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The Sunos overal l

Core:

ANuclear reactions fuse
hydrogen atoms into helium. S sss (05-2mtlon

Radiation Zone:

APhotons bounce around in thzg
dense plasma, taking million Corsmst i
of years to escape the Sun. ‘

Convection Zone:

AEnergy IS transported by
boiling, convective motions.

Photosphere:

APhotons stop bouncing, and
start escaping freely.

CORONA

Corona: S
AOuter atmosphere where gas SO s
is heated from ~580K to o R Dol
severalmillion degrees! NN

éff,‘”“‘?"““
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he extended solar atmosphere

108 .
10°F 5
¥ 1081 =
E— - =
10°
Everywhere one looks, -
104 the plasma is
Aout of eq ua |
0.1 1 10 100 1000
r / Re
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The solar photosphere

Aln visible light, we see top of the convective zone (wide range of time/space sc
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he solar chromosphere

AAfter T drops to ~4000 K, it rises again to ~ID K over 0.00R,,,of height.

AObservations of this reagms
and an apparently largecale set of convective cells
(Aswpeamul ati ono) .

AMost é but not all é mater
to fall back down.
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The solar corona

APlasma at 10K emits most of its spectrum in the UV anday . . .

Coronal hole (open)

AQuUI

regions

W | Active
‘regions
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he coronal heating problem

Awe still do not understand the physical processes responsible for heating up th

coronal pl as ma. A ot of the hea
> % l‘.-' \\ J, .
5,800 K 20,000 K 85,000 K 406,060K 630,000 K 1,600,000 K 2,600,000 K 1108
Corona B
AMost suggested ideas involve 3 general steps: .
1. Churning convective motions that tangle Frantion g
up magnetic fields on the surface. region g o
2. Energy is stored in tiny twisted & braided .
Amagnetic flux tubes. o T
3. Somethingeleases this energy as heat. )
— 10
== Particleparticle collisions? Chromosphere ;
i I i P 4l | llullll ENEEETI | 1t11||11J
==p \\/ave particle interactions” - = -~ _
Height (km)
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A small fraction of magnetic flux is OPEN

coronal funnel Peter (200 1)

connected to
solar wind

coronal funnel
as foot of
large loop

outflow

Fisk

solar wind

net- nter-
work network

Tu et al. (2005)
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he solar wind: discovery
A1860 1950: Evidence slowly builds fautflowing magnetized plasman the

solar system:
y Asolar flaressaur or a, tel egraph snaf
Acomet ion tails pointanB unwar d (no matt
A1958: Eugene Parker proposed thatithe VP
coronaprovides enough gas pressure to (— +V: V) V=——8§ + Qother

counteract gravity and accel®rate a

| 11l

500 -
& :
~ =
g 400 E
= transonic wind E
5 300 =
o __— sonic point E
n 200 —=
g __— subsonic "breezes" ;
E 100 | | =
... Bondi accretion g
o O o =~ - 3
5] 10 15 20

r / Rg
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In situ solar wind: properties

AMariner 2 (1962): first direct confirmation of continuotesst & slow solar wind.

AUncertainties about whi ch

r
because measurements were t
A1990s:Ulyssesieft the ecliptic; provided first 3D view of
the winddbs source regions
A19705:Helios(0.3|' 1 AU). 2007 Voyagerd@ term. shock!
fast slow
speed (km/s) 6001 800 3001 500
density low high
variability | smooth + waves chaotic
temperatures Tion >>Tp > Te all ~equal
abundances photospheric more low -FIP
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Outline;
1.Sol ar overview: Our compl
2. How do wemeasuresolar waves & turbulence?

3. Coronal heating & solar wind acceleration

%Tur bulent Origins of the SS.R.C(:sannﬁéuIZMardﬂZ(&lgﬁ‘;g




Waves & turbulence in the photosphere

AHelloselsmoIogy direct probe of wave
oscillations below the photosphere (via
modulations in intensity & Doppler velocity).

AHow much of t hat W a
into the corona & solar wind?

==Pp Still a topic of vigorous debate!

AMeasuringworizontal motions of magnetic

flux tubes is more difficult . . . but may be
more important? \/ \A/ \ k

splitting/merging

torS|on
bending longitudinal

(kink -mode wave) flow/wave
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Waves In the corona

ARemote sensing provides several direct (addect) detection techniques:

Alntensity modulations . . .

0 x (6p)t—2
AMotion tracking in images . . . \ /
0 Vpos \ '
ADoppIer shifts . . . : |
OA x 6Vios : O ——
ADoppIer broadening . . . J \\x

oA — <5VL05>

ARadio sounding . ..

5 ﬁ _) 5 p . 5B _) 5 V B :.Tj|"_':u:"_'||‘_":-ll,.-"'|:|_'..1'_I...-"'_'..3 1 0008
SOHO/LASCO (Stenborg & Cobelli 2003)
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Wavelike motions in the corona

ARemote sensing provides several direct (addect) detection techniques:

Alntensity modulations . . .
0 x (6p)t—2

AMotion tracking in images . . .
0 Vpos

ADoppIer shifts . . .
O\ X 5VLOS

ADoppIer broadening . . .
o\ — <5VL05>

ARadio sounding . .. | __
5ﬁ _> 5p ’ 5B _> 6V —'IEI"_'I-:} — 1008 —BOd —r:‘.|j-:]-

¥ {arc=cca)
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Wavelike motions in the corona

ARemote sensing provides several direct (addect) detection techniques:

\

(UVCS) on SOHO has measured plasme
properties of protons, ions, and electrons | &
in low-densitycollisionlessregions of the \§
corona (1.5 to 10 solar radii).

AThe Ultraviolet COronagraph Spectromet £ \\‘V/ """"""""""""""""""

).

S

,

Tion > Tp > T Alon cyclotron waves (1A.0,000 Hz) have
(ﬂon/Tp)>(mi0n/mp) been suggested as ¢
\ ¢ source that can be tapped to preferentiall
1Ty > T|| heat & accelerate the heavy ions, as
\ Uion > Up J observed.
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In situ fluctuations & turbulence

AFourier transform oB(t), v(t),etc., into frequency:
A
f-ltiener gy contai ni

f -5/3

O
c% Al nerti al
o | Theinertial range is a
ol dipi pelineo f ransport
S, | magnetic energy from the
‘25 large scales to the small
scales, where dissipation
can occur.
ndi at 1«
0
l l
| | >
few hours 0.5 Hz

%Turbulent Origins of the




