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About me:
• Yeimy [yay-me!] Rivera
• Guatemalan and grew up in Los Angeles
• BS Astrophysics at UCLA, Master’s Physics at
California State University Northridge, PhD
Space Physics at University of Michigan
Hobbies
• Beer
• Running and hiking
• Documentaries and podcasts [pandemic
hobby!]

Quick overview
• [Very!] brief history of the solar wind
• Solar observatories
• The Sun in wavelengths
• In situ observations around the solar system

• The state of solar and heliophysics – open questions in the field
• New era of heliospheric science with Parker Solar Probe and Solar
Orbiter missions
• Traveling to the corona
• Switchbacks
• Campfires

Brief History of the solar wind
• Comet observations in the 19th
and 20th century (space is not a
vacuum)

Comet Hale Bopp adapted from the Astronomy Picture of
the Day on August 13, 2006
'solar corpuscular radiation'

Sept 1st, 1859

Brief History of the solar wind
• Comet observations in the 19th
and 20th century (space is not a
vacuum)
• Richard Carrington (pivotal
sun-earth connection)

Carrington event, 1860
Invention of telescope

Cárdenas+2015

Brief History of the solar wind
• Comet observations in the 19th
and 20th century (space is not a
vacuum)
• Richard Carrington (pivotal
sun-earth connection)
• Eugene Parker (1958) &
Mariner 2 (1962) (propose and
confirm supersonic solar wind)
Eugene Parker’s historical paper (Parker 1958),
connected these discoveries by proposing a supersonic
expansion of the corona that forms a continuous solar
wind flow.

2019 Solar Eclipse Cerro Tololo, Chile
(my iPhone picture!)

2019 Solar Eclipse Cerro Tololo, Chile
(professional!)

Remote sensing
• Ground based (visible/IR and radio)
• Telescopes – solar disk
• Solar eclipses – corona
Ho and Hsi, the Drunk Astronomers (2137
BCE)
"Here lie the bodies of Ho and Hsi Whose fate
though sad was visible, Being hanged because
they could not spy Th'eclipse which was
invisible."
- Author unknown (story may be apocryphal)
• Space based (extended to higher and lower
wavelengths)
Credit: Dale Gary (NJIT)

Solar Structures

Solar Minimum: Near
featureless solar disk,
coronal holes confined to
the poles

LASCO/C3-LASCO/C2SDO/AIA

Helmet streamers

Coronal holes
EUV SDO/AIA 193

Solar Maximum:
Coronal holes at
lower latitudes,
emergence of ARs

In Situ [in the original place.]
Magnetometers can measure magnetic field
• 3D magnetic field components
Faraday Cups / Electrostatic Analyzers
• 3D velocity distributions functions of ions
and electrons - density, temperature, speed
and characterize non-thermal features
Mass Spectrometers
• Measure individual heavy ion particle
densities, energy, charge levels

Parker Solar
Probe
(Verniero et al
2022)

Solar Orbiter (Rivera AGU 2020)

Biggest questions in solar and heliophysics today
Closed field
Coronal Heating Problem (Klimchuk 2006) –
What is mechanism heats the solar atmosphere to multi-million degrees?

Fractionation processes (Laming 2015) –
What governs the changes in elemental abundances across coronal structures?

Open field
Solar wind formation (Cranmer & Winebarger 2018) –
Where does the solar wind originate and how is it released?
How is it heated and accelerated from the Sun?

Physical mechanisms operating in the solar wind (Cranmer & Winebarger 2018) –
What is the role of turbulence and wave-particle resonances in solar wind formation and evolution?

Coronal Heating Problem (Klimchuk 2006) –
What is mechanism heats the solar atmosphere to multi-million degrees?

Emission lines seen during total solar eclipses
were not due to a new element dubbed
“coronium,” but rather to known elements at
very high stages of ionization (Grotrian 1939,
Edlen 1942)
Two main theories:
Dissipation of magnetohydrodynamic
(MHD) waves ( Alfvén 1947)
Dissipation of small-scale current sheets
from magnetic field reconnection events
called ‘nanoflares’ (Parker 1972)

The wave theory (described in Parnell & De
Moortel 2012)
Waves must be generated in (or below) the solar
surface layers
Energy flux has to be transported into the corona

Nanoflare theory Parker (1972) hypothesized that slow
convective motions of magnetic footpoints could lead to
a braiding of the magnetic field, creating small current
sheets that would be continually dissipated and
reformed, providing direct heating via ohmic dissipation

Waves have to dissipate (very) efficiently to
Requires a sufficient number of them and happening all
convert the energy flux into heat in the right place,
over the Sun!
at the right time

Cadavid et al 2014

Landi & Cranmer 2009

Fractionation processes (Laming 2015) –
What governs the elemental abundances of different coronal structures?

CH/Photosphere

The chemical composition in the
solar atmosphere differs from the
photosphere to the corona (Pottasch
1963)

Feldman+1998
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Fractionation processes (Laming 2015) –
What governs the elemental abundances of different coronal structures?

Chromospheric Alfven waves [could
potentially be connected to coronal heating
mechanism] give rise to the separation of
ions and neutrals through the action of the
ponderomotive force leading to the First
Ionization Potential Effect (FIP; Laming 2017)
PF moves chromospheric ions, e.g., Fe, Si, and Mg,
with a low FIP up into the corona, leaving the
neutrals behind

Laming et al (2019)

Solar wind formation –
Where does the solar wind originate and how is it released?
How is it heated and accelerated from the Sun?

Distinct solar wind properties at
different heliographic latitudes (Solar
Minimum)
• Faster, more tenuous, no
fractionation solar wind emanated
from the poles – coronal holes
• Slower, denser, low FIP enhanced
solar wind measured around the
ecliptic – active regions, helmet
streamers, pseudostreamers,
outer boundaries of coronal holes,
and transient jets associated with
interchange reconnection

Credit: Southwest Research Institute & ESA

Solar wind formation –
Where does the solar wind originate and how is it released?
How is it heated and accelerated from the Sun?

AC=τExp/τColl

• Solar wind heavy ions are observed to be super
mass proportional heating and differential flowing!

Tracy et al (2016)
Berger et al (2011)

New era of heliospheric science with Parker Solar Probe
and Solar Orbiter

Fastest man-made object!!
163 km/s or >360,000 mph

New era of heliospheric science with
Parker Solar Probe and Solar Orbiter
missions: solar-heliosphere coupling
Parker Solar Probe
• Crossed below the Alfven critical
surface – direct observations of the
corona at 18-20Rsun
• Switchbacks

Kasper et al 2021

New era of heliospheric science with
Parker Solar Probe and Solar Orbiter
missions: solar-heliosphere coupling
Parker Solar Probe
• Crossed below the Alfven critical
surface – direct observations of the
corona at 18-20Rsun
• Switchbacks
Solar Orbiter
• Campfires
• Polar images (to come!)

