berczik, 
Spurzem, 2012



GRAPE and GPU
N-Body



      

Nbody-X HistoryNbody-X History
After Holmberg and von Hoerner:

Sverre Aarseth, Roland Wielen, Seppo Mikkola

Jarrod Hurley, Steve McMillan, Jun Makino

Later see: Keigo Nitadori, Long Wang, Peter Berczik…

and more: Sambaran Banerjee, Albrecht Kamlah, 

Manuel Arca Sedda, ...



11
77

Quaternions....

So we need (among others):
•2-body Regularization (Kustaanheimo & Stiefel 1965)
•3-body Regularization (Aarseth & Zare 1974)
•Hierarchical Subsystems (Chain, Aarseth & Mikkola)
•Our GPU implementation: Keigo (Nitadori & Aarseth 2012)

  Direct N-Body SimulationsDirect N-Body Simulations

18 September 2015: some participants at 
the N-body workshop in Lund

From the left: Seungkyung Oh, Anna 
Sippel, Mark Gieles, Taras Panamarev, 
Keigo Nitadori, Long Wang, Sverre 
Aarseth

Keigo: RIKEN Inst. Japan (→ Fugaku) 



Kupi, G., Amaro-Seoane, P., Spurzem, R.,  Dynamics of compact 
object clusters: a post-Newtonian study,  2006, MNRAS 371, L45 

Berentzen, I., Preto, M., Berczik, P., Merritt, D., Spurzem, 
R.,  Binary Black Hole Merger in Galactic Nuclei: Post-
Newtonian Simulations,  2009,  ApJ 695,  455 

Maybe he 
detects 
gravitational 
waves with this?



Douglas N.C. Lin,

Founding Director of 

KIAA, Peking Univ.

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



2010 Beijing:                                                        2015: 64 Kepler K20

Laohu: 2009/2015 
(Kepler GPU)
100 Tflop/s 150k cores

New GPUs 5-6 times 
faster… (see below)

laohu

New VOLTA

GPU

Peter
Berczik



      

From www.top500.org  - list of fastest 
                    supercomputers in the world...
                    ... last year Nov. 2010:

Top 10 List November 2010

GPUGPU

GPUGPU

GPUGPU

http://www.top500.org/




Supercomputer, Kajaani, Finland

EuroHPC and LUMI consortium:

Finland, Belgium, Czech Republic, Denmark, Estonia, Iceland, Norway, 
Poland, Sweden, and Switzerland.

Using only

Hydroelectric

Power and its

Heat used for heating 
buildings.

No. 3 in top500

No. 7 in green500

2.2 million cores

10.000 AMD GPUs



NBODY6++GPU with up to 16M particles
(Benchmarks on raven at MPCDF)



DRAGON I Simulation
http://silkroad.zah.uni-heidelberg.de/dragon/

https://github.com/nbody6ppgpu

Also in: https://www.punch4nfdi.de/
 

Wang, Spurzem, Aarseth, et al. 2015, 2016 

DRAGON II Simulation
Arca Sedda, Kamlah, Spurzem, et al. 2023, 2024ab        MNRAS, 2015

The Future - DRAGON III 1m – 8m (16m?)
Only few models, 6-12 months

Request for Comments, Feedback, Initial Conditions: Call will go out, or contact

spurzem@ari.uni-heidelberg.de spurzem@nao.cas.cn

 Globular Cluster (GC) Simulations: Init. Density, IMF, Binaries (wide?), Rotation, 
Populations, Tides, GC orbit, specific clusters, … 

 Nuclear Star Cluster (NSC) Simulations: add TDE, EMRI, direct capture, partial 
TDE, partial accretion to SMBH.

http://silkroad.zah.uni-heidelberg.de/dragon/
https://github.com/nbody6ppgpu
https://www.punch4nfdi.de/
mailto:spurzem@ari.uni-heidelberg.de
mailto:spurzem@nao.cas.cn


Silk Road Meeting at Xi’an Jiaotong Liverpool University (XJTLU) Suzhou
November 2023



Instead of Summary:

Ongoing work ...

Silk Road Impressions

International Meeting on Black Holes and Grav. WavesInternational Meeting on Black Holes and Grav. Waves

Heidelberg: Work 
Meeting with team of
Kazakhstan

M. Giersz/R.Spurzem/S.Aarseth

BeijingBeijing
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