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Tungsten: a candidate for PFCs in reaciposT

© % T W plasma-facing component
- ~ »Merit : high melting point
. high heat conductivity
. low sputtering yield
. low hydrogen (T) retention
— safety, economy
»Demerit : melting
. cracking (Bulk W)
: high Z (74)
— accumulation in plasma core
= highly radiative (ny/n, < 10°)
= W transport in plasmas

For quantitative transport study,
absolute W density is required.




Various W atomic data needed .
for W density measurement QST

W spatial / charge state distribution

<= loniz/recomb. rates {loniz.Eq / Transport model

E:» (Fractional abundance of W43*)

aH+ nW at
- -
~— l

nW (total W density)

n W’(Wq+ density)

Line identification f Photon Emission Coefficient
<= spectral data <= excitation rate, A coef, Energy level

| Collisional-radiatve model




Issue3: W density measurement

QST

Intensity ( 10* counts / s )
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Uncertainty of collisional data
( loniz./Recomb. rates ) needed

*T. Nakano et al J. Phys. B (2015)



Outline &QST

» Introduction
» Motivation

> Evaluation of W44 ionization / W4* recombination
-Experiment in Tokyo EBIT device
-Calculations for Excitation Auto-ionization
and Dielectronic Recombination by FAC
-Comparison

» Conclusions



Experimental setup QST

Trapped ions(\WV) Slide stage " Peltier cooled
W source: W(CO)s \ CCD I:camerta
QL e ormat:
7 ° Sl 1340
nGv x400
O \ @ Pixel:
20um

DY ) T
e Grating: 2400g/mm &
MAL=1100 @ 5 nm

Beam Energy : 2.5 — 3.4 keV

Energy width : ~10eV

Beam Current: 20 — 50 mA
*) H. Ohashi et al, Rev. Sci. Instrum. 82 (2011) 083103



Constant excitation rate ratio of W44* and Vv4°*
useful for direct comparison btw Exp and THESRpT

Measurement | Excita\ltion Xsec
[ Wa(B.2 nm):  4s28.,-  4p2Py, | |CP'(4sAp)| nW P (4s) [ n,

[W44+(6.1 nm): 4s4s 'S, -4sdp P, [T C*(4s4p) nW*(4s) n,

Close excitation energy (199 ev and 204 V) @ Qloniz. Equi.
—Similar energy dependence of C, ~

44+—45+

Y o 0.43 5 (loniz.Xsec)

45+—44+
& (Recomb.Xsec)
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nW45+ Sa4+->45+ G = Qdirect (D|) + Sexcit.autoioniz. (E A
nW44+ - o, 45+->44+ 4 = (yradiative (RR)+ odie-electronies {\
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nW45+ ) S44+->45+ G = Qdirect (D|) + Sexcit.autoioniz. (EA

nW44+ - o, 45+->44+ 4 = (yradiative (RR)+ odie-electrontey \

> 6000 1 |

) : 3s excited

g 3d excited 3p excited

> 4000 -+ auto-ionization: SERCTEE

0 e =————mp3ddsnl .

C oradiation:/g 51 gapiasta, MM

£ 200043, 48 /w5,

o 4s nl 3d 4s 4

A 10 o €Xcitation: »
ol3d 4s [ L Zndke(W_ )

| lonization l
3d10 452 = Excitation => 3d° 4s2 nI«[= Auto-ionization => 3d'0 4s
= Radiative decay => 3d"'0 4s?

| Excitation & emission
Need branching ratio!




45+

Ny S44+ ->45+ G = Qdirect (D|) + Sexcit.autoioniz. (E
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nW45+ ) S44+->45+ G = Qdirect (D|) + Sexcit.autoioniz. (EA

44+ 0L 45+->44+ oL = aradiative (RR)+ adie—electron > 0
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45+ S44+ ->45+ G = Qdirect (D|) + Sexcit.autoioniz. (E
B (RR)+ o die-electron
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Nothing changes

Auto-ionization => 3d'04s

= Radiative decay => %dm 4s2




nW45+ B S44+->45+  § = Qdirect (D|) + Sexcit.autoioniz. (E g

nW44+ o 45+->44+ o = (radiative (RR)+ o die-electron
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W44+: 3d° 4s 4l nl I D BENERE
n<8’C(i - J"_—'?—LL/\ n>8’Cli¥E—ﬁ—1_L/\ QST

Auto lonisation rate to W4>*
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W44+: 3d® 4s 41 nl 7 o DIRFTERZ(IpLAT N )

3d% 4s 4l nl -> 3d"9 4s nl (4] -> 3d) 75\':

2QST
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W44+ 3d9 4s 41 nl A5 DIREHBRS (oLl EA~).

3d° 4s 4] nl -> 3d9 4s 4I nl’ ( nl -> nI ) 75\‘
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nW45+ ) S44+->45+ G = Qdirect (D|) + Sexcit.autoioniz. (EAg .

nW44+ B g, 49+->44+ 4 = yradiative (RR)+ odie-electrontes
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nW45+ ) S44+->45+ G = Qdirect (D|) + Sexcit.autoioniz. (EA% .

nW44+ - oL 45+->44+ o = aradiative (RR)+ adie-electron o

20

107

. 1 0-24

RN
(@)}

2

-25

RN
N

RN
o

R
o
oo

N
N

RN
o
AN

W w density ratio

Cross section (m
S

-28 !
2400 2600

o

10

2800 3000 3200

E.(eV)



Data evaluation for diagnostic lines for ITER core

W62+ and W63+ 3s-3p @QST
Measurement | Excngt‘lon Xsec

IW63+(77nm) 3S 281/2 - 3p 2P1/2 _ ‘Ce63+(3s,3p]| nW63+(3S) ne
[W62*(8.0nm): 3s3s 'S, -3s3p'P, | Ce®™ (35,3p) nW (3s) ne

Close excitation energy (156 ev and 160 V) g @Ioniz. Equi.

—Similar energy dependence of C, 60463+
- 0.8 .S (loniz.rate)
7w v 63+—62+
| & (Recomb.rate)
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