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1.1 Binary black hole merger simulations

Numerical Relativity Black-hole perturbation theory



1.2 Modelling recoil kicks in precessing binaries

Islam & Wadekar | arXiv:2511.11536
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Hard problem

Relatively simpler problem

~3000 Numerical 
Relativity Simulations

~1000 Perturbation theory 
Simulations

Marginalizes spin-angles and 
trains a normalizing flow

Uses known symmetry from general 
relativity (post-Newtonain)

Globular clusters have spherical 
symmetry



1.3 Binary black hole mergers in clusters
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Islam & Wadekar | arXiv:2511.11536



2.1 Hierarchical mergers in clusters
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Image Credit: Adapted from Gerosa+



2.2 Simulations of BBH assembly in clusters

Islam, Wadekar & Kritos | arXiv:2603.10170 6

Semi-analytical cluster simulation with Rapster 
(https://github.com/Kkritos/Rapster/)



3.1 Runaway SMBH : understanding progenitors

Van Docuum et al | arXiv:2512.04166, arXiv:2302.04888
Islam, Venumadhav & Wadekar | 
arXiv:2601.18986, PRL
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3.2 Runaway SMBH : understanding progenitors

Van Docuum et al | arXiv:2512.04166, arXiv:2302.04888

8

Islam, Venumadhav & Wadekar 
| arXiv:2601.18986, PRL



4. gwModels : home for physics-grounded fits
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10https://github.com/tousifislam/GWAgent

5.1 Agentic AI for interpretable surrogate

Islam, Wadekar, Venumadhav, Zaldarriaga et al  | arXiv:2605.11280
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The agent-discovered surrogate not only reproduced the 
simulation data with high fidelity, but also outperformed 
traditional machine-learning models. 

5.2 Agentic AI for interpretable surrogate

Agentic expression 

pySR expression

Islam, Wadekar, Venumadhav, Zaldarriaga et al  | arXiv:2605.11280
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6.1 Benchmarking LLMs for end-to-end scientific 
tasks

Islam, Wadekar & Zhou  | arXiv:2605.11269
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6.2 Benchmarking LLMs for end-to-end scientific 
tasks

Islam, Wadekar & Zhou  | arXiv:2605.11269
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Thank you!


