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Dense Matter EoS 
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NS Observables
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● Mass 
● Radius
● Tidal Deformability

Antoniadis et al., Science 340 (2013)
Cromartie et al., NatAs 4 (2019) 72
Riley et al., ApJL 887 (2019) L21
Riley et al., ApJL 918 (2021) L27
Abbott et al., PRX 9 (2019) 011001
Coughlin et al., 480 (2018) 3 [Lattimer]



TOV Equations: From EoS to Stellar Structure
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MR Observables to EoS: An Inverse Problem
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The Bayesian Approach

Steiner et al., ApJL 765 (2013) L5

Raithel et al., ApJ 844 (2017) 156
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Automatic Differentiation
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● Train a neural network (NN) to output the MR curve from an EoS 

● Optimize the input (EoS) to obtain the desired output (MR curve)
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TOV Solver Network: Training
•                      :   SLy / PS / DD2

•                      :   Piecewise Polytropes at (1.0, 1.4, 2.2, 3.3, 4.9, 7.4)          [Raithel et al., ApJ  831 (2016) 44]

EoSs Generated: 3 x 100,000 

On exclusion of MR curves 
with maximum mass < 1.9 
Solar Mass: 228,569 EoSs
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TOV Solver Network: Performance

Accuracy : 99.9% 



Mock data: An Ideal Case 
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Mock data: A Realistic Scenario 



NS Radius and Mass measurements
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Özel et al., ApJ 820 (2016) 28
Bogdanov et al., ApJ 831 (2016) 184

Riley et al., ApJL 887 (2019) L21
Riley et al., ApJL 918 (2021) L27
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Normal Distribution Fits to MR data 
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Reconstructed EoS from real MR Observables
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Comparison with Previous Works

  PRD : Fujimoto et al.
     AJ : Steiner et al.
ARAA : Özel et al.
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Comparison with Previous Works

  PRD : Fujimoto et al.
     AJ : Steiner et al.
ARAA : Özel et al.

Abbott et al., PRL 121 (2018) 161101
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Summary 

● Trained a NN to replace the TOV 
Equations

● Inverted the NN to optimize the 
input layer (EoS)

● Reconstructed the EoS from Real 
Observations (post successful tests 
on mock data)

● Consistent with      limits from 
GW170817
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Thank you.

Email: soma@fias.uni-frankfurt.de
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Mock data



29

Behind the Scenes
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Behind the Scenes
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Speed of Sound
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WaveNet - An Autoregressive Network

Causal Series



35

WaveNet - An Autoregressive Network
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1D Convolutions - Preserving Order
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Learning Curves

Number of Epochs : 3000

Number of Layers : 10 
Dilations : 1, 2, 4, 8, 16, 32, 16, 32, 64

Padding : ‘causal’
Activation function : ‘elu’ (last layer - sigmoid)
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Back Propagation
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Data Preparation

•                      :   SLy / PS / DD2
•                      :   Piecewise Polytropes at (1.0, 1.4, 2.2, 3.3, 4.9, 7.4) 
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EoSs and corresponding MR curves
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EoS Parameters


