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• A few Recent and Upcoming Heliophysics MIssions

• What are missions for?

• How To Design a Mission (or investigation!)

• Modes of instrument design

• A Tour of Mission Requirements and Traceability
- PUNCH (cover in detail)
- CubIXSS (a second example)

• Thoughts on traceability and your science

Outline



A Few Recent 
and Upcoming 
Heliophysics
Missions

Refresher



So many missions!



Solar Dynamics Observatory (SDO)

• Remote-sensing observatory

• AIA: High-volume, high resolution EUV images of the corona

• HMI: Doppler/magnetograph

• EVE: Full-disk Sun-as-a-star spectrograph

- Mainstay of solar imaging and coronal physics



GOES Solar Ultraviolet Imager (GOES/SUVI)

• Operational space-weather forecast instrument

• Comparable to SDO/AIA (larger FOV, higher sensitivity, lower cadence)



Solar Orbiter (SOLO)

• Multipurpose solar observatory

• Full remote-sensing and in-situ 

instrument suites

• Elliptical orbit (~0.3 AU perihelion)

• High inclination (30°) for polar views



Parker Solar Probe (PSP)

• Highly elliptical orbit

• Full in-situ suite in the solar corona

• Local wide-angle imaging (WISPR)

• New perihelion pass about every 4 months



PUNCH

• Wide—angle coronagraph

• 90° wide field of view

• 3-D views of the corona and solar wind

• In commissioning now (on orbit) 



Coronal Diagnostic Experiment (ISS/CODEX)

• Coronagraph with spectral information

• Diagnoses outflow and temperature of the corona

• Campaign observations from ISS

• Operational now



Tandem Reconnection and Cusp Electrodynamics Reconnaissance Satellites (TRACERS)

• Studies terrestrial effects of the solar wind

• Magnetometer, Electron sensor, Ion sensor

• Twin spacecraft

• In commissioning now 



Polarization and Directivity X-ray Experiment (PADRE)

• Will measure hard X-ray polarization and 

direction from solar flares

• Instruments:

• MeDDea – directional HXR detector

• SHARP – HXR polarimeter

• On orbit now!  (Commissioning)



Cubesat Imaging X-ray Solar Spectrometer (CubIXSS) 

• X-ray Imaging and Imaging Spectroscopy satellite

• In development – scheduled for launch in 2026

• Instruments: 

• MOXSI: Spectral imager for X-rays

• SASS: Multi-channel X-ray spectrometer



Sun Coronal Ejection Tracker (SunCET)

• Wide-field EUV imager tracks CMEs and other 

effects through the middle corona

• CubeSAT

• Scheduled for launch: 2025 October



What are 
missions for?



Review: the scientific method as a six-step process

• Missions are designed to close 
specific scientific questions.



Review: the scientific method as an ongoing process

• Missions are designed to close 
specific scientific questions.

• Missions are useful for general 
investigation beyond their design 
science.



How To Design a 
Mission (or 
investigation)



Planning a scientific investigation (or mission)

• For a science grant or one-off 

investigation: what problem are you 

trying to solve?  Is it compelling 

enough to warrant your time and/or 

someone else’s money?

• For a mission or observatory: what 

suite of compelling questions will 

motivate the entire community?



Planning a scientific investigation (or mission)

• This step is important, but more complex 

than two words.

• Think about how to solve the problem: 

    - Developing wholly new understanding? 

    - Discriminating existing hypotheses or models?

• Think about closure: is your hypothesis 

testable?  Can you (in principle) falsify or 

support it?

• A well-formed question or hypothesis is 

essential and discriminates “doing science” 

from “enjoying a hobby”.



Planning a scientific investigation (or mission)

• Traceability enters here!  (investigation or 

mission)

    - What measurements or analyses are 

required in order to close the science?

    - Can your experiment or analysis make 

those measurements?

• Formulate requirements to break down 

the large problem of suitability, into smaller 

problems you can verify as you build.



Planning a scientific investigation (or mission)

• Planning for data collection is just as 
important as planning the instrument or 
measurement

• How much data to you need?  Having built an 
experiment or model, how will you operate it to 
get the data that you do need?

    - PUNCH or SDO: continuous operation

    - IRIS: weekly planning

    - DKIST: Competitive telescope allocation

    - New solar simulation code – how will you 
operate it? 

    - Catalog of observations – how will you 
select them and/or reduce to find a pattern?



Planning a scientific investigation (or mission)

• Data analysis: plan what you need to do 

with the data (or simulation results or 

whatever) to close the science.

• This is surprisingly hard for many early-

career researchers to plan!

• Requires resources:

    - Missions: science team selection and 

resource allocations

    - Investigations: computer time, 

researcher hours, effort planning



Planning a scientific investigation (or mission)

• While planning: how will you close the 

science?  

• A traceable plan or investigation connects 

across all six steps.

• In proposals: closure sections generally 

talk about how you’ll examine the results of 

analysis after producing data using the 

tools, to check the hypothesis – thereby 

addressing the original problem



Modes of 
instrument 
design



A historic discovery instrument (Lyot coronagraph)

• On display at L’Observatoire de Paris
(Meudon)

• Made by Lyot from materials at-hand 
in the lab; aligned “by eye” with hand-
ground optics and scraps of wood

• First working coronagraph

• Cost: ~ 1 FTE-year

• Requirements flow was mostly 
informal (Lyot’s expertise) 



A modern sophisticated instrument (PUNCH/NFI coronagraph)

• Design is refined to 
improve on 100 years of 
prior instruments

• Precision-designed 
occulter

• Budgeted stray light

• Specified tolerances, 
roughness, and 10μm 
precision alignment

• Cost: ~ 40 FTE-years

• Requirement flow from 
overall performance to 
individual part 
specification is critical.



