Q: Why does the Sun have a
Corona? A Wind?
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The corona — a dramatic view

July 2, 2019 — Cerro Tololo Inter-American Observatory, Chile



Coronal (EUV) imaging — the basics:

e what you see is all the same T

e bright = dense plasma— n.?

e heating can® make plasma dense & thus bright
e heating is evidently magnetic

* if magnetic field lines are closed — magnetic bottle



Od picture:
balance between
heat & radiation
@ fixed pressure

B large enough
to restrict

plasma motion:
only along field

lines Radiative losses

per volume:
Vol. I: Eq. (8.6)
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Below the TR — hairy details

Vernazza et al. 1981
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Heating is Magnetic

Pevtsov et al. 2003
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X-rays:
highly
variable —
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Corona produces EUV & X-ray
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Chamberlin et al. 2009
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Smoothed 10.7 cm Flux - 67.

Corona produces [I-waves
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B large enough
to restrict

plasma motion:
only along field

Wind: from
open flux

lines
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: Q
/ Bernoulli’s law: V) = const.

Energy loss = Apgl 1vZ +w(p) +‘P(s)1] = (O = fixed & given

mass loss fixed & unknown

Simple case: Isothermal ... 7 —1
14
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F(v,r)=f(v)+g(r) = v = const.
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tube: g(s) = -c2In[A(9)] + (9

horizontallnozzle
Y(s) = const. :
—_ ;

g(s) = _Cs |n[A(S)] _ > . throat
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tube: g(s) = -c2In[A(9)] + (9
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tube:
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) 1 f(v) =3v? -cZIn(v)

const. fixed by need to become transonic when
external back-pressure is insufficient —i.e.
vacuum around sun 0
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=» Mass loss rate is set const. fixed by need to become transonic when

by heating rate* external back-pressure is insufficient —i.e.
vacuum around sun
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B large enough
to restrict
plasma motion:
only along field
lines

Different coronae
from different
magnetic topology:
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Why are some field lines open & others closed?

Magnetic field dominates:
nothing capable of countering its force so...

(VxB)xB=0
—~|VxB=aB| (ie|B)

simplest version: a =0 (by fiat)

= VxB=0 =[ :—Vx] potential field

(cf. electrostatics)

V-B=0 = V°%=0 harmonic potential

(cf. electrostatics in vacuum)



— _VX & VZX — O potential field outside

sphere r=R,




__VX & VX O potential field outside
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' B.(0,0) "'measured” over
‘ entire sphere
e accumulate strips over
27-day rotation
* hope that not much changes
e fill in poles (somehow)
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Y, (6:0) PFSS model
J (potential field
source surface)
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Re(z)

Assumptions of the PFSS

e No currents in coronal field (simplest equilibrium)
VxB=0 R <r<R
* Field becomes open (radial) @ fixed radius r=R

* Not much change during 27-day accumulation

tral Meridian Carrington Longitude O

:.n.|.A|......||......|..||.u..n..]...‘..‘..,...‘: . . . .
b Carrington Rotation 1911:0 — 1912:5 1
2 Source Surface Radius: 2.50 . O e IS ngu IS Ing
[ Cen ]

open/closed coronal field

=>» Field actually open will be
source of solar wind, less
dense & dark in EUX & SXR




Carrington Rotation 1911:0 — 1912:5
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W30 - Source Surface Field Q, 1, 2, 5, 10, 20 MicroTesla
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Hellosphere
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W30 - Source Surface Field 0, #1, 2, 5, 10, 20 MicroTesla
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W30 - Source Surface Field 0, #1, 2, 5, 10, 20 MicroTesla
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The wind through the cycle
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Effect of a warped” HCS
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The Heliosphere's Interstellar  Science May 10, 2012
Interaction: No Bow Shock Result

D. J. McComas,'?* D. Alexashov,? M. Bzowski,* H. Fahr,® J. Heerikhuisen,® V.

Izmoglenov,3 M. A. Lee,” E. Mobius,”® N. Pogorelov,® N. A. Schwadron,” G. P. fro m
Zank

IBEX

Vi = 26.8 km/s
3.5 A\

MO likely 1
rangef N ..

Most likely rang

%, = EDD Interstellar| & 00 Wil B R, . S
mc’;y// Flow =
2=/ 4umN -
Heliotail T % 5
5185 ‘2 232kms’ | @
i @ }ﬂs:.»m: 79J 25“
[5|5Mm= -5-00

/ Bow Shock
|

006 008 0.0
n,..[cm™]

Vi =21.4 km/s



Summary

Corona: because there is heating —reaches high T
because radiation cannot balance heating so
conduction is needed

More heat =2 higher density

Wind: because there is heating — advective energy
flux balances heating

Creates heliosphere



