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Astronomy s in a golden age of dlsoovery W|th new

and powerful telesoopes on the ground and |n spaoe

2 .
. R 2 i o
. . 4 . .
. . .
.. g W

. L . .
2o .

. .



As’trbnomy tries to answer the largest philosophical
questions of the human race: Where do we come
from? Is there life elsewhere in the Universe?




T For the first time, all of the ground-based optical
- observatories funded by the National Science
- Foundation are unified into a single organization.
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NOIRLab’s mission:

Enabling and shar/ng breakthrough discoveries n %
astronomy and astrophysics with state-of-the-art .=
~ ground-based observatories, data products, and Iz
_ services  for a diverse and inclusive community




| Kitt Peak N ¥

Cerro Tololo

NOIRLab’s five Programs are:

Gemini .
With our international

// “ partners

™
s

.............................

, Rubm Observatory Operations
N An NSF-DOE Partnership
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NSF’s NOIRLab

HQ, Tucson, Arizona
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The integration of these world-class facilities creates a powerful
capability for discovery, technology development, STEM workforce
growth, and education.
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evelops and operates a suite of

. state-of-the-art ground-based astronomical

~ telescopes and their instruments at three unique
- observing sites: Chile, Hawai'i, and Arizona, with
— headquarters in Tucso -

o —

n, Arizona, USA.
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NOIRLab hosts 70 of the
most diverse and
innovative ground-based
telescopes in the world.
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The astronomlcal commumty s honored to have the OPPOF’[UHIW to G

~ .. conduct astronomlcal research on lolkam Du’ag (Kitt Peak) in

.. Arizona, on Maunakea in Hawai‘i, and on Cerro Tololo and Cerro

Pachon in Chile. We recognize and acknowledge the very

- . significant cultural role and reverence that these sites have to the

. Tohono O! odham Natlon to the Native Hawaiian community, and
to the Iocal communltles |n Chile, respectlvely |




NOIR'Lan eAmptx)'Wers aSt}r‘ohOmerS'to‘tackIé the*

“most presslng questlons In- astrophysu:s today,
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and opens up new 'dlscovery-space for the future.
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/j,)/ 4 The annual US contrlbutlon to NOIRLab i 11 1
W apprOX|mater USD $100 million, or 30 cents per '
1| year per person in the US — less than the cost /’4'/ i

(I
\ ‘\\

N of a postage stamp
/////// ///W // Wi /// /
W [ /4/ //
//// / / / ‘ /, ‘

N ~— = /







NOIRLab swff have id
I for the organization
empathy, diversity

'\, responsibility, inte
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. NOIRLab:is a‘Federally Funded Research and Development C§nt€r’ that

*. operates as a .rﬁatrix-organizati'qn.pkq\)id’fn‘g Scientific, Engineering; Facilities, ..
- - IT, Safety, and' Communication services across the Programs. « -




NOIRLab has a vital role to play in the development
. of the STEM workforce, in sharing our passion for
discovery, and in keeping the world informed of the
exciting work done at our observatories.

17



TN"WHrAEN (7% A -
-, NOIRLab works in schools in our local communities to bring the
‘i excitement of astronomy to the classroom. A vibrant educational
program that uses the power of the web, as well as in-person
engagement, will leverage our power to grow the STEM workforce
that is vital to sustaining US leadership in science and technology.

b
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NOIRLab acts as a positive force in our local
host communities and respects the needs,
 interests, and culture.of the Indiginous and local
people in Chile, Hawali'i, and Arizona.
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NOIRLab strlves to be a trustworthy good nelghbor carlng
for local resources, environment, education, economy,
~and history of the regions where it has observatories.




Protection of the night sky is relevant not only for astronomers
but for all citizens. The night sky is a human heritage that
must be preserved and protected against light pollution.







NOIRLab aims to set the highest standard for

meaningful engagement with underrepresented

communities, including local & digenous
communltles




NOIRLab promotes Chilean 'éétronomy and

related sciences through a series of national,
regional, and local activities.
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NOIRLab engages widely in the local communities in Hawai'i and Chile
through many different outreach programs every year. In Hawai'i, we are

partnering with the other Maunakea Observatories in programs such as
$ AstroDay East & West, Journey Through the Universe, the Kama‘aina
Observatory Expe’ence (bringing state residents to our telescopes),
G Maunakea Scholars, Akamai internship programs, and much mere.
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will be a leading resource for cutting-edge




Rubin Observatory is an
consisting of an 8.4-meter telescope, a 3200
megapixel camera, an automated data
processing system, and an online public
engagement platform.
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In its flrst ten years of opetetlons Rubln Observatory WI||

. - conduct the Legacy Survey of Space and Time (LSST),

; - Each image will cover a 9.6 square degree field of view,

capturing about 1,000 images of the sky, every night.