A modern proof-of-concept instrument: CATEcor coronagraph

• Wholly new design for a 
coronagraph

• Careful design with low-cost 
execution (3D printing!)

• Used mostly commercial parts 

• “targeted precision”: design was 
engineered to tolerate 
misalignments and reduce cost

• Cost: <0.5 FTE-year

• Understanding requirements 
flow allowed rapid development 
and testing of CATEcor.



Mission-level 
requirements 
definition



PUNCH Top-level requirements flowdown is complex!



It got far more complex than that!



Requirements guide the mission development process
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Requirements definition is a 
formalized way of defining 
what, exactly, you need…

…so you know what do do …

… and can also verify when 
you’ve done it (and can stop).

Start here 
(after mission selection)

Finish here
(just before delivery to launch!)



Mission development is all about the science 
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Science observing
requirements

Mission
Success/completion

Start here 
(while proposing the mission)

Finish here
(while publishing)

Science requirements

Requirements definition is a 
formalized way of defining 
what, exactly, you need…

…and the traceability matrix 
lays out exactly where and 
why those needs arise.



The PUNCH Fact Sheet: a science mission in a nutshell



The PUNCH Traceability Matrix: 
The core of the mission proposal, on one page





top-level requirements
flow from here

Science 
Objective: 

what we are 
studying

Science 
Questions:

Specific and 
well-formed

(Well-formed: there’s a way to know 
when the question is answered)

Physical 
Parameters:
What needs 

to be 
measured

Observables 
and 

Techniques:
How to tackle 

the science 
question

Derived 
Observations:

What we expect 
to learn about the 
Sun by analyzing 

the data

Expected 
scientific 
results:

How will this 
investigation 
change the 
field or the 

world?

Measurement 
requirements:

Specific requirements 
that define what the 

mission (or 
investigation) has to 

do



Requirements summary

• “Level 2” requirements define the mission as a whole.

• These flow from the observing requirements

• Instrument types, data products, data volume, orbit,  etc. 











































• CubIXSS 

traceability matrix:

same idea, [slightly] 

different format.



• CubIXSS 

traceability matrix:

same idea, [slightly] 

different format.



Closing thoughts



Closing thoughts

• Traceable requirements let you know:

• Will this project (mission, instrument, model, investigation) work?

• When am I finished?

• Traceability and requirements are essential to the scientific 

process!

• Traceability matrices help define and communicate 

requirements – learn to use them!

• Requirements are a roadmap to any scale of investigation.

• Explicit requirement tracking is useful for small projects, 

essential for large projects


	Slide 1: Mission (and science) traceability (and some recent and upcoming HSO missions)
	Slide 2: • A few Recent and Upcoming Heliophysics MIssions  • What are missions for?  • How To Design a Mission (or investigation!)  • Modes of instrument design  • A Tour of Mission Requirements and Traceability  - PUNCH (cover in detail)  - CubIXSS (a s
	Slide 3: A Few Recent and Upcoming Heliophysics Missions
	Slide 4: So many missions!
	Slide 5: Solar Dynamics Observatory (SDO)
	Slide 6: GOES Solar Ultraviolet Imager (GOES/SUVI)
	Slide 7: Solar Orbiter (SOLO)
	Slide 8: Parker Solar Probe (PSP)
	Slide 9: PUNCH
	Slide 10: Coronal Diagnostic Experiment (ISS/CODEX)
	Slide 11: Tandem Reconnection and Cusp Electrodynamics Reconnaissance Satellites (TRACERS)
	Slide 12: Polarization and Directivity X-ray Experiment (PADRE)
	Slide 13: Cubesat Imaging X-ray Solar Spectrometer (CubIXSS) 
	Slide 14: Sun Coronal Ejection Tracker (SunCET)
	Slide 15: What are missions for?
	Slide 16: Review: the scientific method as a six-step process
	Slide 17: Review: the scientific method as an ongoing process
	Slide 18: How To Design a Mission (or investigation)
	Slide 19: Planning a scientific investigation (or mission)
	Slide 20: Planning a scientific investigation (or mission)
	Slide 21: Planning a scientific investigation (or mission)
	Slide 22: Planning a scientific investigation (or mission)
	Slide 23: Planning a scientific investigation (or mission)
	Slide 24: Planning a scientific investigation (or mission)
	Slide 25: Modes of instrument design
	Slide 26: A historic discovery instrument (Lyot coronagraph)
	Slide 27: A modern sophisticated instrument (PUNCH/NFI coronagraph)
	Slide 28: A modern proof-of-concept instrument: CATEcor coronagraph
	Slide 29: Mission-level requirements definition
	Slide 30: PUNCH Top-level requirements flowdown is complex!
	Slide 31: It got far more complex than that!
	Slide 32: Requirements guide the mission development process
	Slide 33: Mission development is all about the science 
	Slide 34: The PUNCH Fact Sheet: a science mission in a nutshell
	Slide 35: The PUNCH Traceability Matrix:  The core of the mission proposal, on one page
	Slide 36
	Slide 37
	Slide 38: Requirements summary
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61: Closing thoughts
	Slide 62: Closing thoughts

