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Theory and Background
- What is weak lensing?

- Theoretical proposal of weak lensing 
measurement.

- Advantage of the method.

- Possible sources of error.

Artist interpretation of Gravitational Lensing [1]



• Simulation of the effect of gravitational lensing. Left is weak 
gravitational lensing, right is strong gravitational lensing. “Real 
sources are not in a plane, but this does not dramatically affect the 
appearance.” Image by David Wittman [2]



[3]
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In weak gravitational lensing regime:

under the assumption that the background is 

randomly oriented.

Retrieved from [3]
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2D convergence reconstruction [2]conceptual picture of 
1D convergence reconstruction



Possible sources of error

• Shape noise

• Intrinsic Alignment

• PSF anisotropy

• Atmosphere turbulence

• ……



Imaging – Subaru Telescope w/ 
Hyper Suprime-Cam

Subaru Telescope
Effective diameter: 8.2 m
Focal length: 15 m

Hyper Suprime-Cam (HSC) model

Sensor: 116 2kx4k CCDs 
Diameter: 60 cm 
Resolution: 870 Megapixels

Combine the sensor & the telescope
FOV: 1.8 deg2



Methods (LSST pipeline)

Methods (LSST pipeline)



LSST image processing flow chart [4]



Pipeline

1. Making Calibration Frames (Bias, Dark, Flat Frame)

2. Reduction for each image for one filter

3. Mosaicing

4. Stacking

5. Multiband Analysis

OUTPUT catalog



Calibration Frames

• Dark Frame: Measuring thermal noise for each sensor

• Bias Frame: Measuring the response of sensors

• Flat Frame: Calibrating the even dispersion of light by lens (telescope)



Raw Data

One of the CCD
raw image of A85.

All raw data
retrieved from 
SMOKA.



Reduction for each image for one filter
1. Calibration (calibration frames, 

background subtraction)
2. Measuring objects brightness profiles: 

Point Spread Function (PSF)
3. Background subtraction again with 

object mask
4. Matching with World Coordinate 

System (WCS) (reference cat.)

Single Visit Processing [4]

conceptual PSF [5]



Mosaicing



Stacking



Multiband Analysis

• Final calibration between different broad-band filters (g, r, i, z, Y)



Catalog

• output a catalog with measurements

id: unique ID 
coord_ra: position in ra/dec
coord_dec: position in ra/dec
parent: unique ID of parent source 
calib_detected: Source was detected as an icSource
calib_psfCandidate: Flag set if the source was a candidate for PSF determination, as determined by the star selector. 
calib_psfUsed: Flag set if the source was actually used for PSF determination, as determined by the 
calib_psfReserved: Flag set if the source was selected as a PSF candidate, but was reserved from the PSF fitting. 
deblend_nChild: Number of children this object has (defaults to 0) 
deblend_deblendedAsPsf: Deblender thought this source looked like a PSF 
deblend_psfCenter_x: If deblended-as-psf, the PSF centroid 
deblend_psfCenter_y: If deblended-as-psf, the PSF centroid 
deblend_psfFlux: If deblended-as-psf, the PSF flux 
deblend_tooManyPeaks: Source had too many peaks; only the brightest were included 
deblend_parentTooBig: Parent footprint covered too many pixels 
deblend_masked: Parent footprint was predominantly masked 
deblend_skipped: Deblender skipped this source 
deblend_rampedTemplate: This source was near an image edge and the deblender used "ramp" edge-handling. 
deblend_patchedTemplate: This source was near an image edge and the deblender used "patched" edge-handling. 
deblend_hasStrayFlux: This source was assigned some stray flux 
base_GaussianCentroid_x: centroid from Gaussian Centroid algorithm 
base_GaussianCentroid_y: centroid from Gaussian Centroid algorithm
base_NaiveCentroid_x: centroid from Naive Centroid algorithm 
base_NaiveCentroid_y: centroid from Naive Centroid algorithm 
base_SdssCentroid_x: centroid from Sdss Centroid algorithm 
base_SdssCentroid_y: centroid from Sdss Centroid algorithm 
base_SdssCentroid_xSigma: 1-sigma uncertainty on x position
base_SdssCentroid_ySigma: 1-sigma uncertainty on y position 
base_SdssShape_xx: elliptical Gaussian adaptive moments 
base_SdssShape_yy: elliptical Gaussian adaptive moments 
base_SdssShape_xy: elliptical Gaussian adaptive moments 
base_SdssShape_xxSigma: 1-sigma uncertainty on xx moment 
base_SdssShape_yySigma: 1-sigma uncertainty on yy moment 
base_SdssShape_xySigma: 1-sigma uncertainty on xy moment 
base_SdssShape_x: elliptical Gaussian adaptive moments 
base_SdssShape_y: elliptical Gaussian adaptive moments 
base_SdssShape_flux: elliptical Gaussian adaptive moments base_SdssShape_fluxSigma: 1-sigma flux uncertainty base_SdssShape_psf_xx: 

• fiat tools by Deep Lens Survey

• fiatfilter
ext_shapeHSM_HsmShapeRegauss_e1)**2+(ext
_shapeHSM_HsmShapeRegauss_e2)**2<1.5  && 
deblend_nChild==0 && 
ext_shapeHSM_HsmShapeRegauss_flag==0 && 
base_CircularApertureFlux_12_0_flag==0 && 
base_SdssShape_xx+base_SdssShape_yy<200 
&& base_SdssShape_xx>1 && 
base_SdssShape_yy>1 && calib_psfUsed==0 && 
base_PixelFlags_flag_interpolatedCenter==0 && 
base_CircularApertureFlux_12_0_flux>14 && 
base_CircularApertureFlux_12_0_flux<300000

• fiatmap



Results!
Name Redshift[] Diameter (arcmin)[6]

Abell 85 0.055061 2

Abell 2199 0.03051 182

Abell 119 0.0442 69
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Optical Image

A85

I-filter mass map G-filter mass map
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Q & A
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