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NGO

•  The US NGO supports Gemini users in the various 
phases of science program planning and execution, from 
proposal preparation to data analysis. 


–  Support US users with telescope application
–  Support NOAO TAC with technical reviews as needed
–  Support TAC-approved programs
–  Liaise between Gemini and the US PIs in preparation for the 

ITAC to facilitate scheduling
–  Support post-data acquisition analysis
–  Inform the US community of Gemini opportunities
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NGO

NGO supports post-data acquisition activities
NGO does not provide Phase II support, which is done by 
Gemini

Recent and current activities
–  Update the GMOS Data Reduction Manual
–  Update the NGO webpages with community-wide news, tools, 

and information useful for US Gemini users (and all users)
–  A draft MIRI data reduction manual is now available 
–  AAS Mini-workshop series continues. January 2017 Mining Data 

Archives has been successful (see extra slides, including Gemini 
plans)

–  2018 AAS Mini-workshop is being planned at this time
–  TAC support 
–  Supporting Phoenix as Gemini-S visitor instrument in 2017A/B
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Gemini submission to NOAO TAC

 
These numbers exclude NOAO 
Surveys , and LLP Gemin i 
programs.  

Submission has remained healthy 
at both telescopes. 
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NOAO Users Committee 2015 Tucson

NGO webpage
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The NGO webpage is 
a gateway for all 
Gemini users 
 
It is updated bi-weekly  
 
It includes links to all 
data analysis tools 
available to date 
 



 
Gemini-N  

Instrument requests (by nights)

GMOS-N 
56% 

DSSI 
7% 

GNIRS 
14% 

NIFS 
7% 

NIRI 
8% 

GRACES 
8% 

2017A 

GMOS-N 
47% 

DSSI 
2% 

GNIRS 
19% 

NIFS 
6% 

NIRI 
4% 

GRACES 
14% 

POLISH2 
8% 

2017B 

Regular NOAO TAC 
New programs only  
(excluding Subaru exchange,  
LLP, surveys, FT, DD) 
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Gemini-N  

Instrument requests (by nights)

GMOS-S 
47% 

Flamingos2 
9% 

GPI 
8% 

GSAOI 
12% 

DSSI 
8% 

Phoenix 
16% 

2017A 

GMOS-S 
69% 

Flamingos2 
10% 

GPI 
4% 

GSAOI 
4% 

DSSI 
2% 

Phoenix 
11% 

2017B 

Regular NOAO TAC 
New programs only (excluding  
LLP, surveys, FT, DD) 
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Publications from NOAO TAC allocated 
programs 

•  The number of US Gemini refereed publications has remained constant 
though the last few years (2015: 103; 2016: 90; 2017: 29 so far)

•  Graph shows paper by instrument in 2015, 2016, 2017
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Backup slides 
 

2017 AAS Mini-workshop on Mining Data 
Archives 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(1) Andy Adamson and Andre-Nicolas Chene: Gemini Observatory 
Publications, Statistics, and Archive 
(2) Harry Teplitz: Astrophysics Archives at IPAC 
(3) Scott Fleming: Sailing the Archival Seas with MAST  
(4) Knut Olsen: The NOAO Data Lab Project 
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Astrophysics Archives at IPAC 

Harry Teplitz 
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NASA’s Commitment to Astrophysics Data Archives 

!  “NASA has regarded 
data handling and 
archiving as an 
integral part of space 
missions.” 

!  “This support now 
provides the major 
return on the 
considerable 
investment the agency 
made… over the past 
20 years.” 



Mining Observatory Archives   3 

  

“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 
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Archives Double the Number of Papers from the Observatory 
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IRSA : NASA’s IR/sub-mm archive  
!  IRSA ensures the legacy of 

NASA’s “golden age” of IR 
"  Enable research that has not 

yet been envisioned.  
"  Priorities set by missions and 

the community 
"  Support future flight missions 

!  IRSA is continuing rapid 
expansion  
"  Since 2011, holdings more 

than doubled (now > 1 PB);  
"  # table rows increased by 

factor of 15 (>100 billion) 
"  Almost 40 million queries in 

2016 

!  All-sky 20 photometric bands 
from 1 micron to 1 cm 

!  About 40% of approved ADAP 
programs involve analysis of 
IR data sets 

 



Mining Observatory Archives   6 

  

NED : managing complex data sets 

Extragalactic papers have grown to 3,500 per year, with unique measurements for 
millions of objects  
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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 
" decommissioned instruments Summer 2015. 
" proprietary period of at least 18 mo. 

