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Contribution ID: 4 Contribution code: TUA1 Type: Oral Presentation

Design of a new iron plug for the TRIUMF ECRIS
charge state booster

Tuesday, September 17, 2024 9:00 AM (30 minutes)

This paper presents an innovative solution to address the issue of asymmetric dipole fields in the
injection region of the TRIUMF electron cyclotron resonance ion source charge state booster. The
asymmetric fields arise from a wide gap in the booster’s injection soft iron plug, which allows the
connection of the RF waveguide to the plasma chamber. Simulations have revealed that singly
charged ions, injected for charge breeding, experience deflection and get lost due to the asym-
metric magnetic fields instead of being effectively captured by the plasma, thereby diminishing
the efficiency of the charge state booster. To rectify this problem, a novel iron plug with an en-
larged inner diameter, which allows the RF waveguide to connect to the plasma chamber with
no gap was designed. Furthermore, this new design necessitates alterations to the injection elec-
trodes and plasma chamber of the booster. Additionally, the waveguide and gas-inlet windows
were repositioned to ensure better RF coupling into the plasma cavity. By eliminating the gap and
implementing these design changes, it is anticipated that the TRIUMF charge state booster will
operate at the same overall efficiency as other PHOENIX boosters.
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Contribution ID: 5 Contribution code: MOP01 Type: Poster Presentation

Characterization of the 2.45 GHz DREEBIT ECRIS via
optical spectroscopy

Monday, September 16, 2024 5:00 PM (1h 30m)

ECR ion sources are widely used to provide ions for various experimental setups. DREEBIT GmbH
aims to industrialize this type of ion source technology for efficient and reliable use in, e. g., hadron
cancer therapy as well as ion implantation of semiconductors. Our goal is to build table-top sized
ion sources which can easily be handled as part of a larger machine such as a particle accelerator or
target irradiation facility, thereby fulfilling high requirements on beam current, quality, stability
as well as reproducibility in serial production. To achieve this, we have already optimized the
microwave injection system and magnetic plasma confinement by introducing a simple method
to allow for injection of circularly polarized waves and adjusted the magnetic field distribution
which led to an 80 % increase of beam current. In the present work, we show how optical emission
spectroscopy was used to gain deeper information about the plasma of this specific type of ion
source, independent from its ion extraction system. The plasma characterization includes studies
of the electron energy distribution and the density of atomic and molecular hydrogen showing
that the previous design changes of introducing circularly polarized microwaves and optimizing
the magnetic field distribution have led to a well-optimized ECR ion source concerning plasma
heating and proton production inside the plasma, indicating how the source performance can be
enhanced in further steps.
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Contribution ID: 6 Contribution code: MOA1 Type: Oral Presentation

High intensity highly charged ion beams production
and operation at IMP

Monday, September 16, 2024 9:00 AM (30 minutes)

Charged by the existing operation facility HIRFL and HIAF one of the next generation heavy ion
facilities under construction, high intensity high-charge state heavy ion beams production is in the
high priority of research and development. For this purpose, several high performance ECR ion
sources have been successively developed and put in routine operation. The recently developed
FECR or the First 4th generation ECR ion source has employed the cutting-edge technologies for
the development of a hybrid superconducting magnet using Nb3Sn and NbTi superconductors.
Operating at 28˜45 GHz, FECR will give its first plasma and intense beam production. Other than
ion sources development, new technologies development and new insights into high performance
ECR ion source have led to increasingly ion beam intensities increase in both cw or pulsed modes.
In this talk, high performance ion source development will be presented. A general review of the
recent high intensity ion beam production progress at IMP and the routine operation for heavy
ion accelerators will be made.
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Compact 2.45 GHz PMECR ion sources developed for
accelerator based radiation therapy facilities at

Peking University
Wednesday, September 18, 2024 9:30 AM (30 minutes)

Recently, Accelerator Based Radiation Therapy (ABRT) facilities for cancer treatment, that includes
ion therapy and BNCT, have been bloomed up rapidly and is being established as a future modality
to start a new era of in-hospital facilities around the world. A high current, small emittance,
easy maintenance, long lifetime, high stability and reliability ion source is crucially important for
those ABRT facilities. Research on this kind of characters ion source has been launched at Peking
University (PKU) ion source group for more than 30 years and some exciting progresses, such as
hundred mA H+/N+/O+ etc. beam current, less than 0.2 pi.mm.mrad emittance, a continue 300
hours non-sparking CW proton operation record have been achieved. Recently, we also involved
in the ABRT campaign by in charging of ion sources. In this paper, we will summarize the several
compact PKU 2.45 GHz permanent magnet ECR sources (PMECR) that were developed for proton
therapy machines and BNCT facilities. The individual structure of the sources as well as the LEBT
along with the commissioning results will be presented then.
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Contribution ID: 8 Contribution code: MOP02 Type: Poster Presentation

Intense pulsed uranium ion beams production with
ECRISs

Monday, September 16, 2024 5:00 PM (1h 30m)

Intense pulsed uranium ion beam production is essential for heavy ion accelerators (especially
for synchrotrons) in operation and those under construction. Although metallic beam production
is tricky, based on our earlier study, intense uranium beams can be expected when operating a
electron cyclotron resonance (ECR) ion source especially in afterglow mode. In this study, we aim
to produce intense uranium beams with LECR4 and SECRAL-II (Superconducting ECR ion source
with Advanced design in Lanzhou No. II) ion sources in afterglow modes. The experimental results
will be reported in this presentation.
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Characterization of D⁺ species in the 2.45 GHz ECRIS
for 14-MeV neutron production

Wednesday, September 18, 2024 9:00 AM (30 minutes)

