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So many missions!
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Solar Dynamics Observatory (SDO)

A Remote -sensing observatory

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

A HMI: Doppler/magnetograph
A EVE: Full-disk Sun-as-a-star spectrograph

- Mainstay of solar imaging and coronal physics
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GOES Solar Ultraviolet Imager (GOES/SUVI)

A Operational space -weather forecast instrument

A Comparable to SDO/AIA (larger FOV, higher sensitivity, lower cadence)
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Solar Orbiter (SOLO)

A Multipurpose solar observatory

A Full remote -sensing and in -situ
Instrument suites RPW o

. . . . . Heliospheric Imager (SoloHI) e :
A Elliptical orbit (~0.3 AU perihelion) e . l— @ ) Solar Wind Plasma Analyser (SWAJ
. . . . . Energetic Particle Detector (EPD) — 7 4 L r N
A ngh Incllnatlon (30 O) for pOIar views = . X-ray Spectrometer/Telescope (STIX)

Magnetometer (MAG) ' |
Extreme Ultraviolet Imager (EUI)
RPW o

Coronagraph (Metis)
L SWA
Polarimetric and
Helioseismic Imager (PHI)

. Radio and Plasma Waves (RPW)

Spectral Imaging of the Coronal Environment
(SPICE)

IN SITU INSTRUMENTS

(O REMOTE SENSING INSTRUMENTS

#SolarOrbiter #WeAreAllSolarOrbiters



Parker Solar Probe (PSP)

A Highly elliptical orbit
A Full in-situ suite in the solar corona
A Local wide -angle imaging (WISPR)

A New perihelion pass about every 4 months
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PUNCH

A Wide W angle coronagraph
A 90 ° wide field of view

A 3-D views of the corona and solar wind

A In commissioning now (on orbit)
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Coronal Diagnostic Experiment (ISS/CODEX)

Coronagraph with spectral

Di agnoses outflow and tem

Campaign observations fro

Operational now

SOHO/LASCO C3 (3.7-30 solar radii)

CODEX (3-10 solar radii)

SOHO/LASCO C2 (1.5-6 solar radi) CODEX (3-10 solar radi)

SOHOAASCO C2 (1.5-6 solar radii)

CODEX 405.0, 393.5 nm filter temperature ratio

Image location and size compansons are approximate.




Tandem Reconnection and Cusp Electrodynamics Reconnaissance Satellites (TRACERS

A Studies terrestrial effects of the solar wind

A Magnetometer, Electron sensor, lon sensor
A Twin spacecraft

A In commissioning now




Polarization and Directivity X -ray Experiment (PADRE)

A Will measure hard X -ray polarization and
direction from solar flares

A Instruments:
A MeDDea A directional HXR detector
A SHARP A HXR polarimeter

A On orbit now! (Commissioning)




Cubesat Imaging X-ray Solar Spectrometer ( CubIXSS)

A X-ray Imaging and Imaging Spectroscopy satellite

A In development A scheduled for launch in 2026

A Instruments:
A MOXSI: Spectral imager for X -rays
A SASS: Multi-channel X -ray spectrometer

Principal Investigator:

Southwest Research
Institute




Sun Coronal Ejection Tracker ( SUnCET)

A Wide-field EUV imager tracks CMEs and other
effects through the middle corona

A CubeSAT
A Scheduled for launch; 2025 October




What are
missions for?



Review: the scientific method as a six -step process

Analyge//-\ Draw

Datow Conclusion

b Mi s s i designed @orclese
specific scientific questions.




Review: the scientific method as an ongoing process

Make
Observations
What do | see in nature?
' This can be from one's /’
own experiences, thoughts,
Develop or reading. ‘

General Theories

General theories must be
consistent with most or all
available data and with other
current theories.

b Mi s s i usefud forgeneral
Investigation beyond their design
science.

Think of
Interesting

Questions

Why does that
pattern occur?

Refine, Alter,
Expand, or Reject

Hypotheses
Gather Data to
Test Predictions

Relevant data can come from the
literature, new observations, or
formal experiments. Thorough
testing requires replication to
verify results.

Formulate
Hypotheses

What are the general
causes of the

phenomenon | am
wondering about?

b Mi s s i designed @orclese
specific scientific questions.

Develop
Testable
Predictions

If my hypotesis is correct,
then | expect a, b, c,...




