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NOAO Science Archive 

•  Raw data from: 
–  11 telescopes (KPNO, CTIO, SOAR, WIYN) 
–  48 telescope+instrument combinations 

•  Data from 2004B to the present 
–  Earlier raw data are stored on tape 

•  Three geographically dispersed copies of raw data 
•  Pipeline-reduced data from NOAO wide-field imagers: 

–  Mosaic (1, 1.1, 2,  at KPNO 4m+0.9m and CTIO 4m) 
–  NEWFIRM (KPNO 4m + CTIO 4m) 
–  DECam (CTIO 4m) 

•  Delivered, reduced survey data products 
–  Older survey data currently in separate (older) Survey Archive 
–  New DECam survey data (including DES) go into main Science Archive  
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NOAO Science Archive - Data Holdings 
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6,661,685 raw files (184.7 TB, compressed) 
2,773,750 reduced files (149.6 TB, compressed) 

Raw data by telescope + instrument: 



Current DECam data holdings 
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Figure:  Knut Olsen 



Incoming wide-field survey data 
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Figure:  Knut Olsen 



Mining the NOAO Archive 

Rapidly growing 
hoard of NOAO 
wide-field imaging is 
a rich trove. 
 
NOAO Archive is 
transitioning from 
being mainly a 
storage & distribution 
service (PI-oriented) 
to a data resource 
(archival users). 



Raw DECam data in Archive 
(as of today) 

•  273,886 raw DECam files (139.5 TB) 
–  DECam already makes up 75% of the total raw data volume in 

the Archive 
–  As many DECam exposures taken since December 2012 as with 

the CTIO+KPNO Mosaic cameras combined since 2004B !! 
–  192,258 public (as of today) (70%) 
–  173,446 “object” exposures (62%;  the rest are calibration, etc.) 
–  75,931 exposures come from DES (28%) 

•  51,816 DES frames are public (68% of total DES) 
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Pipeline-reduced DECam data in Archive 
(as of today) 

•  782,929 reduced DECam data files 
–  Note:  CP produces several reduced files for each raw exposure 
–  387,456 reduced public (49%) 

•  Reduced single-frame “object” images: 
(PROCTYPE = InstCal, PRODTYPE = image) 

–  129,188 exposures 
•  12,027 are delivered products from DES-Y1  (9%;  all public) 
•  117,161 from CP (90%) 

–  58,253 CP public (50%) 
•  Reduced coadds: 

 (PROCTYPE = Stacked, PRODTYPE = image) 
–  16,415 stacks 

•  8,304 public (51%) 
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NOAO Science Archive 
http://portal-nvo.noao.edu 



NOAO Science Archive 
http://portal-nvo.noao.edu 

PIs and co-Is of NOAO 
programs log in to access 
their proprietary data 



Simple Query Form 
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Simple Query Form 



Advanced Query Form 



Search Results 



Search Results 



Staging Area 



Download Manager 
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•  Fast parallel transfer 
•  Easy restart if needed 

Next release will automatically 
pull files from mass storage in 
North or South depending on 
user location. 



Help and Documentation 

Also, send email to: 
sdmhelp@noao.edu 



NOAO Data Handbook 
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Newly revised! 
R. Shaw, editor 

•  Intro to NOAO data 
and archives 

•  Mosaic cameras 
•  NEWFIRM 
•  DECam 



Archive Usage 

•  Download statistics for CY2014 (approximate): 
–  717,000 files downloaded 
–  76 TB downloaded 
–  average of 150 FTP users per month 
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What’s next for the NOAO Archive? 

•  Features in upcoming archive releases: 
–  Larger staging volumes (up to 250,000 files) 
–  Better performance 

•  New survey data: 
–  DECam Legacy Survey (DECaLS) DR1 – this month! 
–  Other DECam data from NOAO Survey Programs 
–  Eventually:   migrate pre-DECam surveys from old (obsolete) 

Survey Archive to NOAO Science Archive 

•  Behind the scenes: 
–  Major overhaul of 3rd-party software systems & infrastructure 

•  On my long-term wish-list: 
–  Uniform reprocessing of all Mosaic, NEWFIRM and DECam data 
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Big images lead to big catalogs 

•  NOAO imaging data is growing to ~petabyte scale: 
–  Dark Energy Survey 
–  DECaLS and DESI Targeting Survey 
–  Community DECam programs and surveys 

•  NOAO Science Archive serves images, not catalogs 
•  But…Large catalogs are coming: 

–  Dark Energy Survey – 45 TB 
–  DESI Targeting Survey –  ~5 TB 
–  Community programs and surveys – up to several TB each 
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The NOAO Data Lab 

Enable efficient exploration and analysis of the large 
datasets being generated by instruments on NOAO wide-
field 4-m telescopes: 
•  Science with large catalogs 
•  Easy interplay between catalog objects & associated image data 
•  Combine services into custom workflows to derive scientific results 

from catalogs + pixels 
•  Collaboration tools for distributed research teams working on large 

data sets 
The Data Lab team (so far): 
•  Project scientist:  Knut Olsen 
•  System architect & lead developer:  Mike Fitzpatrick 
•  In the trenches:  Matthew Graham, Ken Mighell, Betty Stobie, Pat 

