s




g
W..
o

7

-

- ——
e

e




) 2 &Y T TR IT) [ = Y - - i
£ Yeu gl . LS u";g!? ARET

Four provocative statements:




The Transition Region
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Fioure 1. Quiet chromospheric network, 13 August 1973, 16 h 00 U.T.

e.g., Reeves, Vernazza, & Withbroe (1976)




The Transition Region: Observational Problems

Emission is Emission measure
systematically redshifted below ~ 10° is too high
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e.g., Chae, Yun, & Poland (1998) e.g., Dowdy, Rabin, & Moore (1986)




I The Transition Region: Observational Problems

Emission scale height is too large:
not ~100 km, but ~1000 km
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e.g., Doschek et al. (1976)
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I The Transition Region: Observational Problems

Composition is not coronal,
but close to photospheric
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The Transition Region: The “Junkyard” Model?

J. F. DOWDY ET AL.

NETWORK LANE

‘~1o4 km

and s[oix:utas%’

~10* km
NETWORK LOOPS:
COOLER TRANSITION
REGION

CORONAL FUNNELS:

HOTTER TRANSITION
REGION

Fig. 5. Our three-dimensional picture for the magnetic structure of the quiet transition region. A ‘magnetic
junkyard’ is collected into the network lanes by supergranulation flow. There are two distinct populations
of magnetic structures: (1) network loops, low-lying loops within the network lanes, and (2) coronal funnels,
comprised of open field lines reaching up into the corona. We expect that most of the cooler transition region

Dowdy, Rabin, & Moore (1986)



The Transition Region: Unresolved Fine Structure?

23:51:19

“The high spatial and temporal resolution observations with the Interface
Region Imaging Spectrograph (/31S) at the solar limb

that vary rapidly, on the time scales of minutes. We argue
that the existence of these loops solves a long-standing observational
mystery.”
- Hansteen et al., Science, 2014
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23:53:12




The Transition Region: Impulsive Heating and Flows?

“We show that , at low heights of the

upper chromospheric plasma to coronal temperatures

in TR lines . . . with similar

amplitudes to those observed with EUV/UV spectrographs.”
- Hansteen et al., Apd 2010
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Is the Transition Region Understood?

If “transition region emission is dominated by small scale,
Impulsively heated structures,” that could explain

- Systematic red-shifts
- Excess DEM at ~ 10° K
- Excess emission scale height

- Photospheric composition (needs time-dependent modeling to confirm)

What’s left? . . . Spicules could contribute significantly to the small
scale transition region

- Great observations (Tiago)
- No accepted theories!
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I The 1MK Corona: Observations




I The 1MK Corona: Observations




I The 1MK Corona; Observational Problems

Loops are Overdense DEMs are Narrow

Region E — Loop
TRACE 171 A, 1999 Nov 6, 22:05 Simulation of hydrostatic equilibrium
(Scale height A(T=1 MK)=47,000 km

Aschwanden et al. (2001) Del Zanna & Mason (2003)
Lenz et al. (1999) Brooks et al. (2012)




I The 1MK Corona; Observational Problems

Loop Lifetimes are Long Composition is Coronal

284 A intensities
195 A intensities
171 A intensities

Mg VIl 367.7 Alog T = 5.8

17:20 17:40 18:00 18:20 18:40 19:00 19:20
Start Time (04—-Jul-98 17:15:00)

Winebarger et al. (2003)
Lenz et al. (1999)

Vial et al. (2012) Del Zanna & Mason (2003)




The 1MK Corona:; No Solution Yet?

Multiple Strand Overdensity from:
Impulsive Heating slow draining

Problem:
Light curves generally not observed
(e.g., Winebarger delay studies)

Thermal Overdensity from:
Non-Equilibrium footpoint heating

Problem:
Conditions for TNE rare?
(e.g., Froment study)




I The 4MK Corona: Observations

AlA Fe XVIII




I The 4MK Corona: Observations

AlA Fe XVIII




I The 4MK Corona; Observations

DEMs are narrow Amount of 5 MK Plasma is Small

AR 11289

o]
£
(&)
S
[0]
L
32
[72]
©
[0}
=
c
S
[72]
@
£
L

5.8 6.0 6.2
Log Temperature (K)

Warren et al. (2012)
Del Zanna et al (2015)

Testa & Reale (2012)
Del Zanna & Mason (2015)




I The 4MK Corona: Observations

Non-thermal Velocities
Composition is Coronal are Small (~ 18 km/s)
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The 4MK Corona; Observations

Fe XVIII emission is not steady

2011/11/08 14:00:23 UT

NO EVENT EVENT

Ugarte-Urra & Warren (2014)




The 4MK Corona; Observations

Fe XVIII emission is not steady

2011/11/08 14:00:23 UT

NO EVENT EVENT

Ugarte-Urra & Warren (2014)




The 4MK Corona: 0D Simulations

Lack of 4 MK 3D MHD simulations is not a
physics problem, but a computational
problem (Viggo?)

“Super Stepping” (Meyer MNRAS 2012)
C. Johnston Poster (P2.6)

Cargill (2014); Also Fabio’s Talk
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The (almost) 4MK Corona: 3D MHD Simulations

Dahlburg et al Submitted
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