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Reflection of Alfven Wave
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Anisotropic MHD turbulence

* Can MHD turbulence explain the presence of perpendicular ion heating? Maybe not!
I(II 1

Connecting the Solar Wind to the Corona S. R. Cranmer, Physikzentrum Bad Honnef, 2 Feb. 2012



Anisotropic MHD turbulence

* Can MHD turbulence explain the presence of perpendicular ion heating? Maybe not!

>

* Alfvén waves propagate ~freely k"
in the parallel direction (and S
don’t interact easily with one DO
another), but field lines can =D Q
“shuffle” in the perpendicular
direction.

* Thus, when the background field
1s strong, cascade proceeds
mainly 1n the plane

perpendicular to field (Strauss e
1976; Montgomery 1982). i 4 jff:f.'.___

Connecting the Solar Wind to the Corona S. R. Cranmer, Physikzentrum Bad Honnef, 2 Feb. 2012



Anisotropic MHD turbulence

* Can MHD turbulence explain the presence of perpendicular ion heating? Maybe not!

* Alfvén waves propagate ~freely k" A

in the parallel direction (and
don’t interact easily with one
another), but field lines can
“shuftle” in the perpendicular
direction.

Qp/\]*\

* Thus, when the background field
1s strong, cascade proceeds
mainly in the plane

perpendicular to field (Strauss
1976; Montgomery 1982).

* In a low-f plasma, cyclotron
waves heat ions & protons
when they damp, but kinetic

damped, heating electrons.
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PI ume & I nte rp I UME  (wiheim@badhonnef)

Plumes expand super-radially.

Plumes observed in WL and VUV results from plasma density enhancements in CHs.

The electron density ratio between plumes and IPRs is between approx. three and seven.
The electron temperature in plumesis T_ < 1 MK. In IPRs it is higher by =0.2 MK to 0.5 MK.

The effective ion temperatures in plumes and IPRs are much higher than the electron
temperatures.

Beam plumes are, in many cases, related to coronal BPs and jets during the beginning of
their lifetime. They lie near magnetic flux concentrations interacting with magnetic dipoles
and lastupto2d.

Compressional waves are frequently observed in plumes.

The SW outflow velocity is higher in IPRs than in plumes.

The filling factor of plumes in CHs is < 0.1. The IPR contribution to the SW is important.
Plumes and IPRs have distinctly different abundance compositions.

Microplumes appears to exist along network lanes (network plumes).

The indication that plumes can be described as fractals supports the microplume concept.

Some open questions: Although models of plumes and their formation are available, an
exact description of the physical processes operating at the base and inside of plumes as
well as their interaction with the SW is still outstanding.

What produces the clear FIP effect signature between plumes and IPRs?



Plume & Interplume

Jets (red), plumes (white) and bright points seen by
the X-ray Telescope (XRT/Hinode) on 1 July 2008
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Out flow in Coronal Hole

AlA 171 2010-08-05T22:57:12.347 AlA 193
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Prediction of ubiquitous jets in the solar
atmosphere (Shibata 1998)

X-ray Jets/ Microflares EUV Jets/ Microflares ChromosphericJets/Spicules
VjethA,coronam1 000 km/s VjethA,chromosphere 100 km/s Vet VA ,photosphere ~10 km/s
T=1E K, Eup<l0ferg T=10PFK, Eqp =il erg TFK, Ex<10Rerg

il = e

m\m\\ Wk\\
B O\ A\

WA

e - PH PH
10" km 10 km 10 km
Source of coronal solar wind, Source of chromospheric/coronal
Alfven waves Alfven/slow-mode waves (?)

Fractal nature (since MHD is scale free)
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Summary of “reconnection”
observations with Hinode

FEIFERDASA KLY iR

“flares” Size (L) Lifetime Alfven t/t, Mass ejection
(t) time (t,)
nanoflares ~200 km | 200- 20 sec ~10~50 Chromospheric
1000sec jets (anemone,
penumbral)
Microflares 10° -10¢4 | 100- 1-10 sec ~100 jet/surge
Km 1000sec
Impulsive (1-3) x 104 | 10 min — 1 10-30 sec ~60-100 X-ray plasmoid/
flares km hr Spray
Long duration (3-10)x 1-10 hr 30-100 sec | ~100-300 | X-ray plasmoid/
(LDE) flares 104 km prom. eruption
Giant arcades | 10° -10° 10 hr — 2 100-1000 ~100-300 | CME/prom.
km days sec eruption
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e.g. Ishikawa+ 2008
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Spruit & Zweibel 1979

+ MR RBIE
- WAFREICL>THRENICTRANELS

- EREALFFICLEY, HETOSRSNISD
- ISR AIE KT S




—_

Y (arcsecs)
Y (arcsecs)
o

06:21:52 UT

Y (arcsecs)
o o

'
-

-1

0
X (arcsecs)

Velocity [km/s]

r r T r
+——+ Velocity
&< Intensity

Intensity

N
(9)]
—
\®)

»¥—k Field Strength

\”"’ 0

time (sec)

600

N
o
—
o

o
o
Intensity

Field Strength [kG]

—
o
o
©

o
o

Nagata+2008



OAFIIL—TIRED

74 7)‘/ MEH ZH#ESIL—TIRE) (Trace/1714)



75 X T2 (coronal seismology)
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