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NOAO Forward, Program Status
A Mission Unchanged à Enable Discovery

• Ongoing, deeper partnerships with DOE and NASA 

• Open access, PI-class research on world best facilities
• Increasing emphasis on public data sets from wide-field 

surveys
• Active emphasis on data science services
• Emerging, more defined path to LSST operations era
• Current program is exciting and world-class
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NOAO Current Program
Three Mountains

• Tololo
– Mix of survey and PI science
– Open access platforms

• Kitt Peak
– Collaborations to drive new science opportunities
– New communities

• Third Mountain Top
– Data sets
– Data tools and access
– Community development
– Coordination and access across OIR system
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Open access to telescopes
350+ nights on all platforms for 2017B

• Gemini North 8.2-m
• Gemini South 8.2-m
• SOAR 4.2-m
• Blanco 4-m
• Mayall 4-m (until Nov 2017)
• WIYN 3.5-m 
• SMARTS 1.5-m, 1.3-m, 0.9-m
• WIYN 0.9-m
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Gemini South 

Gemini North

Blanco 4-m, SMARTS

Mayall 4-m



• TSIP/MSIP Programs (see Smith talk)
– LBT (2017B+, 30 nights total)
– Las Cumbres (100’s hours per semester, 7 semesters
– Chara Array (50 nights/yr through 2020)

• Continuing access on time trades
– Subaru 3 nights
– AAT 5 nights

Open access to telescopes
Community access nights
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Gemini South 

Mayall 4-m



Open access to data
New data sets and tools
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Gemini South 

Gemini North

Blanco 4-m, SMARTS

Mayall 4-m



NOAO 
Advances
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• DESI construction
• Mayall takedown in November
• NEID Construction
• SOAR STELES Delivered



Gemini 8.2-m telescopes 
Advances
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• “PI” oversubscription ok, but can handle more 
demand (Long Large Program strong demand) 

• Long Large Program well subscribed
• Visitor instruments welcome
• New Instruments

– GHOST 2018
– GPI to GN in 2018
– OCTOCAM 2021



Program Highlight
NOAO Science 

Cerro Tololo (see Heathcote talk)
• DES: super luminous SNe, strong lensing, first 

major cosmology papers coming soon, 
TNO’s, Omega Cen

• SOAR, transient follow up: ASASSN/Sne, first 
pc scale jet from brown dwarf

Kitt Peak (see Allen talk)
• Mayall -- The DAWN Survey, Rhoads+ (1.07 

um NB survey, reionization, z=7.7)
• MzLS (public data with Bok 90 Prime)
• WIYN – NNEXPLORE M dwarfs in Kepler field, 

chromospheric activity (Hydra), Planet transits 
(WHIRC) 

“Third Mountain Top” (see Norman talk)
• SMASH data release January 2017
• Data lab all sky catalog
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Program Highlight
Legacy Survey 
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Data release 4 imminent, first MzLS+BASS catalogs 



Program Highlight
Premier surveys current status

• Dark Energy Survey (DES)
– DECam @ Blanco, Y4 complete, Y5.5 

under discussion with DOE
– 5000 sq deg, grizY, r ~ 26

• DECam Legacy Survey (DECaLS)
– DECam @ Blanco, 50% complete, nights 

for 2017B – 2018B assigned
– 9000 sq deg, grz, r ~ 24

• Mayall z-band Legacy Survey (MzLS)
– Mosaic-3 @ Mayall, 75% complete
– 5000 sq deg, z, z ~ 23
– Combines w/BASS 

NOAO Users Committee, May 2017 (D2) 11

Science Archive
archive.noao.edu



OIR System Optimization &
community development

• 2015 NRC Report recommendations for NOAO
– Develop / administer new processes for telescope time exchanges
– Enable community-wide System capability planning
– LSST research support services and activities

• Current activity
– Community study on maximizing LSST science return (Najita/Willman 

Kavli report: https://www.noao.edu/meetings/lsst-oir-study/)
– Time Domain Infrastructure workshop May 2017 

(https://www.noao.edu/meetings/lsst-tds/)
– LSST Community Science Center development (see Norman talk)

• Near term activity
– Supplemental Funding Request submitted April 2017 
– Initiating collaboration with AURA facilities and Las Cumbres (see Blum 

talk)
• TMT Engagement on hold (report submitted to NSF, waiting on site 

selection)
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Strategic Initiatives
Towards 2020 and beyond

