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The Large Synoptic Survey Telescope (LSST, http://Isst.org) is a planned, large-aperture, wide-field, be broadcast world-wide using VO protocols. "Level 2" data products will be made available as annual
ground-based telescope that will survey half the sky every few nights in six optical bands from 320 to Data Releases and will include images and measurements of quantities such as positions, fluxes, and
1050 nm. It will explore a wide range of astrophysical questions, from studies of the Solar System, to shapes, as well as variability information such as orbital parameters for moving objects and an
examining the nature of dark energy. LSST is an integrated survey system. The observatory, telescope, appropriate compact description of light curves. The exact contents of Level 2 products will be set by the
camera and Data Management systems will be built to conduct the LSST survey and will not support 'Pl  desire to minimize the necessity to independently reprocess the image data. Finally, approximately 10%
mode' in the classical sense. Instead, the ultimate, science-enabling, deliverable of LSST will be the fully of LSST's computing capability will be made available to the community for generation of "Level 3" data
reduced data. This poster presents the baseline design and contents of LSST data products. There will products. These will be used to perform custom analyses not fully enabled by Level 1/2, while taking
be three main categories. "Level 1" data products will be generated continuously every observing night advantage of co-location of computation with the entire LSST data set.

and include measurements such as alerts to objects that have changed brightness or position. They will

Open Data, Open Source — Community LSST Data Products: LSST is an integrated survey system. The ultimate science-enabling Level 1 (nightly) Products: LSST Data Management system will *I Level 1 ata Pr  Laminous S
Resource: LSST data products, including deliverable of the LSST is the fully reduced data. LSST will make available three categories of data be capable of detecting and issuing 2 million or more alerts per e vt BB TET g |
’ products: night, for objects detected in images differenced against a deep | phenom e |
images and catalogs, will be available with no template. The alerts will be issued in 60 seconds, and made - i P
proprietary period to the astronomical + Level 1 (“nightly”) data products are generated continuously every observing night, including available for broadcast world-wide as VOEvent messages. =z —_— o oo |
communities of the United States, Chile, and alerts to objects that have changed brightness or position (excluding the known asteroids). g s il o g
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international partners. Transient alerts will + Level 2 (“annual”) data products will be made available as annual Data Releases and will Fﬂreaf:.h e, the_ Rlewing UnskmausmiwlL Lo/ Hisasaiaiapio: =™ P N 3
be made available for world-wide include images and measurements of positions, fluxes, and shapes, as well as variability * Position, flux, size, and shape. S i i iom  on
distribution within 60 seconds, using information such as orbital parameters for moving objects and an appropriate compact  * E}riﬂ;:daerirabli'iitrb:tigfﬂrzn;at:*?}g iggt:ﬂriab_im}‘ f;”ﬂ: :tcrftgﬁaﬁc};af?gﬁ% . .S~ o
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standard VO protocols. LSST data processing fescripion of light curves. prgviding fulﬁ1 Iighl; curves in all )I:::aa:*:lls. There are r'IDQ current o[ trmerozon 4 x FHS |
software will be open source (GPL v3). + Level 3 (“user-crE?te;i”)l data prc;:iucts will be Icre?fted b}(fAtS:a )cc;lmmuTlitE, includtijngd ;;rﬂjict plans to perform object classification. ol ‘-:h ' o e
teams, using suitable Applications Programming Interfaces s) that will be provided by the . ' : i A
LSST Data Management System. The Data Management System will also provide at least 10% image cut-outs centered on the object.
Scientific research based on LSST data of its total capability for user-dedicated processing and user-dedicated storage. The key aspect
products will be done by the community. of these capabilities is that they will reside “next to” the LSST data, avoiding the latency Solar system objects will be detected in difference images as
associated with downloads. They will also allow the science teams to use the database sources with positive flux, and linked together into orbits by the
infrastructure to store their results. Moving Objects Processing System (MOPS). The orbits will be
made available within 24 hours.
Level 2 (annual) Products: These data products, published as Data Releases (DRs), will Level 2 Catalogs: Data provided in Level 2 catalogs are designed to facilitate studies requiring a hitpz/isst].ncsa.uiuc.ecu/scnemaiindex.php csVer=naseline (http://goo.glivXiPrz)
include well calibrated and characterized images, associated calibration products, and catalogs, well-calibrated, consistent, wide, and deep data set. e S — CEE
delivered in an easy-to-use remotely accessible database. They are intended to facilitate "static
sky” science and t_ime dw::amgin science for which im_medigte follow-up is not rjeq.u'tred. Two The most important Level 2 database tables are shown on the bottom right panel. The Object Schema versions available for browsing: baseline | OC3a | PT1_1 | PT1.2 | ImSim | $12_sdss | 512 Jsstsim (undertined
examples — mapping the Milky Way and weak lensing science — are shown in figures below. The table keeps the derived information about astronomical objects (e.g., the proper motion of a star), o ot Mokiona docineriiion: wersior Bl eesston G2 version 013 CAsiudt on BaEi0)
quality of measurements delivered in Level 2 will be generally higher than their Level 1 while the Source table keeps the individual measurements (e.g., the measured position). The _
counterparts. Difference Image Analysis Source (DIASource) table contains measurements performed on e e N T 3 TISAW Tk of Disjecs
difference images. The Forced Source table contains measurements at predetermined positions T Tmet| -
Bottom left diagram shows a typical flow of processing during data release production. Every (e.g., where objects were detected in other catalogs or exposures). Finally, the Moving Object __"— L - il b Uniqu::“'m'm
data release will reprocess all data taken since the start of the survey. Except for the first year table contains the orbits determined for minor bodies of the Solar System. Detailed description of codExposureld BIGINT Pointer to the CodExpsoure
when there will be two, the data releases will be made on a yearly cadence. There will be no the schema can be found using the LSST Schema Browser (shown on the right). Eﬁiﬁ:ﬁﬁ?ﬁ:ﬂ?ﬂ%
proprietary period; a release will be made available to the community as soon as it's ready. belong & mutipls 42
The decisions on what quantities to measure and include in Level 2 catalogs are based on two mops_Event_TrackletPrecovery CesEiponres.
We expect the catalogs and processed images will be the most requested and used LSST data guiding principles: e el Er*:?'*flgﬂm
release products. They will be made available through a web based Science User Interface 1. “Minimize Pixels Needed for Science”: The large majority of LSST science cases should be
(SUI), as well as appropriate remote access APIs and protocols (e.g., SIAP, TAP, etc.). enabled by just the catalog, as reprocessing images is costly and difficult for the end-user and