Norris, Stephen Ridgway 
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The Data Lab in a Nutshell 

Large Catalogs – Data Lab will serve TB-scale databases 
Pixel Data – Data Lab will connect users to images and 

spectra in NOAO Science Archive 

Virtual Storage – Minimizes data transfer 

Visualization – Data Lab will enable data exploration 

Compute Processing – Data Lab will allow workflows to 
run close to the data 

Additional features – Access to published datasets and 
external data services, data publication, exportable 
workflows, distributable software 
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NOAO Data Lab 

•  Data Lab will benefit from and build off existing tools and 
systems where possible 
–  SDSS CasJobs, MAST, IRSA, CANFAR, NERSC, VAO, 

community-led projects 

•  Timeline: 
–  Conceptual design review next week! 
–  Science demonstration at AAS January 2016 

•  Functional prototypes of various subsystems 
–  First public release in January 2017 
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Discussion session 

Friday, 10:45 – 11:45 
Round-table discussion 7b:  NOAO Science Archive 
•  What is good? 
•  What should the NOAO Archive be doing better? 
•  What isn’t the NOAO Archive doing at all? 
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Extra slides 
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Scientific Approaches Using the Data Lab 

•  Catalog science 
–  Example: search for Galactic substructure through photometric 

selection of candidate populations 
–  Data Lab will provide access to large catalog databases, query 

interface, personal storage, and visualization capability 
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Scientific Approaches Using the Data Lab 

•  Exploration 
–  Example: selection of a sample of large galaxies from a catalog, 

retrieving image cutouts, overlaying with catalog measurements 
–  Data Lab will provide a fast image cutout service, visualization 

capability, cross-match service 

NGC 2874  
Sweet et al. 
DECam 
program 

9 arcmin cutout 
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Scientific Approaches Using the Data Lab 

•  Custom workflows 
–  Example: Use a large sample of galaxies to determine frequency 

of minor mergers, obtaining image cutouts and performing 
custom pixel analysis (e.g. PSF subtraction, image filtering, 
automated feature detection) 

–  Data Lab will provide ability to string previous services into a 
workflow, interface to legacy software, compute service 

 

Miskolczi et al. (2011) 

Arpad Miskolczi et al.: Tidal streams around galaxies in the SDSS DR7 archive

Fig. 11. A selection of our found features overlayed with color images obtained by SDSS. NGC 1055 shows its large halo with
spikes sticking out of it. NGC 3509 with its sword-like stream. NGC 4684 shows a large, loop-like feature. PGC 1421380 has a
small, looped stream around it. NGC 6239 shows two large spikes sticking out. At UGC 5904, the interaction with a dwarf creates
a stream which connects the galaxies. A complex interaction is exhibited at UGC 240. A very long stream is found at NGC 4216.
A shorter, plume like feature is shown at UGC 4491. NGC 4216 and NGC 1055 are already known to have stream like features
(Martı́nez-Delgado et al. 2010). Although some of the stream are very faint, it is clear that our method is at least able to show the
existence of the feature around those galaxies.

III: Features which are possibly the result of (large) inter-
acting galaxies and not between one large galaxy and its dwarf
companion, where a minor merger origin cannot be certain.
See fig. 20 for a complete collection of class 3 features (only
electronically available).

IV: Unclassified. Those would be features which make it
hard to estimate what they really are, e.g. when it looks like
a stream, but could also be very well an extension of a spiral

arm. There is also the possibility that some situations overlap,
e.g. there could be a tidally disrupted satellite leaving a spur,
and being surrounded by multiple galaxies. If the remains of the
dwarf would not clearly be visible, it would not be sure whether
the detected feature would be a result from a tidal disruption of
a dwarf galaxy or interaction within the galaxy group or even
galactic cirrus, although this can be ruled out most of the time
since it has a much more extended and di↵use structure than
the found features. Furthermore it would be very unlikely that
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NGC 2874  Sweet et al. 
DECam program 
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Scientific Approaches Using the Data Lab 

•  Collaborative research 
–  Example: SMASH collaboration has 30 investigators working on 

many aspects of search for Magellanic Cloud populations all over 
the sky.  Data products include reduced images and photometry 
from three different approaches; tasks include star/galaxy 
separation, foreground modeling, population detection, 
population analysis, and simulations, divided over different 
people 

–  Data Lab will provide access to a shared storage space, 
shareable containers for software tasks, and a customizable 
virtual machine 
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Data Lab Context 
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Data Lab Architecture 
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Data Lab System Architecture 

NOAO Data Lab DL Task

Virtual Storage Svcs Large Catalog Svcs

DL Task

Data Publication Svcs

PI/Survey NSA

MyDB

User 1 Desktop

Virtual Storage Svc DL TaskDL TaskMyDB

User 2 Laptop  Virtual Storage Svc Legacy Tools

Data Publication Svc

Example Flow 
of Use Case 
through 
System 
Architecture 
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