• Wide field imaging
• Wide field spectroscopy
• LSST follow up
• LSST Data science services
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NOAO Strategic Plan 
A Forward Look 
 

 November 2015 



DECam @ CTIO Blanco 4-m
Dark Energy Camera 

• LSST follow up
– Cadence
– Different Filters

• LIGO follow up
• New Surveys
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3 sq. deg FOV, 520 Mpix
Lifetime (minimum) = 2013 – 2022



DESI @ KPNO Mayall 4-m 
Dark Energy Characterization
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Dark Energy Spectroscopic Instrument 
U.S. Department of Energy Office of Science 
Lawrence Berkeley National Laboratory 

Five	target	classes	spanning	redshi1s	z=0	�	3.5.	
~34	million	redshi1s	over	14,000	sq.	degrees	(baseline	survey).	

What is DESI? 

4	million	LRGs	

17	million	ELGs	

2.4	million	QSOs	

10	million	brightest	galaxies	

July	2015	CD-2	DOE	Review	

R.	Wechsler	-	P8	

Slide	6	

Image credit: A. Slosar & D. Schlegel, via R. Wechsler
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DESI, beyond cosmology

• All data products will be public
– Targeting survey: images and catalogs
– Spectra: 33M galaxies + 10M stars 

• Community spectroscopic surveys (2024++)
– DESI @ Mayall availability not yet guaranteed
– May require significant non-Federal funding support 
– Decision deferred for several years

• NOAO Decadal Workshop (Najita) good opportunity to 
advocate for astronomy program



NEID @ KPNO WIYN 3.5-m
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Extreme Precision Doppler 
Spectrometer
Motivation: TESS, K2, etc.
Mission: determine masses of Earth-
like planets

Requirement: < 50 cm/s 
Goal: ~ 10 cm/s

Instrument for the community
Operations start 2019 Q2

PI:  S. Mahadevan (PSU)

Derived from Tohono O’odham word “to see”
Derived from Tohono O’odham word “to see”



Follow up @ SOAR, Blanco, Gemini
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LSST operations and 
community science support

• Center for community research support
– Survey begins 2023
– SLAC = dark energy, NOAO = astronomy “data products to 

science”
– Follow up observations à NOAO facilities (NOAO working 

towards strong role for SOAR)
– Data science services (Data Lab, ANTARES, etc.)
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GSMT operations and 
community research support
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Strategic objectives
• Federal interface = NOAO
• Data operations support
• Community research support
• Instrument consortia participant
• Engage public

TMT

GMT

HST GMT+AO



Beyond LSST 
Community leader
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NOAO incubated Gemini, LSST, 
and GSMT (and played major 
roles in DES/DECam and DESI).

So…

What are the Next Big Questions?
What are the Next Big Projects?
Is there a Next Big Machine?

NOAO looks toward facilitating a 
community-based discussion

Call for white papers, 2018 
workshop 



End of presentation
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End of Presentation



Presentation (January 2017)
NOAO Town Hall

AAS Winter Meeting, Grapevine/TX
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Vera Rubin (1928 – 2016)
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Image credit: AIP Emilio Segre Visual Archives
Image credit: Carnegie DTM 
KPNO 2.1-m, 1970



NOAO: a multi-mission national center

• Open access to telescopes 
• Open access to data products, data 

services
• Ultra-wide-field imaging & 

spectroscopy surveys
• LSST community science support
• Time-domain research infrastructure 

development
• Education, public outreach
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Google  for 
“NOAO Strategic Plan”

NOAO is an FFRDC operated by AURA 
under a Cooperative Agreement with NSF

Community research excellence in astronomy
Enabled by robust, broad capabilities

 

NOAO Strategic Plan 
A Forward Look 
 

 November 2015 



Open access to telescopes
Broad capabilities = broad opportunities
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Full aperture range
Full instrument range
Full user support
Over-subscription ~ 2.5
Semi-annual proposal cycle

KPNO Mayall, open access,
Last semester, 2017B
à DESI install starts
Other available capabilities
LCO time-domain network
CHARA optical interferometer
Large Binocular Telescope 

