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NASA Astrophysics Archives
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NASA’s Commitment to Astrophysics Data Archives

¢ "NASA has regarded
data handling and 8
archiving as an New WorIdS
integral part of space Rlew Horlzens

- pe
MISSIONS. _ in .Astronom.y and Astro sics

ey

¢ 'This support now
provides the major
return on the
considerable
investment the agency
made... over the past
20 years.”
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“A Sustainable Archive”

Continually facilitates
production of new scientific
results

Has a strategic goal to enable
more and better science

Contains high-quality, reliable
data

Provides simple and useful
tools to a broad community

Provides user support to the
novice as well as to the power
user

Has many diverse uses (and
users)

Adapts and evolves in
response to community input

PORTALS IO THE UNIVERSE

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMIES
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Archive Science Example:
4HR8799 b,c,d imaged by HST in 1998

Exoplanet HR 8799 System
n* - ‘
. g
‘ (\I ;
\ N —
F " HSTNICMOS . HSTNICMOS with additional processing HR 8799 planet orbits bl
NASA, ESA, and R. Soummer (STScl) o ‘ STScI-PRCH-Zé
planet b: planet c: planet d:
83,000x fainter than star 36,000x fainter than star 33,000x fainter than star
at 1.72 arcsec at 0.96 arcsec at 0.60 arcsec

These results were made possible by post-processing speckle subtraction
and achieve over an order of magnitude contrast improvement over the
state of the art when the data was taken in 1998.

Soummer et al. 2011, Pueyo et al. 2014




IRSA Science Highlights

‘ Time domain
WISE 4.5um (2010) | |Spitzer 4.5um (2014)

| Follow-up Observations

* ‘
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WISE+Spitzer discover the coldest brown dwarf WISE morphological study of Wolf-Rayet nebulae,
(Luhman 2014, ApJL 786, L138) Toala et al. (A&A 2015, arXiv:1503.06878)

WISE+2MASS galaxies !\ Planck rv
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Brightness

Infrared Processing and Analysis Center

3 '/pix, 1200x1200 pix
3 '/pix, 1200x1200 pix

. AN
15 (209,-57) (209,-57)
Wavelength [microns) WISE+2MASS+PanSTARRS data may reveal super-
P, - ) void in CMB cold spot seen by Planck; (Szapudi et
e T e i al. 2015, MNRAS, 450, 288)

1 Re- analy5|s of Spectra |

Combination of Surveys |

ipae
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IRSA : NASA’s IR/sub-mm archive

¢ IRSA ensures the legacy of 5 10

NASA’s “golden age”™ of IR g0 L oo
“» Enable research that has not : . w0 %o o WiSE
yet been envisioned. e L RS
“ Priorities set by missions and ~ _ 'k o AKAR
the community £.0f BRPR T S e B
< Support future flight missions £ o[ . 4eee® 777 e
gt W 7 Herschel
E 104} _-

¢ IRSA is continuing rapid T TR T
eX p a n S | O n Wavelength (micron)

% Since 2011, holdings more
than doubléd (will be 1 PB by e All-sky 20 photometric bands
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2017); from 1 micron to 1 cm
% # table rows increased by
factor of 15 (almost 100 « About 40% of approved ADAP
billion) programs involve analysis of
P gver 13 million queries in IR data sets
014

« rpac .
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NASA'’s other Primary Astrophysics Archives

MAST: a NASA astrophysics data ¢ HEASARC: The High Energy

archive center Astrophysics Science Archive
% Archive established with HST Research Center
launch in 1990 < Established in 1990 at GSFC
< Multi-mission since addition of IUE % The primary archive for NASA's
in 1998 missions studying
. _ . _ _ electromagnetic radiation from
<+ 4 active missions including extremely energetic cosmic
Hubble, Kepler phenomena ranging from black
% Many legacy missions: GALEX, holes to the Big Bang.
IUE, FUSE, ... ¢ Chandra, XMM-Newton,
. ] Fermi, Suzaku, NuSTAR,
< Future: TESS, JWST, INTEGRAL, ROSAT, etc.