How To Design a
Mission (or
Investigation)



Planning a scientific investigation (or mission)

/-\’Dm/w
*0n e

p For a sci eno# grantA%f@'w

Conclusiow
Investigation: what problem are you
: : : State
trying to solve? Is it compelling Db lcu
enough to warrant your time and/or Collect Scientifee

afav

someone el sens moneyi.?xe Method,

: . For e
b For a mission or obs rvatory:Hyp%
suite of compelling questions will Desigw

. : : txperiment
motivate the entire community? e



Planning a scientific investigation (or mission)

b This step I's I mportant, more compl
than two words. /'\

Analyze Drow
b Think about how to SOiba)taB he p Canbliusgonm:

- Developing wholly new understanding ?

State

- Discriminating existing hypotheses or models?
_ Collect
b Think about cl osur epatd S

testable? Can you (in principle) falsify or \ Method,

support it?

_ - . Desigw
b A fwrme!edlquestlon or hypothe5|s IS | Expert :
essential and discriminateg

from Oenjoying a hobbyo.



Planning a scientific investigation (or mission)

Amly;e//-\ Draw

b Traceability enters hpuae ( i n Censlugiogra t
mission)
State
- What measurements or analyses are Problemv
. - . o) COW v v

required in order to close the science? e S}‘W 1

- Can your experiment or analysis make ethod e
those measurements? Hypothesis

b Formul ate requirem
the large problem of suitability, into smaller
problems you can verify as you build.



Planning a scientific investigation (or mission)

b Planning for data collection I s Jjust as

Important as planning the instrument or /-\
measurement Analyze Drow

I

Havincg urnr [t
State

b How much data to you n
experiment or model, how will you operate it to
get the data that you do need?

- PUNCH or SDO: continuous operation

- IRIS: weekly planning : ethod \
F

- DKIST: Competitive telescope allocation Hypothesis
- New solar simulation code A how will you Desigw
operate it? Experiment

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



Planning a scientific investigation (or mission)

b Data anal ysi s: pl an . Db, N €€d t 0O C

with the data (or simulation results or Drow

. Conclusion
whatever) to close the science.
b This 1 s surprisinglyjfhard f or oY y eartr

Pri

career researchers to plan! Collect . .
b Requires resources: \ Method \r

Formudate

- Missions: science team selection and Hypothesis

: Desigw
resource allocations Experiment

- Investigations: computer time,
researcher hours, effort planning



Planning a scientific investigation (or mission)

b While planning: how wil/

science”?

b traceable plan or investigation connects
across all six steps.

b | n pr dosusessactions generally
tal k about how younl |
analysis after producing data using the

tools, to check the hypothesis A thereby
addressing the original problem

Analyze
Dalow

State
Problemv

Collect ¢ iemtific \

ornmudate

Method
F
;%%gmi n e thﬁgb re“sult

txperiment



Modes of
Instrument
design



A historic discovery instrument (  Lyot coronagraph)

b On dikpOlye adaPars|

(Meudon)

b Ma dlgyot irom materials at -hand
i n the | ab; ali gn-e
ground optics and scraps of wood

b First working co
p Cost:-year 1 FTE
pRequirements flow was mostly

informal (L y 0 expestise)
..h;_:, }’ﬁ,

S2a
LS AT




A modern sophisticated instrument (PUNCH/NFI coronagraph)

b Design is
improve on 100 years of

prior instruments * SSAdesign has:

¥ Occulter Disk Assembly (ODA ) & pylon
b Pr e daesigned n ® Forward tube baffles
occulter ® Front aperture A0
® Heat Rejection Mirror (HRM)
b Bud get e d stray T qntrg\cHa?ertureAl
* Vignetting from the ODA ends at 21.9 R,

- ¥ Optimized for the coronal brightness gradient
pSpecified tolerances, and overlap with the WFI FOV

roughness, and 10 Fm HRM

precision alignment Forward tube (8
baffles | S
t
b Cost: -yeard 0 FTE ™"
“

ODA & pylon| §

\l\\\\
SSA

p Requirement fundH 6Qcicwe MedfingINFIQveRfw: R. Colaninno

overall performance to

individual part

specification is critical.

§

Normalized Measured Vignetting

Occulter

Pylon

Baffle



A modern proof -of-concept instrument:

b Wholly new desi
coronagraph

b Careful demstgn wi
execution (3D printing!)

pUsed mostly commercial parts

b Otargeted preci
engineered to tolerate
misalignments and reduce cost

p Cost: -yer. 5 FTE

b Understanding r
flow allowed rapid development
and testing of CATEcor .

CATEcor coronagraph




Mission -level
requirements
definition



PUNCH Top -level requirements

Level 1

Level 2

Level 3
(Element)

flowdown

Is complex!

