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● Model-independent estimation of CMB angular power spectrum (with Arman 
Shafieloo, Mihir Arjunwadkar, Tarun Souradeep)

● Nonparametric test of consistency between cosmological models and CMB 
data (with Arman Shafieloo)

If I have time,
 

talk about:

● Strong Lens Time Delay Challenge II (with Arman Shafieloo)

● Time delay estimation of SDSS J1001+5027 (with Arman Shafieloo)

● Supernova Type Ia classification (with Arman Shafieloo, Alex G. Kim)

I will talk about:



  

Strong Lens 
Time Delay Challenge II



  

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

Correlation > 0.6

(Aghamousa, Shafieloo, APJ, 2015)



  

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, APJ, 2015)



  

Error profile for Double systems

Methodology: error estimation, using Quad systems

(Aghamousa, Shafieloo, APJ, 2015)



  

Results: TDC1 paper



  

Results: estimated vs true time delay



  

Results: histogram of metrics

(Aghamousa, Shafieloo, APJ, 2015)



  

Results: estimated vs true time delay

(Aghamousa, Shafieloo, APJ, 2015)



  

Results: calibration

(Aghamousa, Shafieloo, APJ, 2015)



  

Time delay estimation of 
SDSS J1001+5027



  

Light curves



  

Weighted Correlation:

Methodology



  

Simulation

Mean MeanMirror Mirror



  

Mean Squared Error (MSE)

is the estimator of       unknown parameter/value.

Bias:

Variance:



  

Optimum estimator



  

Error estimation
● Confidence set.

● To find a confidence interval we need the probability distribution of 
estimator which can be known from statistical properties of estimator 
or can be achieved by simulation. 

● In some cases we know the probability distribution of a quantity which has 
a relation to estimator.

Bias Bias



  

Results



  

Supernova Type Ia 
classification



  

Binned  light curves



  

Results



  

Results



  

Model-independent 
estimation of CMB angular 

power spectrum



  

(Aghamousa, Shafieloo, Arjunwadkar and Souradeep, JCAP, 2015)

CMB Angular power spectrum data



  

Parametric regression



  

REACT: nonparametric regression



  

(Aghamousa, Shafieloo, Arjunwadkar and Souradeep, JCAP, 2015)

Planck 2013 power spectrum estimation



  

Nonparametric fit

= = 95%

Confidence set in Function space



  

(Aghamousa, Shafieloo, Arjunwadkar and Souradeep, JCAP, 2015)

Picks and dips



  

(Aghamousa, Shafieloo, Arjunwadkar and Souradeep, JCAP, 2015)

Other results



  

Nonparametric test of 
consistency between 

cosmological models and 
CMB data



  

Nonparametric fit

= 95 %= 

= =  ? %

Parametric fit

Best fit LCDM at 36%

Validating Cosmological Models



  

Nonparametric fit

= = 95%

Calibrating Confidence distances

= 95%=



  

Calibrating Confidence distances

(Aghamousa, Shafieloo, JCAP, 2015)



  

Best fit LCDM at 95%

Bias control

(Aghamousa, Shafieloo, JCAP, 2015)



  

Bias control

Best fit LCDM at 70%

(Aghamousa, Shafieloo, JCAP, 2015)



  

Conclusion
● Strong Lens Time Delay Challenge II: designing an algorithm for time delay 

estimation based on the smoothing and cross correlation.

● Time delay estimation of SDSS J1001+5027: Applying improved algorithm on real 
data. Using weighted correlation and number of data criterion.

● Supernova Type Ia classification: Using Gaussian process and 2-D Kernel density 
to find a unique pattern for supernova type Ia.

● Model-independent estimation of CMB angular power spectrum: estimation power 
spectrum, uncertainties of peaks and dips, harmonicity of peaks and a proper 
estimation of likelihood.

● Nonparametric test of consistency between cosmological models and CMB data: 
consistency check of Best LCDM power spectrum with Planck 2013 data with and 
without 217 channel data.

● Finally: using advanced statistics and modified techniques enable us to infer more 
accurate and robust results from the data.
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