The Institute for Plasma Research has set up a 14-MeV neutron generator facility. The stability,
quality, and repeatability of the D⁺ ion beam are critical parameters for ensuring the reliable opera-
tion of the neutron generator. Hence, a 2.45 GHz ECR ion source has been installed to produce the
deuterium beam. The primary D beam characteristics are assessed by varying extraction voltage,
microwave power, gas flow, and solenoid current of the ECRIS. By optimizing these parameters,
the maximum design beam current is achieved. The D ion beam contains various species, includ-
ing D⁺, D₂⁺, D₃⁺, and impurities. Accurate measurement of the D⁺ content within the D ion beam
is the key parameter for a neutron generator. Multiple experiments were conducted to determine
the D⁺ species and optimise the ECRIS parameters for maximum production of D⁺ species. Two
beam current measurement devices, the DCCT and the Faraday Cup, were installed in the beam-
line to measure the total deuterium beam current and D⁺ beam current, respectively. Notably, the
variation in the D⁺ fraction primarily depends on the operating parameters of the ECRIS, such as
extraction voltage, microwave power and gas flow. This paper presents the results of the D⁺ ion
current as a function of extraction voltage, microwave power, and gas flow rate. Understanding
and characterizing the D⁺ species are essential steps toward achieving stable and efficient neutron
production in fusion applications.
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Contribution ID: 10 Contribution code: THA1 Type: Oral Presentation

High performance highly-charged ECR ion sources
and matching with high-intensity heavy ion

accelerator facility
Thursday, September 19, 2024 10:10 AM (30 minutes)

Five ECR ion sources operating at 18-45 GHz microwave frequency are being operated or under
commissioning to deliver highly-charged ion beams for high-intensity heavy ion cyclotron and
linac accelerators at IMP in order to meet different requirements from the accelerators and physics
experiments. One of the key issues for the ECRIS and accelerator physicists is how to match the
highly-charged ECR ion sources with the accelerators and maximize performance of the acceler-
ators from the point of view of beam intensities, charge states and costs. This paper will discuss
how a highly-charged ECR ion source could match with a high-intensity heavy ion accelerator per-
formance cost effectively on the basis of our operation experiences with the five ECR ion sources
and the accelerators. If a new high-intensity heavy ion cyclotron or linac would be designed and
built, performance and cost can be compared in detail for the cyclotron with an ECR ion source
delivering Xe²⁰⁺ and Xe³⁵⁺, and for the linac with an ECR ion source delivering U³⁵⁺ and U⁵⁵⁺. Fi-
nally, it has been demonstrated that development of a highly-charged ECR ion source producing
intense beams is more performance-cost-effective for a high-intensity heavy ion accelerator.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary author: ZHAO, Hongwei (Institute of Modern Physics, Chinese Academy of Sciences)

Co-author: SUN, Liangting (Institute of Modern Physics, Chinese Academy of Sciences)

Presenter: ZHAO, Hongwei (Institute of Modern Physics, Chinese Academy of Sciences)

Session Classification: THA: Oral Session MC1&MC2

Track Classification: MC1: New Development and Status Reports

September 30, 2024 Page 8



ECRIS 2024 - Pr ⋯ / Report of Contributions Operation with the LAPECR3 ion⋯

Contribution ID: 11 Contribution code: TUP01 Type: Poster Presentation

Operation with the LAPECR3 ion sources for cancer
therapy accelerators

Tuesday, September 17, 2024 5:00 PM (1h 30m)

An all-permanent magnet electron cyclotron resonance ion source-LAPECR3 (Lanzhou All Perma-
nent magnet Electron Cyclotron Resonance ion source No.3) had been developed as the C⁵⁺ ion
beam injector of Heavy Ion Medical Machine (HIMM) accelerator facility since 2009 in China. The
first HIMM demo facility was built in Wuwei city in 2015, which had been officially licensed to
treat patients in early 2020. The facility has been proven to be very effective, and more than 1000
patients have been treated so far. In order to prevent ion source failure, each facility employs two
identical LAPECR3 ion sources to supply C⁵⁺ beam. At present, there are eight HIMM facilities
under construction or in operation, and more than 16 LAPECR3 ion sources have been built. In
order to improve the performance of the ion source for long term operation, some techniques were
employed to optimize source performance and to avoid the damage of key equipment. This paper
will introduce the operation status of LAPECR ion sources at these HIMM facilities and present
the latest results of carbon beam production.
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Contribution ID: 12 Contribution code: TUP02 Type: Poster Presentation

An electrostatic ion beam transport system for
intense proton source

Tuesday, September 17, 2024 5:00 PM (1h 30m)

The Ion Source Group has undertaken a R&D project of a compact low energy injector. The project
is the development of an intense proton source and low energy beam (LEBT) for a transportable
neutron source. The specific characteristics of the injector are low power consumption, compact
and low beam emittance. An electrostatic low energy beam transport with a double Einzel-Lens
setup is used to deliver 30 keV H⁺ beam to the entrance of a 2.5 MeV RFQ. A 2.45 GHz ECR ion source
was adopted to provide 15 emA H⁺, H₂⁺ and H₃⁺ beams with a duty factor of 3 %. The fabrication,
assembly and beam commissioning have been completed at IMP. The injector composed the 2.45
GHz ECR ion source and its LEBT was very compact, with a length of 900 mm. The beam current
at the LEBT exit was about 16 mA with a pulse length of 300 μs and a repetition frequency of
50 Hz. In this paper, the studies of beam intensities, beam transmission efficiency in LEBT, beam
emittance and mismatch factor are presented and discussed.
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Contribution ID: 13 Contribution code: TUP03 Type: Poster Presentation

Analysis of beam characteristic variations in the 14.5
GHz ECR ion source at RAON

Tuesday, September 17, 2024 5:00 PM (1h 30m)

RAON (Rare isotope Accelerator complex for ON-line experiments) is a heavy ion accelerator un-
der construction in Daejeon, South Korea. RAON plans to operate a 28 GHz Electron Cyclotron
Resonance Ion Source (ECRIS) with a fully superconducting magnet and is currently operating a
14.5 GHz ECR ion source with a fully permanent magnet. The 14.5 GHz ECRIS was manufactured
by PANTECHNIK and installed in our beamline in September 2020. The initial beam conditioning
of RAON was conducted using the 14.5 GHz ECR ion source with ⁴⁰Ar⁹⁺ and ⁴⁰Ar⁸⁺ beams. Addition-
ally, beam tests were performed with protons, ⁴He²⁺, and oxygen. During these experiments, an
unusual phenomenon was observed: the characteristics of the beam changed despite no variations
in the parameters. This was consistently noted during some of the beam tests. We hypothesized
several potential causes for this phenomenon and analyzed them through experiments. In this
paper, we discuss the results of these analyses.
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Contribution ID: 14 Contribution code: MOD1 Type: Oral Presentation

Development of deuterium-deuterium compact
neutron source

Monday, September 16, 2024 4:00 PM (30 minutes)

In the present work, we will present the status of the deuterium-deuterium (D-D) neutron source
that is being developed in collaboration between the University of Granada and the University of
the Basque Country (Spain).

