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EXTREME EXPLORATION WITH SOLAR ORBITER AND PARKER SOLAR PROBE

Lesa v

Solar Orbiter

42 million

kilometres to the Sun
at closest approach

10 instruments

to observe the turbulent solar
surface, its hot outer atmosphere,
and changes in the solar wind

Combination of in situ and
remote sensing observations

first images
of the Sun's poles: the key to
understanding the Sun's activity
and solar cycle

#SolarOrbiter #WeAreAllSolarOrbiters

Providing complementary measurements
and putting each other's data in context

Answering key questions about how our star works
and the fundamental processes that lead to
space weather at Earth

Using the gravity of Venus to get
closer and closer to the Sun

Eesa

NASA

Parker Solar Probe

6.2 million

kilometres to the Sun
at closest approach

4 instruments

to study magnetic fields,
plasma, energetic particles
and solar wind

Flies through the Sun's inner
atmosphere to trace how
energy flows through the corona

solar.orbiter.



Cover the inner
heliosphere

* Often intercepting the same
solar wind at various places in
the heliosphere

* Conjunction ideal for
examining

* Radial evolution of coronal mass
ejections or solar wind

* Understanding the radial and
longitudinal extent of energetic
particles

*If you are interested in any of the
plots | showed, | am happy to share
code to reproduce them

HEEQ-Y (Ro)

180 1 Trajectories
across the
120 - heliosphere

60 -

Earth

\ Y1 5
-«

0 o~

Parker Solar Probe

_60 -

—120 A

_180 - 2024-02-15 00:00:00 UTC

Solar-Orbiter

—-240 -180 -120 -60 0
HEEQ-X (Ro)

Solar Orbiter - Webinar 9: yeimy.rivera@cfa.harvard.edu

60

120 180

240



Parker Solar Probe operation

In situ
* E & B fields (FIELDS)
* Quasi-thermal noise electron density (FIELDS)

* Thermal plasma distributions and moments
(SWEAP)

* Solar Probe Cup (SPQC)
* SPAN A (ions) & B (electrons)

* Energetic lon distributions and composition

(ISOIS)

Remote sensing

* Wide-field Imager for Parker Solar Probe
(WISPR)

Data products can be found at CDAWeb, or institutional websites:

SWEAP http://sw Data.html,
FIELDS https://fields.ssl.berkeley.edu/data/,
ISOIS https: -isois.sr.unh Rel -Notes.html,

WISPR https://wispr.nrl.navy.mil /wisprdata

SWEAP SPC

Solar Array Cooling System

Thermal High Gain Antenna

Protection

System SWEAP SPAN B

Solar Array Wings ()

FIELDS
Antenna (4)

ISIS Suite
(EPI Low, EPI Hi)

FIELDS
Magnetometers (3)

SWEAP SPAN A+

Solar Orbiter - Webinar 9: yeimy.rivera@cfa.harvard.edu

pe
o
o

o
T

o
® 8ot
(o}
(&)
S 60
(o]
p =
o
5 40}
c
i)
§ 20 b
[0)
a
§100
=
S 80l
n
c
g eof
[&]
Q@
W 4
(o]
5
5 20 F
g
[O)
a

o
T

SPC SPAN  Combined

Inbound
Outbound ====+  =cc=c  c——-

10

20 30 40 50
1/R,

q SWEAP Encounter Science Mode (High Rate)
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Download Encounter Survey Data

Select Encounter Full Resolution Data

54R,

y,

mmmm  Download Encounter Full Resolution + Cruise

Prepare For Next Encounter

Kasper+2016


http://sweap.cfa.harvard.edu/Data.html
https://fields.ssl.berkeley.edu/data/
https://spp-isois.sr.unh.edu/Release-Notes.html
https://spp-isois.sr.unh.edu/Release-Notes.html
https://spp-isois.sr.unh.edu/Release-Notes.html
https://spp-isois.sr.unh.edu/Release-Notes.html
https://spp-isois.sr.unh.edu/Release-Notes.html
https://wispr.nrl.navy.mil/wisprdata

Consider the
SPAN-| FOV
during perihelion

Artificial dropouts in

proton and helium

density, are likely when

their VDF is out of the

instrument’s FOV

* Heat shield
obstruction

* Alfvenic fluctuations
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SPAN-I instrument details:
Livi+2022

Plotting SPAN-I:
https: ithub.com/jlverniero /PSP

Data_Analysis_Tutorials

Plotting SPAN-e:
https: //gith m/kpaulson /PSP
tewayHelp /tree /master t
rNot k_Tutorials/PSP/SPA

e_pitchAngle Walkthrough


https://github.com/jlverniero/PSP_Data_Analysis_Tutorials
https://github.com/jlverniero/PSP_Data_Analysis_Tutorials
https://github.com/kpaulson/PSPGatewayHelp/tree/master/JupyterNotebook_Tutorials/PSP/SPANe_pitchAngleWalkthrough
https://github.com/kpaulson/PSPGatewayHelp/tree/master/JupyterNotebook_Tutorials/PSP/SPANe_pitchAngleWalkthrough
https://github.com/kpaulson/PSPGatewayHelp/tree/master/JupyterNotebook_Tutorials/PSP/SPANe_pitchAngleWalkthrough
https://github.com/kpaulson/PSPGatewayHelp/tree/master/JupyterNotebook_Tutorials/PSP/SPANe_pitchAngleWalkthrough