should be avoided.
2. “Provide simple but useful, commonly used, external or derived, quantities”. Examples
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! - P Level 3 (“user-created”) Products: Level 3 products will be created by the community using Final Image Archive 345 PB It ot e T2 7E)

g ! s || mops LSST's hardware and user-contributed software. They are intended to enable processing that | -
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6 and Deep (| cpgy would greatly benefit from being co-located with the LSST data. Potential examples include 8 | includes Virtual Data (57 PB)

+ | Fuiore soon ||, searchlng_ fgr extremely faint Kmpe_r belt_ ubjects‘ using shtft-apd-stack , or detailed Finial Catalog Archive i R
characterization of the morphology of interacting galaxies. Note that simply querying Level 2
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Photo Cal database does not rise to the level of a “Level 3" effort. e Databaee ol Data Release 11 (Year 10)
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LSST will provide at least 10% of its total storage and computing resources for Level 3 use. An Final Disk Storage 3?32133:1':115 Archive Site Only

) , open application and time allocation process will be used to manage access to Level 3

2 | (Swapral] resources. As an example, at the time of DR2 (~year 2022), 20 TFLOPS of compute capability, Eitiallane Storape 3333;;5 Single Copy Only
300 TB of database, and 1 PB of general-purpose storage space will be made available for Level |
3 uses. Furthermore, the LSST Archive will be located in the National Petascale Computing Number of Nodes 1800 SRR s SR
Facility at NCSA and significant non-LSST resources are expected to be available on site. |

Number of Alerts Generated 6 billion Life of survey

Level 3 data products may migrate to Level 2, if found to be universally useful and their authors
agree to contribute them to the public. LSST will provide support with the necessary software
engineering to facilitate such contributions.

LSST Data and Computing at a Glance: The sizes of various
components of LSST Data Management systems and data products.
“Virtual Data” is data that is dynamically recreated on-demand from
provenance information.
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