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

KOA creates extracted HIRES 
browse spectra for every order 
of each object raw frame. 
Shown: T Tau. (PI: Reipurth). 
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Other IPAC Archives following the NASA model 
(non-NASA funded) 

!  Palomar Observatory 
"  Zwicky 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.  
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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 

! Enable cutting-edge research 
" API and Virtual Observatory 
" User support by experts 
" New/enhanced services 
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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 
"  Herschel Key Projects  
"  Spitzer Legacy and Exploration Science 

!  Generated by the community or by the archive 

Spitzer/GLIMPSE 
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Technical Synergy and Innovation 

!  IRSA implemented innovative 
indexing techniques for NEO/
WISE, optimized to meet the 
required use cases for 
database queries  
"   single position spatial 

searches (using a recursively 
subdivided triangular mesh)  

"  simultaneous matching of  
large user-supplied lists of 
positions (using a file-based 
index outside of the 
database). 

!  Challenges presented by WISE 
were used as opportunities to 
extend IPAC’s capabilities   
"  ZTF will require databases that 

are at least an order of 
magnitude larger  
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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) 

!  The complexity of Science User needs increases 
with time. 
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Data Exploration and Visualization Services 
!  Search & display can be tailored to 

various instrument/science contexts, 
using reusable visualization 
components 

!  Combine images, plots, tables, spectra 
!  Supports observation planning 
!  Firefly by IPAC 

Planck 

Finder Chart 

Catalog Search 

Spectra visualization 
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VO broadens audience;  API supports diverse users 

! Virtual Observatory 
" Standardized 

protocols for 
interoperability 
between archives 

" Data discovery 
" Independent Tools 

! Application 
Program Interface 
" Allows scripted 

access to archive 
data 

" Enables complex 
projects 
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Data Analysis Tools 

!  Analysis “near the data” 
"  As data sets grow beyond 

local resources, researchers 
look to data centers to 
provide computing power 
and tools 

!  Interactive tools 
" WISE Coadder 
"  Planck map making 
"  IRAS tools 
"  Spitzer imaging and spectra 

!  Looking Forward 
"  “Big data means you can’t 

move it all”, suggesting the 
analysis must move to the 
data 
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IR Science Highlights 

WISE morphological study of Wolf-Rayet nebulae, 
Toala et al. (A&A 2015, arXiv:1503.06878) 

WISE+2MASS+PanSTARRS data may reveal super-
void in CMB cold spot seen by Planck; (Szapudi et 
al. 2015, MNRAS, 450, 288) 

WISE+2MASS galaxies Planck  

WISE+Spitzer discover the coldest brown dwarf 
(Luhman 2014, ApJL 786, L18)  

WISE 4.5µm (2010) Spitzer 4.5µm (2014) 
Time domain 

Re-analysis of Spectra 

Follow-up Observations 

Combination of Surveys 
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Lessons Learned 

!  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 

Spitzer image of infrared dark clouds 



Sailing	the	Archival	Seas	with	MAST	

Sco4	W.	Fleming	
STScI	

on	behalf	of	the	MAST	team	



Outline	–	Mining	Archival	Data	
•  Overview	of	MAST	missions	
•  The	MAST	Discovery	Portal	
•  Cone	Search	
•  Advanced	Search	
•  Cross-Matching	
•  Access	to	the	Virtual	Observatory	

• MAST-led	Enhanced	Data	Products	
•  gPhoton:	GALEX	photon	events	
•  HSC:	The	Hubble	Source	Catalog	