L

or about 40 tlmes the area of the fuII Moon
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Rubin Observatory is the first facility that will detect

many of the changes that occur in the Universe —

approximately 10 million per night, and present the
detected changes to the world wide community.

29
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* Rubin Obs»eatr s sppor’ted by funding from the US
National Science Foundation (NSF) and the US
~ Department of Energy (DOE), and is operated by NSF’s




Since 1965, US astronofhers have used Cerro =

Tololo Inter-American Observatory (CTIO) Iin
Chile as the principal platform for their
investigations of the southern skies
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- CTIO has over 40 telescopes that are used to Investigate

o . awide variety of research topics, including exoplanets, the

Sun, Earth’'s atmosphere, meteors, supernovae,
gamma-ray bursts, and dark energy. Some of these
telescopes are also used for educational purposes.
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The largest telescope on Cerro Tololo, the Victor M. [l
Blanco 4-meter Telescope, features the Dark Energy
Camera (DECam), a high-performance, wide-field CCD
imager originally built with DOE-funding to carry out the
Dark Energy Survey (DES)

33
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CTIO operates the 4.1-meter Southern As'trophysical
Research (SOAR) Telescope, designed to produce the
best quality images of any observatory in its class.
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% The Community S"Cience a.nd D‘ata Cehter

science activities for the US ground-based

- optical and infrared astronomical communities.

s o ..

(CSDC) supports and enables a broad range of

2 VBRI
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proposals for open-access observing time on

- -
4
-m
—_— ——4

telescopes through a peer-review process.
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The US National Gemini Office, part of CSDC,
serves as the interface between the US

astronomical community and the international
Gemini Observatory.
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Using archival data to make new discoveries Is
becoming increasingly important in astronomy.

NJ
o
o

Petabytes
01
©

O —
2020 2021 2022 2023 2024 2C

m CSDC (all data) m Rubin (raw i 38




* ~ Astro Data Lab is a sophisticated science *

- . platform providing high-level tools for discovery, . :

+ exploration, and analysis of large public survey -
datasets. i




The International Gemini Observatory comprises twin
8.1-meter optical/infrared telescopes on two of the best
observing sites on the planet. Gemini North is located
near the summit of Maunakea in Hawai'i, and Gemini

South is in the mountains of Chile on Cerro Pachon.

40
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| ome O ( -opt'liml.zed
telescopes |n gr'ound-based. aswt_renomy, andw
together provide complete coverage of the sky.
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The Gemini international partnersh|p iIncludes
the United States, Canada, Chile, Bl%zn

Argentina, and Korea.
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Founded in 1958,

home to one of the Iargest collectlons of optlcal and
- radio telescopes in the world. KPNO hosts the facilities
- of consortia that, between them, operate more than a

dozen optical telescopes and two radio telescopes.

43



We are privileged to conduct research on |I'oligam Du’ag
(Kitt Peak) in Arizona and acknowledge the Tohono
O'odham Nation as the caretakers of the jewed (land).

44



KPNO operates the Nicholas U. Mayall 4-meter Telescope on behalf,
of the Dark Energy Spectroscopic Instrument (DESI) survey, a |
project led by the US Department of Energy’s Office of Science.

y_

/;A,}é Universe by repeatedly mapping the distance to 35 million galaxies

R

-, and 2.4 million quasars across one-third of the area of the sky over =

‘A, T ) : :
T ts five-year run. DESI is the most powerful multi-object survey
ceneactroaranh in the world and will continitie to bhe for ceveral veare

)

N

\%' DESI will measure the effect of dark energy on the expansion of the @&



KPNO operates the 3.5-meter WIYN Telescope(a partnershi‘p ey

between Indiana University, the University of Wisconsin,
Pennsylvania State University, the University of

Missouri-Columbia, Purdue University, NSF, and NASA), which
hosts the NEID instrument. NEID is designed to measure the

motion of nearby stars with extreme precision, with the potential to

uncover Earth-mass exoplanets.

