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Data types
(repetita‘iuvant)
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'oducts generated by the prompt processing
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. . DIASource == Fink
~rocessed Visit Images &= DIAObject and SSObjects

| —
Difference Images & Almost real time database
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Source and Object
~rocessed Visit Images &= ForcedSource

Coadded images = DIAObject and SSObjects
Static Database

Data Release Products &
Products generated by the annual process
and It uses all the data collected




Data lypes: Images
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Raw Images: 16 slices output produced by a Processed Visit Images (PVI a.k.a Calexp Coadded images
single CCD

Data Products References

Data Products Definition Document LSE-163

The Rubin Data Products, Abridged https://doi.org/k8d3
LSST Data Product Categories L PM-231

Data Management System (DMS) Requirements LSE-C1
Data Management Science Pjpelines Design LDM-151
https://www.Isst. org/about/dm/data-products



http://lse163.lsst.io
https://doi.org/k8d3
https://lpm-231.lsst.io
http://lse-61.lsst.io
https://ldm-151.lsst.io
https://www.lsst.org/about/dm/data-products

Data lypes: Images

Raw Images: 16 slices output produced by a | Coadded images
single CCD )

- Data Products References
. : | Data Products Definition Document LSE-163
The Rubin Data Products, Abridged https://doi.org/k8d3
LSST Data Product Categories L PM-231
Data Management System (DMS) Requirements LSE-C1
Data Management Science Pjpelines Design LDM-151
https://www.Isst. org/about/dm/data-products

Diff Images


http://lse163.lsst.io
https://doi.org/k8d3
https://lpm-231.lsst.io
http://lse-61.lsst.io
https://ldm-151.lsst.io
https://www.lsst.org/about/dm/data-products

Data lypes: Catalog

The Source table stores properties of detections (instrumental fluxes and shapes) of
sources independently detected, deblended, and measured on all PVI (Calexp)

The Object table stores properties of the astronomical objects detected and
measured on the deep coadded images.

.The ForcedSource table stores forced-photometry measurements on individual '.
-Icalexp images and difference images, based on and linked to the entries in the |

~]Object table. Point-source PSF photometry is performed, based on coordinates from |
|a reference band chosen for each Object |

Dia Source/Object/ForcedSource tables store the same properties of equivalent tables but for time-varying astronomical |
Lobjects



[9]: | butler = Butler('dp92', collections='2.2i/runs/DP0.2"')
Last executed at 2024-05-31 15:51:39 in 1.87s

Data Access

[10]: datald {'visit': 192350, 'detector': 175, 'band':
Last executed at 2024-05-31 15:51:39 in 2ms

'11]: | calexp butler.get('calexp', *+datald)
Last executed at 2024-05-31 15:51:44 in 4.94s

The calexp thatis returned by the Butler in the previous cell is an ExposureF Python object. Exposures are powerful representations of image data because they contain not only the image data, but also a variance image for uncertainty propagation, a bit mask image, and key-
value metadata. In the next section, we will use AFWDisplay to visualize the image and mask associated with this Exposure. More documentation on accessing and visualizing an Exposure be found here.

fig = plt.figure()

B ™MV & F B
display - afwDisplay.Display(frame-fig)
display.scale('asinh', 'zscale')
display.mtv(calexp.image)
plt.show()

remove_figure(fig)

Last executed at 2024-05-31 15:51:45 in 1.29s

1000 2000 3000 4000 90
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- \\elb environment for interactive data analysis

» Access to Qserv catalog via Ul or via script (TAP service)

- Access to Butler data

| = Visualization of iImages, creation of graphs, catalogs analysis

E —xecution of notebooks (Python API)

-+ Gateway to Qserv and Butler for “IVOA" tools

LSST France - Marseille 8
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Data Access
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Data (Butler, Qserv)

| ;f) The Rubin Science Platform
(RSP)

VOATAP APL_\

VOA TAP AP

- IVOA
Butler AP

Compliant

Notebook



RSP Instances
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e

Three instances for data access: CC-IN2P3,USDF, IDF (+ others)

CC-IN2P3 USDF @ SLAC IDF @ Google Cloud
httos //olata olev Isst eu https://usdf-rsp.slac.stanford.edu/ htﬂos //olata Isst cloud

