
Figure 1: Comparison of  the computational time and accuracy for a toy model population. 

We find that (𝑖) 1𝜎 uncertainties on estimated statistics from the simulation are a factor ~10
smaller when using our adaptive importance sampling method compared with standard 

sampling methods. (𝑖𝑖) with our sampling method we reach ~100 times faster an acquired 

precision. 
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Background
After detecting gravitational-waves from binary 

black hole- and binary neutron star mergers [4, 5], 

it will only be a matter of  time before the first 

black hole-neutron star merger will be observed by the 

gravitational-wave detectors LIGO and VIRGO.

Today, one of  the big open questions in astrophysics is: what are the progenitor systems of these 

compact object mergers? One idea is that the binary mergers originate as two stars in a binary 

system, that evolved and at the end of  their lives formed compact objects that spiral in and 

merge. By comparing statistical studies of  gravitational-wave observations with simulated 

black hole-neutron star binaries from theoretical models, we can learn about binary evolution 

and the underlying physical processes involved.  However, black hole-neutron star progenitor 

systems are extremely rare and their simulations include many uncertainties, making the study 

of  populations of  black hole-neutron star mergers extremely computationally expensive. 

We present the variance reduction method, adaptive importance sampling [1], that generates samples 

from a distribution function which is automatically adapted to the scientific target by focusing on areas 

of  the parameter space found to produce events of  interest. We implement the method in the binary 

population synthesis model COMPAS [2, 3], and find it reduces the computational costs for population 

studies of  black hole-neutron star mergers by two orders of  magnitude over traditional methods. 
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Figure 2: Two-dimensional histograms of  the distribution of  1 000 000 binaries (~90 CPU hours) that 

we simulated with COMPAS [2, 3]. Binaries that become black hole-neutron star mergers are shown in 

red. The run with our adaptive importance sampling method (right panel)  produces ~100 times more 

black-hole-neutron star (BH-NS) merger events than the birth distribution Monte Carlo sampling 

(left panel) with the same CPU time. 

Method
We present an Adaptive Importance Sampling method that reduces the computational costs 

of  rare events by improving the sampling strategy. The method consists of  three steps:

1. The parameter space is explored to find a small population of  events of  interest.

2. The set of  known events is used to build an instrumental distribution, to adaptively

guide future sampling of  the parameter space.

3. Later simulations of  population members are then drawn from this instrumental 

distribution. The information from these simulations can in turn be used to 

further improve the instrumental distribution.

By doing so, the method minimizes the computational time spent on systems that are 

not of  interest. As a result, it reduces the costs of  simulating populations drastically, 

making statistical studies of  rare events a more tractable problem.  

The method is independent of  the code and nature of  the events of  interest, and can be 

implemented to speed up simulations of  any events of  interest that are intrinsically rare.
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