467/



NSF’s new “Windows on the Universe Center for
" Astronomical Outreach” at Kitt Peak will provide the
public with a new way to experience the
cutting-edge research carried out at Kitt Peak and
NSF’s other astronomy facilities around the globe.



offering daytime guided tours and a variety of evening

stargazing programs. The motto is “Come and see for

yourself!” Visits to KPNO visitor center and tours of the ‘
mountain are free for residents of the Tohono O'odham Nation.



NOIRLab and the organizations building the Giant Magellan Telescope and the Thirty
Meter Telescope. These organizations envisage the US-ELTP as a system of two
iIndividual telescopes, one in each hemisphere, to provide astronomers in the United
States with nationally funded, full-sky observing access.



The Role of National Laboratories ==

The NSF’s observatories provide a place for US scientists to

advance basic research supported by expert engineering and
scientific staff

Anyone W/th an /dea can propose to use NSF S NOIRLab |
facilities to advance thelr smence subject onIy to peer revrew |

Education and early career programs tSF s NOIRLab heIp
develop the STEM workforg;e and,;r crease partlcmatlon by
under-represented groups B
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The Big Science Questions ~*®

aticwal Acsidemies of

o Where did it all How does it all Are we alone?
come from? work?

Pathwa_ys ) Dlscovery in

Astrononiy and Astro h sics . - .
y bt foﬂheymz(,s - New Messengers - -Cosmic Ecosystems- - Worlds and Suns -

and New Physics in Context

We prowde all US and parther 'svél'ent/sts with the tools to tackle
these questions — and others
Anonymous peer review ensures equal opportunities for all




‘@2 A diverse Tool Kit TS

+'0e!

NEWFIRM ~  IGRINS
NOAO ~ KASIIUT

Penn State/NASA
@Blanco ~@Gemini S. " ‘

@WIYN




NSF’s NOIRLab TN

e 2000 nights/yr of 4m and 8m

poumnorm.: telescope time
*;22‘32“"“‘ e 1200 proposals per year
e 700+ refereed publications in FY2021
38 e - 500+ mvestlgators/yr — US and
- international

o 31 mstruments available

e | 17 tenant telescopes on Kitt Peak and
L :V",;,CTIO < | ’
‘  ~'-_?,__‘37 b|II|on dlstlnct objects in data

a;grchlve 8, CaRE

Bl . >7Petabytes of data :
. > 2/3 of the sky with > 30 min
7exposure time

,"'w";

Distribution of US users =2019 th;rouﬁ 2021
Normalized by AAS membership



National Data Center

The Data Revolution will not be televised
It is being streamed!

NASA has well-supported data archives
The science multipliers are large |

Ground-based observatory archives are:

Heterogeneous
Uncoordinated |
Pcorly connected to the space archlves |

R i@‘,rr-‘)'

NOIRLab can play a Ieadlng rolein a natlonal dlalog on
ground-space archive coordination =

AURA °



AURA °

Observatories in Harmony...

...with their environment
Sustainability program — more than just solar panels!

...with local populations |
Partnerships with the Tohono O’'Odham
Engagement in Hawai'i |
Sensitivity in Chile

...with our peers &
Cooperate, Coordmate Partner for smence




Vital Partnerships

DOE National Laboratories
Rubin, Dark Energy Survey, Dark Energy Spectroscopic Instruments

NASA

NN-Explore Exoplanet Program

International Partners -
Gemini and SOAR Partners US ELTP Partners

US Instltutlonal Partners
Instruments (e.g., MAROON-X, NEID, SCORPIO)
Large programs g
Data archives and Data Science

AURA °



@ Michigan State University University of Michigan @ @

Rochester Institute of Technology @

Dartmouth College ®
Scientific Solutions Inc. ®

Harvard-Smithsonian Center
for Astrophysics ® ®

Harvard University @

Ohio State University @

Five College Astronomy Department @
Columbia University @

@ University of Wisconsin-Madison

® University of lllinois Princeton University @
® University of Chicago
@ University of lllinois at Urbana-Champaign