K/
0’0

Merged with Legacy Archive for
Microwave Background Data
Analysis (LAMBDA) in 2008 to
include data from space missions,
The Barbara A. Mikulski Archive for Space Telescope bal{o_o,ns’ and ground_bé_ised
at STScl ; facilities that have studied the
2015 Programmatic Review Proposal re/iC COSmiC microwave
A NASA Astrophysics Data Archive background (CMB) radia tion

¢ COBE, WMAP, ACT, etc.
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The Keck Observatory Archive

¢ NASA-funded collaboration between
WMKO and IPAC/NExScI.

¢ Started with HIRES

¢ Systematic/automated capture of
metadata ensures efficiency

¢ Now data from all ten instruments since
their dates of commissioning
s decommissioned instruments Summer 2015.

% proprietary period of at least 18 mo.

¢ KOA creates browse products for three
instruments by automating pipelines.

"WN‘WMW KOA creates extracted HIRES

[ | browse spectra for every order
|  of each object raw frame.

Shown: T Tau. (PI: Reipurth).

Infrared Processing and Analysis Center

2000 4000

Relative Flux

0

1 | | | |

6440 6460 6480 6500
6 Wavelength(R)

g
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Other IPAC Archives following the NASA model
(non-NASA funded)

¢ LCOGT: Las Cumbres

Network

% Integrated set of robotic
telescopes, distributed at 7 sites
around the world,

% designed to emphasize time-
domain astrophysics

% Fully automated scheduling,
pipeline, and archive ingestion
¢ All data (since April 2014) from
science imagers in archive
hosted by IPAC

» About 3 billion sources
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Observatory Global Telescope

¢

Palomar Observatory
s Zwicki Transient Facility (2017+)

% intermediate Palomar Transient
Factory (iPTF; 2013-2016)

% Palomar Transient Factory
(2009-2012)

Fully automated wide-field survey
with 1.2 m Oschin telescope

Publicly accessible survey data
products available at IPAC

% single frame exposures for
selected regions of the sky,

% source catalog files for those
same regions.

TMT Science Forum, June 2015 10



An Archive’s Job

¢ Ingest new data

¢ Maintain/serve vital repository of irreplaceable
data
“ Support for observation planning
“* Resource for original science
“* High level science products
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¢ Enable cutting-edge research
“ API and Virtual Observatory
s User support by experts
 New/enhanced services

e

pPa

TMT Science Forum, June 2015 11



High Level Science Products

Greatly enhance the science return of the archives

% Hubble Legacy HLSP are used 10x as much as typical pipeline
products

Make complex data sets accessible to a wider audience of
researchers

Expand the use of large, coherent projects
% Hubble Treasury
% Spitzer Legacy and Exploration Science

Generated by the community or by the archive
: ; - B
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Spitzer Space Telescope * IRAC
S5 -11b

Spitzer/GLIMPSE

TMT Science Forum, June 2015 12
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Science User Support

¢ Helpdesk some tickets are simple,
others extremely complex

& Documentation
% tools/data releases
% updates in response to tickets
% Handouts
& Demos
% Live (AAS, ADASS, DPS)
% Video tutorials (IRSA has 60
videos; 3,000 views total)
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¢ The complexity of Science User needs
increases with time.
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VO broadens audience and API supports power
users

¢ Virtual ¢ Application
Observatory Program Interface
»Standardized »Allows scripted
protocols for access to archive

interoperability data
between archives < Enables complex

s*Data discovery projects

“-‘ HEASARC’s Data Scope

Contact Us

10000

'VAO Home

Search a position for all known information I
Use DataScope to find everything that's known about a given target or region of the sky. DataScope will

query hundreds of VO-enabled data resources and organize the results for your viewing. New in version 4: [
Additional resources now being searched, which can (among other things) significantly increase the number
of Vizier catalogs found.

Position: 100
Use a target name (e.g., 3¢273) or position (e.g., 10 10 10.1, 20 20 20.2)
Size: 025 (in degrees, max is 2)
Run query: Submit Reset

—
=)

Skip cache? Do not add to list of recent queries?

# of Unique Users per Month

Positions may be entered in decimal (dd.f, sdd.f) or sexagesimal (hh mm ss.f, dd mm ss.f) notation or as
targets recognized by NED or SIMBAD.