Our neutron source consists of an ECR ion source which accelerates a deuteron beam towards a
deuterated target. The ionization to achieve the deuterium plasma is achieved by radiating the
cylindrical ERC plasma chamber with a magnetron 2.45 GHz signal and an 875 G magnetic field
generated by 6 NdFeB magnets located around the plasma chamber. Moreover, a cylindrical alu-
mina RF window is used to keep the vacuum status from the ambient pressure condition inside
the WR340 and helping the plasma to ignite.
Once the plasma is generated, the deuterons are extracted from the plasma chamber using a Pierce
electrode geometry and three other electrostatic lenses, fixed to different negative potentials. The
beam is accelerated towards copper target disk with a deuterated titanium mesh fixed to –100 kV
which generates the desired neutron radiation.
There are several applications of D-D neutron sources across scientific and industrial domains. In
case of University of Granada and its deep relation with IFMIF-DONES neutron source, it is worthy
to mention that we plan to carry out experiments for determining the cross-sections of relevant
isotopes in the studies of IFMIF-DONES to a better simulation of the behaviour of such material
under high neutron flux irradiation.
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Contribution ID: 15 Contribution code: TUP04 Type: Poster Presentation

Tests of a low-energy pepperpot based on a
micro-channel plate for high current protons sources

4D-emittance characterization
Tuesday, September 17, 2024 5:00 PM (1h 30m)

In the scope of high current protons sources characterization, the CEA is working on a 4D-emittancemeter
based on the pepperpot technology. After some unsuccessful developments with phosphorous
scintillators, we decided to test micro-channel plates (MCP) for measurements of proton beams at
very low energy (typically between 50 and 100 keV). MCP are supposed to resist to proton beams
at very low energy better than scintillators. This work presents some results for MCPs with an
ALISES source on the BETSI test bench.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary author: THÉZÉ, Anna (Commissariat à l’Energie Atomique et aux Energies Alterna-
tives)

Co-authors: DUBOIS, Augustin (Commissariat à l’Energie Atomique); FERRAND, Guillaume (Com-
missariat à l’Energie Atomique et aux Energies Alternatives); TUSKE, Olivier (Commissariat à l’Energie
Atomique)

Presenter: DUBOIS, Augustin (Commissariat à l’Energie Atomique)

Session Classification: TUP: Poster Session

Track Classification: MC6: Applications and Diagnostics

September 30, 2024 Page 14



ECRIS 2024 - Pr ⋯ / Report of Contributions RF and multipactor simulations in⋯

Contribution ID: 16 Contribution code: TUP05 Type: Poster Presentation

RF and multipactor simulations in the plasma
chamber of the SILHI proton source

Tuesday, September 17, 2024 5:00 PM (1h 30m)

In the scope of high current protons sources simulations, we tried to simulate the plasma chamber
of the SILHI proton source with HFSS. This work focuses on the RF and multipactor simulation
close to the boron nitride window.
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Contribution ID: 17 Contribution code: TUD1 Type: Oral Presentation

Time-resolved measurement of ion beam energy
spread variation due to kinetic plasma instabilities in

CW and pulsed operation of an ECRIS
Tuesday, September 17, 2024 4:00 PM (30 minutes)

The energy spread of ion beams extracted from Electron Cyclotron Resonance (ECR) ion sources is
influenced by plasma conditions such as the plasma potential, and effects taking place in the beam
formation region. Kinetic plasma instabilities have a significant impact on the plasma properties,
and consequently on the ion beam energy spread. We present experimental results of time-resolved
energy spread behaviour when kinetic plasma instabilities are present in CW and pulsed operation
of the JYFL 14 GHz ECR ion source. It is shown that the instability-induced energy spread variation
corresponds to a momentary plasma potential increase up to several kV from the steady-state value
of 10–30 V. The method for measuring the time-resolved energy spread variation is presented, and
the consequences of the energy spread and the underlying plasma potential variation for ECRIS
operation are discussed.
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Contribution ID: 18 Contribution code: MOP03 Type: Poster Presentation

ALISES II source is still alive
Monday, September 16, 2024 5:00 PM (1h 30m)

Developments of ECR intense light ion sources is an important research axis of the Laboratory of
Study and Development of Accelerator at CEA-Saclay. Starting from the SILHI proton source in
the 90’s to inject the IPHI accelerator, several SILHI-type sources have been realized and installed
for high intensity proton or deuteron accelerators for international projects like IFMIF, FAIR or
SPIRAL2. From 2011, we started new R&D program on high intensity ECR compact ion sources
with the ALISES source family.
The results obtained with the first ALISES source prototype gave us the main goals for the design
of ALISES II source that runs several months on our 50 kV test bench BETSI and was dismounted
at the end of 2016 to upgrade the test bench to 100 kV. But this source was never reinstalled and
has been replaced by the ALISES III sources that runs on BETSI up to now.
Recently, ALISES II ion source and its equipment is reassembled to be restarted on BETSI for beam
characterization before sending it to MIRROTRON factory in Hungary as injector of proton for
neutron beam facility.
This paper describes the setup on BETSI and proton beam characteristics obtained by emittance
measurements, spatial species proportion analysis with Wien filter and current optimization. In-
stallation at MIRROTRON factory is also reported.
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Contribution ID: 19 Contribution code: TUP06 Type: Poster Presentation

Wien Filter upgrade and measurement for BETSI test
bench

Tuesday, September 17, 2024 5:00 PM (1h 30m)

During first operation of SILHI in 1995 at CEA Saclay, a velocity filter diagnostic (Wien Filter)
was installed on the LEBT, analyzing the 100 mA of protons at 95 keV. The device was used many
years providing beam proportion measurements on the beam axis. Unfortunately, it was damaged
while handling and was no longer working as intended. This paper describes the maintenance and
upgrade of the diagnostic as well as the first beam proportion figures with ALISES 2 and ALISES
3 ion sources.
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ALISES 3 ion source in various configuration along
the year

Monday, September 16, 2024 5:00 PM (1h 30m)