Top Level Requirements Structure

(Project)

(Mission)

PLRA l\!ASA AO/MAR
Requirements
MDRA ERD SMA

|

Space Segment

Ground Segment

Launch Segment

pSat Requirements

MOC Requirements

Launch Services
Requirements

puSat — Instrument ICD

MOC - SOC ICD

LV ICDs

WFI Requirements

SOC Requirements

SM Requirements

NFI Requirements MOC - GDN ICD uSat — SM ICD
uSat — STEAM ICD MOC — RSPP ICD
uSat — Ground ICD SOC - SDAC ICD specification || "eTace




It

ot far more complex than that!

Level 1

Level 2

Level 3

SOC-to-SDAC
Ico

Level 4

Level 5

Level 6

AO/MAR
AO & MAR
Regmnts

t
I

PLRA
Project Level
Regmts Agreement!

I

PUNCH DOORS Link Diagram
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Mission Definition
Reqmts.
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Environmental
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soc moc WFI
Science Mission | Wide-Field
Operations Center Operations Center Imager Reqmnts
‘ MOC2GDN
,W Moczsoc | | MOG 1o Ground
IcD Data Network
ICD
MOC2RSPP
MOC to RSPP o
Ico
FDS
Flight Dynamics ’ nE
WOLA
WFI Optical Lens
Assembly
MPS Regmnts
Mission Planning » [
Command & Control >
and MOC | —

Infrastructure

Legend

WFI/NFI Polarizing
Filter Wheel Asm.

Camera

WFI/NFI Detector
and Camera

Additional WFI/NFI
Common Component

—————— Black: Child-to-Parent requirement links
Orange: Interface requirement links

Regqmts
Doc

corsic:
Item

Regmts *

jeh Source

* Not released through SwRI CM - DOORS module captures relevant requirements

** DOORS module used for capturing verification of performance. Not released
as a full requirements specification.

Logic for intersecting lines:
3-way intersections are 1 input, 2 outputs, follow both outputs.
At4-way intersections, only go straight (do not follow perpendicular lines)
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NFI
Narrow-Field
Imager Reqmnts

Electronics Regmnts |

Regmnts -

IOLA
NFI Optical Lens
Assembly
Regmnts

uSat2Ground
uSat to Ground

usat
L3/L4 Microsat
&

ICD

uSat2inst
Microsat to
Instrument ICD

uSat2STEAM
Microsat to
STEAM ICD

eqmnts

Microsat to SM

usat2sMm

ico

XACT >
XACT Module

TR
Torque Rods
NST
Nano Star P
Tracker
css
Coarse Sun
Sensor
RW «
Reaction Wheels
GPsant
GPS Antenna

HYDROS
Propuision Unit

XCVR
Baseband & p|
S-, X- slices

RFPA
RF Pre-Amp b}
for X-band

Xant
X-band Antenna ™|

Sant

Y

$S-band Antenna

t

sm
Separation Module
Regmnts

FSW-AFM
Flight Software,
Autonomy & Fault
Management
1AU SA SMAU
Integrated SM Avionics.
Avionics Unit oAy Unit
Batt
Battery
PPT LVPS SPAM
C::(::n Peak Power Low Voltage Stepper, Power & Ba c::x jane
Tracker Power Supply Analog Module




Requirements guide the mission development process

Start here Finish here
(after mission selection) (just before delivery to launch!)
Level 1, 2
S/C, WFI, NFI, Element
SM, MOC, SOC Level 3 Requirement

Verification

Requirements definition is a
formalized way of defining /%?%
what, exactly,Q%f’g<>

RDs and ICDs

Subsystem N ——
ggﬁlﬁjve;[)g Level 4 Req. Verification :

Component
Verification

Rso you know wha

Level
5&6

R and can al s o V % Parts\§elact@n Parts Selection
. < Requirements Approval
younve done it ( 8% an st\gp) .

Design, Implementation,
& Fabrication

Time




Mission development is all about the science

| | Stgrt_here Finish here
(while proposing the mission) (while publishing)
Mission

Science requirements

Science observing
requirements

Success/completion

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

Element
Requirement
Verification

/C, YWFI, ™I,
SM, MOC, SOC
RDs and ICDs

- : O )
Rand the traceability matrix 3% \ Sy \ s /{ subosin / ,
lays out exactly where and 2\ N .~

Component
Verification

Component RDs
Level
5&6
= Parts Selection
= % Requirements
o 2
2
Design, Implementation,
& Fabrication

Time

why those needs arise.

Parts Selection
Approval




The PUNCH Fact Sheet: a science mission in a nutshell



