saxc|drsa) [ |ukus«ascaves  NED)

Brought to you by the
NASA Astronomical Virtual Observatories

collaboration:

High Energy Astrophysics Science Archive Research Center — HEASARC
NASA/IPAC InfraRed Science Archive — IRSA
Mikulkski Archive tfor Space Telescopes — MAST
NASA/IPAC Extragalactic Database — NED
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© How does a user get the data?

End User Data

HST
TESS
K2
JWST
Kepler
FUSE
Fermi

NICER
NuStar
Swift

¢ ROSAT
Suzaku
IRAS
Spitzer
WISE
SOFIA
Herschel
Akari
GALEX
SDSS
2MASS
AIIWISE




Example: MAST portal

and enter target:
crab

Select a collection...
MAST Observations by Object Name or RA/Dec | ¥

About Collections...

anonymous
Search & Login...

Show Examples... Random Search Advanced Search Account Info...

User Manual/Help | Leave Feedback | About This Site

‘ | Upload Target List

Home Page || s MAST: crab AstroView
Displaying 721 of 1645 Total Rows ‘ MESSIER 001, radius: 0.20000° | |@® | | \ 15 ” A “&’8’ ‘ B ‘ Footprints: Al v 05:35:01.163 +21:50:40.78
Filters | List View =4 Album View :
Clear Filters  Edit Filters...  Help... Edit Columns... Table Display: |All v Show Preview: Show Cutout:

N Actions Observation T... Mission Provenance Name Instrume

- Keyword/Text Filter

: 1 I science HST CALWF3 WFC:
Filter All Columns »

2 5 e science HST CALWF3 WFC:

- Mission

Name Quantity 3 = science HST CALACS ACS/!

I HST (721 of 721) 4 B e science HST CALACS ACS)/!

HLA (0 of 581)

SPITZER_SHA (0 of 174) 5 5 science HST CALACS ACS/!

IUE (0 of 72) ,

SWIFT (0 of 64) 6 = science HST CALACS ACS/)
Show 5 More 7 5 o science HST CALACS ACS/!
~ Provenance Name 8 ﬁ *0e science HST CALACS ACS/‘
Name Quantity _—

9 hZf oo science HST CALACS ACS/

CALWFPC2 (235 of 235) 10 25 e science HST CALACS ACS/)

CALSTIS (215 of 215)

11 25 e science HST CALACS ACS/"
ALA 85 of 85 .
CALAGS ( ) 12 5 science HST CALACS ACS/"
Show 10 More D
13 B4 e science HST CALACS ACS/)
~ Instrument
.l—-ﬂ" * e i \
Name Quantity 14 M science HST CALACS ACS/
WFPC2/WFC (202 of 414) 15 | science HST CALACS ACS/!
WFPC2/PC (33 of 245)

Are nAIeEs fOD AF 1N
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xample:

porta

Data Discovery Search Result

Object/Coordinate

M1 SIMBAD SNR 184.5575 -5.7843

Equatorial J2000
05h 34m 31.94s +22d 00m 52.2s

Cone Search with center of 83.6331 22.0145 Equatorial J2000 and radius of 10.00 arcsec.

51 datasets found.

44101 pP|a-siofsy)

Mission Data Set
WISE WISE 3-Band Cryo Single Exposure (L1b) Source Table
WISE WISE Preliminary Release Single Exposure (L1b) Source Table (Superseded)
2MASS 2MASS All-Sky Point Source Catalog (PSC)
2MASS The 2MASS Large Galaxy Atlas
2MASS 2MASS Second Incremental Release Point Source Catalog (PSC)
2MASS 2MASS First Incremental Release Point Source Catalog (PSC)
CcNTT?7CED CETN CAtirena | irk

NAVO Python Workshop

Data Type

Catalog
Catalog
Catalog
Catalog
Catalog
Catalog

Cakalan

Search Region SED Plot
Options: FITS 'HIPS = Auto | EqJ2000 Change HiPS @E%‘&
2MASS color J (1.23um), H (1.66um), K (... FOV: 60" X L L
Spectral Energy Distribution from VizieR
1e+12 R 1 1 I L] | 1 1 1 i
5 . - i * kS -
[ . L o
’ E rZE 2k x E I; 7
/ *
' =
Je+11f T -
" K ;
VizieR Search region sk b -
2k -
L 1 1 1 L L 1 1
5 0.1 2 5 1 B 5 10
Wavelength [um]
Matching Data Sets VizieR SED X

