
Dr. Sci. Peter Berczik

MAO, National Academy of 
Sciences of Ukraine, Kiev

2022 May 26.

Coalescence times and gravitational wave signals of 
supermassive black holes in cosmological galaxy 

mergers.

11 referred + 2 in progress 

(2021 – 2022): 

MNRAS – 8; A&A – 4; ApJ – 1

~100 citations…

CAS PIFI
2021 July -2022 March



Already Published Papers with NAOC first affiliation under my current 

PIFI:

1) Khoperskov, S., Zinchenko, I., Avramov, B., Khrapov, S., Berczik,

P., Saburova, A., Ishchenko, M., Khoperskov, A., Pulsoni, C.,

Venichenko, Y., Bizyaev, D., Moiseev, A., Extreme kinematic

misalignment in IllustrisTNG galaxies: the origin, structure, and

internal dynamics of galaxies with a large-scale counterrotation,

(2021), MNRAS, 500, 3870.

2) Khoperskov, S., Haywood, M., Snaith, O., Di Matteo, P., Lehnert,

M., Vasiliev, E., Naroenkov, S., Berczik, P., Bimodality of [alfa/Fe]-

[Fe/H] distributions are a natural outcome of dissipative collapse

and disc growth in Milky Way-type galaxies, (2021), MNRAS, 501,

5176.

3) Avramov, B., Berczik, P., Meiron, Y., Acharya, A., Just, A.,

Properties of loss cone stars in a cosmological galaxy merger

remnant, (2021), Astronomy and Astrophysics, 649, A41.

4) Bannikova, E. Y., Sergeyev, A. V., Akerman, N. A., Berczik, P. P.,

Ishchenko, M. V., Capaccioli, M., Akhmetov, V. S., Dynamical

model of an obscuring clumpy torus in AGNs - I. Velocity and

velocity dispersion maps for interpretation of ALMA observations,

(2021), MNRAS, 503, 1459.

5) Sobolenko, M., Berczik, P., Spurzem, R., Merging timescale for the

supermassive black hole binary in interacting galaxy NGC 6240,

(2021), Astronomy and Astrophysics, 652, A134.

6) Gualandris, A., Khan, F. M., Bortolas, E., Bonetti, M., Sesana, A.,

Berczik, P., Holley-Bockelmann, K., Eccentricity evolution of

massive black hole binaries from formation to coalescence, (2022),

MNRAS, 511, 4753.

Published Papers during the last year which have not directly related to 

my current PIFI grant:

1) Rizzuto, F. P., Naab, T., Spurzem, R., Giersz, M., Ostriker, J. P.,

Stone, N. C., Wang, L., Berczik, P., Rampp, M., Intermediate mass

black hole formation in compact young massive star clusters,

(2021), Monthly Notices of the Royal Astronomical Society, 501,

5257.

2) Meiron, Y., Webb, J. J., Hong, J., Berczik, P., Spurzem, R.,

Carlberg, R. G., Mass-loss from massive globular clusters in tidal

fields, (2021), Monthly Notices of the Royal Astronomical Society,

503, 3000.

3) Shukirgaliyev, B., Otebay, A., Sobolenko, M., Ishchenko, M.,

Borodina, O., Panamarev, T., Myrzakul, S., Kalambay, M.,

Naurzbayeva, A., Abdikamalov, E., Polyachenko, E., Banerjee, S.,

Berczik, P., Spurzem, R., Just, A., Bound mass of Dehnen models

with a centrally peaked star formation efficiency, (2021),

Astronomy and Astrophysics, 654, A53

4) Kovaleva, D., Ishchenko, M., Postnikova, E., Berczik, P., Piskunov,

A. E., Kharchenko, N. V., Polyachenko, E., Reffert, S., Sysoliatina,

K., Just, A., Borodina, O., The system of open star clusters

Collinder 135 and UBC 7, (2021), Star Clusters: the Gaia

Revolution. Online workshop, 17.

5) Kamlah, A. W. H., Leveque, A., Spurzem, R., Arca Sedda, M.,

Askar, A., Banerjee, S., Berczik, P., Giersz, M., Hurley, J., Belloni,

D., Kühmichel, L., Wang, L., Preparing the next gravitational

million-body simulations: evolution of single and binary stars in

NBODY6++GPU, MOCCA, and MCLUSTER, (2022), Monthly

Notices of the Royal Astronomical Society, 511, 4060.



