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BH’s in galaxies (MW - Sgr A*)



BH’s in galaxies (MW - Sgr A*)



BH’s in galaxies (MW - Sgr A*)



John Kormendy and Luis C. Ho, 
Annu. Rev. Astron. Astrophys. 2013. 51:511–653

BH’s in galaxies



Galaxy Collisions ≈ BH’s collisions



Galaxy Collisions ≈ BH’s collisions



https://www.tng-project.org
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Galaxy Collisions ≈ BH’s collisions



Slide from Li Shuo

Galaxy Collisions ≈ BH’s collisions



MAO 3+2 new nodes 4xGF 2080S + 4xGF 3070

4 x GF 2080S, 3072 SP @ 1.81 GHz
4 x GF 3070, 5888 SP @ 1.77 GHz

MAO, Kiev 16 node GPU cluster





JUWELS Booster consists of 936 compute nodes, each equipped with 4 NVIDIA A100 GPUs. 
The GPUs are hosted by AMD EPYC Rome CPUs. The compute nodes are connected with 
HDR-200 InfiniBand in a DragonFly+ topology. 





Hierarchical Individual Block Time Steps

4th order Hermite scheme

Harfst et al, NewA, 12, 357 (2007)

https://github.com/berczik/phi-GPU-mole

Our φGPU N-body code
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Our φGPU N-body code



Our φGPU “hybrid” N-body code

Slide from Yohai
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Our φGPU N-body code



Initial Condition
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Our φGPU N-body code



Some communication scheme...
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Our φGPU N-body code



https://github.com/berczik/phi-GPU-mole

Our φGPU N-body code

Δ𝑇𝑡𝑜𝑡𝑎𝑙 = Δ𝑇ℎ𝑜𝑠𝑡 + Δ𝑇𝐺𝑃𝑈 + Δ𝑇𝑐𝑜𝑚𝑚 + Δ𝑇𝑀𝑃𝐼



Nopt

𝛥𝑇𝑀𝑃𝐼 ∝ (𝜏𝑙𝑎𝑡 + 𝑁𝑎𝑐𝑡) ⋅ log(𝑁𝐺𝑃𝑈)

Δ𝑇𝐺𝑃𝑈 ∝ 𝑁 ⋅
𝑁𝑎𝑐𝑡
𝑁𝐺𝑃𝑈

Our φGPU N-body code



Tesla C2050 results “mole-8.5” cluster

1536*448=688k coreshttps://github.com/berczik/phi-GPU-mole

Our φGPU N-body code



Tesla C2050 results “mole-8.5” cluster

1536*448=688k coreshttps://github.com/berczik/phi-GPU-mole

PetaFlops

ExaFlops

“A Man’s Got To 
Know His 
Limitations”

Dirty Harry in 
Magnum Force 
(1973)

Our φGPU N-body code

~64 A100 GPU



mass distr.: Low mass + High mass.

φGPU current usage/results



PN routine

Kupi et al. 2006; Berentzen et al. 2009; Brem 2013; 
Sobolenko et al. 2016









1:10 – 1:3 minor merger

Two SMBH’s ~10^6 Mo

High accuracy direct summation: ~3 – 6 M 
Particles!

First time reach the 
< 1 mpc separation of BBH from 

initial ~1 kpc scale

Full up to 3.5 PN accurate BBH 
dynamics!









N = 0.3M; N = 0.6M; N = 1.0M;  …x2  .

M_NB = 1.0E+09    [Mo]         R_NB = 100 [pc]
V_NB = 207.3865 [km/s]     T_NB = 0.4715 [Myr]
c    = 1445.5734  [NB]





Thank you for your attention...

☺


