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Who am |?

* Aurora chaser, photographer, citizen
scientist, and student! ‘, /
e Other fun things this year:
 Spent three wafg. in Churchiy'asin

auroras

* Helped launch a sounding rocket into the
aurora

Published my first paper!
Moved to Fairbanks, Alaska

Starting to produce more aurora short
films (can share if we have time)
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NoDDAC

o Helped.i the project in 2020
* Partnership with lﬂJﬂD Aurora: .

the Live Aurora Network / “
* Nice resource for aurora c ' e

upper Midwest and soutb VIB
e Secured NASA EPSCoR in June 2020 to

start science

University of North Dakota A11sky Cam Thu Nov 04, 2021 03:02:34 AM
Temperature: 25.0°F, wind: S at 7.0 MPH

* Live streaming every night on NoDDAC
YouTube channel

Unviersity of North Dakota Wed Nov 03, 2021 07:10:24 PM
Temperature: 32.0°F, Wind: S at 7.0 MPH
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Synopsis
Gitizen science connects scientists with the public to enable discovery, engaging broad audi-

. ences across the world. There are many attributes that make citizen science an asset to the
fild of hellophysms mcludmu agie collaboration. Agilty i the effectto which a person, group
of people, technol roject can work sficienty, pivot, and adapt to adversiy. Gitizen sci-

ensts are m\t,hthoy  acptabl, ficeni, and responsive Gilzen science pojcts and
their underlying technology platforms are iso agile in the sofware development sense—by
Lizing bothtocing and aher maframes 1o pvo I rosponge 1 commarty eede R they
entifically valuable data, citizen scientists can also bring expertise from ¢ hev t»\m

mmunie

o 2 = © O = to nt S. ts and means
. cient change of .mmma\mn
o it mework of agile collaboration. I this paper,
ollaboration primarily for aurora chasers, a group of citizen scientists
actively engaged in projects and independent data gathering. Nevertheless, these insights
scale across other domains and projects. To advance the fild of heliophysics over the next

Gecade, we recommend the Comittee take four actions: (1) Increase the prevalence of ciizen
science, (2) evolve policies and principles that consider citizen scientists as skilled transdisci-

L] L] L] L] L]
ci )
plinary colleagues, (3) provide funding for relationship buiding and reciprocty effrts, and (4)
leverage citzen science to faciltate collaborative efforts between related fields. Gilizen sci-
) Y/ ence s an emerging yet proven way of enhancing the current research landscape. To tackle

the next generation's biggest research problems, agile collaboration with citizen scientists wil
become necessary.

citizen science "

* Working with @/& models now

e Citizen science /
e STEVE

» Central hub/data repository for citizen
science image uploads (optimized for SAURU ,|
timelapse/large datasets) e e e e

aullea
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Synopsis
Space wealherrlrsto condions around a star, e au Sur, and s itsrplanstay spsce
that may affect space assets, ground-based a ind human ife. Space weather can mani
festas many different phenomena, often a\multaneouw It can create complex and sometimes
dangerous conditions. The study of space weather s inherently trans-disciplinary, including
subfields of solar, magnetospherc onospherc, and amospherc fesearch communiles,but
benefiting from collaborations with policymakers, industry, astrophysics, sof
anct s more. Efocive communcaton Teauired betweon saentists, the ond v
munity, and government organizations to ensure that we are prepared for any adverse space
weather effects. With the rapid growth of the field in recent years, the upcoming Solar Gycle
25 maximum, and the evolution of research-ready technologies, we feel that space weather
deserves a reexamination in terms of a risk-resiliency framework. By utizing open data sci-
ence, ross isiplnany colaboratons,inormtion systems, an izen scncs, e can forge
stronger partnerships betweer  and industry and improve our readiness as a soci
mitigate space weather i Thoe ideas ft o a broader space woathor
Tomowork. hat can bo oo o futher assoss aroas of mproverment n o 1ol

Whito Papor subimited to the Holiophysics 2024-2033 Decadal Survey.

2™ STEVE Workshop

2022 - MIT Haystack Obsenvatory
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The Sun — An Overview

rora starts with the Sun!