Telescope Diameter (m) Nights Per Year
Subaru 8.2 10

Gemini North 8.1 110
Gemini South 8.1 110
CTIO SOAR 4.1 70
CTIO Blanco 3.9 200

AAT 3.9 10
KPNO Mayall 3.8 100
KPNO WIYN 3.5 125
KPNO 2.1m 2.1 60
CTIO 1.3m 1.3 30
CTIO 0.9m 0.9 30
KPNO 0.9m 0.9 30



Spectroscopic capabilities
Available now or soon
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Optical Near-IR
Medium Resolution Echelle Medium

Single Multi Slit IFU Fiber Single Single Multi-slit IFU
Gemini North 8.1 ⦿ ⦿ ⦿ ⦿ ⦿ ⦿

Mayall 3.8 ⦿ ⦿ 2019
WIYN 3.5 ⦿ ⦿ 2019

Gemini South 8.1 ⦿ ⦿ ⦿ 2018 ⦿ ⦿

SOAR 4.1 ⦿ ⦿ 2017
Blanco 3.9 ⦿ ⦿ ⦿

NEW à optical echelle spectroscopy at Gemini N, Gemini S, SOAR, WIYN
Mid-IR echelle spectroscopy (Gemini North, TEXES)
Near-IR echelle spectroscopy (Gemini South, Phoenix)



Spectroscopic capabilities
Recent science highlights
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6 Hirschauer et al.

Table 1

Emission-Line Intensity Ratios Relative to H� for AGC 198691

Ion � [Å] KPNO 4-m MMT 6.5-m (night 1) MMT 6.5-m (night 2) MMT 6.5-m (composite)

[O II] 3727.53 0.484 ± 0.027 0.4827 ± 0.0258 0.4625 ± 0.0308 0.4680 ± 0.0246
H 9 3835.55 0.120 ± 0.014 0.0627 ± 0.0054 0.0608 ± 0.0055 0.0525 ± 0.0042

[Ne III] 3868.74 0.141 ± 0.014 0.0978 ± 0.0067 0.1074 ± 0.0079 0.0971 ± 0.0060
He I + H 8 3888.65 0.183 ± 0.015 0.1797 ± 0.0101 0.1790 ± 0.0118 0.1683 ± 0.0090
[Ne III] + H✏ 3969.56 0.162 ± 0.014 0.1746 ± 0.0093 0.1839 ± 0.0114 0.1755 ± 0.0088

H� 4101.74 0.250 ± 0.015 0.2546 ± 0.0116 0.2618 ± 0.0146 0.2540 ± 0.0111
H� 4340.47 0.468 ± 0.018 0.4830 ± 0.0176 0.4873 ± 0.0233 0.4820 ± 0.0171

[O III] 4363.21 0.044 ± 0.013 0.0351 ± 0.0037 0.0428 ± 0.0037 0.0394 ± 0.0029
He I 4471.50 0.037 ± 0.012 0.0288 ± 0.0035 0.0321 ± 0.0033 0.0297 ± 0.0025
H� 4861.33 1.000 ± 0.025 1.0000 ± 0.0296 1.0000 ± 0.0417 1.0000 ± 0.0290
He I 4921.93 0.016 ± 0.012 0.0100 ± 0.0031 0.0059 ± 0.0026 0.0067 ± 0.0017
[O III] 4958.91 0.464 ± 0.017 0.4172 ± 0.0135 0.4218 ± 0.0182 0.4175 ± 0.0130
[O III] 5006.84 1.294 ± 0.030 1.2687 ± 0.0373 1.2966 ± 0.0541 1.2833 ± 0.0370
He I 5875.62 0.092 ± 0.013 0.0692 ± 0.0047 0.0807 ± 0.0054 0.0750 ± 0.0041
H↵ 6562.82 2.829 ± 0.058 2.7663 ± 0.1390 2.7520 ± 0.1803 2.7583 ± 0.1374

[N II] 6583.39 0.020 ± 0.016 0.0104 ± 0.0031 0.0173 ± 0.0029 0.0161 ± 0.0021
He I 6678.15 0.021 ± 0.016 0.0160 ± 0.0033 0.0298 ± 0.0035 0.0225 ± 0.0024
[S II] 6717.00 0.038 ± 0.016 0.0262 ± 0.0037 0.0391 ± 0.0041 0.0367 ± 0.0031
[S II] 6731.30 0.025 ± 0.016 0.0263 ± 0.0037 0.0342 ± 0.0038 0.0310 ± 0.0029

c(H�) 0.036 ± 0.047 0.012 ± 0.054 0.073 ± 0.066 0.040 ± 0.053
EW(H�) 71.7 Å 71.5 Å 59.9 Å 64.3 Å
F(H�)* 18.70 ± 0.30 8.31 ± 0.17 10.20 ± 0.30 9.25 ± 0.19

