Why We Need Spectroscopy
to Solve the Coronal Heating Problem
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Helen Mason is a mistress of the spectroscopic techniques that are
required to diagnose and understand the spatially unresolved structures
that comprise the solar atmosphere.



Objectives

1. Emphasize that most emission is in a diffuse component, not distinct loops
(Both components are comprised of unresolved strands)

2. Highlight especially useful diagnostics

« Emission Measure Distribution, EM(T)
» Line core Doppler shifts
» Line profile details (blue wing enhancements)

3. Examine the arguments for steady heating (and against impulsive heating)
in the cores of ARs.

* Lack of variability
* Poor correlation between warm (1 MK) and hot (3 MK) plasma

« Absence of very hot (> 4 MK) plasma
* Very small Doppler shifts
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335/171

Hot / Warm Emission Ratios
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Very Hot (> 4 MK) Plasma

Expected to be very faint:

« Short lived (rapid cooling)

« Small density and EM (little time for evaporation)
* lonization nonequilibrium (Steve Bradshaw talk)
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Active Region EM(T)
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Emission Measure (10* cm™)

Super Hot (~10 MK) Plasma

Hinode / XRT
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Active Region Moss (Transition Region)

29.0 g T

2851

28.0

27.51

27.0F

26.5
20.0

TRACE 171 01-July-2007 03:48:48 UT i EIS Fe X11195.12 03:18:13 UT,

28.5

EM,, = P A(T)"2 T3

EMqgy o J A(TYT T

26.5

EM,, « P2 J1 TV2

P = pressure
J = mass flux
A(T) = rad. loss fctn.

k‘z 54 56 58 60 62 64 66 %.2 54 56 58 6.0 62 64 66
log T log T

Tripathi, Mason, & Klimchuk (2010)



V (km/s)

Flows

—

Evaporation phase:

T (108 k)
o N » o

0 2000 4000 6000 8000
Time (s)

N (108 cm_3)

0 2000 4000 6000 8000
Time (s)

400
300 F

200 E
100

-100

0 2000 4000 6000 8000
Time (s)

fast, faint upflows
2. Draining / condensation phase: slow, bright downflows

normalized intensity

o
o]

o
o

o
i

0.2

L 1
-200 -100 0 100
velocity (km/s)

Line core Doppler shifts and
blue wing enhancements are
temperature (line) dependent



Solar Y (arcsec)
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AR 2697

28 SEPT 1980

C IV (1548) Doppler Shifts
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FIG. 5.—Asin Fig 1, but for Active Region No. 2697, observed on 1980 September 28. Times of the observations are as follows: (a) and (b), 16:10 UT; (¢}, (d), and

(f)15:46 UT;(e) 17:30 UT.
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FiG. 1.—Six coaligned images of
Active Region No. 2418, observed
on 1980 May 7: (a) Civ Dopp-
lergram showing relative Doppler
shifts, 18:02 UT; (b) calibrated C 1v
Dopplergram  showing absolute

dynamic range, black to white); (¢)
Fe 1 magnetic contour plot (+ 100
G contours indicated), 16:01 UT;
(d) Fex (£100 G
dynamic range); () on-band Ha fil-
tergram, 19:04 UT; and (f) Fer

and dark shades correspond,
respectively, to redshifts and blue-
shifts in the Dopplergram plots, to
positive and negative line-of-sight
polarities in the magnetogram
plots, and to bright and faint emis-
sions in the intensity plots. All
images are 4’ on a side and oriented
with solar north to the top. ¥, lines
have been (raced on the time-
corrected Dopplergram and trans-
ferred to the other images for
spatial reference (see text). The
arrow and number at the top indi-
cate the direction and distance to
disk center in units of a solar



Nanoflare “Doppler Shifts”
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Simulated Line Profiles
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Observed Light Curves
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Normalized Intensity
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Normalized Intensity
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Summary

» Most emission comes from a difftuse component, not distinct loops

» Spectroscopy is crucial for diagnosing unresolved structure and
understanding coronal heating

 Active region cores may be heated by nanoflares
« Some observations suggest this is likely
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* Helen Mason has made enormous contributions to solar physics,
both in her research and in the scientists she has trained