® Astronomical Research Institute

Mount Cuba Observatory @ @
University of Delaware @ ®

Department of Energy @
Carnegie Institution for Science ®
US Naval Observatory @

NASA @

Space Telescope Science Institute
(STScl; development partner) ®

@ SLAC National Accelerator
Laboratory

® Gordon and Betty Moore
Foundation

® SETI Institute/NASA Ames

@ Heising-Simons Foundation

NRAO @

@ @ Las Cumbres Observatory
Global Telescope Network

@ Center for High Angular
Resolution Astronomy (CHARA)

® Zwicky Transient Facility

@ @ California Institute of Technology
@ Aerospace Corporation

@ University of California, Irvine

University of North Carolina Chapel Hill ®

Tennessee State Univ
Clemson University @ @

South Carolina State University ®
Georgia State Astronomical Research Institute ®

Agnes Scott College e ®
Georgia State University @

@ Northern Arizona University
@ Arizona State University

@ Planetary Science Institute
® @ @ University of Arizona Valdosta State University ® @
® Large Binocular Telescope

@ LINCC Frameworks Project/LSST Corporation

Embry-Riddle Aeronautical University ® @

Florida Institute of Technology ® @

@ University of Texas at Austin

® @ The University of Alabama —

Texas A&GM University ® @ @ Florida Gulf Coast University Foda nternistional Unhiersity a e

NOIRLab US Partners & Tenants

@. —— Hauwaii (state) Department of Education @
Cerra Tololo Inter-American Observatory

‘>

®
Hawaii (county) Department of Education @ ® Community Science and Data Center
% University of Hawai'i & @ Gemini Observatory
Keck Observatory @ @ Kitt Peak National Observatory
® US-ELTP
@ Vera C Rubin Observatory

University of Alaska Anchorage @




NOIR
Lab AURANS
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@ Royal Observatory Edinburgh 3
® Queen's University Belfast The Ast ical Calculation Institute @
@ Oxford University German Centre for Cosmological Lensing @

@ University of Southampton Ludwig Maximilian University.of Munich @
® University of Hertfordshire ax-Planck-Institute for Astrophysics @
® University of Exeter Institute for extraterrestrial Physics @
@ University College London Max-Planck-Institute for Astronomy @

@ University of Birmingham

@ The Danish Society of E i Icnzs;;'? GEW;.«,M °
® LSST Canada ——— The National Résearch @ University of Utrecht L oone e
Council of Canada @ @ Oxford University Center for Research (NCB)) @
Swiss Federal Instit of gy L ee

@ The French National Institute of ® Astro Qptik Gmb! Konkoly Observatory @ Swiss Federal Institute of Te:
Nuclear and Particle Physics (IN2P3) ——————————

® Ruder Boskovi¢ Insfitute — = The University of Nova Gorica @
@ The National Institute fo -~

I——-’Ast o} | Observatory of Belgrade @
® Barcelona Madrid “
@ Institute of Space Sciences and Astronomy s Akdeniz University ®

NSF's NOIRLab

HQ Tucson, Anzona

Ly

CsDC TTio KPNO R

Japan Participation group @
National Institutes of Natural Sciences/
National Astronomical Observatory of Japan @

® & Weizmann Institute of Science /
# Ben-Gurion University @
A

iolet Transi y Satellite g pepartment of Science and Technology ®

o

¥

Sejong University @

@ ® @ Instituto de Astrofisica de Canarias @. o Ul
Korea Astronomy and Space
Science Institute e o @ @

) — The National Autonomous University of Mexico @ < Academia Sinica Institute of
ty ® National Astronomical Research Astronomy and Astrophysics @
Institute of Thailand @ National Central University @
Maunakea NSF's NOIRLab
Hilo, Hawal'f
wesoR |

\ [ Cerro Tololo

) Ministry of Science, Technology
and Innovation of Brazil @ »
NSF's NOIRLab @ Inter-University Centre for Astronomy and Astrophysics

Recinto, La Serena, Chile | B .o tarinstitucional d6 e-Astionomia ¢ [ ] Nat_lonal C_enu-e for Radio Astrophysics
@ Indian Institute of Technology Bombay

@ Tata Institute of Fundamental Research

@ Indian Institute Technology Indore

@ Indian Institute of Astrophysics

Australian National University @ &

oo e

numﬁ @ Institute of Astronomy, Geophysics, and
Atmospheric Sciences of S3o Paulo @

S3ao Paulo Research Foundation @

P i Instituto de Astronomia Tedrica y Experimental University of Auckland ®
?orrﬁ‘zsi';’,'ﬁﬁ ';,’;‘: E:,,":::pg:,:;‘{ ® atthe Observatorio Astronomico de Cordoba @