The Size should be entered in decimal degrees. 1

Use the Skip cache flag to ensure that you get the latest results from all services. ‘ ‘
By default the last few queries anyone has made are shown at the bottom of the page but there is a —6 —4 —2 0 2 4
checkbox to keen vol i corded on this list.

ur auerv from beina re d | log(GB Downloaded)

14



Data Exploration Services broaden audience and support non-
POWeEr users.

eo0e < in] [=] rsa.pac.caltech edu

& Search & display can be tailored B Finder Chart
to various instrument/science _ "
contexts, using reusable GO AT T T

Downioad B

visualization components e

¢ Combining images, plots, tables,
spectra

& Supports observation planning
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View Options:

SDSS (DR7)
[ 2010238

07 = 0T FUEEUEER

Fao05 105

1 MBAMEL NE @ 3 0000106 .mﬁ 70000706 o FroE =
Spectra visualization N T

VT IOT007 T3 T IToTTS EFTTE i 20100411
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- -—| Catalog Search
R A T S T T T T
wavongn. meons — 2
Rubter band oo — ik e 30 s 2 00m . @) T
'z o 2208 1 o ay,
g o
=h £
ssia i
PO e | e | o ] ss308
E |2QR2Q | 9K | c®NE | IeHIBE0®| SGE © e 2
> et oo . e G p—— [
(0] | o (o (| (27| (e (556w ] ] o v 55105 | o B 3 3 P} 5 s
KNS PEES | siomin | ] w2mpro-wimpro
e e — e e [ i Rubber band zoom/select/filter — dlick and drag to select an area. )
] B € 2
— W4 ey 14 4 350t 42 b P (3801- 3900 of 4118) @YLE A %@
PN (s i) = Ampro | wisigmpro | wisnr wirchi2 | w2mpro | w2sigmpro | wa2snr w2rchiz | w3mpro | wasigmpro | wasnr wirchi2 | wan|
3061 aacre Foame 1001 as0ms 176w 530 sason: ssrons ﬂ (mag) (mag) (mag) (mag) (mag) (mag) (mq
u ® ® e gﬁ ‘ : 550 0037 1 1258400 1534 0081 134 B684c-01 188017 64 9325601 526
» e Il Eﬁ- Bi b2 oow 22 12406400 16771 0297 37 998201 12699 30 944001 9.00
WHAP1 (o) 178 o037 22 2303400 15104 0085 128 9.06e-01 12813 046 24 1.0526400 905
< - . - a7 oo 22 1.105e+00 15371 0080 136 9.0720:01 12763 04 9716001 894
. b7 0037 203 1044e+00 15116 0073 149 8382001 12.337 13 833901 903
- s oow 25 9390001 15144 0068 159 8162001 12600 0477 23 1.027e400 869
C o 5 k) o2 00w 25 1262400 15259 0073 149 9455001 12578 07 9722001 9.13
e ey i sa 0037 26 1.073e+00 15569 0100 109 5.184e-01 12594 04 9.469€-01 9.26
lse 00w 26 2545400 13426 0038 283 1673400 12413 23 2902400 864
69 0037 26 890101 15020 0065 167 8650001 12746 0471 23 9.118e-01 886
hos  oow 26 1003400 15368 0.080 136 872501 1289 06 85901 905
b 34 003 28 9275001 14975 0070 155 1.000e+00 12397 05 9.011e:01 903
= b ook 38 assew 639 o ) sewens 124 08 assseos o1
3z oo 208 9583001 15428 0088 123 95614001 12.750 00 9.498e-01 917
es 0036 28 1068400 15078 0.067 161 8996201 12365 03 36 1.011e+00 850
83 003 28 836501 1523 0078 140 1014e+00 12.380 11 869201 9.8




& Long-term, stable archives greatly increase the return on
observatory investment

¢ Robust support for both expert and novice users pays off
¢ User support by instrument experts is crucial

Standardization of tools within an archive increases
efficiency

* Integrity of science data as obtained must be maintained
Interoperability between archives benefits everyone

High level data products can expand the reach of large data
sets
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