‘KZ Authenﬂﬂcaﬂon SSO GC II\IZPS + ' 4 Authentification: via SLAC Account “tZAuthenUﬂcann SSO CI\IRS |

¢ Unix group Isst : + Unix group rubin . (Janus) after authorisation
‘ (L1 Commissioning Data i | Commissioning Data 1 Commissioning Data
{DPO.2 produced by IDF i \MDPO.2 produced by IDF I DPO.2 produced by IDF

I Catalogs : [ Catalogs . I Catalogs a
]Images : JImages . ™Images (via Portal and Jupyter ) !
0.3 | QDPO.3 'MDPO.3
0. 1 [ 'QDPO. ' DPO. 1
0.2 produced by FrDF , ;

‘ ! A Catalogs
* MImages (only in Jupyter via
%, Butler AP

[ cosmoDC2 Catalogs ;
[ skysim500 Catalogs ]

URURW



https://data-dev.lsst.eu
https://data.lsst.cloud

Data Access |
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LSST France - Marseille https://me.Isst.eu/mainetti/Rubin_Data_ Products.mp4 B

e ————  ———  —




Data Access |

Demo [Ime

|

- —

o —
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Data Access; -2 home

VERA C.RUBIN Portal

LSST France - Marseille

Notebooks APIs Documentation Support Community

New "home" for the notebook platform.

Due to the update of the application that provides RSP notebook services, the notebook platform home is now set to
/sps/\lsst/users/your_login/rsp_home. You can continue to access datain /pbs $HOME and $THRONG via a terminal or using the
symbolic links available in the new rsp_home.

Butler access from the notebook platform.

The production butler at CC-IN2P3 is now accessible from the notebook platform. A set of tutorial notebooks is available within the notebook
platform to help you.

' ’

' P ) ' ' ' J
) ’ ’ | ' ) ' '
' : _ r ' ' ’ ’ . 4

. +'Rubin Science Platform .

’
ro :
! ' ’

Notebooks APIs

Discover data in the browser Process and analyze LSST data with Learn how to programatically access data
Jupyter notebooks in the cloud with Virtual Observatory interfaces

Learn more about the portal. Learn more about notebooks.

mainetti



https://data-dev.lsst.eu

A Results

LSST DP0.2 DC2 Tables ®

Enter Constraints @

% Spatial @ no target found

ShapeType: (@) Cone Shape
Eamples: 3T '60.4-35.1' 'ah1
xamples: 'NGC 1532 (NB: DC2 s
Radius
10 al

Valid range between: 1" and 360000"

Position Columns: coord_ra, coor
Temporal @
Object ID Search @

m Row Limit: | 50000

LSST France

DP0.2 Images

- Marseille

DP0.2 Catalogs DP0.3 Catalogs

Table Collection (Schema): dp02_dc2_catalogs_frdf (tables: 8)
Data Preview 0.2 contains the image and catalog products of the Rubin Science
Pipelines v23 processing of the DESC Data Challenge 2 simul...

dp02_dc2_catalogs_frdf (tables: 8)

Upload

Tables: dp02_dc2_catalogs_frdf.Object

images.

Table count: 8

Data Preview 0.2 contains the image and catalog products of the Rubin Science Pipelines v23

processing of the DESC Data Challenge 2 simul

dp02_dc2_catalogs  (tables: 10,

ection and Constraints
constraints unit ucd

Data Preview 0.2 contains the image and catalog products of the Rubin Science Pipelines v23

processing of the DESC Data Challenge 2 simul

dp01_dc2_catalogs (tables: 5

Data Preview 0.1 includes five tables based on the DESC's Data Challenge 2 simulation of 300

square degrees of the wide-fast-deep LSST su.

