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Motivation
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● We simulate perturbed, isolated rotating neutron stars
→ BNS post-merger dynamics.

● ROXAS: Relativistic Oscillations of non-aXisymmetric neutron stArS
(Servignat, Novak 2025, available at https://zenodo.org/records/14849547).

○ Code for dynamical relativistic evolution.
○ Lightweight: runs in laptops, typical simulation ~1-2 days.
○ Spectral methods, conformal flatness (CFC), primitive variables (Servignat et al. 2023).
○ Based on LORENE framework (C++).

● SJ, Novak, Oertel 2026
→ implement and test differentially rotating stars.

https://arxiv.org/abs/2410.16764
https://zenodo.org/records/14849547
https://arxiv.org/abs/2212.10853
https://arxiv.org/abs/2601.10550


Assumptions

● Polytropic equation of state (EoS), p=κργ.

● Equilibrium stars differentially rotating,

● A differential rotation profile must be chosen: KEH (Komatsu, Eriguchi, Hachisu 1989) 
or j-constant law.
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https://academic.oup.com/mnras/article/237/2/355/976460


Numerical simulations

● We find configurations of differentially rotating NSs in equilibrium with LORENE.

● A perturbation combining l=m=0 and l=m=2 modes is added, and evolved with ROXAS.
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Numerical simulations

● We find configurations of differentially rotating NSs in equilibrium with LORENE.

● A perturbation combining l=m=0 and l=m=2 modes is added, and evolved with ROXAS.

● Waveforms are extracted and Fourier-transformed to get oscillation mode frequencies.

● Two types of simulations: with Cowling approximation (constant metric) and without it.
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Results: equilibrium configurations
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● We study the standard B sequence of previous works.
● Equilibrium star properties consistent with Dimmelmeier et al. 2006.

https://arxiv.org/abs/astro-ph/0511394


Results: simulations with Cowling approximation

● We study the standard B sequence of previous works.
● Equilibrium star properties consistent with Dimmelmeier et al. 2006.
● Mode frequencies with Cowling consistent with Stergioulas et al. 2004 (axisymmetric) and 

Krüger et al. 2010 (non-axisymmetric).

4Mode frequencies in kHz, relative errors in %.

https://arxiv.org/abs/astro-ph/0511394
https://arxiv.org/abs/astro-ph/0312648
https://arxiv.org/abs/0911.2764


Results: simulations in CFC
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Results: simulations in CFC
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● We study the standard B sequence of previous works.
● Equilibrium star properties consistent with Dimmelmeier et al. 2006.
● Mode frequencies with Cowling consistent with Stergioulas et al. 2004 and Krüger et al. 2010.
● Axisymmetric mode frequencies w/o Cowling mostly consistent with Dimmelmeier et al. 2006.
● Non-axisymmetric ones reported for the first time.

Mode frequencies in kHz, relative errors in %.
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Summary

● ROXAS: lightweight code to simulate oscillating, rotating neutron stars.
○ Primitive variables, spectral methods, CFC.

● SJ, Novak, Oertel 2026: update for differentially rotating stars.

● Mode frequencies: great agreement with the literature in all cases.

● Non-axisymmetric modes without Cowling reported for the first time.

● Relevant to characterize BNS post-merger behaviour.

● Current work: thermal effects, physically motivated EoS.
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