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NSF’s Daniel K. Inouye Solar Telescope (DKIST)

• The 4m DKIST on Haleakalā, HI is the world’s largest  solar telescope!
• The construction and operations of DKIST are funded by  the National  Science 

Foundation
• Partner contributions from:

• Germany – Visible Tunable Filter, pursuing Data Center Mirror in Germany
• UK - high speed, large format cameras



• Facility and instrument overview

• Science Objectives - examples

• Efforts to organize and prepare the community for DKIST

• Construction Status

- First Light results

- Remaining work

• Transition to Operations  
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DKIST in a nutshell  
• Four-meter aperture
• Off axis design
• Most advanced solar adaptive optics to 

enable high resolution observations 
• Coronagraph to enable coronal 

magnetometry
• 5 Facility-class instruments
• Data output: 3 Pb/year served fully 

calibrated to the community. Open 
access after short proprietary period

• Lifetime: two magnetic cycles 
(2x22years)

• At a site that has excellent seeing and 
coronal skies

Spatial Resolution (25km@500nm) 

Polarimetry (accuracy:𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓−𝟒𝟒; sensitivity: >𝟏𝟏𝟏𝟏−(𝟒𝟒−𝟓𝟓)
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DKIST Instruments – a highly capable observing system! 
UV to 5 micron spectro-polarimetry 
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Science Goal: Verification of Models
Need: Resolution and Sensitivity. 

~
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4m minimum aperture
Rempel, HAO
MHD Model resolution: 
10-20km
Observations have been 
lacking ! So far …

Observations are often photon starved!









Flares & CMEs
solar drivers of 
space weather

Goal: Understand the 
underlying physics well 
enough to improve 
models & predictive 
capabilities!

Hinode

SDO Fan et al

Cheung et al
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Science Goal: Measuring 
Coronal Magnetic Fields 

Þ The Problem:
Þ Coronal Intensity : 10 –(5-6) Idisk
Þ Polarimetic signal : 10 -(3-4) Icorona

Þ 4m aperture:  DKIST as light bucket!
Þ ~1” resolution
Þ low scattered light!
Þ IR diagnostics!

Lin et al. Solar-C, 
Haleakala

SDO



DKIST measures the 3D magnetic field structure
Photospheric field:  

• FeI 525 nm, FeI 630.2nm, 
• FeI 1.56 micron lines

Chromospheric field:
• CaII 854.2nm, 
• HeI 1083.0nm

Coronal field:
• FeXIII 1.0747, SiIX 3.9 micron

Goal: Obtain maximum on observational information!
Requires:

• Combining multiple instruments in a coordinated fashion.
• Coordination with e.g. space assets  SO, PSP,…

Consequence:
• Observing experiments are complex, produce large amounts of data
• Experiment preparation time & resources are  significant 
• Experiment preparation & execution requires significant science resources
• Data rates & “handling” effort are significant



Multi-messenger Astrophysics of the Sun

From solar surface, through the heliosphere,
to the magnetosphere?



DKIST is a proposal driven facility 
• Community PIs or PI Teams develop and submit proposals

◦ Formulate specific science objective

◦ Develop and submit detailed Observing Plan

- Instrument combination & modes for each instrument 

- Observing requirements and procedures

- Special calibration requirements and procedures

• Call for proposals every 6 months (4months for OCP)

• TAC review process with science and technical review

Note: Developing an observing proposal constitutes a significant intellectual 
investment > short (6 months) data proprietary period as proposed by DSPAC.

Open Access after 6 months PP!



Preparing the Community for DKIST -Critical Science Plan   
• Community has developed pre-proposals

◦ CSP workshops organized by science topic

◦ NSO/DKIST provided tools and assistance to aide 

- Instrument performance calculators

- Data rate estimator

- Tool to assess feasibility of instrument combinations

◦ Some 300 pre-proposals prepared already

• Goal: proactively organize and prepare the community (with emphasis on US) 
for DKIST science



Critical Science Plan 

https://docs.google.com/document/d/1WjHe9yCsgG6r4VvrnaCLGBIpLOEfQ0m7oaBaK2yZI7A/edit#heading=h.i9y2ey2shnm4
https://www.nso.edu/telescopes/dki-solar-telescope/csp/


Outreach to stellar, exo-planet, heliophysics communities
• Presence at AAS (townhall), AGU, Solar Orbiter, PSP, HINODE, SOLAR-C workshops, visits to university 

astronomy departments
• Topical Workshops: 
◦ Exoplanet Transit Spectroscopy e-Workshop 2019 ,Boulder October 23 and 24, 2019
◦ MK Symposium - From Solar Physics to Exoplanets ,Feb 26-28 2020 at NCAR in Boulder: future 

directions in solar physics, the solar-stellar connection, exoplanets and modeling of exoplanet 
atmospheres.