Note. — * line flux of H� in units of 10�16 erg s�1 cm�2

Figure 5. Spectral excitation diagnostic diagram show-
ing the location of AGC 198691 (red filled circle). The
four other known low-metallicity star-forming galaxies with
12+log(O/H)  7.20 are displayed as blue filled circles. The
grey points are star-forming galaxies from the KISS sam-
ple, included to provide context (data taken from the ref-
erences listed in §1). The solid line represents a star for-
mation sequence derived from theoretical models (Dopita &
Evans 1986), while the dashed line represents an empirically
defined demarcation between starburst galaxies and AGN
(Kau↵mann et al. 2003). AGC 198691 is clearly a very low-
abundance source.

tion in the traditional diagnostic diagram. The position
of AGC 198691 indicates that this galaxy has an abun-
dance in the same neighborhood as these other extremely

metal-poor systems. The low value of [N II]�6584/H↵ in
particular serves as a strong indicator of the exception-
ally low metallicity characteristics of AGC 198691.
Calculations of both the temperature and density of

the electron gas were carried out using the Emission
Line Spectrum Analyzer (ELSA) program (Johnson et al.
2006). The electron temperature (Te) was determined
by the oxygen line ratio [O III]�4363/[O III]��4959,5007,
which exhibits a strong temperature dependence because
it arises from two widely separated energy levels in the
same ionic species (e.g., Osterbrock & Ferland 2006).
Metallicities derived based on the measurement of the
electron temperature are commonly referred to as direct
abundances. As can be seen by inspection of the inset of
Figure 3, the �4363 detection for AGC 198691 from the
KOSMOS data is somewhat weak and noisy (S/N ratio
of 3.4), and great care was required in its measurement.
The uncertainty in the final �4363 line flux is reflected in
the uncertainty in the derived value of Te. Our measured
value of the electron temperature based on the KOSMOS
data is Te = 20440 ± 3130 K. For the MMT data the
�4363 line was more robustly detected, with S/N values
ranging from 9.5 to 13.6. This resulted in a more reliable
value for Te. Our measured value of Te for night 1 of
the MMT run is 18040 ± 1050 K, for night 2 is 19920 ±

1060 K, and for the composite MMT spectrum is 19130
± 800 K. We used the [S II]��6716,6731 doublet to derive
values of the electron density. As with the [O III]�4363
line measurement, the weakness of the sulfur lines led to
fairly large uncertainties in our derived electron density
estimates. In the case of the KOSMOS spectrum the
[S II] doublet yielded a flux ratio that placed it in the
low-density limit; ELSA assumed an electron density of
ne = 100 cm�3. The three MMT spectra each resulted
in electron densities that were in the few-to-several hun-
dred cm�3 range. The derived electron densities and
temperatures are presented in Table 2.

Most metal-poor, gas-rich galaxy 
Hirschauer et al. 2016 (KPNO 

Mayall/KOSMOS)

