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Introduction o

/.

\ low Z ions by pulsing microwaves under gas mixing. /
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¢ Background
e

In the previous study, we succeeded in increasing the multicharged ion
of Xe in UHR heating experiment using 4-6GHz X-mode microwaves (>%).

We are now exploring the feasibility of selectively heating specific ions by
launching a frequency band much lower than conventional ECR.

=>e. g., ion cyclotron resonance (ICR), lower hybrid resonance (LHR)

As a preliminary step, we try to enhance the ion cooling effect by heating

/

\_

& Objective ~

We conduct the experiment to generate ECR plasma with pulse-modulated
microwaves under gas mixing.

By changing the pulse period, the optimum period for extracting Xe’* ion
beams is investigated.

J

(>X)Y. Kato, et al., Rev. Sci. Instrum., 2020, 91, 013315



Experimental setup
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Typical CSD’s of gas mixing application <
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» Increased Xe’* ion beam current by introducing Ar gas




The dependence of Xe?* on Ar mixing ratio

Beam current [pA]

10 #2020/09/15
Pressure:7.0 X 104[Pa]
1,5=150:150[A] .
P, :100[W] Ar
Opt:Xe™
1 L
Xe*
101} Xe
Xe3+
Xt
Xe*
10-%; /./\.Xeﬂ
10-3 I l I

|
0 25 50
Ar mixing rate [%)]

75

Average charge state < g >
Yg=11
q=1Xeq+

<qg>=
2:1 IXeq+/q

100

1.8

1.75]

<q>

1.7

1.65
100

[y
<
—_

Impurity level [%]
[S=Y

102

Impurity level [%] =

OSAKA UNIVERSITY

[
(=]

Total impurities

#2020/09/15
Pressure:7.0 X 10#[Pa]
- 1,5=150:150[A]
P, :100[W]
Opt:Xe™ —50%
| |
Ar-+Ar*+Ardt

G , e WA
I e —
= ! H,*
0 25 50 75 100
Ar mixing rate [%]
Iim 3: Ipr
pOI' Zq 1 fArq+ X 100

7 3
Zq=1 IXeq+ +Zq=1 IArq+ +Z Iimp



Typical CSD’s of pulse application

Under Ar gas mixing operation
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» Increased Xe’* ion beam current by launching pulsed microwaves

/ Experimental condition \

Pressure : 7.0 X 10-*Pa

I,z : 150A
Vg : 10kV
Ic, Vi, Vyp 2 Opt Xe™

Xe : Ar=50:50 [%]

r
e CW mode
P, /P.;: 100W/10W

 Pulse mode

ref *

Quty ratio : 50%
-

P, /P..;: 100W(ave.)/10~20W

/




The dependence of Xe’ on pulse period <
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Comparison of the n, and the T, g
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f Langmuir probe method \
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Conclusion >
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¢ Summary

We increased the beam current of Xe’* by pulsed microwave launching un
gas mixing.

The T, decreases when the pulsed microwave is applied, so the increase in
the average charge state <g> is not due to it.

The increase in Xe’* seems to be due to the selective heating of ions,

/

\ = Injection of RF waves (typically 13.56MHz) into ECR plasma under gas mixiy

& Future plan

We will estimate the ion temperature T, and obtain confirmation of the
cooling effect of the ions.
= Conducting emittance measurements

but another possibility is the effect of the afterglow (2X). /

We will conduct the experiments to generate ICR and LHR to selectively
heat low Zions.

(>X)Y. Kato, et al., Rev. Sci. Instrum., 2000, 71, 657