◦ SHINE: Multi-messenger Heliophysics with DKIST, PSP and SO: Defining the Upcoming 
Opportunities

◦ CSP Workshop 13 – 15 March 2018 Laurel, MD: Joint Science with Solar Orbiter and Parker Solar 
Probe

◦ CSP Workshop Jul 18-20, 2018 Bozeman, MT Broader Implications 
“leverage DKIST’s unique spatial and spectral resolution capabilities to address fundamental 
processes such as turbulence, reconnection, particle acceleration and plasma instabilities.”
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Status:  First solar light in December 2019



Coude Instrument Lab: First Light
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VBI 789nm
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Inouye First Light
Kudos to NSF, 
AURA and NSO 
EPO teams
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The First Sunspot Image
530 nm
Adaptive optics context viewer – not a science 
instrument

Diffraction limit in the visible  achieved!



Visible Spectro-polarimeter (HAO)–
integration and testing close to 
completion

Significant Work remains to be done in the next several months!!
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CRYO NIRSP

DL-NIRSP VBI

PolCal

VTF scheduled to arrive 
from Germany Jan. 2021

Adaptive 
Optics

VISP



Facility Thermal Systems – continue to be a challenge!

Ice Tanks

Utility Building

7.5 miles of cooling pipes



Transition to Operations – Operations Commissioning Phase (OCP)
• Preparing three (3) proposal calls ; 4 months proposal cycle

- Simple instrument configuration at first (e.g. VBI,VISP for OCP1)
- Ramping up to full complexity/capability (incl. VTF for OCP3)  

◦ Implement and practice:
- TAC process, observing time accounting
- experiment generation using tools currently under development
- service mode  - Resident Scientists, Operators execute Observing 

Programs
- data center  - calibration pipeline development 

• Technical Time: e.g. VTF integration, tuning of optical & thermal 
systems



- Shared Risk Period 
- 1st OCP Proposal call release was scheduled for May, 1st, 2020  
- 1st Proposal execution was planned for Oct, 1, 2020  
- Will slip due to COVID situation!

Operations Commissioning Phase(OCP) 



Data Center – Challenges
• Complex facility, multiple instruments, multiple modes per instrument

• 8-10TBs (compressed) per day on average (Max ~60TB)
• Approximately 3 PB raw + 3 PB calibrated per year +(higher level 

products )

• Automated reduction pipelines are novel for complex ground-based 
data

• Long-term data curation for ground-based solar physics data of this 
complexity and variety is novel

• Planned 44-year lifetime (2 solar magnetic cycles)
◦ Flexible system accommodating science, instrument and technological 

changes, replacing or upgrading software etc., without the need for 
frequent major redesign.
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Testing Models

• DKIST Image collage

3PB/year of Calibrated Data
Demodulated, calibrated Stokes 

Inversion

3 PB/year of Raw Data

Level 2 Data
Physical Parameters

Data – Model 
comparison @ 
8x resolution

Complex
Calibrations









Data Center Status

29

• Initial Infrastructure Design Software 
Development Completed

• Web Search Portal currently in Development
• Production hardware being installed
• Implementing prototype instrument 

calibration pipelines   
• Implementing pipeline infrastructure common 

to all pipelines



Schedule

Before COVID-19  -on schedule & budget:
• End of Major Construction June 30, 2020

• Project Handover-to-Operations July-Sep. 2020
• Operations Commissioning Phase Oct 2020 – Sep. 2021 
• Full Operations Oct. 2021

◦ Impact of COVID-19 Situation:

◦ DKIST site construction halted and access to the DSSC offices closed to all non-essential personnel as of March 17, 2020 for a 
period of two weeks with a plan to reevaluate March 31

◦ Since then Stay-at-Home order issued for Hawaii through April 30, 2020

◦ Only personnel needed to keep facility in safe and secure state allowed at summit and DSSC

◦ DKIST construction critical path slipping day-for-day
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