AGC 198691
12+log(O/H) = 7.02 ± 0.03  6

Figure 4. (a) Gemini/GNIRS spectrum of WISE 0855 compared to 250 K cloudy and cloud-free brown dwarf models. The
locations of the absorption features match well between the data and models, and are all consistent with water vapor. The
shapes of the absorption features are affected by clouds (likely H2O), which mute the spectrum providing a better fit between
the model and the data than the cloud-free case. The remaining discrepancies between the cloudy model and the data are likely
due, in part, to additional complexities (such as 3-dimensional structures) of the clouds. (b) Gemini/GNIRS spectrum of WISE
0855 compared to a full-disk spectrum of Jupiter from the Infrared Space Observatory (ISO; Encrenaz et al. 1996), binned to
WISE 0855’s resolution. The spectra show striking similarities from 4.8-5.2 µm (with a notable exception at 4.96 µm), as both
objects are dominated by H2O (Kunde et al. 1982). From 4.5-4.8 µm, Jupiter’s spectrum is dominated by PH3, which has been
used to infer turbulent diffusion of hot material from deep in Jupiter’s atmosphere (Kunde et al. 1982; Prinn & Lewis 1975;
Visscher et al. 2006). The WISE 0855 spectrum does not show a similar PH3 feature. (c) Gemini/GNIRS spectrum of WISE
0855 compared to models with equilibrium chemistry PH3, and enhanced PH3 to match the abundance measured in Jupiter.
The WISE 0855 spectrum is strongly inconsistent with the enhanced PH3 model, suggesting that WISE 0855 does not have
the same turbulent mixing seen on Jupiter. (d) Gemini/GNIRS spectrum of WISE 0855 compared to models that vary CH3D
abundance. The WISE 0855 spectrum has the raw sensitivity to measure CH3D at 4.55 µm, but the imperfect match between
the rest of the spectrum and our current model would hamper an analysis.
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Spectroscopic capabilities
Coming 2019 à NEID @ KPNO WIYN 3.5-m
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Extreme Precision Doppler Spectrometer
Motivation: TESS, K2, etc.
Mission: determine masses of Earth-like 
planets

Requirement: < 50 cm/s 
Goal: ~ 10 cm/s

Instrument for the community
Operations start 2019 Q2

Derived from Tohono O’odham word “to see”

PI:  S. Mahadevan (PSU)



Spectroscopic capabilities
Coming 2019 à DESI @ KPNO Mayall 4-m
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Dark Energy Spectroscopic Instrument (DESI) 
5000-fiber spectrometer

5000 fiber positioner robots @ prime focus
New prime focus corrector (creating an 8 sq deg FOV)
New top ring and cage, barrel and hexapod assembly
Ten 3-arm spectrographs (cf., BOSS spectrographs)

Images: M. Levi, DESI Project Director



DESI hardware!
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Images: M. Levi, DESI Project Director



DESI Key Experiment
Ultra-wide, deep spectroscopic survey
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Dark Energy Spectroscopic Instrument 
U.S. Department of Energy Office of Science 
Lawrence Berkeley National Laboratory 

Five	target	classes	spanning	redshi1s	z=0	�	3.5.	
~34	million	redshi1s	over	14,000	sq.	degrees	(baseline	survey).	

What is DESI? 

4	million	LRGs	

17	million	ELGs	

2.4	million	QSOs	

10	million	brightest	galaxies	

July	2015	CD-2	DOE	Review	

R.	Wechsler	-	P8	

Slide	6	

Courtesy R. Wechsler
DESI Co-Spokesperson

34M+ redshifts
14,000 sq deg

10M Milky Way stars



DESI Key Experiment
Cosmic Acceleration over Time
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2 SCIENCE MOTIVATION AND REQUIREMENTS 24

Figure 2.10: Expansion rate of the Universe as a function of redshift. In the upper plot, the filled
blue circle is the H

0

measurement of [106], the solid black square shows the SDSS BAO measurement
of [107], the red square shows the BOSS galaxy BAO measurement of [6], the red circle shows the
BOSS Ly-↵ forest BAO measurement of [47], and the red x shows the BOSS Ly-↵ forest BAO-quasar
cross-correlation measurement of [108]. The lower plot shows projected DESI points.

Figure 2.11: The w
0

� wa plane showing projected limits (68%) from DESI using just BAO and
using the broadband (BB) power spectrum. Also shown is the limit from BOSS BAO. Planck priors
are included in all cases, and DESI includes the BGS and non-redundant part of BOSS. The figure
of merit of the surveys is inversely proportional to the areas of the error ellipses.
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of [107], the red square shows the BOSS galaxy BAO measurement of [6], the red circle shows the
BOSS Ly-↵ forest BAO measurement of [47], and the red x shows the BOSS Ly-↵ forest BAO-quasar
cross-correlation measurement of [108]. The lower plot shows projected DESI points.

Figure 2.11: The w
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� wa plane showing projected limits (68%) from DESI using just BAO and
using the broadband (BB) power spectrum. Also shown is the limit from BOSS BAO. Planck priors
are included in all cases, and DESI includes the BGS and non-redundant part of BOSS. The figure
of merit of the surveys is inversely proportional to the areas of the error ellipses.