S @ The Ministry of Science, Technolo, | 7

B Luiveisky ofLa Seiera and Innovar;{on of Argentina & BY ————— South African Astronomical Observatory @ @ @ Astronomy Australia Limited

©® Municipality of La Serena

NOIRLab International Partners & Tenants
® Cerro Tololo Inter-American Observatory

® Community Science and Data Center

®

Gemini Observatory
@ Kitt Peak National Observatory
US-ELTP

® Vera C. Rubin Qbservatory




A Vibrant Science Staff AR

Scientists drive the future
- Science staff is our primary contact point with the community

- Active scientists — using NOIRLab telescopes — are best
equped to support users (e.g., STScl and HST)

The best SCIent/sts provide the best serwce - R. Glaooonl

We have an opportunlty (0 renew the solenoe staff thls decade
. Exoplanets Cosmology, Stellar Exploe,tons e

- Rubin Operations Team e ”‘* i

- Adaptive Optics. = -l gy
. Generational Change™




A Vibrant Science Staff AR

Ol ;
wpped to
cI and

_ The best sc:ent/sts-prowde the
.'best serwce - R“-

Discovering Our Universe
TnAaonthor



An Agent for Change AR

Improve Diversity and Inclusion VR e

Our |eadership team NOIRLab (NOAO/ Gemini/ Rubin Ops)
. Our staff overall ' e ? P P b

NOIRLab’s user base
Research inclusion initiative
- Equitable and inclusive access i _
FeIIowshlps and Internshlps to support the next Generatlon

1990 . ...200(_) - 2010 2020

Sustainable Observatory Operatlonsf.'j; T
. Reduced CO, footprint #*5ia s S T8 8 ot

. Improved H O manage'f’lsf‘ 0t e
Reduced Waste




International Landscape

' Aperture US & Partners
Size (m)

A true US
“System”
is needed to \
compete globally |

in the 2020s and
- 2030s .

(7
|‘v (o] )
| A\ 4
Magellan MMT LBT

CTIO KPNO WIYN SOAR ARC Palomar Lick




AURA °

End-to-End User Support

NOIRLab provides
Phase 1 S— Phase 2 the tools and

Time

Observing ‘ Aossten ‘ Observing s u p po rt fo r al I

Proposal Program

Preparation Preparation v p h as e s Of th e

% > ~ scientific life-cycle

Publication & P for both novice and
Publication Tracking e : ' : '
_power-users

Data Anal_ysns Data Data Instruments & o L s e TR
Tools & Science BTN TS Observatory DMS S
Platform T RS
BETE] e &
Data Archiving, &
Reduction Discovery & _
Distribution

Pipelines Data Transport
& Archive




AURA’s Structure in 2025

AURA Corporate
Oversight Functions

Central Administrative Services (CAS)
and
Human Resources (HR)

STScl's Business Resource
Center and Human Resources

AURA °



How is
NOIRLab

organized? . _

How are labor
and services - _
sharedand

paid for?

Discovering Our Universe
TnAaonthor



i The reasons for choosing labor matrix
and shared services

Deliver high quality science to community

Be a strong national center and the organizational "home” for
future large US ground-based astronomy |nvestments INn response
to Astro2020, e. g US- ELTP -

Labor Matrlx science and englneerlng staff

o Depth in available skills Sl

o Common standards in hardware and software

o Career paths for staff => increases retentlon " i ,
Efficiency — Shared services: Slngle pornt of‘roontact for common'
functions. Common standards and processes S

AURA °



NOIRLab Labor Matrix™

Bata Arc(;jhlislets & Centgrs Training, Misc, DE|
serand Data suppo Office Space, Computers,

Contribute to instrument Library

development _

L2 Managers

Engineering staff: g Engineering Operations
2 2 : 2 Training, Misc, DEI

Mechanical and Maintenance of
Electrical NOIRLab Telescopes and
Optical ; Data Archives & Centers
Software, A Software for all functions
Systems/Project Contribute to instrument
Managers #  development

Engineering Services

Research and Science e Research staff : . Research time for research
e Nighttime Operations ff§ ® Science Operations of staff
staff NOIRLab Telescopes and L2 Managers; Prize Fellows

Office Space, Computers




