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            Abstract
Quantifying image distortions caused by strong gravitational lensingâ€”the formation of multiple images of distant sources due to the deflection of their light by the gravity of intervening structuresâ€”and estimating the corresponding matter distribution of these structures (the â€˜gravitational lensâ€™) has primarily been performed using maximum likelihood modelling of observations. This procedure is typically time- and resource-consuming, requiring sophisticated lensing codes, several data preparation steps, and finding the maximum likelihood model parameters in a computationally expensive process with downhill optimizers1. Accurate analysis of a single gravitational lens can take up to a few weeks and requires expert knowledge of the physical processes and methods involved. Tens of thousands of new lenses are expected to be discovered with the upcoming generation of ground and space surveys2,3. Here we report the use of deep convolutional neural networks to estimate lensing parameters in an extremely fast and automated way, circumventing the difficulties that are faced by maximum likelihood methods. We also show that the removal of lens light can be made fast and automated using independent component analysis4 of multi-filter imaging data. Our networks can recover the parameters of the â€˜singular isothermal ellipsoidâ€™ density profile5, which is commonly used to model strong lensing systems, with an accuracy comparable to the uncertainties of sophisticated models but about ten million times faster: 100 systems in approximately one second on a single graphics processing unit. These networks can provide a way for non-experts to obtain estimates of lensing parameters for large samples of data.
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                    Figure 1: Comparison of estimated parameters with their true values.[image: ]


Figure 2: Hubble Space Telescope images of strongly lensed galaxies from the SL2S survey.[image: ]
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Extended Data Figure 2 Examples of the inputs and outputs of the ICA.
For each row, the first two panels show the HST images in F475X and F600LP filters. The third and fourth columns show the outputs of the ICA. For comparison, lens-removed arcs using a SÃ©rsic model are shown in the last column. Cosmic rays and the brightest central parts of the lensing galaxies have been masked.
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        Editorial Summary
Machine learning accelerates analysis of strong gravitational lenses
Strong gravitational lenses are very useful in astronomy for studying the high-redshift Universe, but determining the lens model is slow, painstaking work that requires expert knowledge of the physical processes involved. Future surveys are expected to yield tens of thousands of new lenses to be analysed. Yashar Hezaveh and colleagues use deep artificial neural networks to show that, through machine learning, they can determine lens models 10 million times faster than and with accuracy comparable to sophisticated models. The software can be run by non-experts and will therefore enable more researchers to analyse the predicted influx of lensing data.
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