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Option 1: Fend for Yourself

The Big Data Flood

Drinking from a FIREHOSE
| Big Data Source l

LSST/Iguazu (2023+)

WFIRST/Victoria Falls (2025+)

Option 2: Channelize and reap the fruit
i.e. Joint Survey Processing >



The evolution of multi-wavelength astronomical optical/NIR surveys
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Area of bubble = relative area of survey




This naturally argues strongly for:
1. Multiplexing of compute nodes i.e. HPC
2.Getting voluminous data on high b/w connections to compute nodes

But WHY?



Key Scientific Issues

* Increasing source confusion in ground-based data with depth
» Affects shapes for weak-lensing shear measurements
* Astrometric offsets
* Photometric bias due to mismatched isophotes

* Increasing need for precise photometry
* Photometric redshifts of galaxies for dark energy studies
* Lensed quasar time delays e.g. HOLICOWS
* Accurate resolution matched color selection for EoR studies
 Stellar and asteroidal variability studies

* Astrophysics in the time domain
* Supernovae, stellar motions, AGN variability



Source confusion in 0.8” seeing-limited data
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Matched |sophotes deconfusmn and precision

WFIRST R062 ?-_ |EucI|dVIS'-u ot q'. . T .
- S ’ y " Tale A e 'n_.'v‘; gl & e re
1' '_ g ' il llizn1 - 1" o4 u
B\ - v X . ? " 0.2”
0.1” FWHM s
rd s
LSST r-band 10yrs
-
m
; [
0.8” e
. -
|
g m = B

Lee & RC, 2019, AplJ

Chary, ADASS Groningen, Oct 2019



Impact of Photometric Bias on Redshifts

Original Photometry
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Impact on accurate EoR color selections
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Strong-lens time delays in Euclid/LSST deep fields
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And deblending in slitless grism spectra
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Figure from S. Malhotra
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For stellar motion aficionados....
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The Need: To be able to manipulate pixel level
data

HST814W HST +HSC joint model

Joint analysis of space-based and ground-based data sets
R. Joseph & P. Melchior

Paradigm (Whole>Xparts)

Chary, ADASS Groningen, Oct 2019 13



Details

© MAZK ANDERZSON, ALL RIGHTS ZESEZVED  WAWWANDERTOONS COM

"I'm here about the details.”
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Joint Survey Processing

* Implementation requires

* Algorithms e.g. TPHOT, TRACTOR, SCARLET which take as input
position/color/time- dependent PSFs

* A uniform, highly functional and scalable system architecture.
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Ways of Combining Datasets

* Catalog matching [NOT joint processing]
* Easy to handle, will be done by the projects at basic level
* Photometric techniques from each project is different
e Confusion and mis-association will plague the matching

* Joint fits in stacked mosaic pixel level data to photometry/positions/sizes of
sources
» Space based data can be used as a template for deconfusion
e Consistent analysis across wavelengths, including extraction of limits

* Joint fits in single-epoch pixel level data to photometry/positions of sources
e Astrometry from each epoch will be properly handled
* Seeing variations will be factored into account during photometry
* Transient sources will be properly handled, enabling selective stacks
* Allows combining spectral grism data and imaging data
* Most voluminous and challenging for infrastructure

Chary, ADASS Groningen, Oct 2019 16
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It took a millimeter wave telescope
(ALMA) to inform the optical/IR community
that astrometry was off at 0.1-0.2”
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Basic Architecture: Leveraging both existing

HPC resources and cloud enviror
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3. Source-fitting prOCESS
3. Morphology analysis A
4. Stacking
Joint Processing | Galactic Extinction
Application Layer Corrector
v 4
VM/Cloud
Interface
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The JSP timeline

* Started scoping activity July-2017, built team with representatives from the
three projects as well as external people

 Submission to NASA, NSF, DOE in Mar 2019 and Astro2020 WPs

* Work initiated in Sep 2019

* Using DOE/NERSC supercomputing resources (100 khrs)

* Functional interface in FY2023, just in time for Euclid and LSST data.

* Updates are synchronized a few (~3-6) months after public data releases
from the projects.




summary

* We should be (very) scared of the upcoming data volume.
e Catalog matching is dead. Long live pixel level processing!

* Requires capabilities for pixel level manipulation and rapid visualization of
single epoch images — the goal of JSP.

 All projects should work together with the bigger Legacy projects to have a
uniform and scalable data manipulation interface with smart software for
easy integration.

* Build up >>Gbps networking capabilities.

* Will need >Billion CPU hours for basic JSP, probably 10 times that for all
science projects with these datasets.



Summary of Tasks

Standardize the astrometry and photometry of the image-level data products and
associated metadata available from each of these projects;

Leverage these standardized products to generate the ultimately precise, deconfused,
extinction-corrected, photometric catalogs over the entire overlapping sky area;

Support the generation of such catalogs with other ancillary data sets that will be taken in
support of Euclid and WFIRST e.g. with CFHT, Hyper-SuprimeCAM,;

Provide an interface for astronomical manipulation (e.g. shape fitting, diffuse emission
extraction) of the standardized, calibrated frames from Euclid/LSST/WFIRST;

Provide an interface for integration of the standardized Euclid/LSST/WFIRST catalogs to
ancillary, lower-resolution, all-sky data products such as GALEX and WISE;

Develop a high performance computing and networking environment which will enable
manipulation of these data and allow monte-carlo simulations to be performed using the
data sets from these projects.



Paradigm (Whole>Xparts)

* Well-documented set of standardized joint products

* Clear division of tasks between project, joint-processing and community
and avoiding duplication

* Enables new multi-wavelength science while doing “old-science” better,
reduces systematics

* Analysis and simulations are run on single copies of data located at the
data processing institutions rather than moving (vast amounts) data
between multiple institutions

* Provides a way for brain-power of projects to support community
analysis — crucial when data-taking and processing is out of hands of
end-user



Challenges

* Cannot get cross-project consistent simulations

e Data volumes are high
e LSST ~ 70 PB of calibrated data and meta-data
* Euclid~ 2 PB
 WFIRST ~ 20 PB for the whole survey

* Networking/infrastructure upgrades will be required otherwise on-
the-fly analysis will take Ymonth



Separating transients by nature of host
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Microlensing

e LSST will likely undertake a microlensing
survey (Rachel Street, Rosanne di Stefano)

* Both towards the bulge and out of plane.
Bulge will be strongly affected by [ WFIRST-AFTA
confusion, requiring WFIRST or a
dedicated Euclid survey to provide priors.

* High spatial resolution extinction map will >
allow luminosities and spectral types of
lensing systems

* Prior based deblending allows pushing
detection thresholds for planets by ~2 e
mag i.e. super-Earths 26 deg
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