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All models are false, some are useful. (George E. P. Box)



  

Time delay:

Fermat potential:

geometric delay
lensing potential delay

(Linder 2011, Tewes 2012)

Strong gravitational lensing



  

Strong lensing surveys

Recent survey:
COSMOGRAIL: the COSmological MOnitoring of GRAvItational Lenses 
(http://www.cosmograil.org)

Future survey:
LSST: the Large Synoptic Survey Telescope (LSST) with 10 years observation 
will be expected to monitor several thousand time delay lens systems.

Need to design the fast and reliable algorithms for the time delay estimation.

Strong Lens Time Delay Challenge:
TDC0
TDC1



  

Strong Lens Time Delay Challenge: simulated data

The TDC1 simulated data is provided 
in five different categories (rungs)

Each rung contains the light curves 
of 720 Double and 152 Quad image 
systems.



  

Methodology: smoothing

where

(Shafieloo et al. 2006, Shafieloo 2007, Shafieloo & Clarkson 2010)



  

Methodology: cross-correlation

(Peterson 2001, Wasserman 2004)

Microlensing



  

Methodology: time delay estimation

(Aghamousa & Shafieloo arXiv:1410.8122)

Correlation > 0.6



  

Methodology: error estimation, using Quad systems

The light curves of a Quad image are labeled A1 , A2 , B1 and B2. For every Quad 
system we should have:

We can assume that all time delays and their 
corresponding errors are estimated consistently.Yes

No

(Aghamousa & Shafieloo arXiv:1410.8122)



  

Error profile for Double systems

(Aghamousa & Shafieloo arXiv:1410.8122)

Methodology: error estimation, using Quad systems



  

Results: TDC1 paper



  

Results: histogram of metrics

(Aghamousa & Shafieloo arXiv:1410.8122)



  

Results: estimated vs true time delay

(Aghamousa & Shafieloo arXiv:1410.8122)



  

(Aghamousa & Shafieloo arXiv:1410.8122)

Results: calibration



  

● The strong lensing is going to be a rich data field which can reveal new 
information about the Universe.

● Time delay estimation has a crucial role in analysis of strong lensing 
systems. Hence precise and accurate algorithms are needed for time delay 
estimation.

● To prepare for the future there have been the strong lens Time Delay 
Challenge: TDC0, TDC1, ...?

● We have designed a fast and reliable algorithm based on smoothing 
method and cross-correlation with which we could get outstanding results in 
the challenges.

● Our method is fully automated and after a small calibration our algorithm 
can yield very accurate and precise estimation of time delay.

● Using our algorithm we can estimate the time delay in systems affected by 
microlensing.

● We are planning to apply our method on currently available data.

Summary
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