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Magnetism at

. . '
The magnet is alive! Magnets

The magnet is useful...

The magnet can be dangerous.
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Storage and release of
magnetic energy




Magnetism across time

Courtesy of The Galileo Project
Rice University

http://galileo.rice.edu

Galileo Galilei (1564-1642) |
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28 BC: First seen by Chinese Astronomers
1610-1612: Telescopic Observations by Thomas Harriot, Johannes & David Fabricus, Galileo Galilei, Christoph Scheiner

1826-1843: Heinrich Schwabe discovers 11-year sunspot cycle

1850’s: Richard Carrington determines that the Sun’s equator spins faster than its poles by observing sunspots

190819719 : GeeoggeE EHeryétel dedet bc ts apaghie tir fielidssim spmisp 6360 000=¢intesrglaorigen thase thibsea$utecsurfdie darttre Earth


http://galileo.rice.edu

Magnetism across time

The mysterious corona

Antoine Caron's Painting "Astronomers
Studying an Eclipse”, 1571

Early astronomers took advantage of solar
eclipses, those rare moments when the moon
blocks the Sun in the sky, to catch glimpses of
the atmosphere of the Sun

As the human eye adapts to the artificial
night, faint wisps of material surrounding the
Sun emerge. We called these wisps the
corona, Latin for crown
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Magnetism is
InSpiring

Courtesy A. Sterling

Humans have been “seeing” solar
magnetic fields for a long time...
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CATE 2024 will deploy 35+ identical stations run by community participants
to capture a 60-minute movie of the inner solar corona in polarized light
= T R T Wy P2 ) W b

Participant communities keep their telescope setups after the eclipse!

yW @citizenCATE2024 cate@boulder.swri.edu



Diagnosing the magnetic field
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The origins of space weather can be traced back to magnetic fields on the Sun

. Magnetic fields leave an imprint on the
polarized spectrum of the Sun

. Observations are interpreted through
complex models of polarized radiative
transfer

J

Two-pronged approach to study the magnetic origins of space weather

« High-resolution observations to study small-scale magnetic processes

« Large-scale synoptic observations of the Sun as a whole to enable forecasts



Diagnosing the magnetic field- the Zeeman Effect

Splitting proportional to B

Magnetic field (B)>

S ———————— > m =1
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TT-transitions: linearly polarized light | B —

absorb/emit

The different transitions have different polarizations




Magnetic field in the photosphere

Magnetic fields continuously emerge through the Sun’s surface




Measuring the magnetic field in the chromosphere

- Photospheric magnetic fields b e bt el gl L d L
are routinely measured from Corona — (
space. r |

- But inferring coronal fields from
these results in large
uncertainties.

The
Chromospheric - To accurately predict eruptive
Magnetism events, we need measurements
Explorer of the magnetic field in the

upper atmosphere.

A13441_041

Ground-based instruments can measure these to
some extent BUT

MHD simulation shows the changing complexity of the

1. Have a very limited duty cycle magnetic field between the photosphere and corona
2. Are blind to the UV



Measuring the magnetic field in the corona

Mauna Loa Solar Observatory’s

Upgraded Coronal Multichannel Polarimeter (UCoMP)

Fe Xlll 1074.7 nm

Enhanced Intensity L/
Intensity® lag{L/1)
T

0.0 1.8 3.5 3.3 7.1

20220213

LOS Velocity Line Width Azimuth Radial Azimuth
LOS Velacity [km/s] Line Width [km/s] Azimuth [deq] | Radial Azimuth [deq]
[ [ :
-5.0 =25 0.0 2.5 3.0 0.0 36.3 42.5 48.8 0. 45, 90, 135. 180, =50, -25, 0. 25.
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dtgSkatteam effort! | soar oreiter  NSF’s Daniel K Inouye
T | e ' Space -based
- Observing Mechanism: Remote ’ , SOIar TeleSCO pe

photons, in-situ particles

Orbit: Will fly within 0.28 AU of the Sun

The European Space Agency and NASA's
_Solar Orbiter will examine how the Sun

A creates the vast bubble of charged

P, particles blown by.the solar wind into -
the mtersteilar medium, known as
the hellosphere '

PARKER SOLAR PROBE

Space -based
. ,Observing Mechanism: In-5|tu particles
O/lNAblt Will fly within 0.04 AU of the Sun
NASA's Parker Solar Probe will provide a statistical survey of
I * the Sun’s outer corona, tracing the flow of energy and

~ exploring what accelerates and heats the solar wind.

