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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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Very Hot (> 4 MK) Plasma 

Faint very hot 
emission 

Expected to be very faint: 

•   Short lived (rapid cooling) 
•   Small density and EM (little time for evaporation) 
•   Ionization nonequilibrium (Steve Bradshaw talk) 



Active Region EM(T) 

Fe XII, Fe XV, Ni XVII, Fe XVII 
Patsourakos & Klimchuk (2008) 



Active Region DEM(T) 

O’Dwyer, Mason, et al. (2010) EM(T) = T x DEM(T) 



Super Hot (~10 MK) Plasma 

Reale et al. (2009) Schmelz et al. (2009) 

CORONAS-F (Zhitnik et al. 2006; Sylwester et al. 2010)  
RHESSI (McTiernan 2008; Reale et al. 2009) 
XRT (Siarkowski et al. 2008) 

Hinode / XRT 



Active Region Moss (Transition Region) 

EMse ∝ P Λ(T)-1/2 T3/4 

EMcon ∝ J Λ(T)-1 T 

EMev ∝ P2 J-1 T1/2 , 

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

Tripathi, Mason, & Klimchuk (2010) 
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Flows 

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

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



Fe XII (195) Doppler Shifts 

Brooks & Warren (2009) 

Tripathi & Mason  
(preliminary results) 

also Del Zanna (2008) 



C IV (1548) Doppler Shifts 

Klimchuk (1987) 
Relative Doppler shift ~ 20 km/s 
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Nanoflare “Doppler Shifts” 

Steve Bradshaw’s HYDRAD simulations 

Nanoflares 

Weak 
Intermediate 
Strong Redshift 

Blueshift 



Simulated Line Profiles 

Mg X 
(625) 
1.3MK 

Patsourakos & Klimchuk (2006) 
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Fe XVII 254 (Hinode EIS) 

254.59   possibly Fe XI 
254.71   ? (possibly cooler) 
254.87   Fe XVII 
255.06   S X 

2010 April 26 

Study with S. Patsourakos and P. Young 



Observed Light Curves 
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Simulated Light Curves 
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Simulated Light Curves 
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Nanoflare Storms 

Strong nanoflares 

Weak nanoflares 

Weak, then strong 



Summary 

•   Most emission comes from a diffuse 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 