ALISES 3 is a very compact light ion source that has been developed at CEA Saclay in 2018. The
easy maintenance procedure of this source allowed us to test many different configurations. On
the BETSI test bench equipped with an single Alisson Scanner and a pair a solenoid/deviator, we
studied the extraction energy influence, we changed the number of electrodes in order to extract
different kind of ions other than protons. This paper will describe briefly the ALISES 3 ion source
and will present some results that we gathered in a year.
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Study of noble gas memory effect of ECR3 at ATLAS
Monday, September 16, 2024 5:00 PM (1h 30m)

Over the past three decades a portion of the accelerated beam time at the Argonne Tandem Linac
Accelerator System (ATLAS) has been reserved for ultra-sensitive detection of argon radioisotopes.
A unique noble-gas accelerator mass spectrometry (NOGAMS) technique [*] at ATLAS combines
electron cyclotron resonance ion source (ECRIS) positive ion production, acceleration up to ˜6
MeV/u and detection methods for separating isobars and other m/q contaminants. The ECR3 ion
source was chosen for such experiments due to the limited scope of material introduced into the
plasma chamber, inferring a lower background production compared to ECR2. A recent ³⁹�⁴²Ar
NOGAMS experiment has highlighted a need to understand the beam production of material that
is no longer being actively introduced into the ECRIS, known as memory effect. A quantitative
study of source memory was performed to determine the decay characteristics of argon in the ECR3
ion source. Results of this study as well as details of setup and operation of ECR3 for NOGAMS
experiments are presented.
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Beam intensity prediction using ECR plasma images
and machine learning

Wednesday, September 18, 2024 11:50 AM (30 minutes)

Long-term beam stability is one of the important issues in supplying multivalent heavy ion beams
using an Electron Cyclotron Resonance Ion Source (ECRIS). When the beam intensity drops for
long-term operation, the ECRIS parameters need to be tuned to restore the original beam intensity.
Continuous measurement of the beam intensity using a Faraday cup (FC) is impractical while the
beam is in use. We have had to rely on an unreliable method of monitoring the total drain current to
estimate the beam intensity during beamtime. To resolve this issue, we propose a new method for
predicting the beam intensity at FC using machine learning. Our approach incorporates plasma
images, captured through a hole in the beam extraction electrode, and operating parameters as
input data for the machine learning model. In short-term test datasets, our model has successfully
produced rough predictions of the beam intensity. This presentation will detail the prediction
model and its prediction results on the test data.
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Development of a 100 mA-class CWmicrowave ion
source for industrial accelerators

Monday, September 16, 2024 5:00 PM (1h 30m)

Industrial accelerators are currently employed in a multitude of fields, including semiconductor
manufacturing and medicine. In recent years, there has been a growing demand to enhance the
irradiation throughput of industrial accelerators, which necessitates the development of high-
current ion sources. In this study, we developed a 2.45 GHz off-resonance 100 mA-class CW
microwave ion source that can be integrated into industrial accelerators. The design was opti-
mized for proton beam generation. The plasma chamber and the matching section, which is re-
sponsible for matching the impedance of the waveguide and the plasma chamber, were designed
using a combination of an analytical approach and finite element electromagnetic field analysis.
The electromagnets for generating the off-resonance magnetic field to increase the plasma density
were designed using finite element magnetostatic field calculations. The design of the single-hole,
three-electrode beam extraction system, which operates in acceleration-deceleration mode, was
performed using beam orbit calculations that take into account space-charge effects. The design
and fabrication have been completed, and beam tests are now underway. In the presentation, in
addition to the design of the ion source, we will also report on the preliminary results that were
obtained in the beam test.
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Planned optimization of the ion sources on the HIT
test bench

Tuesday, September 17, 2024 5:00 PM (1h 30m)

The Heidelberg Ion Beam Therapy Center (HIT) is a hospital-based treatment facility in Germany.
Since the first treatments in 2009, more than 8.500 patients have been irradiated with protons or
carbon ions and since July 2021 with helium ions. At HIT, three Supernanogan ion sources supplied
by Pantechnik are in operation around the clock for therapy up to 335 days a year.

A 4th Supernanogan ECR ion source is installed at the HIT test bench. The test bench is currently
being prepared for a measurement campaign that will begin in October. The aim of the investiga-
tions is to obtain more beam current for the carbon ions used in therapy by feeding two microwave
frequencies in parallel. We expect that this experiment will provide a better understanding of the
ionization process in the ion source. In the first step we will feed 14.5 GHz and an extra frequency
near the resonance frequency of 14.5 GHz. ±0.5 GHz. In the second step we will feed in 14.5 GHz
and 18 GHz.

To characterize and evaluate the beam quality in this setup, we will use the pepperpot a 4D emit-
tance measuring device. In addition, it is possible to measure the beam current and the beam
profile at the test bench.

This article provides an overview of the planned developments on the test bench.
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Performance of the hybrid ECR ion source
development at IMP

Monday, September 16, 2024 5:00 PM (1h 30m)

Highly charged ion beams have wide applications in fundamental sciences such as nuclear physics
and atomic and molecular physics, as well as in applied industries including heavy ion cancer
therapy and semiconductor processing. The Electron Cyclotron Resonance (ECR) ion source is one
of the most effective devices for producing highly charged ion beams. Based on the requirement
for a relatively simple structure and high performance ECR ion source, a Hybrid superconducting
Electron Cyclotron Resonance ion source Advanced in Lanzhou (HECRAL) has been designed and
constructed at the Institute of Modern Physics (IMP). The magnetic confinement of the ion source
is realized by the axial mirror field provided by four superconducting solenoids while the radial
hexapole magnetic field supplied by non-Halbach hexapole permanent magnet. The axial injection
and extraction magnetic fields reach 3.4 T and 1.7 T, respectively. The radial field at the plasma
chamber wall of a 100 mm inner diameter is above 1.4 T. This paper will present a detailed magnet
design. The ion source was commissioned and operated at a frequency of 18 GHz with 3 kW
power, approaching the performance of the Superconducting Electron Cyclotron Resonance ion
source with Advanced design in Lanzhou (SECRAL) operating at the same frequency. Several high
intensity high charge state ion beams have been produced, such as 723 eμA O⁷⁺, 70 eμA Ar¹⁶⁺, 95
eμA Kr²⁶⁺, 21 eμA Xe³⁵⁺, 120 eμA Bi³³⁺, and 88 eμA U³⁷⁺, and so on.
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Simulation of Bremsstrahlung emission in ECRIS
and its dependence on the magnetic confinement

