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The Berlin Electron Beam Ion Trap

  
Energy 

 
30 000 eV 

 
Energy spread 

 
50 eV 

 
Sweep rate 

 
1000 V/ms 
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Current 
 
150 mA 

 
Focusing 

 
Magnetic field 

 
3 Tesla 

 
 

 
Beam radius 

 
35 μm 

 
 

 
Current density 

 
4000 A/cm2 

 
 

 
Electron density 

 
5•1012 cm-3 

 
Highest charge 
state 

 
W70+ (Be-like) 

 
Confinement time 

 
20 s (Kr34+, Mo40+) 

 
Trapped ions 

 
50 000 

 
Ionisation 
data    
 

 
Ion density 

 
108 cm-3 

 



Tokamak prediction of tungsten emission

T. Pütterich, PhD thesis,
IPP-report 10/29, 2006

Modeled with 
ADAS



Wide range x-ray spectra of tungsten
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L-shell spectra of Wq+ (q≤70)
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Cowan-code , 
GRASP + ADAS



M-shell spectra

High-resolution Bragg-crystal 
spectroscopy of W44+ to W50+
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Electric dipole lines from 3d-4f , 3p-4d transitions

Theoretical data from K.B. Fournier (LLNL)
At. Data Nucl. Data Tables 68, 1 (1998)

EBeam = 

qmax = 

R.Radtke et al. J.Phys. Conf. Ser. 58, 113 (2007)

ASDEX Upgrade



Broad-band high-resolution measurement

Microcalorimeter detector at NIST EBIT
Ebeam =4.06 keV

Y. Ralchenko et al. Phys. Rev. A 74, 042514 (2006)

Flexible atomic code calculations 
+ collisional-radiative model

3d10 - 3d9 4s, 3d9 4p, 3d9 4f, 3d9 5f, 3d9 6f 
transitions

M : 3d10 – 3d9 4s     E2 and M3 transition

ASDEX Upgrade



E1 lines and bands of Tungsten

R. Radtke et al., PRA 64 (2001)
012720

T. Pütterich et al. 
J.Phys. B38 (2005) 3071
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M1-lines

Ground-term fine structure transitions
4p5 4d – 4d, 4f

strong isolated lines
sensitive to electron collisional excitation

Tc-like
W

31+

Zr-like

W
34+

Nb-like

W
33+

Mo-like
W

32+

Rb-like

W
37+

Sr-like

W
36+

Y-like

W
35+

In
te

ns
ity

Wavelength [ Å ]

650 660 670 680 690 700 710 720

Ru-like
W

30+

E
e
=1.68 keV

1.60

1.47

1.41

1.34

1.28

1.11

1.05



M1 to E1 line ratios

electron density diagnostic
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N-shell transitions; lower q W emission

Impurity accumulation
in ASDEX Upgrade
at  different electron temperatures

T. Pütterich, IPP-Garching

W laser blow off at 4.25s

• Atomic structure calculations challenging

• transport at the plasma edge 

4f – 5l  transitions



Pr to Pd-like Wq+ emission
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Summary: tungsten radiation
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Ionization energies from A.E. Kramida, J. Reader, At.Data Nucl. Data Tables 92 (2006)457

x-ray lines
from Δn=1 E1-transitions
n= 2 - 3
1,3 Å

N-shell Δn=0
emission bands
4p - 4d, 4d - 4f  at ≈ 50 Å E1  
and 500-800 Å M1 transitions

Strong soft x-ray
and EUV lines
from Δn=0,1 E1-transitions
3d - 4f 5-20 Å
4s - 4p 50-150 Å

Dense groups of EUV lines
from Δn=1  E1 transitions:
4f – 4f5s, 5p, 5d
120 - 350 Å

Line groups
from Δn=1  E1-transitions
3p - 4d, 3d - 4f 5-10 Å
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