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   What do atomic structure  

    theoreticians calculate ???? 

Atoms or ions in free space and unperturbed by 

external fields 

It does not matter 

what method or 

code ! 



  What do experiments measure ? 

Not in free space and perturbed by external forces ! 

e-  

e- 

e- 

E and/or 

B Field 



This difference is the  basis of plasma 

diagnostics based on atomic spectroscopy 

The trick is to find spectral lines that come from 

levels sensitive to the environment 

This most often means that metastable levels are 

involved and usually a line ratio is used. 

There is a BIG difference ! 

Plasma diagnostics via spectroscopy is based on these ideas 



A little history, the Solar Corona 

First spectroscopic observations were around 1869 (most 

famous) 

The recorded spectra lead to the identification of Helium and a 

number of other elements (“Coronium” being one). 

 

There is a very strong green line, known as the Corona green line 

at 5302.86 Å 



The famous Corona green line     

Observed 1869 

Explained in early 1940’s  as the 2P1/2 – 2P3/2 ground state forbidden  

transition in Fe XIV (Fe13+). 

But this went against contemporary thinking that the sun and the 

corona had the same temperature. 

It was known that the surface temperature of the sun was (still is) 

around 6000 degrees. 

 

At 6000 degrees there are no highly charged ions, Fe XIV (Fe13+) 

needs at least 3 million degrees. 

 

The wavelength is 5302.86 Å and the 2P3/2 level lifetime is 16.75 ms, 

measured using an EBIT to an accuracy of better than 1 %. 



Ground term forbidden transitions in highly ionized Fe and Ni 



Hinode's overall goals are: 

(1) to understand how energy generated by magnetic-field changes in the lower     

      solar atmosphere (photosphere) is transmitted to the upper solar atmosphere    

     (corona),  

(2) to understand how that energy influences the dynamics and structure of that upper   

      atmosphere, and  

(3) to determine how the energy transfer and atmospheric dynamics affects the  

      interplanetary-space environment.  

Hinode (日の出) or Solar B 

What about now ? 



Part of a spectrum of our sun, taken using the spectrometer onboard 

Hinode and covering the wavelength region of 17 – 21 nm, a spectral 

region not possible to observe from the earth. 



Important discoveries in Tokamak  

fusion diagnostics using atomic spectroscopy 

Plasma impurities can be classed as a landmark finding !  

In 1978 forbidden M1 transitions in highly ionized Fe XX  

were observed in the Princeton tokamak.  

In this work the authors could determine the ion 

temperature to be around 45 million degrees K. 

Densities, Temperatures and Plasma Impurities can be studied 



Why was the discovery of impurities so              

important for the fusion program ? 

Two things ! 

1) The impurity lines can be used to great   

advantage to measure the plasma 

temperature and density. 

2) We need to know the concentration of            

the impurities as heavy elements tend to 

be very good at turning heating energy      

into wasted radiation ! 

Aside, the Tokamak became an important light source for spectroscopic 

studies ! 



Houses of Parliament in London, which contains a part called the House of 

Lords. 



Science and the normal person … 



The atomic structure of Beryllium-like 

 N IV 

E1 

HPF 

IC 

M2 

2s2 1S0 

1P1 2s2p 
3P2 

3P1 

3P0 

≈ 1 ns 

≈ 1 min 

≈ 1 ms 

≈ 1 h 



The smaller of the three 
lines can be identified as the 
hyperfine induced decay 

From Brage, Judge and Proffitt, PRL 89, 

281101 (2002) 



The lifetime of the 2s2p 3P0 level was determined to be around 

11 hours. 

 This is by far the longest atomic lifetime ever determined, for 

storage ring experiments the longest lifetime measured is 

around 1 minute. 

Such long lifetimes cannot be measured with EBIT techniques, 

for lifetimes around 1s EBIT would need a very high vacuum 

and hence a very small signal ! 

3P0 lifetime 



Brage et al., Astrophys. J. 500, 507 

(1998).  

This shows the sensitivity of 

line ratios for transitions from 

levels of the 2s2p 3P term to 

the 2s2 1S0 ground state for 

Be-like N, as a function of 

electron density 

Electron density diagnostics 

using Be-like nitrogen lines 



Ni-like xenon 

Forbidden lines and nuclear 

effects 

E. Träbert et al., Phys. Rev. 

A 73, 022508 (2006)  



Decay curve for the M3 decay in Ni-

like Xe, measured using the LLNL 

EBIT. 

Experimental and theoretical 

life-times for the M3 decay 

Magnetic Octupole lifetime in Ni-like 

 Xe, Ce and Ba  

The experimental determined M3 lifetimes disagreed with      

the theoretical results  



The “bottom line” of this work if that lifetimes are 

f dependent ! 

M3 decay curves in 

Ni-like Xe 

natural Xe and 

isotope pure 132Xe 

132Xe only one 

component as 

there is no nuclear 

spin. 

Isotope resolved studies 



Hyperfine induced mixing 

Hyperfine interaction 

induces mixing 

between the 3D3 and 
3D2 levels 

Hence the 3D3 is 

shortened compared to 

what is would have 

been 



可见光
谱探测
系统 

真空紫外
光探测系
统 

注气
系统 

Perm

EBIT

主体 

The Shanghai Electron Beam Ion Traps, EBITs 

High energy EBIT ( 11 – 2200 Million degrees) 

Low energy EBIT ( 0.66 – 55 Million 

degrees)  DESK TOP PHYSICS ! 

Here you can see two of the spectrometers 

for viewing the hot plasma. One covers the 

region of 5 – 25 nm (covering the range of 

the Hinode spectrometer) and the other is 

for the 250 – 600 nm range (i.e. ultra violet – 

visible) 

What are we doing ? 



Conclusions 

    Spectroscopy has made some important 

contributions to the study and diagnostics of hot 

plasmas, things studied so far include 

(1)Composition 

(2)Temperature 

(3)Density 
 

 

Future possibilities, local magnetic field strength, 

even more density sensitive lines …. 

1)  Diagnostics using atomic spectroscopy 
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Dr. Martin Andersson (Fudan) 
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Thank you for your 

attention ! 


