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Abstract. A new 18 GHz ECR ion source HIISI is under commissioning at the Accelerator Laboratory at the University of
Jyväskylä (JYFL). The main purpose of HIISI is to produce high-energy beam cocktails, e.g. Xe44+, for radiation effects testing of
electronics with the K130 cyclotron. The initial commissioning results in 18+14 GHz operation with oxygen, argon and xenon are
reported. The beam currents are compared to those produced by reference ion sources (JYFL 14 GHz ECRIS, GTS and SuSI). At
the moment (October 2017) 560 µA of O6+ and 310 µA of Ar13+, for example, have been reached with HIISI at 2.3 kW total power.

INTRODUCTION

The Accelerator Laboratory at the University of Jyväskylä (JYFL) has performed radiation effects testing of elec-
tronics since 1998 using the K130 cyclotron and cocktail beams produced with ECR ion sources (ECRIS). Currently
most of the tests are done at 9.3 MeV/u energy, which is achievable with the mixture of ion species and charge states
produced by the JYFL 14 GHz ECRIS. The radiation effects community has shown a strong desire towards reach-
ing 15 MeV/u energy, which is approaching the achievable limits of normal conducting ECR technology using the
K130 cyclotron, i.e. requiring ions with m/q < 3. Thus, a 16.2 MeV/u, m/q = 2.8 u/e beam cocktail consisting of
17O6+, 20Ne7+, 40Ar14+, 57Fe20+, 83Kr29+ and 126Xe44+ has been proposed to be used at JYFL [1]. The production
of the most demanding component, Xe44+, has only been demonstrated with superconducting ECRISs, e.g. 18 GHz
SUSI at NSCL/MSU [2]. The desire to develop a high energy beam cocktail at JYFL has initiated a project to push
the performance of normal conducting ECRIS by commissioning the 18 GHz ECRIS HIISI (Heavy Ion Ion Source
Injector).

HIISI DESIGN

The design of the HIISI ECRIS has been reported previously in Refs. [3, 5] and only a brief recap is given hereafter.
The magnetic field configuration of SUSI at NSCL/MSU, when operated at 18 GHz, was used as a design basis of
HIISI. The most demanding challenge has been to reach sufficient radial field fulfilling the value of Brad = 2BECR
suggested by the semi-empirical ECRIS scaling laws [6] i.e. 1.28 T for 18 GHz frequency. An innovative approach
has been adopted to meet the design target [3]. The permanent magnets (PM) of the 24 segment Halbach of HIISI have
been assembled inside a vacuum insulated and refrigerated structure strongly increasing the coercivity of the magnets
against the demagnetizing force induced by the solenoid magnets. The refrigeration to −20◦C allows the use of a
high-remanence, low-coercivity permanent magnet grade otherwise unsuitable for the high-field application [4]. The
refrigeration also increases the remanence of the magnets by up to 5 % compared to room temperature thus boosting
the field strength. The plasma chamber of the source has grooves on the magnetic poles and thicker sections in between
to further increase the effective radial field and allow efficient cooling. The injection field has been optimized using a
magnetic steel plug with a Permendur tip and a magnetic steel bias disc. The measured field values are Bin j = 2.80 T,
Bext = 1.30 T and Brad = 1.32 T at nominal currents of 1000 A / −300 A / 820 A of the injection/center/extraction
coils. The current of the center coil is reversed to control the Bmin field. The source has three waveguide ports and can
be operated with a primary frequency of 18 GHz and/or 14 GHz. The third waveguide port is reserved for (future)
microwave injection from a TWT amplifier at 11–18 GHz. The specifications of HIISI are summarized in Table 1.
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TABLE 1. HIISI technical specifications.

