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D

0.5- 100eV
(0.1- 50)x1019m-3

C3+

C3+

C3+

~10 keV
~1020 m-3

*   Kubo H. et al 1995 Plasma Phys. Control. Fusion 37 1133
**  Fenstermacher M.E. et al 1997 Phys. Plasmas 4 1761
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 (1018 /m2s)  (1018 /m2s)

C IV

* Nakano T. et al 2007 Nucl. Fusion 47 1458
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C IV ( 1s22s ) 

• n < 4  < ~50eV
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C III (C2+) 
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A. Thoma et al., Plasma Phys. Control. Fusion 39 (1997) 1487–1499
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A. Thoma et al., Plasma Phys. Control. Fusion 39 (1997) 1487–1499
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Neutral Beam Injection (NBI) system

• JT-60U has 11 positive-ion-based NBs (PNBs~85keV) and 2 negative-ion-based NBs

(NNBs~350-420keV)

• Widely variations in combination of tangential (co/bal/ctr) and perpendicular injection

2 co-tangential NNB (4MW)

(No NNB avairable in this exp.)

7 perp. PNBs

(~15.75MW)

2 ctr-tang. PNBs

(~4.5MW)

2 co-tang. PNBs (~4.5MW)
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•  ( ): 
       ~ 0.74 nm (2.3 pixels)

• :
                 ~ 430 nm ( 350 - 780 nm)
•  (92ch):
                  ~  1  cm 

•         : 300 g/mm
• F      :    2
• 0.2 m

CCD
• 
•      :     20 x 20 µm
•  :  1340 x1300 

32ch

60ch

2
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MARFE X
 C IV 

, n < 4
: C3+ 

: ne = 5 x 1020 m-3, Te = 10 eV
:  40 % 
: C3+  4 x 1019 /m2s
, n > 6

: C4+ 

: Te = 3 eV
:  0.5 % 
: C4+  2 x 1020 /m2s

 C3+  C3+ 
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 : C3+ C IV 
 Te = 20 eV 

<=>  Te < 1 eV
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C IV (C3+) 

Rad. / C IV (3s-3p) = 3.3 x 10-13 J/ph ( 6.3eV, 7.8x1020m-3 )
C IV (3s-3p)           = 2.4 x 1018 ph/m2s

  = 0.8 MW / m2 

             ~ ( 1.4 MW / m2)  60 %
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Proposal: Measurement of W density
from optically forbidden line

( W52+ 3d4
J=2 <- J=3 (M1): 354.6 nm )

Background:

 W is used for first wall or divertor tiles in present devices 
 for the test for ITER.

•AUG        : first wall,
•JT-60U    : divertor tiles ( 1/18 outer divertor tiles) 
•TEXTOR : test limiter 
•JET         : divertor tiles ( planned)

Difficulty for determining the core W denstiy 
by X-ray, VUV spectrometer:

•Many lines blended -> difficult line identification, even charge state
•Calibration of sensitivity -> uncertainty of the W density

Visible spectroscopy overcomes these difficulties.

(Nakano, JT-60U)



J=0

J=4

J=3

J=2

J=1

A (J=3 -> J=2) 
   268 s-1

A (J=3 -> J=4) 
   1441 s-1

Excitation by D impact ( 4 keV)
(= e impact ( 1 eV ))

C(J=0->3) : 8.3 x 10-19 m3/s

Ionizatoion by e impact (2 keV)
S4:1.2 x 10-18 m3/s

W52+ 3d3
3/2d5/2

Model:

W52+

LOS

I32L = 
A32

A32 + A31 + neS4
neC03nW 52+

= 9.2 x1013 ph / m2 sr s

Assumption :
 Te= 2 keV 
 ne=3x1019m-3

 TD= 4 keV 
 nD=3x1019m-3

 nw52+/ne=0.01%
 L=0.1m
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Synthesized spectrum
Around detection limit =>

Long exposure ~ sec
Back-illuminated EM-CCD
Fiber ~ mm( )

Probable collaboration:
•LHD        : W ball (~mm) injection
•AUG       : first wall ( comparison of VUV and Visible )
•JET         : divertor ( 2007?)
•TEXTOR : W-test limiter
•DIII-D      : W on Dimes
•C-mod     : W-bar?

 W-contaminated plasma ( PNB > 15 MW, Sp
out on W tile )

 Reversed Shear plasma ( accumulation & sheilding of W )

Target in JT-60U:
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A32
A32 + A34 + neS4

neC03nW 52+

W52+ 3d4
J=2 <-J=3 : 3626.7 Å 



Te(0)~ 3 keV
ne(0) ~ 4x1019m-3

Zeff     ~ 4.5 
nw52+/ne=0.17%,

     （すべてがW52+と仮定）
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