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Study of plasma window for larger aperture
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Many applications in accelerator-based science are
expected of the plasma window (PW) that can work
as the interface between the vacuum and the high pres-
sure region. It can be used for the efficient confinement
of helium or hydrogen gas in beam line for electron
stripping1) or used as beam windows in high-power
target system. The Small aperture, however, is one of
the key issues for the PW that needs to be overcome.
The first PW invented by Ady Hershcovitch in 19952)

had an aperture of 2.3 mm. We started its develop-
ment with the help of Ady Hershcovitch.3) Now, its
aperture has been enlarged up to 6 mm in diameter.
For further enlargement, we studied the dependence of
PW performance in the condition of different lengths
of the PW.

PW consists of three cathodes with thoriated tung-
sten tip, cathode housing, five insulated cooling plates,
and an anode plate (Fig. 1). They are made of 99.9999
% oxygen-free copper (OFC) because of its high ther-
mal conductivity. Each part has internal channels for
water cooling.

Fig. 1. Schematic of Plasma Window.

First, we measured the pressure reduction factor i.e.,
the ratio of vacuum chamber pressure to gas cell pres-
sure, and applied voltage with different numbers of the
cooling plates from one to seven (Fig. 2). In this exper-
iment, we used He gas. The current and flow rate were
36 A/cathode and 17.1 slm, respectively. 12 cooling
plates and 140 V are required to obtain the factor 100
by extrapolation. We will evaluate the contribution
of the plasma length to the pressure reduction factor
from the difference between the measured pressure re-
duction factors with and without plasma.

Second, we measured the pressure reduction factor
in the condition of 12 A × three cathodes and 36 A
× one cathode (Table 1). This experiment was carried
out using Ar gas because we could not ignite PW by He
under a small current such as 12 A. Its flow rate was 9.9
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slm. We obtained the higher pressure reduction factor
than He gas. In addition, The condition of 12 A ×
three cathodes has a higher pressure reduction factor
because plasma fills in the cooling plates uniformly. In
addition, we can reduce the load per one cathode to
increase the number of cathodes.

Plasma spectroscopy on the plasma in PW under
various conditions is on-going (Fig. 3). We will ob-
tain their physical quantities such as temperature and
density of free electron in the plasma to discuss the
optimum condition for an aperture larger than 1cm.
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Fig. 2. Dependence of voltage and pressure reduction fac-

tor on the number of cooling plates.

Table 1. Number of cathodes and pressure reduction fac-

tor.

Current × Cathode Pressure Reduction Factor

12 A × 3 133

36 A × 1 122

Fig. 3. Spectrum of He plasma.
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   A grating monochromator with a photomultiplier was 
installed at the Hyper-ECR ion source, and the light 
intensities of gaseous and metal ion beams were observed 
during beam tuning.1~3 During beam tuning, the charge 
distribution of ions extracted from the ECR plasma has 
been measured using a magnetic beam analyzer and a 
Faraday cup. After beam extraction, the ion beam intensity 
was maximized in order to reach the highest possible 
efficiency. During this process, a coincidental appearance 
of the same Q/M species occurs in the ECR plasma and 
their separation by a magnetic beam analyzer is extremely 
difficult. Especially, in the case of 6Li3+ beam tuning, 
Helium is used as supporting gas to keep the plasma 
condition stable and it is almost impossible to separate 6Li3+, 
H2+, and He2+ (Q/M = 1/2) using a magnetic analyzer. 
Therefore, observing the light intensity of desired ion 
species from a photomultiplier combined with a 
monochromator was decided to tune the beam.4 The 
conceptual diagram of this work is presented in Fig.1. 

Fig. 1. Conceptual image of beam separation by an optical 
monochromator.  

   Figure 2 shows the light intensity of the 6Li III line 
spectrum (λ = 516.7 nm) as a function of the analyzed 6Li3+ 
beam intensity measured by the Faraday cup at the 
extraction section behind the beam deflector of the AVF 
cyclotron.4 The AVF cyclotron has a sufficient high 
resolution for this process (ΔM/M = 1/1200). The 6Li3+ 
beam intensity was tuned by controlling the RF power, the 
flow rate of the supporting gas, and the position of the 
micro oven in the ECR chamber. This result clearly shows a 
linear correlation of a light intensity and a beam intensity. 
Figure 3 shows the time charts of 7Li3+ beam current and 7Li 
III light intensity (λ = 449.8 nm) during beam tuning 
recorded by a pen recorder.4 As the 7Li3+

 beam current 
increased, the light intensity of the 7Li III spectrum also 
increased. These results clearly show a linear correlation of 
these two values. 
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Fig. 2. Light intensity of 6Li III line spectrum as a function 
of analyzed 6Li3+ beam intensity measured by a Faraday cup 
positioned at the extraction section after beam deflector of 
the cyclotron.4   

Fig. 3. Time charts of 7Li3+ beam intensity and 7Li III light 
intensity during beam tuning.  
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