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HSC UltraDeep - COSMOS



Basic Steps of Synpipe: 

Step 1: Inject fake object to each CCD

Based on the initial astrometric calibration 
Does not mess with background subtraction

Step 2: Image Coaddition 

Step 3: Photometric Measurements
Match results to the input catalog

Mask Planes: Cyan boxes are for fake objects

Step 0: Prepare an input catalog



Default Catalog of Fake Stars

Based on COSMOS star catalog from Leauthaud et al. 2010; Matched to HSC UltraDeep catalog

Resample large number of fake stars from the GMM model of 5-band photometry 

Huang, Leauthaud et al. 2018



Default Catalog of Fake Galaxies

Also based on Claire Lackner’s Sersic models of COSMOS galaxies

Truncate at i=25.2 mag
Lack of bright galaxies

Huang, Leauthaud et al. 2018



Validation of HSC SSP data reduction

Huang et al. 2018:  PDR1  hscPipe v4.0.5  Two tracts: good/bad seeing

PDR2  hscPipe v7.0.1

S20A  hscPipe v8.5.0

• Impact from seeing 

• Impact from blendedness



Basic Validation of HSC Photometry of Stars and Galaxies

S/N difference between 0.5” and 0.7” seeing



Basic Validation of HSC Photometry of Stars and Galaxies

CModel color is pretty accurate!



Recover the color-color distributions of stars and galaxies



Recover the color-color distributions of stars and galaxies
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Isolated

i-band Magnitude g-i Color

Heavily blended

Synpipe can reveal interesting insight of photometry

Galaxy



Synpipe can reveal potential problem of the pipeline
e.g. Star-Galaxy separation

hscPipe used to misclassify lots of faint stars as galaxies



Synpipe can reveal potential problem of the pipeline

e.g. Galaxy shape/size in CModel

The combination of CModel priors and whether to use per-pixel variance 
information makes hscPipe think all faint galaxies are small and round



Applications of Synpipe:

Validation of photometry: for HSC or for testing the algorithm 

Huang et al. 2019; Portillo, Speagle, & Finkbeiner 2019 

Impact of blended galaxies on the WL shape catalog
Murata et al. in prep.

Detection and completeness of LAE or dropout galaxies

Ono et al. 2018, Harikane et al. 2018, Konno et al. 2018, Hayashi et al. 2018 

Itoh et al. 2018, Matsuoka et al. 2018

Microlensing events in M31 (single epoch)
Niikura et al. 2019

Impact of blending on photo-z measurements
Under discussion



PSF Photometry by P.S.F

https://arxiv.org/abs/1902.02374

Based on Huang et al. 2018



Fraction of blended galaxies in the WL shape catalog

Murata et al. in prep.

15 arcsec

Preliminary

9 realizations of the same galaxy under 
similar noise and seeing condition

Classify into different scenarios: 
recovered, lost, unrecognized blends

Unfortunately the student left the field 
with the project unfinished…



Constraints of Primordial Black Hole as candidate of DM

Using microlensing events in M31
Niikura et al. 2019



A Few Lessons / Thoughts: 

Mock tests should happen along with the development of the pipeline

• Not after the data reduction. It could help avoid a lot of problems…

Need to advocate more about the importance of mock tests to the 
community

• We should have done better for HSC…In the HSC DR3 forced 
photometry catalog, every object has 747 columns….The number 
will double when independent measurements are included.  
Should be similar for LSST. 

• A lot of information there has never been carefully evaluated…and 
there could be problems…

•The user should know their science always depends on the performance 
of the data reduction pipeline in some way.  We need to make it clear 
that they can benefit from mock tests.



hscPipe/LSST Pipe are not exactly “user friendly” by design

• In my experience, one of the main reasons that people avoid mock 
tests is they can’t run pipeline by themselves

And…no single mock test / mock catalog can satisfy all scientific 
goals

A Few Lessons / Thoughts: 

•The pipeline team cannot cover everything. Need to coordinate with 
the community better.

Realistic galaxy images with “truth label” will be very useful!

• What we really need is an interface that allows users to easily run 
customized mock test on a small/tiny piece of sky, to help them 
understand the data.

• So far, all the mock tests we have done are just “sanity checks”.  They 
do not reflect the true complexity of real objects and do not account 
for all systematics. 

• Rendered images from hydro-sims or machine learning can help

e.g., galaxy2galaxy; Lanusse et al. 2020



Thank You !


