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Our Star - The Sun

Not just a ball of Intomal St

radiative zone Subsurface flows

h Ot ga S convection zone h'

Photosphere

. -.'L‘.?

Large sphere of
plasma

Differential
Rotation

A
=
‘X
| §
*I
y | y &
-u‘ '-_..
:h-‘!' fi
I -
P
A
L)

Complex Layering

Chromosphere

/

Corona




Anatomy of the Sun

* Region e Solar Radii  Temp (Kelvins)

— Core — .25 — 14 million

— Radiative Zone — .25t0.7 — 7 to 2 million

— Convective Zone —.7to1 — 5700K

— Photosphere — Visible Surface — 6000K

— Atmosphere
* Chromosphere  1to0 1.005 * 4100 to 20,000
e Corona « ~20(.1AU) e 1 to 20 million

* Heliosphere * 50AU - Heliopause



Solar Dissection

Visitls, IR, and UV radiation

- Bright apois and shari-lived
magnatic ragions



Solar Prominence

* Cooler temperature plasma
 Material held in loops by magnetic fields
e Solar Filaments are same as Prominence (viewing angle)

prominence




Solar Flares

Earth sFown
for gize Zompariscn

* Properties

— lonized gas large
explosions (10732
ergs)

— Release of magnetic
energy

— Accelerate ions &
electrons

— Emissions across
entire spectrum

— Potential trigger of
CME’s
— Vary with solar cycle




The Corona

* |nvention of
Coronagraph

e Why s it so hot?
— Possible wave heating

* Dissipating MHD,
gravity & sound
waves

— Possible magnetic
heating

* Magnetic
reconnection

* Magnetic Energy

Comet
Kudo-Fujikawa ! =~

mass ejection
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Coronal Mass Ejections

Gas blown from Corona

— 10715 grams of gas (lower limit
average)

Velocity range
— 20km/s to 3000km/s
Frequency Occurrence
— 1/week @ Solar min
— 2-3/day @ Solar max
Location
— Focused on equator during solar min
— Varying latitudes during solar max
Origin
— Correlation to solar flares,
prominences & sunspot regions oy
— Also occur in absence of the above 199704107 15 UT




Anatomy of Coronal Mass Ejections

* Explosion from Corona

e Shape of a Croissant

— Quter Leading Edge
— Cavity
— Core

C3 2000/04/01. 00118




CME Propagation

Ejected material reaches millions of Kelvins

Slow to fast acceleration, then constant
velocity

Velocity can be greater than sound speed of
solar wind

— Solar wind velocity (avg) — 145km/s

As these velocities increase the mach number
of the CME increases

CME’s produce shock fronts



Fermi Acceleration

* a.k.a. Diffusive Shock
Acceleration

* Charged particles (ie:
electrons) get
accelerated by shock

front moving through Gradual _
Compression —j,
plasma (no shock)

* Cyclotron or synchrotron
radiation occurs




Fermi Acceleration Mechanism
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Changing reference frames for
relativistic particles

Change of energy increases
each occurrence
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Cyclotron & Synchrotron Radiation

* Photons created from charged particles being deflected by
magnetic fields

* Lorentz Force acts on velocity perpendicular to magnetic
field and causes emission of radiation and spiraling of

particle
. . L . —dE  o,B*V*
* Origin of radio emissions in astrophysics — =
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Shock Acceleration Energies

* Field Orientation ¢ Highest Energies
* High energy class — 80% speed of light
— MeV to GeV  SEP event origins?

perpendicular shock
(rapid acceleration)




Solar Energetic Particles

Solar Energetic Particles
(SEP’s)

— Protons, electrons and ions .
— Can reach 80% speed of light S"“r‘;%f;ﬂ%i”“ﬂi/ %, |
— Energy Range keV to GeV 7/
Origins

— Solar Flares

— Shock Fronts in CME’s

Harmful to us and technology

Current

above 40MeV SE
Need to predict and forecast




Paper Intro

Categorize CME’s by velocity and Radio
volume (quiet RQ or loud RL)

Type Il Bursts by wavelength
CME’s with Type Il bursts are more energetic

Type Il Bursts at longer wavelengths are good
indicators of SEP events

Correlation between CME’s and SEP events
remains unclear



Solar Cycle & CME’s
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CME’s & Type Il Bursts

aoque el ®* G0O0d correlation seems to

Property

MNumber of FW CMEs 193 (42%) 268 (38%) H

Average spead 1117km's 1438 km's exi St

Averaze width 36" 89° . . . . .
Fraction of hulos 16 60 * Statistically this relationship
Median fare size Cs5 MO

Frachon of backside CMEs 55% 25% 1

East-west asymmmetry 002 D2 IS proven

Center-to-hmb vanaton Increase decreasa

SEP association’ none 55% « However not all Type Il

Type |l Burst Associstion Rate [%]
8

Bursts are SEP event

467 FW CMEs
FR=0.06(V-298)

467 FW CMEs
100 R=0.26(W+12)

412 FW CMEs
100F R 0.0035L-117 +81

(] 1000 2000 3000+ O 80 180 270 360 «90-50 -45 0 45 50 =50
CME Speed [km/s] CME Width [dag] Lengitude [deg]



Paper Findings

e CME’s and Radio Emissions are linked
* Why are some CME’s radio quiet?

* Why don’t all CME’s produce SEP events?

—1.) They don’t produce shocks

— 2.) They do produce shocks but are ‘too’ radio
qguiet to detect

 Statistical analysis of event correlation only
produced similar results to Sheeley (1984)



ROLSS Rad Observatory for Lunar Sortie Science

A Pathfinder for a future long-wavelength farside lunar array (10-100
sq. km). Operating at 1-10 MHz (30-300 m). Array consists of three

. 900-m long arms forming a Y; each arm has 16 antennas.
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L Key Project: Radio Heliophysics from the Moon L

LENAR Lead Scientists: J. Kasper (CfA) and R. MacDowall (GSFC) LUNAR

Complex type Il burst source

magnetic field 10 }iHzbeam
reconnection 6 MHz beam

SOHO LASCO CME
of 1997/11/06



Lunar Interferometer & the Sun

Allow first low frequency imaging of sun

Locate origin of radio emissions with
resolution

Large collecting area can yield sensitivity to
detect weaker radio emissions

Test current models of CME’s and Type Il
Bursts

Allow the prediction of Solar Energetic Particle
events (SEP’s)
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http://sohowww.nascom.nasa.gov/bestofsoho/Movies/movies2.html
http://sohowww.nascom.nasa.gov/bestofsoho/Movies/movies2.html
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