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Skylab Manned Space Station and Apollo Telescope Mount - 1973 





Solar Spectroscopy in the Early 1970s 

•  Pure Spectroscopy: Many strong spectral lines were 
not identified (e.g., Fe XXIII 263 Å in flares). 

•  Atomic Physics: There were very little atomic data 
(e.g., excitation rate cross sections, radiative 
transition probabilities) for highly ionized atoms 
such as found in the solar transition region and 
corona.  People used the Gaunt factor 
approximation. 

•  Plasma Diagnostics: Very little knowledge of useful 
spectral diagnostics for highly ionized atoms, e.g., 
density sensitive line ratios.  No user-friendly 
computer programs for calculating differential 
emission measure distributions, etc.  The FIP effect 
was unknown. 

•  As a result, there was no CHIANTI !! (Arghhh !!!!!!!!) 



Spectroscopically Exploring the Solar Atmosphere in 
Temperature Space 

•  Visible to ~1900 Å: Dominated by the continuum, mostly absorption 
lines 

•  1700 – 1100 Å: The photosphere, chromosphere, lower transition 
region.  A few coronal lines for above the limb (no coronal disk 
observations) 
–  UV allowed and intersystem lines of ions, e.g., C I – C IV, N IV, N V, O I – O 

V, Si IV, S IV 
–  Forbidden and intersystem lines of coronal ions, e.g., Si VIII, Fe X, Fe XI, 

and Fe XII; flare forbidden line of Fe XXI 
–  Temperatures from 1 x 104 K to about 2.5 x 105 K 

•  1100 Å – 500 Å: the lower and upper transition region but limited 
coronal access for disk observations, some forbidden lines for flares, 
e.g., Fe XVII, Fe XVIII, Fe XIX, Fe XXII 
–  UV/EUV allowed lines of ions such as O II – O VI, H I, He I, He II 
–  Temperatures from 2.5 x 105 K up to about 1 x 106 K  

•  500 Å – 170 A: the corona and flares (some transition region lines) 
–  Coronal allowed lines of many ions (e.g., Fe IX – Fe XVII, Ca XIV – Ca XVII), 

flare lines of Fe XXII, Fe XXIII, Fe XXIV 
–  Temperatures from about 8 x 105 K up to about 20 x 106 K 

•  Below 170 Å : flare allowed lines of Fe XVIII through Fe XXIII between 
about 90 Å and 140 Å.  





SDO/EVE flare spectra 



Laser-produced 
plasmas, tokamaks, 
and EBITs have 
been key resources 
for astrophysical 
spectroscopy. 



Predictions from laser-produced plasma spectra 
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X-ray/UV spectroscopy of solar and laboratory plasmas, plasma
 diagnostics, atomic physics




From Neil Sheeley 
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Chromosphere 

Transition region Corona 

~5500 K 10-20 x 104 K 

0.2-3 x 105 K 

1-3 x 106 K 



The Structure of the Solar Transition Region 

The classical transition region Classical temperature structure  

The cool loop/funnel model 
The Sun at 320,000 K 
(2 x 105 km2, SUMER) 

What best describes the 
solar transition region –  
e.g., the classical 
transition region, cool 
loops, or separatrix 
surfaces? Transition 
region structures are 
around 100 km is size,  
below  most current EUV 
instrument resolution.   
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Transition Region Dynamics 

C IV: 1550 Å 
HRTS rocket spectra 
SOHO/SUMER 
SOHO/CDS 



EIS Science Highlights 



Active Region Hinode/EIS raster in Fe XII 195.12 Å 

Intensity Doppler Speed 



Active Region 
11 Dec. 2007 
Fe XII 195.12 Å 
00:24:16 UT 
Field of view =  
185,000 km x  
185,000 km 

Active Region Flows 
- A Source of the 
Solar Wind? 

Fe XII Intensity 

Doppler Shift 

Turbulent Motions 

magnetogram 

Two flow speeds: ~20 km/s and ~200 km/s 



SOHO/SUMER spectra 



Jordan emission 
measure loci 
plot: SOHO/SUMER 
spectra, Si lines only 



Courtesy  
Harry 
Warren 



Courtesy Harry Warren 





Unsolved Problems in Solar Physics 

•  The Photosphere-Coronal Connection 
–  Spatial resolution to resolve the morphology of 

the atmosphere 
•  The Origin and Energetics of the Solar Wind 

–  Trace measured coronal outflows, e.g., active 
regions back into the chromosphere/photosphere 

•  The Basic Building Blocks of the Solar 
Atmosphere 
–  Modeling active region loops and coronal heating 

•  The Dynamics of Highly Transient 
Phenomena – Magnetic Reconnection 
–  The reconnection region of solar flares 
–  Small scale phenomena such as bright points 



Summary 

•  High resolution spectroscopy has 
graduated into high resolution imaging 
spectroscopy. 

•  The key to truly understanding the 
physics of the solar atmosphere is high 
resolution imaging spectroscopy. 

•  Solar-C Plan B has enormous promise 
for solving the key problems of solar 
physics. 


