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“Lining up the electron spins….”
or

“Exciting the inner shell electrons…”

3-electrons (lithium sequence)  quartets
[also sodium and other alkali sequences]

4-electrons  (beryllium sequence) -> quintets
5-electrons (boron sequence) -> sextets

An important early paper:       Example of the decay of the lowest 
(METASTABLE) state of these “high-spin states”

“Decay of   4P5/2 Autoionizing States of Ions in the Li Isoelectronic Sequence,”

K.T. Cheng, C.P. Lin, and W.R. Johnson, Phys. Letts. 48A, 437 (1974).



Why are we interested in sextet states?

Why do we study
Sextet states of
boron-like Ions

Possible
candidate for

energy storage

To check
the QED
effects

To check the
MCHF method

Possible
candidate for

XUV/X-ray
lasersTo check the

higher-order
corrections

Offer new data for
atomic physics

databaseOffer new data
for plasma

physics database



Doubly excited sextet states 
in boron-like ions

• Five electrons 
with aligned 
spins

• well above 
several 
ionization levels

• metastable: 
τ≈10-6 -10-9s. 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Term diagram of doubly excited sextet 
states in O IV.  

 
 
 
              -------------------- 
  E=1064 eV        O VIII gs     1s  2S1/2 
              -------------------- 
  E=886 eV          O VII  gs     1s2s 3S0 
                  
    
                                          5-electron  sextet  states  in  O IV 
 
 
 
 
 --------------------  E=326 eV  O VII     gs   1s2    1S0 
 

-------------------- E=188 eV  O VI      gs    1s22s  2S1/2 
 

-------------------- E=77 eV    O V        gs   1s22s2   1S0 
_____________              E=0 eV      O IV       gs   1s22s22p  2P1/2 



Fast beam-foil spectroscopy at the 2 MeV Van de 
Graaff accelerator at the University of Liège



The 1s2s2p23d 6FJ-1s2p33d 6DJ' transitions in the beam-foil 
spectra of oxygen, recorded at the different energies. The 
beam energies and spectrometer slit widths are shown.

 

(a)

0

200

400

600

800

665 670 675 680 685 690 695 700 705

In
te

ns
ity

Expt O2+ 1.5MeV
100/100μm

(b)

D

?

50

150

250

350

450

550

664 666 668 670 672 674 676 678 680 682

In
te

ns
ity

Expt O+1.7MeV 40/40μm

(c)

S
P

D

0

50

100

150

200

250

660 665 670 675 680 685 690 695 700 705

Wavelength (Å)

In
te

ns
ity

Expt O+2.5MeV

O
 V

 3
d-

4p

11
/2

-9
/2

9/
2-

*

7/
2-

*

5/
2-

*

3/
2-

*

1/
2-

*

0

40

80

120

160

665 665.5 666 666.5 667 667.5
Wavelength (Å)

In
te

ns
ity

Expt O+2.5MeV
SCHF'
Sum



(a)

0

200

400

600

800

665 670 675 680 685 690 695 700 705

In
te

ns
ity

Expt O2+ 1.5MeV
100/100μm

(b)

D

?

50

150

250

350

450

550

664 666 668 670 672 674 676 678 680 682

In
te

ns
ity

Expt O+1.7MeV 40/40μm

(c)

S
P

D

0

50

100

150

200

250

660 665 670 675 680 685 690 695 700 705

Wavelength (Å)

In
te

ns
ity

Expt O+2.5MeV



The doubly excited sextet levels in O IV

The transition wavelengths are in Angströms. 



Grotrian diagram of doubly excited sextet levels 

1s2p2nln'l' 6L in O IV. The units of wavelengths are Å.



Decay curves of O IV sextets



EBIT spectra

of Tungsten

Tokyo 2012





Lines identified
by
Fudan students!!



Any “long-lived Rydberg transitions” in EBIT spectra?

For any Rydberg transition 
Between n1 and n2  ( easier than the GRASP code!)

E =ζ2 x 109737(1/n1
2 – 1/n2

2 )

Examples for W (12+)  ζ = 13   then 
E(10-11)  gives  wavelength λ = 310.7 nm
E(11-12)  gives  wavelength λ = 408.5 nm
E(12-13)  gives  wavelength λ = 524.9 nm

Check the Japanese spectrum….



Conclusion:

NO Rydberg YRAST  transitions   seen

Therefore,  lines must be between  low-lying levels



Just a brief selection……….(from Sally)