MAST	Missions:	Past,	Present	and	Future	
Legacy	Missions	

Astro	 Copernicus	 EPOCh	 EUVE	 FUSE	

GALEX	 IUE	 Kepler	 ORFEUS	 VLA	-	FIRST	

AcQve	Missions	

K2	Gaia	 Hubble	 Pan-STARRS	 SwiS	UVOT	 XMM	OM	



MAST	Missions:	Past,	Present	and	Future	
Upcoming	Missions	

TESS	–	Mar.	2018	 James	Webb	–	Oct.	2018	 WFIRST	–	mid-2020s	



Cross-Mission	Discovery	



MAST	Portal:	Cone	Search	



MAST	Portal:	Advanced	Search	



MAST	Portal:	Advanced	Search	



MAST	Portal:	Advanced	Search	



MAST	Portal:	Cross-Match	



MAST	Portal:	Cross-Match	



MAST	Portal:	Cross-Match	



MAST	Portal:	Cross-Match	



MAST	Portal:	Access	to	the	Virtual	Observatory	



Enhancing	Data	Products:	gPhoton	



gPhoton:	A	1.1	Trillion	Row	Database	of	GALEX	Photon	Events	

	 	 	 	 	GALEX	Overview	
•  Launched	28	April	2003	 	 	ReQred	28	June	2013	
•  FUV	+	NUV	(simultaneously)	 	1.2	deg.	diameter	FoV		
•  FUV	=	1350-1750	Å	 	 	 	NUV	=	1750-2750	Å	
•  Phot.	(5-6”	resoluQon) 	 	 	Spec.	(R	~	100-250)	
•  Microchannel	Plate	Detector 	77%	of	the	Sky	at	Diff.	Depths	

	 	 	 	 	gPhoton	
•  Databse	of	1.1	trillion	photon	events	
•  Open-source	Python	soSware:	create	cal.	images	and	light	curves	
•  Photon	events	meas.	with	5	millisecond	precision	
•  Light	curves	with	few	second	sampling	for	any	GALEX	image	

gPhoton	page:	h4ps://archive.stsci.edu/prepds/gphoton/	
Paper:	Million,	C;	Fleming,	S.W.,	Shiao,	B.,	et	al.	2016,	ApJ,	833,	292	



gPhoton	Design	ConsideraQons	

•  Open	source:	all	soSware	is	available	on	GitHub	
•  Easy	to	use	syntax:	create	images	of	light	curves	with	a	single	line	
•  Easy	for	astronomers	to	jump	in:	no	forward-facing	SQL	
•  Use	simple	parameters:	RA,	Dec,	size	in	degrees,	bin	size	in	sec.	

import	gPhoton	

def	main():	
				gPhoton.gMap(band='NUV’,	skypos=[176.91975,	0.25561],	stepsz=30.,	skyrange=[0.0333,	
0.	0333],	cnsile='gj_3685a_movie.fits’)	

if	__name__	==	'__main__':	
				main()	



gPhoton	–	Early	Science	Examples	

Stellar	flares	at	low	energies,	w/	
Rachel	Osten	and	Clara	Brasseur	

White	dwarf	pulsaQons,	with	
Michael	Tucker	(2015	REU)	

sdB	pulsaQon	survey,	with	
Thomas	Boudreaux	(2016	REU)	

Eclipsing	objects,	including	
polars	and	WD	exoplanets	



Enhancing	Data	Products:	Hubble	Source	Catalog	



The	Hubble	Source	Catalog	(HSC)	

h4ps://archive.stsci.edu/hst/hsc/	
Paper:	Whitmore,	B.C,	et	al.	2016,	AJ,	151,	134	

1.  Combines	tens	of	thousands	of	SourceExtractor	HLA	source	lists	into	a	single	
master	catalog.	Uses	matching	algorithm	from	Budavari	and	Lubow	2012.	

2.  Includes	WFPC2,	ACS/WFC,	and	WFC3.	

3.  Absolute	astrometry	is	good	to	~100	mas	(calibrated	using	PanSTARRS	and	
2MASS).	This	can	eventually	be	improved	to	~10	mas	using	Gaia	
observaQons).	