Left to right…
Reiss et al. 2011
Xu et al. 2013
Anderson et al. 2014
Delubac et al. 2014
Font-Ribera et al. 2014 

Current situation

DESI plan

Credit: DESI FDR Report, Part 1, DESI Collaboration



DESI Bright Galaxy Survey
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Dark Energy Spectroscopic Instrument 
U.S. Department of Energy Office of Science 
Lawrence Berkeley National Laboratory 

Visual comparison to SDSS and BOSS 

D.	Weinberg	-	SRR	Talk		

April	2016	Preliminary	Science	Readiness	Review	
Slide	4	
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DESI BGS
10 million new redshifts

Credit: D. Weinberg



DESI Bright Galaxy Survey
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Dark Energy Spectroscopic Instrument 
U.S. Department of Energy Office of Science 
Lawrence Berkeley National Laboratory 

Visual comparison to SDSS and BOSS 

D.	Weinberg	-	SRR	Talk		

April	2016	Preliminary	Science	Readiness	Review	
Slide	4	

Dark Energy Spectroscopic Instrument 
U.S. Department of Energy Office of Science 
Lawrence Berkeley National Laboratory 

Visual comparison to SDSS and BOSS 

D.	Weinberg	-	SRR	Talk		

April	2016	Preliminary	Science	Readiness	Review	
Slide	5	
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DESI BGS
10 million new redshifts

Credit: D. Weinberg



Imaging capabilities
Available now
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Optical Near-IR
Natural AO Natural AO

Small
Field

Medium
Field

Wide
Field

Small
Field

Gemini North 8.2 ⦿ ⦿ Laser SCAO
Mayall 3.8 ⦿ ⦿

WIYN 3.5 ⦿ Speckle NGS Tip-Tilt
KPNO 2.1 Laser SCAO Laser SCAO

Gemini South 8.2 ⦿ ⦿ Laser MCAO
SOAR 4.2 ⦿ GLAO ⦿

Blanco 3.9 ⦿



Imaging capabilities
Recent DECam community science highlights
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Discovery of two new TNOs
beyond the Kuiper belt edge

Sheppard et al 2016 ApJ 825 L13

Discovery of two faint stellar systems 
associated with the Sgr stream
Luque et al ArXiv 1608.04033



Ultra-wide-field imaging surveys
Dark Energy Survey

5000 sq deg with Blanco/DECam
300 million objects, 5-band (g,r,i,z,Y)
JHK from VISTA surveys
Year 4 of 5 completed

NOAO Users Committee, May 2017 (D2)
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DES+VHS (10σ)
g 24.6 J 20.3
r 24.1 H 19.4
i 24.0 Ks 18.3
z 23.8
Y 21.6

All data products will be public 
Raw data (after 12 mons)
Processed images (Y1, SV)

Dec 2017 à Public DR1
Coadded Y1 – 3 (images, catalogs)

DECam focal plane



Betoule et al. 2014

Ultra-wide-field imaging surveys
Dark Energy Survey

Key Experiment
Constrain nature of dark energy

Probes
• Clusters
• Weak Lensing
• Large-scale Structure (BAO)
• Supernovae

DES Collaboration
• Almost 90 papers submitted to 

date
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DES forecast

Ultra-wide-field imaging surveys
Dark Energy Survey

Key Experiment
Constrain nature of dark energy

Probes
• Clusters
• Weak Lensing
• Large-scale Structure (BAO)
• Supernovae

DES Collaboration
• Almost 90 papers submitted to 

date
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Imaging Survey Status, DESI Collab Meeting, OSU, 2016-12-06 2

DESI imaging footprint

+ BASS

- Three contiguous photometric systems (NGC North/South, SGC)
- DECam up to Dec = +34
- Mosaic + BASS above Dec = +34

Ultra-wide-field imaging surveys
Legacy Survey

NOAO Users Committee, May 2017 (D2) 41

Motivation: DESI targets
Mayall/Mosaic-3 (MzLS)
Blanco/DECam (DECaLS)
Bok/90-Prime Mosaic (BASS)

14,000 sq deg
1200 million unique objects
(g,r,z) = 24.7, 23.9, 23 (5-sigma)
SDSS overlap
DESI fields

DR3 available now
4300 sq deg
à legacysurvey.org
Also: NOAO Data Lab

Survey explorer 

Synergy
Gaia, WISE, etc



High-value data products @ NOAO
archive.noao.edu

• DES Science Verification DR
• DES SN fields
• DES Public DR1 (Jan 2018)

• SMASH survey fields (Nidever et al.)
• DECam Legacy Survey DR3+
• Mayall z-band Legacy Survey DR3+
• MW dwarfs (Mighell, internal)
• MW Bulge survey fields (Saha et al.)

