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Outline

J Recent observations of TR structures and emission
d Formation of the solar wind in TR/chromosphere

1 Mass cycling between the chromosphere and
corona/solar wind



Optically thin emission
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Pattern of TR network and flows
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Network size

(characteristic size

of the bright

emission feature in

intensity images):

» Stable across a

very wide T
range

Increases from
middle TR to

upper TR more
dramatically in
CH than in QS

Tian et al. 2008,
A&A, 482, 267
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Height of TR 1n CH and QS
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TR structures in CH & QS
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TR region: a thin layer?

= Locally thin: coexistence of ions with different formation temperatures at
about the same height in TR loops, and similarly in open fields.
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Lower TR: clean Ly o profile

= Asymmetry
« Stronger blue peak
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Lower TR: Lya & Ly 3 profiles in CH
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Outline

1 Recent observations of TR structures and emission
d Formation of the solar wind in TR/chromosphere

1 Mass cycling between the chromosphere and
corona/solar wind



Doppler shift in CHs
Polar CH Equatonal CH
- = Upper TR: ——
ubiquitous blue
shifts widely
interpreted as
solar wind origin
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Reconnection driven solar wind
Ao A model

Solar Wind Inside

Funnel
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Fast wind from magnetic funnels

“ranmer 2009, Livihg Rev. Solar F"h&/s'.,'6, 3
Initial acceleration (from ~5
km/s to ~100 km/s)

wind velocity (km/s)
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AR

Solar wind mass supply through
supergranule-scale magnetoconvection
in the chromosphere & TR

Tu et al. 2005, Science, 308, 519
Tu et al. 2005, Solar Wind 11
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Signature of supergranule-scale magnetoconvect

the chromosphere
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Initial acceleration of the fast solar wind (I)

» Blueshift in TR and coronal
lines, increases with T

» Blueshift patches converge as T
increases
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1-D model
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d Formation of the solar wind in TR/chromosphere

1 Mass cycling between the chromosphere and
corona/solar wind



Coronal circulation
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» To emphasize that the plasma in the TR & corona is nowhere static but everywhere
flowing, strongly guided by various magnetic channels. Evidence for these processes exists
in the ubiquitous redshifts mostly seen at both legs of loops on all scales, and the sporadic
blueshifts occurring in strong funnels. There is no static magnetically stratified plasma in the
upper atmosphere, but rather a continuous global plasma circulation, being the natural
perpetuation of photospheric convection which ultimately is the driver.

» Coronal circulation presumably extends to the corona’s outer interface, which is assumed
to be located near the so-called magnetic source surface (at 2.5-3 Rs), where the solar wind/
heliospheric field actually begins.



High-speed upflows at AR edges

» PDsin EUV & X-Ray
images: upflow speed ~100
km/s
» EUV spectroscopy:

» Blue shift of coronal lines
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Profile asymmetry not caused by noise or blend
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Periodicity of the high-speed outflow

Periodically enhanced and weakened upflow
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Outflows in CME-related dimming region
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Ubiquitous high-speed outflows in CHs

AIA observations reveal 2 -~ .
unprecedented details A 171 2010-08-25T23:0142.542°
inside CHs “r L Y ¥
Plumes, PDs and Alfven

waves are present in
CHs

Mass flux dens1t§
1.67X107° s—Lif )
using log(Ne / cm3)=8 |

and =100 km s'!, mass , "
flux two orders higher e

than that of solar wind

Energy flux of coronal
Alfven wave (fo <1*>v,)
is a significant portion of !y
or comparable to that '
needed to power the
quiet corona and solar B | oy ~
wind (100 W m?) - e, \ N

Tian et al. 2011, ApJ, 736, 130



High-speed outflows 1n QS

= QS plumes often project onto the
plane of the sky above surrounding

CH

= Blue shifts in CH might be
contaminated by QS outflows, not
pure signatures of the fast solar wind
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Proﬁle asymmetry of TR lines
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Mass circulation-three emission
components

Corona Emission Line > TMK
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Mclintosh et al. 2012, ApJ, 749, 60



Understanding the temperature dependence
of TR Doppler shift and non-thermal width

It is probably the
different relative
contributions of the
three components
that produce these
magic curves!

More blueshifted in
CH than in QS:
less return of

outflowing plasma_

E 9F
X

-

Next step:
unambiguously
resolve the three
components at
different
temperatures

f Peter & Judgg’1999, ApJ, ]
522, 1148 onyp :

[ Sandlin et al. (1977)
10k A Brekke et al. (1997)
[ —---— fit to Chae et al. (1998)
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= TR structures
» TR might be locally thin, but are highly nonuniform.

» TR 1s higher and more extended in CH than in QS. Magnetic structures
expand through TR more strongly in CH than in QS.

» Clean solar Ly & profiles have been obtained in different regions, to be
reproduced and explained by solar atmosphere models

» TR above sunspots is higher and probably more extended than in the
surrounding plage region

= Reconnection driven solar wind model
» supergranule-scale convection in the chromosphere
» Initial acceleration
» 1-D model

= Mass circulation in TR and corona

» High-speed upflows have been observed by both imaging and
spectroscopic observations in various regions on the Sun, mass supply to
the corona and solar wind at a speed of the order of 100 km/ s, not ~10
km/s; 1s intermittent, not continuous

» Two components in coronal lines and three components in TR lines



