Update: The Daniel K. Inouye Solar Telescope (DKIST)

Dave Boboltz (Program Director, NSO/DKIST)
Astronomy and Astrophysics Advisory Committee meeting
Sept. 27,2017




The Sun: Our most important
astronomical object!

e The Sun is a laboratory for Stellar
Astrophysics

— Because of its proximity it can be
resolved and studied like no other star

 The Sun drives the Space Weather
that impacts Earth

— Earth-Sun interactions can shed light on
exo-planet systems
e The Sun is a laboratory for Plasma
Physics

— magnetic fields & fusion experiments

AStro ommal*Smen_cgi_ o ? 09/28/2017

3 -

SO 304 2011 -02-24 O?:Q?:O&ié‘ 1

R " 2
AT Meéeting







DKIST and Space Weather [Eueeesii

Obama Issues Executive Order to Coordinate and Spur Space Weather
Preparedness

Oct. 2016 Executive Order
continues NSWS/NSWAP
efforts

“The Director of the National
Science Foundation (NSF) shall
support fundamental research
linked to societal needs for space
weather information through
investments and partnerships, as
appropriate.”

DKIST will help us understand
the fundamental physics that
drive Space Weather.




Simulation vs. Observation
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e Current understanding is, to a large extent, driven by S|mulat|ons

e Data are accepted/dlsmlssed based on whether or not they fit the model
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The DKIST Telescope

* 4.2-m, off-axis Gregorian (all reflective),
alt-az mount

* Integrated adaptive optics

e Enclosure with thermal control and dust
mitigation

*  Wavelength sensitivity from 0.3 - 28
microns (near-UV to infrared)

e Field of view: 2 - 5 arcmin

e Angular resolution: <0.03 arcsec (20km
at the solar surface)

* Polarization accuracy: 10 of intensity

DKIST will be the world’s flagship facility for
ground-based solar physics.
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DKIST Site Atop Haleakala, Maui, HI

MaunaKea Maunaloa

DKIST at completion
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DKIST Chronology

Design and Development Study

Preliminary Design Review

Final Design Review established the project baseline
Awards totaling $298M authorized (NSB-09-57)
Federal environmental compliance completed
Construction funding (ARRA & MREFC) awarded
Anticipated access to Haleakala site pending
CDUP Issued by BLNR

CDUP challenged by Kilakila o Haleakala
Contested case hearing

BLNR issues final decision affirming the CDUP

Final access to site granted

Re-baseline $344.12 authorized (NSB-13-42)

B Lo e
Stro

o Riacas. . © : rn -
.ommal*Smencgi "\@ .E:'.__-l AeE 09/28/2017
SOl . . R _

2001

October 2006
May 2009

August 6,2009
December 2,2009
January 2010

June 2010
December 2,2010
December 3,2010
July 201 |
November 9,2012
November 30,2012

August 16,2013

AAAC Meeting



Final Hawaiian Supreme Court Ruling: Oct. 6,2016

@- NEWS Election

US. World Entertainment -.-

Hawaii Supreme Court Affirms Maui
Solar Telescope Permit

Hawaii Supreme Court upholds telescope

construction on Haleakala .
The Maui News viQ
a ent, the Supreme S _ . €

State Supreme Court upholds telescope permit

LOGAL NEWS
=

Hawaii Supreme Court upholds telescope
construction on Haleakala

COUR:I' RULES O-Pll HALEAKALA TELESCOPE
AFFIRMS PERMIT FROM STATE LAND BOARD
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DKIST in the NSF Facility Lifecycle

Readiness NSB Approved

MREFC Panel Conceptual Preliminary Final Opetjtions Termination
Review Design Review Design Review Design Review i Review
(CDR) (PDR) (FDR)

We Are Here A v

Review Decision by OD

Program Funds (Research & Related Activity, R&RA) MREFC R&RA
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DKIST Construction Funding (MREFC)

MREFC Funding Profile for DKIST

I N

e DKIST Re-baselined Total Project Cost = $344.13M

« FY 2017 MREFC $20M approved by NSB
— $18.3M awarded (April 2017)

— $1.7M (33% of contingency amount) withheld for
future allocation
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NSO Operations & Maintenance (R&RA)