* Made of plas

« Has layers, like

* Photosphere —th

- Credit: NASA/SDO

-

Layers of the Sun '
* Convection zone — source of Sun S dynamo i
* Chromosphere/Transition Region — magnetic s

fields very strong, hotter temps, where we e
see lots of flares and image the Sun in EUV DY
e Corona — the Sun’s outer atmosphere, what
you see during an eclipse, also see this in s
EUV ima eS Tran:‘;})i"?(n’;;%i‘)%z Coronal hole
g Corona/

500,000K - 1,000,000K Sun spots




Solar Cycles -

The solar cycle forms the backbone of space weather
e 11-year activity cycle

* Attributed to conv%ion patterns and differential
rotation

» Differences bet¥éeen solar min. and max.
* Solar min: low # of sunspots, sun has dipolar field
* Solar max: high # of sunspots, sun has multipolar field

* Coronal holes tend to be more prevalent on the
descending phase

* Weaker cycles mean less frequent but more extreme
space weather

Credit: ASU



SOLAR GYCLE 24
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Zoom Default

MUNSRUUNER]

SOLAR CYCLE 25

HIPER N REE s e

21

|
00

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

Credit: ESA

|

SolarHam.com

2026




Introduction, The Sun, Space Weather, The Magnetosphere, The lonosphere, Aurora Chasing Resources, Conclusion

Sunspots

are sources of space weather
regions

t: cooler in temp.
e Sunspots are sources O

gnetic activitm
fla-nes.and‘coro Al mass
ejections (CMEs)

* Number of sunspots varies with the solar cycle

Credit: NASA/SDO
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Coronal Holes

oles are sources of space weather

hole high spee

* Ambient solarﬂé‘ﬁd
700 km/s

* There is NOT an actual hole in the Sun ©  cesvseo

CORONAL HOLE EVOLUTION
Over Past Several Rotations

AUGUST SEPTEMBER Early OCTOBER Late OCTOBER
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Prominence/Filament o i

high above the solar
surfac

e Can last

* May become
to a coronal ma@':ejec |
‘Q

* A prominence is just a filament viewed
from the side

Credit: NASA/SDO



Space Weather — An Overview

Space weather refers to conditions around a star, like our Sun, and its interplanetary space that
may affect space- and ground-based assets as well as human life.

2000/02/27 01:54

High Speed Streams CME Radiation Storm Solar Flare

Credit: NASA/SDO Credit: NASA/SOHO Credit: NASA/SOHO Credit: NASA/SDO



The Solar Wind

* Constant stream of charged particles
coming from the Sun

* Mainly protons and electrons

* Charged particles (plasma) carries with it pE
a magnetic field called the interplanetary e
magnetic field ({IMF)

e Solar wind canbecome “enhanced” and
Is dynamic due to space weather

* Frequently measured properties include
B-field strength (total and component),
speed, density, and temperature

Credit: NASA



Solar Flares

e Sudden bursts of electromagnetic
radiation, usually from sunspots

* Impulsive vs. long-duration events (LDE)

* LDE almost always implies a CME is
associated

e Can cause radio blackouts, trigger CMEs
and radiatiogf|storms

* Do not directly cause aurora

 Measured on a scale from A (weakest) to
X (strongest)

1600 A 304 A 171 A 335 A

Credit: NASA/SDO

GO%S Xray Flux (5 minute data)
10° E

Watts m™

Updated 2005 Jan 21 23:56:03 UTC
Credit: NOAA/GOES

94 A

NOAA/SEC Boulder, CO USA

131 A



Coronal Mass Ejections

 Large eruptions of charged particles into
interplanetary space, occasionally directed
toward Earth

e Contains their own magnetic fields in the
form of magnetic flux ropes “slinkies.”

* Frequently coincident with solar flares but
can also happen spontaneously A < T

. Coronagraphs(qn be used to detect CMEs i T R MRS
.,# _=' :T,,f,'tf ,EL g ',-r--'f; \\ .
Can cause geomagnetic storms increasing i TN Y

aurora pOte ntia I R ' Credit: NASA/SO, NASA/SOHO

2000/02/05 20:19
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High Speed Streams

SOLAR WIND

e Come from coronal holes

* Propagate with the solar wind

e Act as a snowplow and creates a stream-

interaction region (SIR) ahead of the fast AGE I (st W & Stregminteace  CoronalHole 16 000001t

wind. ik -
* SIRis also called a CIR in many cases e R AT 1
Y . £l £} -

* Can cause geeffragnetic storms ol s
. F'l , : : Ewww“?fiw*”*”f'*‘“??wamww3

* Predictable and since CH’s often time last 2+ N

solar rotations, 27-day KP forecast includes N LA T,
geomagnetic storms from CHHSS i E S AT 2

Credit: Solar-Terrestrial Centre of Excellence



No radiation storm Moderate S2 radiation storm Severe $4 radiation storm

Radiation Storms

 Relativistic electrons and protons
released during a solar flare

* CMEs can also sweep up the particles

* Potentially harmful effects for electronics
and humans at high latitudes and

Credit: NASA, NOAA

altitudes Earth Solar radiation Magnetic
orbit storm fiedd bnes

* No maj%@ffects that relate to aurc‘)ra




Other Phenomena

e Sector Boundary Crossing (SBC)

* Occurs when we cross the heliospheric
current sheet and field switches polarity

* Sometimes accompanies changes in speed,
density, field strength

* Not a major factor for auroras
gl S

Heliospheric
Current Sheet

Open magnetic field lines
® Towards Sun
® Away from Sun

Adapted from Smith et al., 1978

Bt

(gem)

Speed (km/a3) ty (fom3)

(K

Crossing of a Sector Boundary

Credit: Solar-Terrestrial Centre of Excellence
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The Magnetosphere — An Overview

Solar wind particles are streamed along
Earth’s magnetic field lines creating
auroral ovals centered around the y
geomagnetic poles. A3

il 2

¢

e Earth’s magnetic field lines on the
dayside get peeled back by solar wind
and convected to the night side

.

