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Gravitationally Lensed Type la Supernovae
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Probing Cosmic Expansion with Lensing Time Delays

Lensing time delays encode information on Hubble expansion rate
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Only few lensed type 1a supernovae are resolved
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We focus on unresolved lensed lightcurves from type 1a supernovae °
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Lightcurve Fitting Approaches

Log-normal Fitting

Unlensed lightcurve
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Freeform Fitting
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Number of images: 2 or 4

Number of parameters: a few hundreds



Freeform Fit Example W|th MCMC
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Freeform vs Log-normal
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Idea: Let Neural Network estimate time delays from an ensemble of lensed lightcurves
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Deep Learning Lensed Lightcurves
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Artificial Neural Netrk
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Neural Net for Classification (CNNc)
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CNNc Neural Network Performance
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() Neural Net for Time Delay Estimation (CNN2)
PyTorch B 11 comotuonseReL
g Max pooling

g Fully connected+ReLU
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Lensing Time Delays: 2-image
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Lensing Time Delays: 2-image
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CNNc Net Test on Partial Lightcurves
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Summary

® Deep learning allows to successtully distinguish lensed and unlensed systems,
determine number of 1images and extract time delays with ~1 day precision down
to 2 6 days.

e We obtain X 1000 speed up compared to both the freeform and log-normal fitting
approaches with MCMC technique. The neural network performance 1s robust up
to X 4 increase in the noise level.

e Our deep learning implementation reliably i1dentifies the systems and estimates the
time delays for lensed supernova lightcurves with missing early time observations
up to 40 days.

Thank you for your attention!
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