Projected NSO Funding Profile

$30.0
FY 2017 = $17.5M
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? FY 2014 | FY 2015 | FY 2016 | FY 2017 | FY 2018 | FY 2019 | FY 2020 | FY 2021 | FY 2022 | FY 2023 | FY 2024

e NSO Base $8.0 $8.0 $7.0 $6.0 $5.0 $4.0 $4.12 $4.24 $4.37 $4.50 $4.64
@@= DKIST Ops. w/ ROB|  $0.0 $5.0 $11.5 $11.5 $14.0 $16.5 $17.0 $17.5 $18.1 | $18.62 | $19.18
Total, NSO $8.00 | $13.00 | $21.00 | $17.50 | $19.00 | $20.50 | $21.13 | $21.78 | $22.45 | $23.12 | $23.81

e Total projected through FY 2024 = $201.84M

e FY 2017 O&M awarded = $17.5M
— NSO base = $6M
— DKIST ops = $11.5M
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DKIST Summary Schedule

DKIST Construction Project Summary Schedule

DKIST Overview 2010 | 201 | 2012 | 2013 | 2014 [ 2015 | |
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Off-Site Design/Development
(Enclosure, TMA, Optical Systems, Instrument Systems, High Level Software)

Site Work: Excavation, Site Closefjut
Concrete, Steel Erection

==+ Enclosure 'SléT & Testing

|
Facility Thermal Systems Installation

Telescope Mount Assemply

POy Ll

SAT & Testing

Instrument System : Optics, Instrument
Fabrication & Lab Test (WFC, “a=neIntegration- &
VBI) Commissioning

1 Mdpth
Flgat

< )

Start of Start of Site Current IPS CSA End of

Construction Construction Construction
Project We Are H ere Cor%sntfugiion (fomMe
80%)
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DKIST Cost and Schedule Status (July 31,2017)

DKIST Cumulative Earned Value

* Project 78% complete

 Budget

— NSF Funding to date = $306.3M
($146M ARRA)

— Actuals + Commitments = $263.0M

— Budget Contingency = $25.9M (36.8%
of remaining estimate to complete)
* Appropriate considering remaining risks.

e Schedule Performance Indices
— 80% MC CL end date = June 10,2020
— Current IPS end date = Oct. 30,2019
— Schedule Contingency = 7.3 months
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Current Construction Site

DKIST Construction Webcam 2017-09-25 08:56:47

09/28/2017

AAAC Meeting

14



DKIST Cutaway View
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Telescope Mount Progress: Mar. — Sept., 2017
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M| Mirror polishing completed Dec.2015
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M| Transport to Summit: August 2,2017

Success!!!
Last extra-wide load
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Instruments

VisP

Visible

Spectropolarimeter
Being Built by: the
High Altitude
Observatory (HAO)

A':]]
Visible Broadband

Imager
Being Bui

It by: the

National Solar
Observatory (NSO)
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Cryo-NIRSP
Cryogenic Near-
infrared
Spectropolarimenter
Being Built by:
University of Hawaii

VTF
Visible Tunable
Filter
Being Built by: KIS,
Germany

DL-NIRSP
Diffraction Limited
Near-infrared
Spectropolarimeter
Being Built by:
University of Hawaii




NSF oversight since last PEP review

DEKIST Project Execution Plan [PEP) Review
AURA/NSO/DKIST BSR

DKIST OIG Inspection

DKIST Contingency Review

DEIST EVMS Validation

Director's Deep Dive

Software Quality Assurance [SOA)

Program Review/1T&C

Indep. Risk Assessment (IRA)

Mov- an-16 ar-16 May-16 Jul-15 Sep-16 Mow-16 lan-17 Mar-17 May-17 Jul-17 Sep-17

e Recent/ongoing reviews
— Software Quality Assurance (LFO-led; contractor)
— PEP and Construction Status (AST-led; external panel)
— Independent Risk Assessment (LFO-led; contractor)
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Community: DKIST CSP Workshops

NSO issued RFP for topical Critical Science Plan workshops
e |2 workshop proposals received

e Total number of workshops approved: 9

e Total number of scientists in approved proposals: |65

e Expected number of science use cases: 99

e All workshops open to community participation

* Website: http://www.nso.edu/cspw.php
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The 2017 Eclipse: A Public Outreach Opportunity
to Promote DKIST
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ack-up Slides