To IRSAViewer
To IRSAViewer
To IRSAViewer
To IRSAViewer
To IRSAViewer
To IRSAViewer

T TDCAVinuuAr

TEHE %N

Link to Data




i

Query Pane
Session +  Options «

Query table[s]
Results:

Target for search

Position: | crab I1:Local tables @ crab
Radius: Table
1... pkscato0
Tables Explorer: Search for 4 pulsar
Available tables L.. radio
1... rass2mass
Enter table name hereors¢f, = __.__
| B Master observation 1. rassbsc
__| Popular Missions (505) 1... rassmaster
| All Missions (655) 1... rosatlog
| Alphabetic (984) 1... rosatxuv
_J Regime (970] Q2:rassmaster @ crab
| Type (262)

: Product Explorer ;

| External
seq_id

1: & RS931314N00
2 4 RS931315N00

NAVO Python Workshop

- || O3] X
Xamin Web Interface Help «
Find matches HEASARC Clear/Reset ...
tches in...
Count matches in Tables Constraints
all HEASARC tables
, Options Al
GSFC
Observation epoch (ISO, MID or ID) Bibcode
82| -|e X
Description Matches Regime Mission Type JT B-U-UVM2]: Pan, zoom and Shift/click to set
Parkes Southern Radio Source Catal... 1 Radio
Pulsar Catalog 1 Radio star
Master Radio Catalog 39 Radio
ROSAT All-Sky Survey BSC/2MASS ... 1 X-ray rosat
ROSAT All-Sky Survey BSC/2MASS ... 1 Infrared rosat
ROSAT All-Sky Survey: Bright Sourc... 1 X-ray rosat
ROSAT AllI-Sky Survey Archival Data 2 X-ray rosat
ROSAT Observation Log 144 X-ray rosat
ROSAT XUV Pointed Phase 1 EUV rosat
3 2N RMEIE
Add Productsto Cart:  iAlRows

instrument exposure ra dec title public_c

PSPC 467 051841.3 22 30 00.0 RASS 3/13/14 2000-C

PSPC 465 05 42 17.7 22 30 00.0 RASS 3/13/15 2000-C




Results for object MESSIER 051 (m51)

Overview Cross-IDs (14) Coordinates (5) Redshifts (1) Distances (50) Classifications (3) Galactic Extinctions Notes (11) Diameters (0)

Photometry & SED (37) Spectra (1) | Images (74) | References (634) I External Links | Survey Coverage ;

Photometry & SED for MESSIER 051

Quick Look Photometry & Luminosities (brightest flux in each spectral region) SED Plot
(J Spectral Region Band Apparent Mag or ... Reference co...  Absolute Mag or vLv [W] o
char char char char char T T T T T T
v 7| 7| | | 100} %y -
X-Ray 2-10 keV 1.28E-14 W/mA2/~  2004A&A...4... 8.13E+33 [W] Te ® = Te
(O Ultraviolet m(2000) 8.7 +/- 0.3 mag 1987A&A...1... -20.47 +/- 0.37 [mag] 1k - e -
() Mid-Infrared 25 microns (IRAS)  17.47 +/-15% Jy  1988ApJS...... 1.33E+36 +/- 2.30E+35 [W] $ . x
(O Far-Infrared FIR (IRAS) 4.91E-12 W mA-2A 1988ApJS...... 3.11E+36 [W] E 0.01pF -
() Sub-Milimeter 350 microns 11.9 +/- 1.7 Jy 1989ApJ...33... 6.47E+34 +/- 1.08E+34 [W] ‘u‘_;
(O Radio 26.3 MHz 31. +/- 8. Jy 1975AJ.....80... 5.17E+30 +/- 1.41E+30 [W] le—-4}F B
le-6} o -
L J
[ ]
1e_8 " L L L L L L n
le+8 le+10 le+12 le+14 le+16 le+18
) v [Hz]