Coming Soon (with spectra)
• SDSS DR7 – 13 (Mar 2017)
• SDSS DR14 (Jan 2018)

NOAO Users Committee, May 2017 (D2) 42

Mosaic, DECam exposure map (May 2016)
Raw, processed images
Catalogs for coherent surveys

N.B. This is movie, will not run in PDF version



Data services for TB-scale catalogs
NOAO Data Lab

NOAO Users Committee, May 2017 (D2) 43

“Computing at the data”
Exploration, visualization and 
analysis
Pixel processing at image cutout 
level
Collaborative workspaces
Built-in analysis tools
Scriptable via Jupyter NotebooksLatest Demo @ NOAO Booth
Public release à AAS Summer 2017



On the road to LSST
Focus areas

• Time-domain science analysis and follow-up
• Static-sky science analysis and follow-up
• Custom data-intensive analysis applications
• Community-based planning of new capabilities
• Workshops, conferences, schools, and training
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Time-Domain Ecosystem

NOAO Users Committee, May 2017 (D2) 45

Annotate, Characterize
Rank, Distribute     

Follow up Observations
Automatic or Manual, Rapid or Delayed
Examples: LCO, NOAO, Gemini, etc.

Investigators

Alert Generators
Examples: LIGO, CRTS, ZTF, LSST

Other BrokersOther BrokersAlternative Brokers

Downstream Brokers
Classification, Distribution



ANTARES
Time-alert brokering for the LSST era

• Arizona-NOAO Temporal Analysis & Response to Events 
System
– Collaboration: NOAO, U. Arizona Dept. of Computer Science

• Goal: deploy national broker service at LSST scale
• Alert processing functionality

– Annotate with external information and past history
– Characterize by features in time-domain
– Rank à identify “rarest of the rare”
– Distribute value-added information

• Flexible, modular architecture
– Open source, can be run by anyone

• API for user-specific feature filtering

NOAO Users Committee, May 2017 (D2) 46



Time-Domain Science Infrastructure
Community Workshop, 22 – 25 May 2017
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La Serena School for Data Science:
Applied Tools for Astronomy

• 21 – 29 August 2017, La 
Serena, Chile

• Advanced undergrads, early 
grads

• International, interdisciplinary 
lecturers

• Team-based, project-based
• Topics include:

– Astronomical data acquisition
– Processing pipelines
– Astronomical databases
– Virtual Observatory
– High Performance Computing

NOAO Users Committee, May 2017 (D2) 48

Application deadline: 15 April
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National	Center	for	Night-time	OIR	Astronomy

§ Numerous recommendations regarding enhanced 
coordination among NSF OIR observatories.

§ September 2016: After many discussions with AURA 
management and Observatory leadership, NSF provided 
guidance to AURA on planning a National Center.
§ Purpose, mission and scope of a single administrative organization 

to coordinate resources among LSST operations, Gemini 
Observatory, and continuing NOAO programs.

§ AURA is to deliver to NSF a proposed plan for this National Center, 
with a targeted delivery date of mid-2017.

§ Separately, the potential National Center is being discussed with 
Gemini, LSST, and NOAO partners.

§ The overall benefit envisioned is the provision of enhanced 
science return through coordination of capabilities as LSST 
moves toward operations.

1/04/2017 1NSF-AAS Town Hall

Forward NCOA
From NSF Town Hall



NOAO: a multi-mission national center

• Open access to telescopes 
• Open access to data products, data 

services
• Ultra-wide-field imaging & spectroscopy 

surveys
• LSST community science support
• Time-domain research infrastructure 

development
• Education, public outreach
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NOAO Strategic Plan 
A Forward Look 
 

 November 2015 

Google  for 
“NOAO Strategic Plan”

NOAO is an FFRDC operated by AURA 
under a Cooperative Agreement with NSF

Community research excellence in astronomy
Enabled by robust, broad capabilities