skysim5000_v1_1_1_parquet (tables: 2
skysim5000_v1_1_1_parquet

cosmoDC2_v1_1_4_image (tables: 2)
cosmoDC2_v1_1_4_image]

tap_schema (tables: 5)
ATAP-standard-mandated schema to describe tablesets in a TAP 1.1 service

uws (tables: 1)
UWS Metadata

Populate and edit ADQL

ild

lend
ende
ende
ted
hinn
ary
detect_isIractinne
footprintArea
g_ap03Flux
g_ap03Flux_flag
g_apO3FluxErr
g_ap06Flux
g apO6Flux_flag
g_apO6FluxErr
g_ap09Flux
g_ap09Flux_flag
g_apO9FluxErr
g_ap12Flux
g_ap12Flux_flag
g_ap12FluxErr
g ap17Flux
g ap17Flux_flag
g_ap17FluxErr
g_ap25Flux
g ap25Flux_flag
g_ap25FluxErr
g_ap35Flux
g_ap35Flux_flag
g_ap35FluxErr
g_ap50Flux
g_ap50Flux_flag
g_ap50FluxErr
g_ap70Flux
g ap70Flux_flag
g_apTOFluxErr
g_apFlux_flag
g_apFlux_flag_ap:
g_apFlux_flag_sin
g bdchi2
g bdE1
g_bdE2
g bdFluxB
g bdFluxBEr
g bdFluxD

@ bdFluxDErr

char char char

deg

deg

pixel

nly

nly

nly

nly

nJy

nly

nly

nly

nly

nJy

nly

nly

nly

nly

nly

nJy

nly

nly

pos.eq.dec;meta.main

pos.eq.ra;meta.main

pixel**2

pixel**2
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_— Introduction to Jupyter Notebooks for Data Preview 0.2
‘ - e Contact author: Melissa Graham
L] ° . ge
+ o / Last verified to run: 2024-05-01
. LSST Science Pipelines version: Weekly 2024_16

Container size: medium
Targeted learning level: beginner

Description: An introduction to using Jupyter Notebooks and Rubin Python packages to access LSST data products (images and catalogs).

Skills: Execute Python code in a Jupyter Notebook. Use the TAP service to retrieve Object catalog data. Use the Butler to retrieve and display a deepCoadd image.
LSST Data Products: TAP dp02_dc2_catalogs.Object table. Butler deepCoadd image.

Packages: Isst.rsp.get_tap_service, Isst.rsp.retrieve_query, Isst.daf.butler, Isst.afw.display, Isst.geom, pandas, matplotlib

Credit: Originally developed by Melissa Graham and the Rubin Community Science Team in the context of the Rubin DPO0.1.

Get Support: Find DPO-related documentation and resources at dp0.Isst.io. Questions are welcome as new topics in the Support - Data Preview 0 Category of the Rubin Community Forum. Rubin staff will respond to all questions posted there.

1.0. Introduction

This Jupyter Notebook provides an introduction to how notebooks work. It demonstrates how to execute code and markdown text cells, how to import Python packages and learn about their modules, and provides links to further documentation.

This Notebook also demonstrates the basic functionality of the Rubin Science Platform (RSP) installed at the Interim Data Facility (IDF; the Google Cloud), such as how to use the TAP service to query and retrieve catalog data; matplotlib to plot catalog data; the LSST Butler
package to query and retrieve image data; and the LSST afwDisplay package to display images.

This Notebook uses the Data Preview 0.2 (DP0.2) data set. This data set uses a subset of the DESC's Data Challenge 2 (DC2) simulated images, which have been reprocessed by Rubin Observatory using Version 23 of the LSST Science Pipelines. More information about the
simulated data can be found in the DESC's DC2 paper and in the DP0.2 data release documentation.

1.1. How to use a Jupyter Notebook

Jupyter Notebooks contain a mix of code, output, visualizations, and narrative text. The most comprehensive source for documentation about Jupyter Notebooks is https://jupyter-notebook.readthedocs.io, but there are many great beginner-level tutorials and demos out there.
Usually a web search of a question, like "how to make a table in markdown jupyter notebook", will yield several good examples. Often the answers will be found in StackOverflow.

A Jupyter Notebook is a series of cells. There are three types of cells: code, markdown, and raw. This text was generated from a markdown cell. Up in the menu bar you will find a drop-down menu to set the cell type.

Warning: All of the code cells in a notebook should be executed in the order that they appear.

Click in the following code cell: with the cursor in the cell, simultaneously press "shift" and "enter" (or "return") to execute the cell code.