»
:

000“%

— '.
\ ‘\"p‘.
A )
T,
{

* Magnetic reconnection occurs in the *ay 14
magnetotail, funneling particlces into f:,.‘
the inner magnetosphere like a
“slingshot”

Credit: Aurorasaurus



Why “Bz south” matters

 The amount of energy transferred into ( 1‘
the magnetosphere is dependent on the
orientation of the IMF

e Earth’s magnetlc field flows SOUth to S6laz Wind-Magnetosphere Interaction:
north (Bz=north) so if solar wind is Reconnection and IMF Dependence

@ Interplanetary Field Southward

Bz=south, magnetic fields can interact b
leading to maximum magnetic >®@><

reconnection

® Interplanetary Field Northward

22

Credit: ESA Credit: NASA CCMC




The lonosphere — An Overview

* Series of layers in the Earth’s

upper atmosphere with high
concentration of charged
particles

* Protons and electrons from 2

the magnetosphere P s
o0 . = D layer ionosphere ™
precipitate into the N

jonosphere

region usually a few degrees
wide around 65-75° MLAT.

300 km

- © satelites

— L |zyer (ONOSphere e

= Chuttle

Northern Lights
iy,
\ / “Rockets

— STAOSp MGG  —

e Auroral ovals are formedina '

300 km § THEIOKOSPEER

Density of
electrons

200 km

Altitude

100 km

D layer

0 km

E

F layer

Between 105 10° glfem 3

Adapted from Bamford (2000)

-

Actual picture of an auroral oval from 1996
Credit: NASA



How the Aurora is Created

* Auroras are formed by chemical
interactions

5 - 3 . w® e “o %o C; electrons hit
* Magnetospheric particles interact with o clectons ghaiofe, @ 3575 i
ionospheric particles, collisions take 00" "

= PO peE
place Q@ " o

* Atmospheric particles become excited
but when they return to ground state,
emit photons in specific wavelengths
according to the particle being excited

*' “* .°mnlcculcs

arc "excited"

molecules give off light
as they calm down

magnetosphere

Credit: EarthSky



Colors and Altitudes

Auroral Colors Vary with Altitude

* The color of the aurora depends l ‘ \
on the type of atmospheric gas ‘
being excited

An oxygen atom Above
glows red. 120 Miles

Electrons shoot into the upper atmosphere.

A nitrogen atom
glows blue, and a

\ secondary electron

e Different altitudes contain
different gases, therefore the
colors are also altitude
dependent

hits an oxygen atom,
which glows green.

j‘ . \‘ & o

Nitrogen molecules glow pink.

Credit: Aurorasaurus



Aurora Chasing Resources/Advice

s 2022/11/03 AE(11) (Real-Time) WDC for Geomagnetism, Kyoto
nT)

MID-LATITUDE

* Stop using KP!
e Use AE instead! AURORA CHASERS

* Look for values >500 nT

« The OVATION PRIME model [ *‘m | ua

s just that... a model

* |t can’t forecast substorms,
STEVEs, etc.

* Doesn’t consider things like
the flywheel effect

e Solar flares # CMEs IGHT IMMA HEAD OUT -

00000

Credit: Worlﬁtaﬂ:enter for Geomagnetlsm
%




Aurora Chasing Resources/Advice

itions of geomagnetic activity

d at
2022-11-03 17:15 UT

e Solarham.net is a great site with tons of data :
readily available

» Spaceweatherlive is great for notifications of
KP thresholds reached, flares, radio bursts, etc.

* Aurorasaurus for citizen scientist reports + data

is helping science! Q z

* Spaceweather.gc.ca gives local K-indices L e
* KPis K “Planetary”; you can get local k-indices, too!

* NOAA products
e ENLIL, OVATION Prime, Real-Time Solar Wind




Wrapping it up “from Sun to Mud”

* The Sun and its space weather largely control the aurora and its
strength

* The solar wind constantly buffets our planet with plasma

* CMEs and Coronal Holes (HSS+SIR) are the two main space weather
sources of aurora S

Q

* IMF direction determines how much energy is transferred into Earth’s
magnetic system (think Bz)

* Particles from the magnetosphere precipitate into Earth’s polar
regions, creating auroral ovals

* Auroras are formed by chemical reactions in the ionosphere
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