HSC:	Science	Use	Case	
There	are	several	Science	Use	Cases	with	step-by-step	
instrucQons	and	screen	shots	on	the	HSC	webpage.	
USE	THEM	TO	YOUR	ADVANTAGE!	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



HSC:	Science	Use	Case,	Variables	in	IC	1613	



Summary	
•  MAST	supports	more	than	20	missions:	cross-mission	
discoverability	is	a	key	driver	in	our	development	efforts.	

•  The	MAST	Portal	allows	for	searching	across	MAST	missions	and	
catalogs,	the	Virtual	Observatory,	and	CDS	catalogs.	

•  Beyond	archving	mission	data,	MAST	also	creates	enhanced	data	
products	that	enable	new	science.		Recent	examples	are:	

•  gPhoton:	A	Qme-tagged	databse	of	1.1	trillion	GALEX	photon	
events.	

•  HSC:	A	master	catalog	of	unique	sources	across	all	HST	
observaQons.	

•  Newly	created	STScI	Data	Mission	Office,	led	by	Arfon	Smith,	will	
begin	to	expand	MAST	capabiliQes	into	modern	technological	
arenas,	including	cloud	storage,	“bring-code-to-the-data”	
environments,	improved	access	to	high	performance	compuQng	
resources,	be4er	support	for	API	access	to	MAST	resources.	
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The NOAO Data Lab Project 
Introduction

Knut Olsen
for the Data Lab team
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Data Lab Team

Current team:
• Mike Fitzpatrick, Lead Developer
• Matthew Graham, Scientist/Developer
• Wendy Huang, Software Engineer
• Stephanie Juneau, Data Scientist
• David Nidever, Data Scientist
• Robert Nikutta, Data Scientist
• Pat Norris, Test Engineer
• Knut Olsen, Project Scientist
• Steve Ridgway, Scientist
• Pete Wargo, System Administrator
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NOAO wide field imaging data over time



DECam and Mosaic data in May 2016

4



Data Volume and Complexity

5

500 TB (January 2017) of on-target imaging data (texp>30s) 
currently from:
•  Dark Energy Survey
•  Legacy Surveys for DESI Targeting
•  Community DECam and Mosaic programs and surveys
Hundreds of TB more coming
Total holdings of several PB

Large catalogs coming:
•  Dark Energy Survey – 45 TB
•  DESI Targeting Survey –  ~5 TB
•  Community programs and surveys – up to several TB each
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NOAO Data Lab

•  Goal: 
•  Efficient exploration and analysis of the large datasets 

being generated by instruments on NOAO wide-field 4-m 
telescopes

•  Approach:
–  Catalogs and images linked to catalog objects
–  Data discovery
–  Developing intuition through interaction with selected catalog and 

image set of known objects
–  Automation of analysis to aid discovery of unknown objects

6



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

7
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Timeline

•  March 2015: Conceptual Design Review
–  Lisa Storrie-Lombardi (Chair), Severin Gaudet, Zeljko Ivezic, 

Connie Rockosi, Beth Willman reviewed Science Case & 
Requirements, System Architecture, Operations Concept & 
Requirements, and Schedule

•  Fall 2015 hiring campaign
•  June 2016 San Diego AAS Demo
•  August 2016 Interim Review

–  Lisa Storrie-Lombardi (Chair), Severin Gaudet, Zeljko Ivezic, Ed 
Olszewski, Beth Willman, and Dennis Zaritsky reviewed progress 
and Year 2 plan

•  January 2017 AAS SMASH DR1 and DECaLS DR3
•  Summer 2017 first public release
•  End 2017/Early 2018 DES DR1

8



datalab.noao.edu
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Data discovery
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Data discovery
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Survey data
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SMASH DR1
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SMASH DR1 Data Access

14



SMASH DR1 Data Analysis
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Identifying r-dropouts
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Identifying r-dropouts
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Discovering Hydra II dwarf
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Discovering Hydra II dwarf
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NOAO UC, Tucson, Jun 16 

Automation of workflow
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From Poster 154.25



Coming in 2017

•  Authentication
•  Asynchronous queries and myDB through Query Manager
•  Virtual storage and disk allocation
•  Compute service
•  Feedback?  Visit datalab.noao.edu or contact us at 

datalab@noao.edu
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