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Talk outline I

• Formation of compact objects at finite temperatures in a dark-matter-candidate 
self-gravitating bosonic system, PHYSICAL REVIEW RESEARCH 3, L022016 (2021) 

• Rotating self-gravitating Bose-Einstein condensates with a crust: A model for pulsar 
glitches, PHYSICAL REVIEW RESEARCH 4, 013026 (2022) 

• Gravity- and temperature-driven phase transitions in a model for collapsed axionic 
condensates, PHYSICAL REVIEW D 109, 063009 (2024) 

• Neutron-superfluid vortices and proton-superconductor flux tubes: Development of 
a minimal model for pulsar glitches, arXiv:2405.12127, 2024 

•

Talk is about 4 publications with R. Pandit’s Bangalore group



Talk outline II

• Gross-Pitaevskii Equation with Newtonian gravitational potential generated by the 
BEC density 

• With rotation 

• With finite temperature modelled by classical field 

• Also (in some cases) there is (beside the superfluid) a superconductor with magnetic 
field 

• Obviously in 40 minutes I won’t have time to go into details of 4 publications 

• I’ll try to give a view of the main physical ingredients and results 

Talk is about Self gravitating Bose Einstein Candidates



Talk outline III

• Can describe bosons stars: gravitational collapse, steady states, rotation, finite 
temperature effects, phase transitions 

• With rotation AND a crust: a model for pulsar glitches 

• Adding a superconductor: a more ‘realistic’ model of pulsar glitches 

• In what follows: 

• 1: Physical motivations 

• 2: Equations 

• 3: summary of results

Physical interest Self gravitating Bose Einstein Candidates



Physical motivations I

• In the GPE there is a condensate density field and a confining potential 

• Idea: use the Newtonian gravity to confine the BEC

Basic gravitating BEC



Physical motivations II
• Boson stars  

• Self-gravitating dark matter: ’axions’ halos 

• Pulsars/neutron stars : BEC of cooper pairs  of neutron and proton

Astrophysical ‘objects’



Self-gravitating bosonic system
Boson star, no rotation









Rotating self-gravitating Bose-Einstein condensates
a model for collapsed axionic condensates



Rotating self-gravitating Bose-Einstein condensates with a crust: A model for 
pulsar glitches

introducing the crust





Then we use the preparation



then we solve the BEC/crust GPPE coupled equations



This procedure generates vortex slips and glitches



SOC Glitch data analysis
Power laws in CDF of gain of crust angular momentum







Neutron-superfluid vortices and proton-superconductor flux tubes
Development of a minimal model for pulsar glitches







Conclusion

• all codes were made in Bangalore 

• pseudospectral spectrally truncated GPPE and SGLPE 

• this work is part of the thesis of 2 of R. Pandit’s students: Sanjay Shukla and 
Akhilesh Kumar Verma 

• the classical field description of finite-T effects works well for those self-gravitating 
rotating BEC 

• those minimal models reproduce surprisingly well some statistical large-scale effects

what was done



Thank You!