[ No. Observed Passband Photometry Measurement Uncertainty Units Frequency Flux Density Upper limit... Lower limit... Upper limit... Lower limit... NED Uncertainty NED Units

int char double char char dgzgle dé‘f)g,e double double double double char char
v | | L~ I | | | | | =y -
0 1 2-10 keV 1.28e-14 W/mA... 1.45e+18 8.83e-7 Jy 200:
()] 2 2-10 keV 3e-16 W/mA... 1.45e+18 2.07e-8 Jy 200
()] 3 0.1-2 keV (Chandra) 4e-13 ergs/... 2.54e+17 1.57e-7 Jy 200
0O 4 m(2000) 8.7 +/-0.3 mag 1.6e+15 0.15 0.0477 0.0477 +/-4.77E-02 Jy 198
0O 5 6 microns (ISO) 0.088 Jy 5e+13 0.088 Jy 200
O 6 12 microns (IRAS) 11.02 +/-15% Jy 2.5e+13 11 1.65 1.65 +/-1.65E+00 Jy 1988A
O 7 25 microns (IRAS) 17.47 +/-15% Jy 1.2e+13 17.5 2.62 2.62 +/-2.62E+00 Jy 1988A
O 9 60 microns (ISO) 36.4 +/-20 % Jy S5e+12 36.4 7.28 7.28 +/-7.28E+00 Jy 2001A
(J 10 60 microns (IRAS) 108.68 +/-15 % Jy 5e+12 109 16.3 16.3 +/-1.63E+01 Jy 1988A
(J 11 1SO 60 microns 70.3 +/-3.0 Jy 4.93e+12 70.3 3 3 +/-3.00E+00 Jy 2003A
(J 14 FIR (IRAS) 4.91e-12 WmA... 3.63e+12 135 Jy 1988A
(J 16 100 microns (IRAS) | 292.08 +/-15 % Jy l 3e+12 292 43.8 43.8 ‘ | +/-4.38E+01 Jy | 1988A
. ]



Searching Several Archives

Suppose you are interested in a specific source and would like
to compare all of the available multi-wavelength data for it.

You could:

1. collect a list of multi-wavelength observations in the literature, although
NED has done most of the work for extra galactic objects but it does not
have all objects and data from all archives;

2. for each observation, search on-line for the relevant public archives;

3. following each archive’s instructions for how to navigate their system and/
or use their API to find and download the products you are interested in

(e.g., images);
4. do it again for your next source.

Wouldn't it be nice if there were an easier way?

And a way that’s scriptable in Python?!

NAVO Python Workshop



® See

>~  https://astroquery.readthedocs.io/en/latest/mast/mast.html

>>> from astroquery.mast import Observations

>>> obs table =(Observations.query region("322.49324 12.16683")

>>> print(obs table[:10])

dataproduct type obs collection instrument name ... distance

cube SWIFT UvoT ... 0.0
cube SWIFT UvoT ... 0.0
cube SWIFT UvoT ... 0.0
cube SWIFT uvoT ... 0.0
cube SWIFT UvoT ... 0.0
cube SWIFT UvoT ... 0.0
cube SWIFT uvoT ... 0.0
cube SWIFT UvoT ... 0.0
cube SWIFT UvoT ... 0.0
cube SWIFT UvoT ... 0.0

8
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https://astroquery.readthedocs.io/en/latest/mast/mast.html

anmp e: astroquery.ipac.irsa

® See
>~ https://astroquery.readthedocs.io/en/latest/ipac/irsal/irsa.html

>>> from astroquery.irsa import Irsa
>>> import astropy.units as u
>>> i

>>>

id
19’ ™
| This is standardized and easy to use, but it
1
: still depends on knowing which archive to
: query and doing them all individually.

k.'. e o o e o o e e e 0 e e e e e e o o e e e e e e e e )
10.686 41.271 00h42m44.60s 41dlémld.lés 0.13 - - -— 768
10.694 41.277 00h42m46.55s 41dlém36.13s 0.27 - - -= 769
10.690 41.277 00h42m45.71s 41dlém36.54s 0.15 - - -= 770
10.679 41.281 00h42m42.88s 41dlémbhl.62s 0.43 - - -- 771
10.689 41.237 00h42m45.26s 41d14ml13.32s 0.22 - - - 772
10.661 41.274 00h42m38.53s 41dlém24.76s 0.18 ... - - - 773
10.653 41.281 00h42m36.78s 41dl6émh2.98s 0.17 ... -= 0.795 -- 774

Note: astroquery.ipac.irsa and .heasarc are *not™ maintained by us. 5
NAVO %hon WorkshoE


https://astroquery.readthedocs.io/en/latest/ipac/irsa/irsa.html

O

End User

W does a user get the data!

