
A heavy object can transfers energy and momentum to its 
surrounding interstellar medium by forming a gravitational 
wake behind its direction of motion. 

We studied a range of simple scenarios with ULDM 
dynamical friction, and have demonstrated that ULDM is 
indeed capable of significantly altering the trajectory of 
objects moving within it, and possibly leave astrophysical 
behaviours via dynamical friction. 

In the 2-dimensional plot below, a point mass (white line) is 
thrown into an initially uniform distribution of ULDM, and a 
local dark matter overdensity (green-yellow contour) 
develops, opposing the BH’s original motion. 
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↓ Some astrophysical effects that 
necessitate the existence of dark matter.
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Numerical Approach
• Further extend PyUltraLight, a simulator originally 

developed by Auckland Cosmology. 

• Use a pseudo-spectral method, whereby we evaluate the 

numerical differentiation in frequency domain. 

• Couple ULDM to a rigid N body solver, which acts as a 

stand-in for the bosonic, normal, matter.

Ultra-Light Dark Matter (ULDM)
A hypothetical quantum field coupled to gravity. A single 

ULDM particle, the ultra-light axion, weighs as little as one 
thousand trillion trillionth of an electron.
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ULDM’s behaviour is governed by the Schrödinger Equation with a 

twist. The wavefunction,  , additionally gives rise to a gravitational 
potential via the Poisson Equation.
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This introduces a high degree of nonlinearity. The coupled system is 

known as the Schrödinger-Poisson Equation.

↑ ULDM can bring fascinating phenomenon to galactic scales. Here, two 
clumps of ULDM (left) destructively and (right) constructively interfere as 
they move towards each other. Though they measure in billions of 
kilometres across, their quantum mechanical fuzziness remains striking.
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↑ Dark matter is responsible for 27% of the matter-energy density 
in the observable universe.

↑ This stylised artwork shows density contours in the 
orbital plane of a point mass moving inside a soliton. Scan 
the QR code to see it evolve in Augmented Reality!

Further Reading

Matter that do not participate in electromagnetic 
interactions. Although invisible, their gravitational 
presence has had a strong influence on the universe’s 
structure and evolution.

A massive point-like object, such as a Super-Massive Black 
Hole (SMBH), may come near the centre of a ULDM clump 
and demonstrate orbital decay due to dynamical friction.  

In the composite illustration above, a heavy and a light BH 
initially orbit two identical solitons from the same 
separation. It is evident that the orbital radius of the heavier 
BH decays faster. “×” stands for the systems’ centre of 
mass, which is approximately fixed throughout.

Original PyUltraLight: Edwards, F., Kendall, E., Hotchkiss, S. & 
Easther, R. arxiv.org/abs/1807.04037 

Code, list of references and outline of more recent work can 
be found at https://FWPhys.com/PYR.

Physics

Computing

• Migrate the PyUltraLight routine into C++ to support 
larger-scale deployment. 

• Add more normal matter dynamics, such as gas dynamics.

• Determine how the point mass ensemble induces 
oscillatory behaviour in the soliton. 

• Semi-analytical estimation of BH orbital decay and merger 
timescales.×

ULTRA-LIGHT DARK MATTER DYNAMICS
Yourong F. Wang & Prof. Richard Easther 
Department of Physics, The University of Auckland 