Klystron frequencies and powers 18 GHz + 14 GHz / 2.4 kW + 2.4 kW
TWTA frequency and power 8–18 GHz / 250 W
Number of coils 3
Bin j / Bext (nominal) 2.8 T / 1.3 T
Brad (24 / 36 segment Halbach) 1.3 T / 1.4 T
Length / Diameter of the plasma chamber 400 mm / 100 mm
Plasma axial (resonance) length 120–150 mm
Hexapole temperature −20 – +15◦C

TABLE 2. HIISI commissioning status and comparison to JYFL 14 GHz ECRIS [7] and [8]. Beam
currents expressed in µA. The oxygen and argon beam currents of HIISI are measured with a 42 mm
collimator in the front of the Faraday cup, the xenon beam current with 15 mm collimator.

Ion species JYFL 14 GHz ECRIS GTS 14 GHz + 18 GHz HIISI 14 GHz + 18 GHz
1 kW + TWTA 2.4 kW + 200 W 2 kW + 300 W

O6+ 627 1950 1080
O7+ 222 - 560

Ar12+ 103 380 462
Ar13+ 51 255 312
Ar14+ 49 174 182
Ar16+ 10 50 31
Xe29+ 17 - 27
Xe30+ 12 60 23
Xe31+ 8 40 13
Xe32+ 4 - 8
Xe34+ - 8 2

COMMISSIONING RESULTS

The first beam from HIISI was extracted in May 2017 and the first mass analyzed beams of O, Ar and Xe in October
2017. The results of the first two weeks of commissioning are shown in Table 2. The intensities are compared to
those extracted from the JYFL 14 GHz ECRIS [7] and GTS ion source [8] demonstrating that HIISI significantly
outperforms the JYFL 14 GHz ECRIS.

The results presented in Table 2 were produced with magnetic field values close to the nominal values. All beams
were extracted using the ion source potential of +18 kV. The plasma electrode with an aperture of 8 mm in diameter is
followed by the puller electrode (−3 kV) and two einzel lenses (−10 kV / −10 kV), with typical potential values shown
in parentheses. The total current of the ion source high voltage power supply varied between 3.2 mA and 4.2 mA.
The optimum bias disc voltage varied from −110 V to −70 V. The temperature of the refrigerated permanent magnet
array was set to +2◦C. During the operation at 2 kW microwave power the extraction end of the permanent magnet
array reached the temperature of about 10◦C, which is well below the safe operation temperature of the 24-segment
PM configuration (estimated to be 20◦C). At the same time the temperature at the central section of the PM array was
about 5◦C.

The plasma was sustained with 14 GHz and 18 GHz klystrons simultaneously. The intensities of high charge
state ion beams increased monotonically with the 18 GHz microwave power without any signs of saturation below
the applied 2 kW maximum power. A clear boost (10–30 %) of the intensities was always observed when two-
frequency heating with additional 14 GHz microwave power was applied. The favorable effect was achieved even at
the secondary microwave power of 100 W and opposite to the 18 GHz plasma heating an optimum power level was
always demonstrated. The use of the secondary frequency stabilized the plasma as observed by temporal monitoring
of the x-ray emission with a scintillator detector. However, increasing the 14 GHz power beyond the optimum of
300–500 W, caused the plasma to become unstable resulting in decrease of the extracted beam intensities.

Gradual overheating of the outer structure of the permanent magnet vacuum chamber (temperature interlock set
to 45◦C) limited the tuning range and operational time of HIISI. An improved cooling has been designed and it will be
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FIGURE 1. The charge state distribution of argon ion beams extracted from HIISI (left) and comparison of xenon beam currents
of HIISI to reference ion sources (right). The xenon charge states of 35+ and 44+ required for the currently used 9.3 MeV/u and
proposed 16.2 MeV/u beam cocktails are marked on the fitting curves. Beam current data from references [7] and [9].

implemented in the 36-segment Halbach structure. The construction of the stronger PM hexapole, allowing to reach
the Brad value slightly above 1.4 T, will be started in November 2017. The effect of the stronger hexapole and multiple
frequency heating with two klystrons and the TWTA on the high charge state xenon ion beams will be characterized
by April 2018.
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