Client

MAST Portal

HEASARC Xamin
IRSA Portal

Aladin
CDS Portal

NAVO Python Workshop

Archive

SPACE TELESCOPES

SOFIA
Herschel
Akari
GALEX

AlIWISE

|0




MAST Portal with VO inside

Search & Login...

Account Info...

User Manual/Help | Leave Feedback | About This Site

Home Page

AstroView »

Displaying 10 of 437 Total Rows 05:34:31.970 %22:00:52.06 E¥YLe

‘ MESSIER 001, radius: 0.¥000°
| hhmmss/deg

=)
MAST client serving HEASARC data

Filters

Clear Filters Edit Filters... Help...

Filter All Columns

through the VO protocols

-~ Type 2 Er € cscra Ch§ndra Source ... X-ray 480 480 0
Name Quantity
Catalog (0 of 340) 3 ¢ [ € skyview SkffView Virtual ... Radio,... 114 57 5
7| Image (10 of 53) + & B © ress3 RGSAT All-Sky X... X-ray 6 3 3
Spectra (0 of 44)
5 & X €@ Heavens .. EAVENS image...  X-ray, .. 4 q 0
-~ Waveband
Name Quantity 6 & E © o OSAT High Res... X-ray 2 1 1
Optical (1 of 138) &
7 PSPC0.6Int - PSPC summed p... X-ra 2 1 1
Radio (1 of 77) w H G . . g
Infrared (10f 77) s & B € rsra PSPC summed p... X-ray 2 1 1
7| X-ray (10 of 63)
= UV (1 of 37) ’ & B © rsrc2 PSPC summed p... X-ray 2 1 1
Show 3 More 10 & B €@ swrFnwr Swift XRT Combi... X-ray 2 11
~ Publisher
Name Quantity

] NASA/GSFC HEASARC (6 of 28)

NAVO Python Workshop




Introducing the Virtual Observatory

® The VO was conceived to standardize all of the archives’ interfaces.
® Any client able to access one VO-compliant archive can access all.

End User ( Pyth on?] Archive ata

MAST Portal +— [El]
HEASARC Xam

SPACE TELESCOPES

IRSA PO rtal glqutar
wift

ROSAT

@ NED
Spitz

SkyVi A
yVview SOFIA

Hersghel

Aladin AL Ex
SDSS

2MASS

CDS Portal e
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PyVO allows searches across NASA archives

>

v

v

v

v

v

The client we are interested in today is anything using Python, whether
interactively in a Jupyter notebook or programmatically in a batch queue.

PyVO is an Astropy-affiliated package that:

IS a collaboration among a number of archives;
IS an open development project on GitHub;
iIncludes

data discovery,
catalog searches,
cross-correlations, and
Image and spectra searches;
IS continuing to expand its suite of user-friendly functions;

may become your favorite new Pythonic way to get datal!
https://pyvo.readthedocs.io/en/latest/

NAVO Python Workshop



https://pyvo.readthedocs.io/en/latest/

PyVB and Kstroquery

® Astroquery is the most popular package in Astropy ecosystem.
® PyVo is complementary to Astroquery.
® Astroquery often uses PyVO underneath.

® Astroquery is archive-specific and includes specialized APls
specific to the archive.

¢ PyVO is general and works the same everywhere the VO is
Implemented.

e [f you don’t already know where your data are (i.e., which
archive), then you can use PyVO to find out.

NAVO Python Workshop




The FyVG workflow

Whether interactively or running an automated script — and most
likely, an iterative combination of the two — the basic steps are:

1. Step |. search the Regqistry for data, e.g.,
> UV images,
> the latest Gaia catalog,
> X-ray spectra,
> efc.

2. Step llI: ask each service about what it has, e.g.,
> is there a Swift UVOT observation of Cen A?
> what information (columns) does Gaia DR2 have?
> is there a Chandra ACIS HETG spectrum for NGC 13657

3. Step lll: access the data, e.qg.,
> retrieve and view the images,

> cross-correlate against your catalog, or

> retrieve and analyze the spectra.