SOLAR ORBITER FIRST IMAGES AND MEASUREMENTS (éesa

Extreme Ultraviolet Imager (EUI) Coronagraph (Metis)

Spectral Imaging of the Energetic Particle Detector (EPD)
Coronal Environment (SPICE)

Carnington Longitude (deg)
20 May 2020 00:16:00

Polarimetric and Helioseismic Imager (PHI)

=== The jn situ instruments

=== The remote-sensing instruments ' #

with SO0 /
Same flare detectod
by Solar Orbiter STIX

0900 0310 0920 0930 0940 0350 1000 1010 1020

Time
6 May 2020

X-ray Spectrometer/Telescope (STIX) Heliospheric Imager (SoloHI) Radio and Plasma Waves (RPW)

#TheSunUp(lose



Helioprojective Latitude (Solar-Y)
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Working together capturing sub-Alfvenic to super Alfvenic evolution
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Current
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Solar
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Linking observations from the Sun to
spacecraft to spacecraft

— 550
80 - 500
- 450
—~ 60 A
< - 400
% T
s 0
2 40 - 350
2140 _E
5 - 300
20 A
250
0- 200
-A0 —-20 0 20 40 60
Carrington-X (Rg)
Ballistic mapping along flow lines that form
Archimedean spirals Also see:
Stansby+2019
Badman+2020

PFSS modeling:
https://github.com /STBadman /PSP_Scholars_Tutorial /blob /main/PESS_Tutorialipynb



https://github.com/STBadman/PSP_Scholars_Tutorial/blob/main/PFSS_Tutorial.ipynb

Working together capturing sub-Alfvenic to super Alfvenic evolution

Sampling the same solar wind streams at different stages of evolution

Solar Orbiter

Parker Solar Probe
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List of studies capitalizing on Parker and Solar Orbiter conjunctions and quadrature: FOV of Metis

Heating and acceleration of fast solar wind (Rivera, Badman+2024, Science)

Heavy ion composition of solar wind and their sources (Ervin+2024)

Heavy ion and electron temperature of magnetic switchback patches (Rivera+2024)

Acceleration of slow and Alfvenic slow solar wind (Rivera+2025) udd‘o

Radial evolution of turbulence (Telloni+2021a, Perrone+2022, Silwal+2025)
Connecting extended coronal remote observations with Metis to Parker Solar Probe (Telloni+2021b, Adhikari+2022,

Telloni+2023)

t
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MAGNETIC WAVES POWER HIGH-SPEED SOLAR WIND Eesa

cience
jience.adk6953
On 25 February 2022 ..two days later
Parker Solar Probe Solar Orbiter
detected protons with detected protons with
1™ 390 km/s 71 510 km/s
& 1 400 000 °C & 200000 °C
-------------_-_-_-________________---:- z
i
solar wind —_

Solar wind streams out | " Magnetic switchbacks Further out, solar wind My
J from a coronal hole accelerate the wind reaches high speeds




Heating and acceleration of solar wind by large-amplitude Alfven waves

Line up in
longitude and
latitude

Solar Orbiter

Heliographic Latitude (°)

100 120 140 160
Carrington Longitude (°)

Companion papers:
Acceleration of slow and Alfvenic slow solar wind (Rivera+2025)
Radial evolution of turbulence (Perrone+2022, Silwal+2025)

Connecting extended coronal remote observations with Metis to Parker Solar Probe (Telloni+2021, Adhikari+2022, Telloni+2023)
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Rivera, Badman+2024, Science

Main takeaway: Full acceleration
of fast solar wind could only be
achieved through the non-
adiabatic thermal pressure and
wave pressure gradients together

Polytrope with
Alfven wave
forcing

__________ e Po|y'rrope (non'qdidbqﬁc)

Adiabat

Wave + thermal pressure = full
acceleration

10! 102
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Sample the same solar wind farther away to
measure heavy ion composition and freeze-in ion

Identify well-organized switchback patches with
temperature of switchback patches

Parker Solar Probe

Magnetic switchbacks originate from boundaries of coronal holes

lon ratios and elemental composition Rivera+2024b
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Companion paper: Heavy ion composition of solar wind and their sources (Ervin+2024) i



Radial Evolution of Solar Wind Turbulence
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TEAMING UP TO STUDY THE SOLAR WIND

PARKER SOLAR PROBE

Parker Solar Probe’s proximity to
the Sun captures young solar wind
properties and state

Their combined observations tell us about where the sotar wind
originates on the Sun and how it evolves through space — addressing

Yeimy Rivera: outstanding fundamental questions in solar physi

yeimy.rivera@cfa.harvard.edu

/ Eesa

Solar Orbiter observes the Sun and
its atmosphere directly and
measures solar wind at a later stage

of evolution

/ SOLAR ORBITER

- S5 MILLION gy,

Y

solar.orbiter




Trajectories: February 2025 to June 2030
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