Tuesday, September 17, 2024 2:00 PM (30 minutes)

A Monte Carlo (MC) code dedicated to the electron dynamics in ECRIS was recently completed
with a new functionality, allowing to simulate Bremsstrahlung photon emission from the volume
interaction of electrons with charged particles inside the plasma. The simulation qualitatively
reproduces the experimental anisotropy of the photon spectral temperature previously reported.
The effects of variations in the magnetic field minimum Bmin and in the extraction peak on both
the electron energy distribution function and the Bremsstrahlung emission are also investigated
and reported. The simulation results confirm that only changes in Bmin influences the hot energy
tail of the EEDF *. The MC high electron statistics allows studying with unprecedent details the
location and mechanism responsible for the hot electrons generation in ECRIS, highlighting the
crucial role of Bmin in this process.
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1746 (2017).
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ECR2 performance upgrades at ATLAS
Tuesday, September 17, 2024 9:30 AM (30 minutes)

The user requests for higher beam energies and intensities have driven the decision to upgrade
the ECR2 ion source at the Argonne Tandem Linac Accelerator System. Multiple upgrades are in
progress with the expected outcome of dramatically increased ECR2 beam intensities and charge
state capabilities. The magnetic upgrades include integrating an improved hexapole permanent
magnet array* that provides the ion source radial fields, reworking the magnetic materials sur-
rounding the plasma chamber, and installing a new cooling system for the electromagnetic solenoids
that govern the ion source axial fields. The new hexapole and higher solenoid magnet operating
currents will increase the ion source magnetic fields and support the use of 18 GHz RF heating,
further increasing the ECR2 beam capabilities. Following these improvements and subsequent
source performance, simulations of beam transport devices on the ion source platform will need
to be revisited for transmission of high intensity beams. Details of these upgrade projects and
simulations of the ion optics are presented.

Footnotes
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Use of a 2.45 GHz ECR ion source for the Neutron
Target Demonstrator project

Monday, September 16, 2024 5:00 PM (1h 30m)

D-Pace has licensed a 2.45 GHz ECR ion source from Neutron Therapeutics. The ion source will
be used for the Neutron Target Demonstrator project at Los Alamos National Laboratory where
10 mA of singly charge krypton ions at 50 keV are required with a normalized 4-RMS emittance
of less than 1 mm·mrad. The goal of the project is to create a reverse kinematics neutron capture
reaction with ⁸⁴Kr ions. Due to the high radiation environment that the ion source will be subjected
to, a solid state microwave power supply will be used instead of the traditional magnetron for the
experiment. The main advantage of the solid state power supply is that the output is transmitted by
a coax cable instead of a waveguide, so the power supply can be located a long distance away from
the ion source without the need for a complicated and expensive waveguide. The other advantage
of the solid state device is that the frequency can be varied from 2.4 GHz to 2.5 GHz. This gives
the operator an extra degree of freedom for tuning the ion source and also allows for the use of
permanent magnets instead of solenoids while still having the ability to tune the ECR condition.
We present how the frequency variation affects the beam parameters with both the solenoid and
the permanent magnet versions of the ion source.
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Simulation of the Bremsstrahlung emission induced
by electrons impinging the plasma chamber walls of

the ASTERICS ECRIS
Tuesday, September 17, 2024 11:30 AM (30 minutes)

A new electron cyclotron resonance ion source (ECRIS) named ASTERICS is under development
for the NEWGAIN project, aiming at building a new injector for the SPIRAL2 accelerator at GANIL.
A Monte Carlo code dedicated to the electron dynamics in ECRIS is used to investigate the local
energy, position and velocity distribution of electrons impinging on the plasma chamber wall of
ASTERICS. These quantities are presented for both the injection and extraction planes and the ra-
dial chamber wall. Results show that the electron energy distribution function is different on each
of these three surfaces and that the electron velocity direction to the walls is deeply anisotropic.
This data is next used as an input in a Fluka 3-dimensional model including the ASTERICS ECRIS
mechanics, a simplified low energy beam line and the experimental cave in which the ion source
will be installed. The x-ray flux characteristics around the source are presented. The shielding
thickness and its location are studied to grant the safe passage of personnel around the ECRIS
location in the accelerator building.
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Challenges in production of intense metallic ion
beams at IMP

Monday, September 16, 2024 3:00 PM (30 minutes)

Since the development of inductive heating oven in 2019 [1], several intense highly charged metal-
lic ion beams have been produced for different requirements at IMP (Institute of Modern Physics).
According to the material characteristics, we used different forms of metal materials, including
metal elements (Cr, Mn, Ni, Fe), oxides (UO₂), fluoride or iodide (ZrF₄, SrF₂, CsI), etc. Detail exper-
iments setup and testing results will be presented in this contribution.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary author: LU, Wang (Institute of Modern Physics, Chinese Academy of Sciences)

Co-authors: QIAN, Cheng (Institute of Modern Physics, Chinese Academy of Sciences); ZHAO,
Hongwei (Institute of Modern Physics, Chinese Academy of Sciences); MA, Hongyi (Institute of Modern
Physics, Chinese Academy of Sciences); SUN, Liangting (Institute of Modern Physics, Chinese Academy
of Sciences); LI, Libin (Institute of Modern Physics, Chinese Academy of Sciences); LI, Lixuan (Institute
of Modern Physics, Chinese Academy of Sciences); ZHANG, Xuezhen (Institute of Modern Physics,
Chinese Academy of Sciences); FENG, Yucheng (Institute of Modern Physics, Chinese Academy of
Sciences)

Presenter: LU, Wang (Institute of Modern Physics, Chinese Academy of Sciences)

Session Classification: MOC: Oral Session MC1

Track Classification: MC1: New Development and Status Reports

September 30, 2024 Page 31



ECRIS 2024 - Pr ⋯ / Report of Contributions Characterization of an proton EC ⋯

Contribution ID: 31 Contribution code: TUP09 Type: Poster Presentation

Characterization of an proton ECR ion source for
low beam current

Tuesday, September 17, 2024 5:00 PM (1h 30m)