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



BH’s in galaxies
John Kormendy and Luis C. Ho, 
Annu. Rev. Astron. Astrophys. 2013. 51:511–653



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



Galaxy Collisions



Galaxy Collisions ≈ BH’s collisions



Galaxy Collisions ≈ BH’s collisions



https://www.tng-project.org



https://www.tng-project.org



Galaxy Collisions ≈ BH’s collisions
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Slide from Li Shuo (NAOC, CAS)

Galaxy Collisions ≈ BH’s collisions



0.Hybrid and direct N-body code development. GPU optimization…

1. Merging timescale for the supermassive black hole binary in 
interacting galaxy NGC 6240.

2. Dynamical model of an obscuring clumpy torus in AGNs. Velocity and 
velocity dispersion maps for interpretation of ALMA observations.

3. Properties of loss cone stars in a cosmological galaxy merger 
remnant.

4. Eccentricity evolution of massive black hole binaries from formation 
to final coalescence. Gravitational Wave (GW) emission calculation.



Double & Triple SMBH evolution in galaxy centers. 
New hybrid code approaches and performance tests.

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



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

ftp://ftp.mao.kiev.ua/pub/berczik/phi-GRAPE/

Harfst et al, NewA, 12, 357 (2007) [astro-ph/0608125]

Our φGRAPE/GPU (parallel) N-body code
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Our φGRAPE/GPU (parallel) N-body code



Our CPU/GPU “hybrid” N-body code

Slide from Yohai…
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Our φGRAPE/GPU (parallel) N-body code



Some communication scheme...

𝑖, 𝑗 − 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒

𝑁𝑙𝑜𝑐 =
𝑁

𝑁𝑝𝑟𝑜𝑐

𝑖

𝑗

Our φGRAPE/GPU (parallel) N-body code



ftp://ftp.mao.kiev.ua/pub/berczik/phi-GPU/

http://adsabs.harvard.edu/abs/2011hpc..conf....8B

Our φGRAPE/GPU (parallel) N-body code



ftp://ftp.mao.kiev.ua/pub/berczik/phi-GPU/

http://adsabs.harvard.edu/abs/2011hpc..conf....8B
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Our φGRAPE/GPU (parallel) N-body code
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Our CPU/GPU “hybrid” N-body code
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Our φGRAPE/GPU (parallel) N-body code



Our φGRAPE/GPU (parallel) N-body code



Nopt

Our φGRAPE/GPU (parallel) N-body code



Nopt

Our φGRAPE/GPU (parallel) N-body code



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







T ~ a/(da/dt)



PN routine



Double & Triple SMBH evolution in galaxy centers. 
New hybrid code approaches and performance tests.

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!





Direct N-body







NGC 6240: rare observable SMBH triple system (or not)



NGC 6240: rare observable SMBH triple system (or not)



NGC 6240: rare observable SMBH triple system (or not)



NGC 6240: rare observable SMBH triple system (or not)

“We do not find strong evidence of X-ray
emission associated with the 3rd nucleus
proposed by Kollatschny et al. (2020), although
this region is associated with the SE excess, and
a possible clump of Fe I Ka emission is
suggested in this area by the EMC2
reconstruction.”



Initial physical model

Inner binaryOuter binary

South1:
M• = 7.1·108M☉

M* = 
1.23·1010M☉

r = 250 pc

North:
M• = 3.6·108M☉

M* = 
0.25·1010M☉

r = 250 pc

Between:
M* = 
0.21·1010M☉

r = 856 pc

South2:
M• = 0.9·108M☉

M* = 
0.07·1010M☉

r = 100 pc

856 
pc

198 
pc

Tacconi+1999, Tecza+2000, Engel+2010, Medling+2011, Kollatschny+2020 



N-body code and set of models
• For simulations we used the publicity available φ-”GPU” code† with the blocked

hierarchical individual time step scheme and a 4th-order Hermite integration of the
equation of motions for all particles (Berczik+2011, Khan+2011)

• Acceleration for i particle:

where softening is εBH=0 for BHs and εp=10-4 for all another particles.

N, number of particles Randomisation

67.5k rnd1, 2, 3, 4, 5

135k rnd1, 2, 3, 4, 5

270k rnd1, 2, 3, 4, 5

540k rnd1, 2, 3, 4, 5

4 variants x 5 randomization = 20 numerical
models

† ftp://ftp.mao.kiev.ua/pub/berczik/phi-GPU/

Physical model Numerical models



540k models – evolution of separation ΔRBH

Tbound S1S2 ~3.6 Myr

Tbound SN ~18 Myr

Naoz 2016
Annu. Rev. in A&A



540k models – evolution of eccentricity e

von Zeipel-Lidov-Kozai effect
TZLK>>Torb

Preto+2011

https://en.wikipedia.org/wiki/Kozai_mechanism



540k model – details at 18 Myr and 22 Myr

140o.8 

39o.2 

Δtsnap ≈ 46 000 yr Δtsnap ≈ 5.6 yr



Permanent link to the video https://youtu.be/Jy919R6f61g

Visualization of NGC 6240 evolution













Thank you for your attention...

☺


