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Plasma Surface Dynamics with lon Beam Analysis
(PS-DIBA)
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i) Compact and powerful plasma source
ii) Differential pumping to protect detectors and Van de Graaff accelerator
iii) lon beam monitoring system during plasma exposure



Novel compact and powerful dc plasma source
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-Zigzag-shaped LaB,; cathodes heated by

direct Joule heating.
=) Efficient heating (1600 K at 730 W)
-Magnetic field is inclined to two cathode

surfaces at a shallow angle.
=) | arge effective cathode area

- Discharge gases are introduced between

the two cathodes.
mm) Efficient usage of neutral gas for discharge




Discharge power dependences of the electron density n,
and temperature T, at a center of plasma column
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-Density is proportional to 6F ... 200 [G] N R

the discharge power. '%' Wwww:\

-Electron temp. is almost =1 ' 100 [G]

constant around 5 eV. =2 D, 0.5 Pa

-Higher B-field leads to 0 B

0 0.5 1 1.5 2

higher density. .
~4.5x10" m3at 1.8 kW and 200 G Discharge Power [kW]

Capability of magnetic coils ~ 1.4 kG =% >1019m-3



Differential pumping to protect detectors and Van de Graaft

Detector | D+3He*— o+ p

== — O e(~13MeV)
differential EEI 7

pumping ~ Al SHe(~1MeV)

| Mylar(6 g m)+AII2 gy @ 2MeV)

\__ Films - g )

N Y
Ditector region ~ 104Pa Plasma region ~ 1 Pa

Detector region is sealed by mylar film to maintain high

vacuum state and Al film is used to repel plasma photons.

Protons in NRA can be detected through the films.

Pressure in beam line
is kept less than 10-3 Pa.
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lon beam monitoring system during plasma exposure

It is impossible to measure the ion beam current at samples during plasma exposure.

To monitor the beam current, a rotating gold plate (Au) was
installed in the beam line as a beam chopper.
Rotary mani
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-Beam fluence [uC] at target is proportional to _go i ; LAA‘,, —
monitor yield [Counts] by Au plate. =2 A ety
- Capable of measuring ion beam fluence TN I T T

during plasma irradiation

Beam fluence at target [ 1 C]



Time dependence of deuterium retention of isotropic graphite
|
sample :isotropic graphite (IG-110U)

<{lon beam

lon beam energy: 1.0 [MeV]
lon species:3He*

Beam current: 1~10 [nA]
Measurement time: 1800 [s]

W el dynamic i
'/ // / Iretention -
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'l-." Ll
®
®

Plasma parameter

D retention [10'%cm]
-

Discharge power:50 [W] E IR
B - field: 100 [G] o b VL0000
Discharge gas :D, F 1497 K
Pressure:0.48 [Pa] L U BANEN /),
Irradiation time: 10800 [s] 0 . [, 6.8x10'9 m72s7)

0 1 2 3 4

Time [h] Decay time

-Decreased by ~20 % just after the end of plasma irradiation ~ 3124 h]
=Dynamic retention
- Deuterium retention decreases slowly after plasma termination.



Deuterium retention of tungsten during plasma exposure
|

sample:ITER R&D W | J—

T L
<lon beam Z
lon beam energy:1.0 [MeV] 5 - /) — 3
lon species:3He* ST FhPdR RN
Beam current: 1~10 [nA] e A I
Measurement time: 1800 [s] o> = q
o
OPlasma parameter ~, 3
- Jf N
Discharge power:50, 250 [W] o [ o
B - field: 100 [G] T : ., B S, o NI
i : Q 97 SRS SO N o e
Discharge gas :D, 2 2F 71000k 900K | 600K/ 568K
Pressu_re:O_.48 [Pa] — [ E: |28 v/ '\17\@V“, 28/eV "\1\7 o\
Iradiation time: 9000 [s] = 1 b rejaegor 20x1020 " ['68x1019|6.8x102.
- ! m—28~1 \ ‘mfZS;\L \\\\ ‘m—2s‘1 m2s 14
- Deuterium retention is mainly : AACNY AN
determined by sample 0 s /(i) (III) L) )
temperature Ts. PR 0. N WA e
P 0 05 1 1.5 2 25 3
-Precise control of surface temperature is Time [h]

required independently plasma condition.



D retention [101%cm™2]

-Decay time could be different depending

Deuterium retention of tungsten after plasma termination
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~ ITERR&D W:

ooy Gye,
1 2 3 4 5 6 Fi
Time [h]

on manufacturing methods for W.

10

D retention [10'8cm™2]

e
—

 Need to care about
post-measurement of
deuterium retention of W.

Decay time = 4.0+£0.8 [h]

/ Decay time of deuterium
' retention of ITER R&D W is
much shorter than that of
isotropic graphite (1G-110U).

Preliminary result for powder
metallurgy W (PM-W)
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