# This is a code cell. Press shift-enter to execute.
# The # makes these lines comments, not code. They are not executed.
print('Hello, world!"')

Last executed at 2024-05-31 18:38:55 in 4ms
Hello, world!

Double click on THESE WORDS IN THIS MARKDOWN CELL to see the markdown source code.

# This is a raw cell. You can press shift-enter, but nothing will execute.
# The # symbol does not mean anything in a raw cell.
print('Hello, world!")

1.1.1. Jupyter Notebooks How-Tos

How to quickly execute all the cells: Go to the top menu bar and select "Kernel", then "Restart Kernel and Run All Cells".

How to emergency-stop a notebook: If a code cell is taking a long time to execute (e.g., if a process to retrieve an entire catalog was started by accident) kill it by going to "Kernel" in the top menu bar and selecting "Restart Kernel and Clear All Outputs". It might still a few
tens of seconds, but it will stop the process and restart the kernel.

The kernel is the computational engine for the notebook (the RSP uses a python3 kernel), and can be thought of as a live compiler. Restarting the kernel and clearning all outputs means that all defined variables or functions are removed from memory, and all code cells revert
to an "unexecuted" state.

How to view a table of contents for this notebook: Click on the icon of a bullet list in the leftmost vertical menu bar, and an automatically-generated ToC will appear at left. Click on the icon of the file folder at the top of the leftmost vertical menu bar to return to a directory
view.

How to know which version of the LSST Science Pipelines is running: Look along the bottom bar of this browser window, and find the version of the LSST Science Pipelines that was selected as the "image". It is probably "Recommended (Weekly yyyy_ww)", and it should
match the verified version listed in the notebook's header. Alternatively, uncomment the two lines in the following code cell and execute the cell.

# | arhn ¢TMACE NECADTDTTNM

Mada: Nammmand A 1n1 APAl1 NDNY N1 lntradiiatian #a NDNA2 inunk N N

14



Data Access: Topcat & C.

| oo Accessing Qserv Catalogs via
& 'v &rie {?};v ﬁﬂpls...

