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Astronomy
• One of the oldest natural sciences used to answer fundamental 

questions of humankind
• Observations were first carried out by collecting visible 

electromagnetic radiation
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• Now, celestial objects which cannot be seen, can be studied 
through gravitational waves
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Gravitational Waves (GW)
• First detected on September 14, 

2015
• Theorized 100 years earlier in 

Einstein theory of general relativity
• When two compact objects inspiral, 

they emit GWs
• What kinds of objects create GWs?
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Binary star systems as GW emitters
• Most stars are born as a binary 

system
• Binary evolution can leave 

imprints in these GW events
• Binary population synthesis 

codes allow us to estimate the 
number of these sources
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Binary Population Synthesis (BPS)
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• BPS is the large scale simulation of 
binary star systems

• Accurate systems omit large parts of 
binary evolution

• Numerical methods for approximating 
omitted parts can take up to ~48 hours 
per binary

• Traditional methods lack sufficient 
accuracy, don’t exploit known physics, 
and don’t account for dependencies 
between system parameters
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Problem Definition
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Neural Operator?
● Neural operators are typically used to 

solve initial value problems
● In the context of partial differential 

equations (PDEs) this is an initial 
value function

● We can define the initial value 
function as                     which we 
sample at  

● The task becomes to approximate 
                                    at arbitrary 
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Simply put

Initial value Arbitrary time Initial value with time
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A different perspective

Let’s suppose this is an 
approximation of our desired 
output

Let’s see which parts of the 
neighbors our prediction 
most resembles and use that
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Cross-Attention

Softmax

*Followed by fully connected layers
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With predicted classes results

Median Mean

Barycentric 0.53% 10.82%

Neural Ops 1.1% 2.43%
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Some tracks
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Some tracks
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Problematic tracks
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Discussion & future work
• Want to predict more parameters simultaneously to exploit 

dependencies between them
• Using known Physics to train the system is an enticing prospect
• Efficacy needs to be verified through usage by astrophysical 

community
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Questions?
Please contact us at philipp.msrivastava@northwestern.edu
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Definitions

Neighbors defined as Concatenated neighbors

Initial value Arbitrary time Initial value

Arbitrary track Embedded vector
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Self-Attention
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