DAMNIEL K. INOUYE SOLAR TELESCOPE
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Variances

DKIST Schedule Variance & Cost Variance

58,000
56,000
54,000
52,000
S_
5$(2,000)
5(4,000)
5(6,000)
5(8,000) —
$(10,000) hd 4 hd ¢ - L —
$(12,000) —
Aug-16 Sep-16 Oct-16 Nov-16 Dec-16 Jan-17 Febh-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17

‘—O-ScheduleVarianceSK 5(8,811) | 5(9,110) | 5(9.346) | 5(8,896) | 5(9,782) | 5(8,965) | 5(10,702) | 5(10,469) | 5(9,739) | 5(9,067) | 5(9,174) | 5(9,506)
‘-I—CostVarianceSl( §3,113 $2,489 $3,39% 3,968 §4,465 §5,026 54,648 54,050 54,781 85,341 §4,447 54,286

Variance

DKIST Schedule Variance and Cost Variance %
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DKIST Ceritical Path CY 2018 - 2019
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Coude Rotator Platform

i

* Completed site acceptance testing (SAT) July,2017

09/28/2017 AAAC Meeting

26



M| Journey Tucson,AZ — Maui, HI via San
Dlego CA, May8—26 2017

47
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VTF: Excellent progress with key technology

Etalon plates § _ T Upper plate
manufactured by B /e A

Zygo Corp. |8 L N Lower plate
Manufactured '
LIGO mirrors y i
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Main support ring
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Multi-Conjugate Adaptive Optics (MCAQO)

e MCAO under development at Big Bear Solar Observatory (BBSO)

e Uses 3 deformable mirrors to compensate for turbulence at 3 different
heights in the atmosphere

e NSO personnel leading the effort
e NSF funded through AST-ATI award
e Pathfinder for DKIST next-generation AO system







AST No-deadline SPG Pilot Program

anN

[ ] S P G S p I it fr‘o m A AG ’- Solar and Planstary Research Grants | NSF - National Science Foundation L _
started October 2016 R AR H AT a

A | n d |V| d ua I | nve Stl g ator @ Research Areas Funding Awards Document Library About NSF
research into solar and [ tsmeizmsen oo g Nl oy o e Adncreicl S
planetary astronomy s
including exo-planets AerotericalSercs (451 -

Solar and Planetary Research Grants (SPG)

s Faith Vilas : (703) 292-8225

David Boboltz, Jr. bobolz@nsf.gov (703) 292-2199

. Harshal Gupta a gov (703) 292-5039

° 2 1 I t 3 5 James E. Neff neff@nsf.gos (703) 292-2475
solar projects

p ro posa IS) received to Fonding PROGRAM GUIDELINES
d ad t e Gl Solicitation 16-602

News Important Information for Proposers

Events Acrevised version of the NSF Proposal & Award Policies & Procedures Guide (PAPPG) (NSF 16-1), is effective for proposals
submitted, or due, on or after January 25, 2016. Please be advised that, depending on the specified due date, the guidelines

.
[ ] S O I a r Pa n e I I n M ay Additional R o contained in NSF 16-1 may apply to proposals submitted in response to this funding opportunity.

DUE DATES
Chemistry (CHE)

(] 4 p rOj e Ct S fu n d e d Materials Research (DMR) Full Proposal Accepted Anytime

Mathematical Sciences (DMS) SYNOPSIS
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DKIST Remote Office Building (ROB)

* Located in Pukalani, Maui, HI next to UH-IfA

* NSF approved the purchase of land by AURA (July 31,2015)
 AURA closed on the land purchase (Aug. 21,2015)

* Final EA and Finding of No Sig. Impact (FONSI) (Apr. 6,2016)
 AURA issued RFP to build the ROB (June 30,2016)

e Bids received (Sept. 6,2016)
* Project’s Selection approved by NSF (Dec. 2,2016)

— Contractor Arisumi Bros.
— $8.32IM

e Construction schedule:
— Site prep (Feb.2017)

— Approx. |5 months to complete
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ROB Ceremony: March 3,2017
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ROB Construction Progress
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