NAVO Python Workshop




o xample with Py

® |et's find all the available images of M51
(simplified example, no record-keeping, not storing filenames, etc.)

import pyvo as vo

from astropy.coordinates import SkyCoord

m51 pos = SkyCoord.from name("m51")

from astropy.utils.data import download file

(services = vo.regsearch(servicetype='image') > Step I: ﬁnd SerV|CeS

for service in services:

print("Unable to download from {}".format(result.getdataurl()))
break

print("Service {} not working; skipping".format(service.ivoid))

Service ivo://3crsnapshots/sia not working; skipping

Downloading http://galex.stsci.edu/data/GR6/pipe/01-vsn/05280-NGA M51/d/01-main/0001-img/07-try/qga/NGA M51-xd-int_ 2co
lor.jpg

Downloading http://hla.stsci.edu/cgi-bin/getdata.cgi?config=ops&amp;dataset=hlsp appp hst wfpc2 sfd-pudk2f301 f606w v
2 _sci

Service ivo://cadc.nrc.ca/sia not working; skipping

Service ivo://cds.vizier/siap not working; skipping

Downloading https://cdaftp.cfa.harvard.edu/cgi-bin/chaser ftp retrieve file.cgi?filename=science/ao0l/cat7/353/primar
y/acisf00353N005 el cntr img2.jpg

Downloading https://cda.cfa.harvard.edu/csccli/retrieveFile?filename=acisf00354 000N020 b img3.fits&filetype=ecorrimg
&version=cur

Because these are living, changing services/archives.

|6
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| Fnings to know

® Each archive is responsible for its own backends. They should
obey the VO standard, but occasionally there are mistakes.

> We invite you to contact the archive itself, or post to the PyVO channel
on the Astropy Slack space: http://joinslack.astropy.org/

® Each archive has its own response and uptime issues. There
will be servers that sometimes do not respond.
>~ Ditto. Furthermore, for scripting loops over services, do NOT forget to
enclose each in a try:except so that you can continue to the next. (And

log what happens at each step so you can figure out after the fact what
you got, or didn’t get, and why.)

® Each archive is a living archive. Things change as a function of
time, so what you did yesterday might not come out identically
today.

® The VO is a collaboration consisting of agreed standards
Implemented by growing services and access by evolving
clients, and it is an increasingly powerful one!

NAVO Python Workshop



http://joinslack.astropy.org/

>

Tutorial Notebooks

We have developed the following notebooks

https://github.com/nasa-navo/navo-workshop
Download them to run locally and adapt, or

view them rendered on GitHub at

https://nasa-navo.github.io/navo-workshop/
or run them in MyBinder (button on GitHub front page).

Contents:
QuickReference.ipynb — example of each type of search;
EXERCISE / Use Case | — inspecting a candidate list;
EXERCISE / Use Case || — preparing a proposal,;
EXERCISE / Use Case Ill — creating an HR diagram;
a set of more detailed cheat-sheets (CS*) for each type of search;

KNOWN_ISSUES.md — list of known oddities/errors/workarounds.

NAVO Python Workshop



https://github.com/nasa-navo/navo-workshop
https://nasa-navo.github.io/navo-workshop/
https://github.com/NASA-NAVO/navo-workshop/blob/master/UseCase_I.ipynb
https://github.com/NASA-NAVO/navo-workshop/blob/master/UseCase_II.ipynb
https://github.com/NASA-NAVO/navo-workshop/blob/master/UseCase_III.ipynb
https://github.com/NASA-NAVO/navo-workshop/blob/master/KNOWN_ISSUES.md




*

You can choose whether to

® fill in the code cells of the empty EXERCISE notebook yourself
using the QuickReference etc. as a guide; or to

® go through the solutions to the Use Case to see how it works;
modify, play, ask us questions...

20
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Close out

® Thanks for coming, and we hope you learned a lot!
® \We hope you continue using these tools on your own, and

® Give us feedback!
»  Look for a survey in your email and let us know what you think

-  https://bit.ly/aas242-pyvo-workshop
- Link also posted in AAS Slack channel:

® #Hworkshop-accessing-nasa-astrophysics-archives-using-python

> Report issues on the GitHub
- https://github.com/NASA-NAVO/navo-workshop

® Ongoing support
>~ Ask for help on the pyvo Astropy Slack channel

- https://astropy.slack.com/
- Join at http://joinslack.astropy.org/

21
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