In this paper we analyze the behavior of a low beam current proton ECR ion source for linac.
During the operation of the source, as a function of the operating parameters we have observed
a complex behavior. The state of the plasma is highly dependent on the input parameters, and in
some cases even bi-stable conditions can be achieved showing abrupt changes in the state. To try
to understand this behavior we carried out a series of experiments varying the input parameters
both sequentially and randomly to avoid following the same path every time. Thanks to these
experiments we have been able to observe the change in the luminosity of the plasma, which is
an indirect measure of the degree of ionization in the plasma, along with the changes in reflected
and transmitted RF power delivered to the source. We also characterized the relation between
the outside temperature of the ion source chamber walls and the plasma. In addition to this we
have analyzed the resulting extracted ion beam using a pepperpot and a faraday cup. We have
observed that our beam doesn’t have one dominant species and has three species that are found
in comparable quantities.
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Non-intrusive plasma state detection using machine
learning

Monday, September 16, 2024 5:00 PM (1h 30m)

In this paper we present the methodology used to acquire the data needed to obtain and train a
neural network that will be used in an ECR source to infer the state of the plasma. All the data
is the combination of the control signals and a set of non-intrusive measurements that can be ac-
cessed during normal operation.
For this purpose, machine learning techniques are explored. First, a set of characterisation experi-
ments are carried out in which the state of the plasma is detected for different operating conditions
that are fed to a clustering algorithm. Second, a supervised learning paradigm is adopted to train
a neural network that is capable of determining the state of the plasma at different working states.
The variables that are controlled are: the input RF power and gas flow, the non-intrusive mea-
surements that are acquired are: transmitted and reflected RF power and a ccd camera is used to
measure the relative luminosity of the plasma. Based on these variables the state of the plasma
is determined. This methodology has been applied to the low-power ECR source in which low-
density hydrogen plasmas are generated at the IZPILab laboratory of the University of the Basque
Country.
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Status report on 60 GHz ECRIS activity
Monday, September 16, 2024 5:00 PM (1h 30m)

SEISM (Sixty gigahErtz Ion Source using Megawatt magnets) is an electron cyclotron resonance
ion source source operating at the frequency of 60 GHz using a gyrotron producing high intensity
HF pulse (up to 1 ms/300 kW/2 Hz). The prototype is based on an axial cusp magnetic geometry
using polyhelix coils (installed at the LNCMI facility in Grenoble) generating a closed ECR surface
at 2.1 T.

Since 2019 and the restart of the project, several experimental campaigns were carried out using
oxygen support gas. Beam production was studied using the setting of the source aiming to repro-
duce the ion current densities of 1 A/cm² previously measured. Set up and recent experimental
results, will be presented.

Furthermore, in the frame of the PACIFICS project (funded by French National Research Agency
under the Equipex Program), a new 60 GHz ion source will be built, where polyhelix will be re-
placed by superconducting coils and the source will be installed at LPSC for easier availability. A
new extraction system will be built in order to transform the observed high current density into a
target ion beam intensity of ˜100 mA.

This paper will present a preliminary study of the new extraction system, built upon the principles
developed by Vybin*. The system’s design and optimization is carried out using COMSOL Mul-
tiphysics and IBSIMU simulation tools, ensuring precise modeling of electric field fields and ion
trajectories.
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Development towards intense uranium ion beam
production of the RIKEN 28 GHz SC-ECRIS

Monday, September 16, 2024 10:00 AM (30 minutes)

High intensity Uranium ²³⁸U³⁵⁺ ion beams are produced in the 28 GHz superconducting electron
cyclotron resonance ion source(SC-ECRIS) and accelerated to high energies in the Radioactive Iso-
tope Beam Factory(RIBF) at RIKEN. We report the current progress of the SC-ECRIS. Intense beam
operation of U³⁵⁺ was made possible through the development of high temperature ovens with
optimized consumption rates of more than 10 mg/h and beam intensities reaching up to 250 eμA.
With efforts toward realizing even higher beam intensities, it is now more important to optimize
beam optics and minimize losses in the accelerator. This has stressed the study of emittance size
and its growth factors. Measurement using a slit-collector type emittance monitor showed beam
emittances that increase proportionally with the extraction current. For beam currents of 100 to
150 eμA, the beam emittances had minimal variation and remain at 0.15 π·mm·mrad for an extrac-
tion current of 5.5 mA. Differences between the normalized horizontal and vertical rms emittances
were observed and horizontal emittances tend to be lower and less affected by beamline compo-
nents. Using measured horizontal emittances coupled with a reference model calculation of space
charge induced beam emittances, the ²³⁸U³⁵⁺ beam emittance ε₀ defined by the ion source was esti-
mated. A systematic study using the calculated ε₀ to understand its correlation between the ECR
parameters and magnetic field strength is currently ongoing.
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Optical diagnostic studies of the electron cyclotron
resonance plasma produced in the GTS-LHC ion

source
Tuesday, September 17, 2024 5:00 PM (1h 30m)

The GTS-LHC electron cyclotron resonance (ECR) ion source is an integral part of the chain of
accelerators at CERN. It produces the heavy ion beams which are accelerated using a series of
accelerators from LINAC up to the LHC. The ion beams are extracted from an ECR plasma gen-
erated at the GTS-LHC ion source, however, there has not yet been a non-invasive diagnostic
device to study the plasma. This research focuses on the implementation of an optical diagnostics
and studies the optical emission spectra (OES) as a monitor of the performance of the ion source.
Furthermore, we explore the correlation between spectral properties and changing source param-
eters, offering insights into the behaviour of the ion source, which in turn helps in fine-tuning
of the source. Specifically, the study concentrates on long-term OES analysis spanning several
weeks, focusing on the production of magnesium and lead ions using the GTS-LHC ion source.
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Light ions from the GTS-LHC ion source for future
physics at CERN

Monday, September 16, 2024 5:00 PM (1h 30m)

Starting from 2028, physics programmes using ions at CERN have requested lighter ions than the
lead usually produced. The Working Group on Future Ions in the CERN Accelerator Complex has
been mandated to assess the feasibility of the production and operation of these new ion species.
The ion beam production from two of the chosen elements, krypton and magnesium, was studied
in the GTS-LHC ion source, and the preliminary results of beam intensity, stability and emittance
will be presented, as well as proposed modifications to improve performance.
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Continuous data-driven control of the GTS-LHC ion
source at CERN

Monday, September 16, 2024 5:00 PM (1h 30m)

