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Why merging is really hard



Adaptive particle refinement
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Nealon & Price 2025



APR can work very well …
Nealon & Price 2025, based on Smallwood et al. 2024
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…. but it also sometimes doesn’t.
Lau et al. 2025
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Angular momentum

Linear momentum

During a split
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… we conserve all of the above.
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Angular momentum

Linear momentum

During a merge

Internal energy

Kinetic energy
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2. Weighted average for everything (current default)

i) Parent properties are just the 
average of the children
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3. Scaling the magnitude of the velocity to conserve kinetic energy

i) Parent velocity is the 
quadratic average of the 
children
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4. Scale magnitude of velocity for kinetic energy, direction for angular momentum

i) Magnitude of total velocity 
set from total energy


ii) Perpendicular component 
from inverting cross product 
of 


iii) Magnitude of parallel 
component from i) - ii)


iv) Total velocity is combination 
of both:  

<latexit sha1_base64="6D+OqxME0iq9m6r+yZOwpS3zMBs=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjx4qGA/oAlls920S3ezYXcilJC/4cWDIl79M978N27bHLT1wcDjvRlm5oWJ4AZc99spra1vbG6Vtys7u3v7B9XDo45RqaasTZVQuhcSwwSPWRs4CNZLNCMyFKwbTm5mfveJacNV/AjThAWSjGIecUrASv79IPO1zEBBng+qNbfuzoFXiVeQGirQGlS//KGiqWQxUEGM6XtuAkFGNHAqWF7xU8MSQidkxPqWxkQyE2Tzm3N8ZpUhjpS2FQOeq78nMiKNmcrQdkoCY7PszcT/vH4K0XWQ8ThJgcV0sShKBQaFZwHgIdeMgphaQqjm9lZMx0QTCjamig3BW355lXQu6l6j3ni4rDVvizjK6ASdonPkoSvURHeohdqIogQ9o1f05qTOi/PufCxaS04xc4z+wPn8Ab48kiw=</latexit>
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vp = vperp + vparar̂
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5. Spherical averaging

Cartesian 
coordinates

Spherical 
coordinates
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All together now …
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All together now …
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Summary
• Splitting is fine, merging sucks


• Maybe it’s slightly better if you do a spherical average and set the velocities to 
conserve kinetic energy and angular momentum


• We can definitely do better here


Once this is solved, things to unlock with APR:


• Common envelope simulations


• Fragments in self-gravitating discs


• Uniform vertical resolution of a disc


• MCFOST
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‘Splitting can be made kinetic energy and angular 
momentum conservative … the same cannot be said 
for merging’ Villodi & Ramachandran 2025



 It does work well sometimes!

Toci et al. (in prep) 

No APR With APR
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