* 100 W RF power provided by a TWTA (Traveling Wave Tube Amplifier) driven by one

Reflection coefficient and current evolution vs. microwave frequency (the coloured solid lines refer to the left scale
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EXPERIMENTAL SET-UP

* 1.2 T maximum radial magnetic field
 Plasma chamber dimensions: 179 mm of length and 64 mm of diameter

signhal generator (two for the double frequency experiment) sweeping in the frequency
range of 12.5+16.5 GHz (steps 200 kHz with a dwell time of 20 ms for each step)

Argon with Helium as mixing gas

Extraction voltage set to 15 kV and -2 kV screening voltage
Two directional couplers of high directivity measure the forward and the reflected

microwave power

Viewing targets (coated with KBr) monitor the beam shape evolution after the extraction

(VT1), after the focusing solenoid (VT2) and the selected charge states beam (VT3)
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while the dashed black line is the reflection coefficient referring to the right scale)

ARGON CHARGE STATES DISTRIBUTION

- 14.5 GHz is the normal operation
frequency of the CAPRICE ECRIS.

- 1446 GHz and 14.119 GHz are the
frequencies where the respective
minimum and maximum Ar8* current were
measured in the 14-15 GHz frequency
range.

- At 14.0 GHz and at 14.46 GHz similar
charge state distributions were obtained
with different reflection coefficients
(indicated in the legend of the figure).

- For the frequencies where the higher charge states are favoured
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the current of lower charge states is decreasing and vice versa.

- The frequency tuning is more affecting the higher charge states.

- At 14.119 GHz the current enhancement respect to the normal

operation frequency is 240% for the Ar* and 450% for the Ar’*.
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 Unchanged source parameters during the measurement sessions and
reproducible experimental results.

 The matching impedance between the cavity filled by the plasma and
the electromagnetic wave clearly depends on the frequency.

 The peaks of the reflection coefficient and the current amplitude are
strongly correlated.

 The current amplitude affected by the choice of the operative
frequency, i.e. the Ar* current ranges from a few pA up to 200 pA.

« Same evolution of the Ar”* and Aré* currents with different amplitudes
in the peak positions and in the minima points.

* In the range 15.64-16.5 GHz the currents of the higher charge states,
i.e. Ar’*, tend to lower values.

* The drain current evolution follows the trend of the three charge states.
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Argon beam viewed at the targets located after the focusing solenoid (first
column) and after the dipole for the Ar’*, the Ar’* and the Ar’* respectively

DOUBLE FREQUENCY HEATING

- Two sweeping microwave generators, providing the same power, have been used to drive the TWTA in order to feed the plasma of the CAPRICE
ECRIS with two electromagnetic waves (50 W power for each wave).

- One frequency was fixed while the second one was sweeping in the 12.5+16.5 GHz frequency range.
- Two fixed frequencies were chosen: 14.5 GHz (normal operation of the source) and 14.119 GHz (enhances the current of the higher charge states).
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The choice of the fixed frequency allows to enhance the higher charge states current. With two frequencies the current peaks are lifted, the
frequencies where they occur remain the same, the mean current remains high (almost constant for the Ar’*) while the higher charge states tend to

higher currents when increasing the frequency.