¥ ¥
i = () O data-dev.Isst.eu Q Mode: Generic
L) ] ":
] p Construct your query, verlfy and execute. k
' SkyView . : P MEao /
: g Table: dp02_dc2_catalogs.DiaSource v Set ra, dec Join i
, {&2Aladin TAP i
3 | "Hips2fits ‘
Select: All Constraints:  Add new Max rows: 9999 <7 ‘
3 . /A
I ‘oan &Gala (3 | ODCaJ[
L) N .
| M e A . - TR S - . — I I . S Sp— B S : B |
‘ | DFS... Target 23 59 58.0769463 +00 00 28.781796 B G B R Ay
4 WL ‘ able Access Protoco uery ) a P =
| : | a@Y BwEe:z# Wedo & X & B e
/ rchi Radius 14 CIRCLE & | ¥ | X A
‘ r ves.. . he B4 rTable List—————— — Current Table Properties
| ~J" | [ ||1: TAP_1_tap_schema.tables .
,“ o Select Service  Use Service  Resume Job  Running Jobs 2: TAP:Z:d:(;Z_dcz_catalogs.( L3P9|1 TAP_Z_deZ_dc2_catalogs.0t?1ect
¥ , | | Metadata Loading TAP_3_dp02_dc2_cat: Loc::;zz :AP_Z_deZ_dCZ_catalogs.ObJect
Y é : sync
y 2 Find: 4 O Schema O Table O Columns O FKeys P —| Rows: 10
¥ ‘ Name Descrip Or . metry Columns: 991
3 . Name: Sort Order: 4 p $
I dp01_dc2_catalogs (5) Tables: R
9 a 5% dp01_dc2_catalogs.forced_photometry . Row Subset:  All c
' &2 dp01_dc2_catalogs.object Description: Activation Actions: 1/ 3
* -
! B dpo1_der cambog reference S T
; i 3 - : . ok o
ce ntrmd_neg_ﬂag e &2 dp01_dc2_catalogs.truth_match [ | 420 / 4096 M L O Alcmes @ & N
: ] 3 ~ dp02_dc2_catalogs (11) )
p centroid pos ﬂag E2 dp02_dc2_catalogs.CedVisit OnDiaObject  Point-source forced-photometry measurer]
: - - o d 02_d 2' | ddPatch | Match information for TruthSummary obje«
} % pOZ_dcZ_cata ogs.Cf)a ) . Properties of the astronomical objects det:
’ 7 EF dp02_dc2_catalogs.DiaObject Properties of detections on the single-epo ‘
\ | . &£ dp02_dc2_catalogs.DiaSource y Summary pronartiac af nhiartc fram tha Nl {
E ) Refresh query Check.. SYNC e ASVHC jObS) > ‘ 75 dp02_dc2_catalogs.ForcedSource gstadatg ah ,‘
! #E dp02_dc2_catalogs.ForcedSourceOnDiaObject servation : —— = A
, a : { & a il 4
! 1 5% dp02_dc2_catalogs.MatchesTruth | Job history t" .5? : ﬁ % T Eij V % ‘@' B . @ X : - p
SELECT TOP 9999 * FROM dp02_dc2_catalogs.DiaSource %= dp02_dc2_catalogs.Object 1
3 ‘ &% dp02_dc2_catalogs.Source B . Format: (auto) e {
&F dp02_dc2_catalogs.TruthSummary . Accoﬁ:::io u::;rrors ]
&% dp02_dc2_catalogs.Visit L Location: oK ; Ca o W
X ' — Fil B
) A rService Capabilities @ flestore Browser -
! Query Language: ADQL-2.0 [ Max Rows: C Uploads: 10krow/ % System Browser
i ‘ -ADQL Text S— LORoD
‘ g = = — rLoading Tables P
3 i Mode: Synchronous I~ L s 3 TE
{ b ode X e Ll y [; I—_] S % GD A TAP_3_dp02_dc2_catalogs.Object
1 Cancel !
' SELECT * FROM dp@2_dc2_catalogs.Object LIMIT 10000 "\
X Reset Clear SUBMIT Close Q
” iblended sources with i-band magn
/! oS . AR AR = ’, g Ld T SR ST ROC S == = O Sl = G = = o 8 =S TS o = -
4
A| ad i n o . i Width 98 pt o Fit
" I
» ’ Examples « ) Info [2
|

} s Run Query

LSST France - Marseille =



Data Access: pyvo liorary

| B + X0 (1 » ®m C » Code v O © gt Isst_distrib O 3

B | rsp_home [ tutorial-notebooks
§ | = rophome ’ QSERV Data access via TAP service from CC-IN2P3 JNP - R — N e ' |

Name - Last

5 Modified i - Laties . s N DD NP DD CrIen - _
B Ui amport pyvo as vo N b
| 3 B data 7 days ago ¢ _ import requests , , S , , - - S , , L , . ()
4 — e s e TS me ImS ptgah =~ L .4 A GG A M T T A e tw Tt e i iy i dintdaibirhainia-rbiitediot iy g 4
1 = 01—|ntr°d"‘ 7 days agoe > ‘-',;' DED PO PO WO R -~ Caae B A = 3 ’.- - . C A' x-A‘ . ’.v‘ - PO * R A" ,-4\ N . ’.- - ‘7 SR A-' =, / 3 ’.- — : s >A>‘ \-A\ / ’.- — o e ol S o
1 > . "
‘ ® . [ 02_Catalo.. 7 days ago oken N,
} & 03a_Imag... 7 days ago " 4 url="https://data-dev.lsst.eu/api/tap" 3 \

3 L [ 7
J * = 03b_Imag days ago

7 days ago | . ) .
j Authentification ‘

= 03c_Surv...

