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Tungsten as a plasma-facing component 
Pros  : high melting point => compatible with high temperature fusion plasma 
 : low hydrogen (T) retention => safety, economy 
 : low sputtering yield => long lifetime 
 : low dust production 
Cons : high Z (74) 

⇒ highly radiative ( allowable nW/ne < 10-5) 
⇒ accumulation in the core plasma 

 
Issues of W transport study 
Understanding  of  

 Transport in core plasma*  
 => accumulation mechanism in core plasma 
 Local transport in divertor, global migration,,, 

Control of 
W generation, W penetration, W accumulation,,, 

Preparation of diagnostics at high Te ~ 15 keV ( ~ Wq+ : q > 60) 
Evaluation of  W density, W ion distribution*, radiative power,,, 

Tungsten in Fusion Research 
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*present study 



*) M.F.Gu et al., Astrophys. J. 582 (2003) 1241. http://sprg.ssl.berkeley.edu/~mfgu/fac/ 

Requirement for W atomic data 
=>calculation with an atomic structure code,FAC* 

① Calculation of Dielectronic recombination 
② W Spectrum analysis (JT-60U, LHD) 



Ionization equilibrium: 
Difference between AUG* and FAC calculation 

*T Putterich et al Plasma Phys. Control. Fusion 50 (2008) 085016 

Still different: 
Shift to lower Te  
 in AUG calculation 
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Ionization equilibrium: 
Sq+=>(q+1)+ ･nW

q+  
 = α (q+1)+=>q+ ･nW

(q+1)+ 
 

S = Sdirect + Sexcit.autoioniz. 

α = αradiative + αdie-electronic 

*present study 



Calculation of Dielectronic Recombination rate: 
Example for DR for W45+ => W44+ 

Branching ratio: 

Aa and Ar are calculated with FAC 



*T Putterich et al., Plasma Phys. Control. Fusion 50 (2008) 085016 

Dielectronic Recombination rate for W45+ 

Evaluation of calculated αDR in EBIT experiments is in progress 

* 



*U Safronova et al., J. Phys. B  42 (2009) 165010 

Dielectronic Recombination rate for  
W63+: Na-like 2p6 3s => W62+:Mg-like 2p6 3s2 

Evaluation of calculated αDR in EBIT experiments is  
under consideration 
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Total ( safronova* ) 



*) M.F.Gu et al., Astrophys. J. 582 (2003) 1241. http://sprg.ssl.berkeley.edu/~mfgu/fac/ 

Requirement for W atomic data 
=>calculation with an atomic structure code,FAC* 

① Calculation of Dielectronic recombination 
② W Spectrum analysis (JT-60U, LHD) 



Calculation model: Example for W 15+ 

Electron configuration: 
4d10 4f11 5s2 
4d10 4f11 5s1 5*1;5s=0 
4d10 4f12 5s1 
4d10 4f11 5s1 6*1 
4d9  4f12 5s2 

Coronal model 

Atomic structure 
calculation 

Energy level: 

Excitation rate: 
Radiative transition 
rate: 



Calculated population: Example for W15+ 
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4d9  4f12 5s2 

4d10 4f11 5s2 
 (Ground state) 

Electron configuration: 
4d10 4f11 5s2 
4d10 4f11 5s1 5*1;5s=0 
4d10 4f12 5s1 
4d10 4f11 5s1 6*1 
4d9  4f12 5s2 

Excitation 
Radiative transition 
⇒ Coronal model 
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JT-60U core plasma: single peak 

*) T. Nakano et al., Nucl. Fusion 49 (2009) 115024. 



JT-60U peripheral plasma: two peaks 

*) T. Nakano et al., Nucl. Fusion 49 (2009) 115024. 
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