Recent advances with the CERN infrastructure for machine learning allows to deploy state-of-the-
art data-driven control algorithms for stabilising and optimising particle accelerator systems. This
contribution summarises the results of the first tests with different continuous control algorithms
to optimise the intensity out of the CERN LINAC3 source. The task is particularly challenging
due to the different latencies for control parameters that range from instantaneous response, to
full response after only ˜30 minutes. The next steps and a vision towards full deployment and
autonomous source control will also be discussed.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary authors: KUCHLER, Detlef (European Organization for Nuclear Research); KAIN, Verena
(European Organization for Nuclear Research)

Co-authors: RODRIGUEZ MATEOS, Borja (European Organization for Nuclear Research); SCHENK,
Michael (Ecole Polytechnique Fédérale de Lausanne); BRUCHON, Niky (European Organization for Nu-
clear Research); HIRLAENDER, Simon (University of Salzburg)

Presenter: KUCHLER, Detlef (European Organization for Nuclear Research)

Session Classification: MOP: Monday Poster Session

Track Classification: MC1: New Development and Status Reports

September 30, 2024 Page 41



ECRIS 2024 - Pr ⋯ / Report of Contributions Operation and development of the⋯

Contribution ID: 39 Contribution code: MOA2 Type: Oral Presentation

Operation and development of the 28 GHz electron
cyclotron resonance (ECR) ion source at the facility

for Rare Isotope Beams (FRIB)
Monday, September 16, 2024 9:30 AM (30 minutes)

FRIB has now been in operations for over 2 years and deliver beam to the nuclear physics users
with high reliability and high efficiency. Two ECR ion sources are used to produce a high charge
state heavy ion beam including a 28 GHz capable, superconducting ECR that has been used for the
scientific program since the beginning of 2023. Central to the performance of the FRIB accelerator
are a superconducting linac and a charge stripping system allowing the primary beam to reach
energies above 200 MeV/u and a beam power on the fragmentation target above 10 kW with only
a few tens of microamperes required from the ECR ion source. This beam power was achieved for
many primary beams including Uranium and has been used routinely for experiments over the
past year. FRIB plan to increase the beam power available to users in steps from 20 kW next year
and ultimately up to 400 kW. This presentation goes over the operation of the ECR ion sources
at FRIB with emphasis on the 28 GHz ECR ion source including solid beam production and plan
for intensity ramp up using our 10 kW 28 GHz gyrotron and operation of the superconducting
magnet. Finally plans for a second and third superconducting ion source are presented.
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A novel design of superconducting magnet for ECR
ion source

Tuesday, September 17, 2024 5:00 PM (1h 30m)

Since the powerful capability of producing high charge state ions for heavy ions and the long
lifetime of the ECR ion source is deemed one of the most robust ion source types. So far, the
3rd generation ECR built with NbTi superconductor has a wonderful performance reference to
the ECR used by LBNL and IMPCAS for a long time. However, this type of ECR has not got a
well spread and further development either in accelerator systems or in other areas. The reason is
its inefficiency of electromagnetic design and the complexity of mechanical structure design and
technical realization. Aim to conquer this embarrassing situation of the 3rd ECR magnet. This
paper proposes a novel structure design that combines minimal layers of solenoids and Discrete-
Cosine-Theta coils that are embedded in the machined grooves. Besides the high magnetic field
generation efficiency, this structure can also reduce the accumulation of the coils’Lorentz forces.
The details of the electromagnetic mechanical design of this new magnet structure will be described
in this paper.
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The electrostatic deceleration of ions injected into
an ECRIS CB plasma

Tuesday, September 17, 2024 10:00 AM (30 minutes)

The capture of the 1+ beam is a key parameter in the charge breeding process with an ECRIS-
Charge Breeder as it greatly influences the 1+N+ conversion efficiency. The shape of the efficiency
vs incident ion energy « Delta V » curve originally led to the theory of slowing down of the
injected ions essentially by cumulative small-angle scatterings in collisions with the buffer gas
ions. Recent experiments carried out with the PHOENIX charge breeder at LPSC tends to show that
the electrostatic deceleration plays a greater role than historically considered. For this study, we
varied the CB plasma potential by acting on the microwave power parameter and by measuring the
optimum injection energy for sodium, rubidium and cesium ions. Both i) the correlation between
the plasma potential and optimum injection energy parameters and ii) the independence of the
optimum energy value as a function of the incident ion mass support the new model based on a
slowing down essentially electrostatic.
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Microwave transmission measurements at the
VENUS ECR ion source

Tuesday, September 17, 2024 3:00 PM (30 minutes)

The VENUS electron cyclotron resonance (ECR) ion source uses injected 18 and 28 GHz microwave
power to resonantly energize electrons for plasma ionization. Waveguide antennas detecting 18
and 28 GHz microwaves located after the extraction electrode exit aperture of the source are used
to measure the transmitted microwave power under different source and plasma conditions. In
addition, an antenna is placed in the 28 GHz waveguide to measure 18 GHz microwaves that
make it back out, during 18 GHz only operation. The relationship between the transmitted and
reflected power is investigated. Measuring the transmitted power can aid in understanding how to
efficiently couple the microwaves to the plasma so as to achieve the maximum source output. The
transmitted power, which is inversely related to the absorbed power, is dependent on the neutral
gas pressure, and the minimum magnetic field B_min. The production of ¹⁶O⁶⁺ is also compared
with the transmitted power.
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Efficient injection of high-intensity light ions from
an ECR ion source into an RFQ accelerator

Tuesday, September 17, 2024 5:00 PM (1h 30m)

This study investigates an efficient injection of high-intensity light ions from an Electron Cy-
clotron Resonance (ECR) ion source into a Radio Frequency Quadrupole (RFQ) accelerator. An
often-adopted solution for the beam matching between an ion source and an RFQ is to apply two
solenoids as a Low Energy Beam Transport (LEBT) section. There are also other solutions which
skip the LEBT section and inject the ion-source output beam directly into an RFQ e.g. the so-
called Direct Plasma Injection Scheme (DPIS). For this study, a compact electrostatic LEBT using
an einzel lens as well as an efficient RFQ based on a special design method have been developed
to achieve high transmission of a 60 mA proton beam. Additionally, the RFQ design has been also
checked with the LEBT removed. The design and simulation results will be presented.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary author: ZHANG, Chuan (GSI Helmholtzzentrum für Schwerionenforschung GmbH)