™ 04a_intro... 7 days ago

3 = 04b_lnter... 7 days ago def get_auth(): g %

) — ] tap_url = url { f

{ ® 05_Introd... 7 days ago —

b - e ’ s = requests.Session() | §

1 = 06a_Inter... 7 days ago s.headers['Authorization'] = 'Bearer ' + token 4 ‘
b auth = vo.auth.authsession.AuthSession()

= 06b_lInter... 7 days ago \

auth.credentials.set('lsst-token', s)

“ f = 07a DiaO... 3 days ago . auth.add_security_method_for_url(tap_url, 'lsst-token')
[ - - ¢ X

: 3 auth.add_security_method_for_url(tap_url + '/sync', 'lsst-token') £ ‘]
b, | W 07b_Varia... 19 hours ago N auth.add_security_method_for_url{tap_url + '/async', 'lsst-token') F
3 ® 08_Truth_.. 7 days ago N auth.add_security_method_for_url(tap_url + '/tables', 'lsst-token') P "
3 b return auth ’ ‘
. E OQa_Cust..‘ 7 days ago . - TRSEOTS ‘.,‘\. o ',‘_ e .~, -. ~ . ,.‘ ‘7 B L paaa g o .-/ ,/. 'y _.‘ _7 B Lo poom i .‘.,‘__ _-,\_ — ..( _,' - ~ .‘.:\_ = ',‘_ _.‘ o _, B Lo poma g o ‘.( _U - i “.:‘_ > ',; _.‘ _, B L .' i _‘.i—- » -,\_ _.‘ ‘7 Bc- Lot = S '

] 09b_Cust... 7 days ago , TAPervccretin ‘ ‘ - o \ | ‘ o | o ‘ ' _ \ | . | o

— o = g PN o o or v o g — o e B o ol v o g

™ README.... 7 days ago oy ST T N T A R v = S sdaozo D v B RPN v . PRPAESa:: NG e 2 ENTREEN ‘.
tap_service = vo.dal.TAPService(url, get_auth()) ) b
y K/ |
0 b . £ aBa e E s — g e T Do v 2 ¢ o Lo P ARA o - e gD = T o DT & - a0 By L. _psha i Sa 2 i -~ . -~ —s =y e 2 _ = 0 ~ R S =, 23 -3 frosma ~ -7 -5y = - > o N
: N SIS e PN S - S - et NS AN S D! R TS > " St " ¢ GRS 5 SRCE NS R > 2 o RS, G
\ warnings.warn(f"Unknown xsi:type {xsi_type} ignored") g
, Jevmfs/sw. Lsst.eu/linux-x86_64/1sst_distrib/w_2022_48/conda/envs/lsst-scipipe-5.0.0-ext/lib/python3.10/site-packages/pyvo/utils/xml/elements.py:414: UserWarning: Unknown xsi:type uws:Sync ignored K.
. o 3
3 47 Query A
I‘ . N v‘
. resultset = tap_service.search("SELECT TOP 100 * FROM dp®2_dc2_catalogs.0Object") » :
. AN %
&) R N
\ resultset.to_table().show_in_notebook() '\
g § Table length=100 i 5
‘ idx coord_dec coord_ra deblend_nChild deblend_skipped detect_fromBlend detect_isDeblendedModelSource detect_isDeblendedSource detect_islisolated detect_isPatchinner detect_isPrimary detect_isTractinner footprintArea g_ap03Flux g_apO03Flux_flag ¥ '_
k. > {
P " deg deg pix nJy | .

0 -446322113 64.4800788 1 False False False True True True False False 645 4121322886 False

‘ 1 -446312562 64.,3185831 2 False False False False False True False False 283 601774559 False

67.1881908 False
3 -44 630617 64.3861605 2 False False False False False True False False 825 3974578227 False

4 -446316349 64.3526559 1 False False False True True True False False 96

; / 2 -446316981 64.3796335 1 False False False True True True False False 153
21.0439418 False

|

LSST France - Marseille

L 5 -446317522 64.3783342 2 False False False False False True False False 377 2419063884
.
@ 6 -44.630403 64.3396123 3 False False False False False True False False 1251 464.6395859

-

via foken

service creation

16




CPWU

29840] Y

221K

VERA C.RUBIN




Conclusions

+ Real data are coming

+ [he Rubin Science Platform is the access portal to the data (both catalog and images)
+ Also access via IVOA compatible tools needs an RSP account

+ Many instances of RSP are available, one at CCO-IN2P3 (data-dev.Isst.eu) but:

T you want participate to the camera commissioning data under embargo
are accessible only via USDF RSP (https://usdf-rsp.slac.stanford.edu/)
please take your time to ask for a SLAC account!



https://usdf-rsp.slac.stanford.edu/