';{" *' KI SOLAR TELESCOPE

Earth-based
Observmg Mechanism: Remote photons
' : Orbit: 1 AU
“ The NSF’s Danlel K. Inouye Solar Telescope, the world s
largest solar telescope, indirectly measures the
. magnetic fields to create a synoptic map of the

* coronaand better understand how and why the -
_corona heats up'so dramatlcally

k] AU ~ 150,00Q,OOO km (~93,000,000 mi)

THE CORONAL SOLAR MAGNETISM OBSERVATORY



Our violent Sun




Magnetism and space weather

...now has potential for
danger




Magnetism and space weather

Magnetic energy stored in
twisted magnetic field

Released through solar
eruption

RUN 108, TIME 86 | 10 Oct 2008 |

Impacts the Earth

g O OY




Magnetism and space climate

Space weather varies with the solar cycle

From the Sun...

2006



Magnetism and space climate

Through the Solar

Space weather varies with the solar cycle Wind. ..
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Magnetism and space climate

To the Earth
Sunspot Number and AA Index 1868-1992

Space weather varies with the solar cycle

Geomagnetic Activity




Conclusions

What's true at home is true across the solar system

The magnet is alive!

The magnet is useful...

The magnet can be dangerous

Magnetism is a force of nature — neither good nor
evil, but its power cannot be ignored






Backup



Ordinary....

Extraordinary

Earth Science and Remote Sensing Unit, NASA-Johnson Space

Center. "The Gateway to Astronaut Photography of Earth."
<

>


http://eol.jsc.nasa.gov/videos/crewearthobservationsvideos/videos_aurora.htm
http://eol.jsc.nasa.gov/videos/crewearthobservationsvideos/videos_aurora.htm

Solar Storms




Back to the Sun: Magnetic Origins

Coronal Mass Ejections (CMEs) and
Flares

ogether, they represent a release of
magnetic energy




Northern part Southern part

““...near the spots the
changes are often so
rapid and extreme as
to puzzle even a
skilled draughtsman to
keep up with them.”

in The Sun (1895)
by Charles Augustus
Young







Back to the Sun: Magnetic Origins

The dance of the dynamo:
All together now!

Building magnetic fields by means
of turbulent convection, shear,
magnetic buoyancy and global

circulations



3D and Twisted

AlA 304 - 2011/09/25 - 10:00:08Z
AlA 171 - 2011/09/25 - 10:00:00Z
AlA 211 - 2011/09/25 - 10:00:00Z
AlA 193 - 2011/09/25 - 10:00:09Z

04:10:27
1dt = -6560.2 |




Magnetism and Space Weather

Center for Space Environment Modelng
University of Michigan




Magnetism and Space Climate

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA)

> 0.0%

H>0.1% [1>1.0%

90N

( The Solar Butterfly Diagram ) . .
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Magnetism and Space Climate

What about radiation?

Minzo/21 Minz1/22 Min22/23 Min2a/'24

Froelich et al., 2009 Total Solar Irradiance (TSI)

Short wavelength radiation (EUYV)

e Iy AlLAS=S5 Calibration |
q’l ] 7,
R b T

LT G

Density (ng/m?)

Solomon et al., 2010

-
o

1990 2000 2010
Thermospheric neutral density

Solor EUV 26—34 nm Irradionce (mW/m

1996 1998 2000 2002 2004 2006 2008
eqQr

Recent solar minimum was unusually deep




DON'T LET GO
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A Deep Solar Minimum

June 14 - July 11, 2009 'Carringtomn longitude = 360.0

NOAA N DC sunspot number
OMNI solar wind magnetic field

Galactic cosmic rays reached space-age high, in a
magnetically weak and quiet heliosphere

PSI Simulated Hinode XRT & Fieldlines 07/139/2009

Cosmic Ray Fe NUrele
(270 - 450 MeV/nucleon) 19.4% £1.4%

—
()
A

e o

\

Projected
from Climax
NM data

Projected from
1951-2005 neutron
monitor data and
10.5-yr solar cycle

Particles/(m?sr-s-MeV/nuc)

10 ACE/CRIS Data
1996 1998 2000 2002 2004 2006 2008 2010 2012




A Deep Solar Minimum

Weird for the Century...

Sunspot Number

1890 910 19320 1950 1970

Ap Geomagnetic Index (mainly solar wind speed)

B (IDV)
o%l F= M " ﬂﬂ‘r m e
wﬁmp{xﬁ}?’\f\f’" uf\ﬁh IRV B %\
¥/ \&/

B (obs)

Helios.bheric Magnetic Field at Earth

0 1840 1850 1860 1870 1880 1890 1900 1910 1920 1920 1940 1950 1960 1970 1980 1990 2000 20

Courtesy L. Svalgaard e




A Deep Solar Minimum

Not this Weird.

Yearly averaged sunspot numbers 1610-2015

1800 1825 1850 1875 1900 1925 1950 1975 2000

WDC-SILSO