Co-author: BOOS, Eduard (GSI Helmholtzzentrum für Schwerionenforschung GmbH)

Presenter: ZHANG, Chuan (GSI Helmholtzzentrum für Schwerionenforschung GmbH)

Session Classification: TUP: Poster Session

Track Classification: MC7: Beam Extraction and Transport

September 30, 2024 Page 46



ECRIS 2024 - Pr ⋯ / Report of Contributions Role of ECRISs to reveal astroche ⋯

Contribution ID: 44 Contribution code: MOP12 Type: Poster Presentation

Role of ECRISs to reveal astrochemical processes
Monday, September 16, 2024 5:00 PM (1h 30m)

Electron Cyclotron Resonance (ECR) Ion Sources are widely used as the first stage of high energy
(MeV –GeV) accelerators providing ion beams for versatile research fields including nuclear and
particle physics. However, in the Atomki the 2nd generation 14 GHz ECR ion source operates as a
standalone device opening the possibility to develop research areas requiring low energy ion beams
in the range of 0.5 keV–100 keV. One of this research fields is called astrochemistry. Astrochemistry
has been the recipient of continuously increasing interest in the last few decades. The relevance
of interstellar molecules to the emergence of life is strong motivation for better comprehending
the astrochemical mechanisms leading to their formation and destruction. For this purpose, a new
beamline and a special experimental chamber AQUILA (Atomki-Queen’s University Ice Laboratory
for Astrochemistry) were installed and commissioned recently to the Atomki ECRIS. AQUILA has
been purposefully designed to study the chemical evolution of ices analogous to those that may be
found in the dense interstellar medium or the outer Solar System as a result of their exposure to
low energy ion beams. In this contribution the carefully designed ion transport system, the way of
the well-controlled irradiation methods and also the main features of the AQUILA analytic system
will be presented.
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ECR ions sources at CRC in UCLouvain, Belgium
Monday, September 16, 2024 5:00 PM (1h 30m)

The Cyclotron laboratory (CRC) was created in 1972 with the installation of the cyclotron “CY-
CLONE”(Kb = 110) in Louvain-la-Neuve, Belgium. Until late 90’s, this cyclotron was dedicated
to research in nuclear physics (ISOL RIBs, used for nuclear astrophysics measurements), nuclear
chemistry and medicine (neutron and proton therapy). The CRC now mainly delivers ions beams
for industrial applications as radiation hardness tests of electronic devices for space applications
or micro-porous membrane production.
Our center has extensive experience (historically) with homemade ECR sources designed and built.
Two ECR ions sources are used for our daily routine operations. The oldest, SCAMPI (Source Com-
pacte Améliorée pour le Meilleur et pour le Pire, 6 GHz, 2 coils and permanent magnet, first beam
in 1996), was used to produce heavy ions beams until the new ECR source came into operation
and is mainly used nowadays to produce ⁴⁰Ar¹¹⁺ and ⁴⁰Ar¹²⁺ beams. The second, BLUE WHALE
(17,3 GHz, 3 coils and permanent magnet, first beam in 2016), is nowadays to produce heavy ions
cocktail, including ¹²⁴Xe³⁵⁺.
This poster presentation will present a status report on the variate applications, the performance
of our ECR ion sources and our ongoing developments.
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GANIL cyclotron and ion source for industrial
application

Monday, September 16, 2024 5:00 PM (1h 30m)

The GANIL (Grand Accélérateur National d’Ions Lourds) in Caen produces up to 20 % of the beam
times dedicated to industrial applications, such as the irradiation of electronic components.
The SAGA (Space Application at GAnil) project aims to increase beam times for these applications
in the future in order to meet demand from French and European industries.
In this context, one of the challenges is to be able to switch rapidly from one beam to another
in order to optimize the beam time available to industry. To meet these requirements, CIME’s
cyclotron could be an interesting device: it is capable of accelerating beams up to 20 MeV/A for
light elements, and it can be used as a mass separator to select the desired beam. In order to supply
stable ion beams to the CIME cyclotron, the charge breeder installed on the SPIRAL1 facility has
been tested and adapted to provide a stable cocktail-type beam with a very close A/Q.
Details of the project and initial results will be described.
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A novel test-facility for ECRIS plasma diagnostics:
optical spectroscopy, X-ray imaging and
spectroscopy, mm-wave polarimetry

Tuesday, September 17, 2024 4:30 PM (30 minutes)

In the frame of the PANDORAproject and the SAMOTHRACE ecosystem (Italian PNRR in the EU
Next Gen Program contest), two new plasma diagnostics testbenches –PYN-HO and VESPRI2.0 setups
–have been developed at INFN-LNS, with the aim to design and improve detectors and techniques
beyond the state of art. The PYN-HO prototype is conceived to operate in four configurations: two
of them to enhance high resolution X-ray imaging and space-resolved spectroscopy, also including X-
ray tomography using multi pin-hole CCD systems, involving algorithms for Single Photon-Counted
and High-Dynamic-Range analysis, with related calibrations via SDD; the other two are dedicated to
high energy resolution diffractometric spectroscopic measurement in the X-ray and optical domains,
based on micrometric gratings. The VESPRI2.0 mm-wave polarimeter is based on an innovative super-
heterodyne approach to measure plasma-induced Faraday rotation from Lissajous figure detection and
estimate the plasma line-integrated density. Prototypes can be installed in ECRIS for several
plasma physics studies**, such as investigations of plasma structure, confinement dynamics,
instabilities and turbulence, in-plasma and plasma vessel elemental composition, local thermody-
namic parameters, etc. which are directly related to ion beam performances in ECRIS. The design
and features of the prototypes and the first characterizations performed with Ar plasma in the
INFN-LNS Flexible Plasma Trap will be presented.
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Progress in 3D self-consistent full wave-PIC
modelling of space resolved ECR plasma properties

Tuesday, September 17, 2024 11:00 AM (30 minutes)

We present updates of a simulation suite to model in-plasma ion-electron dynamics, including self-
consistent electromagnetic (EM) wave propagation and ion population kinetics to study atomic
processes in ECR plasmas. The EM absorption is modelled by a heuristic collisional term in the
cold dielectric tensor. However, we are stepping beyond the cold approximation, modelling the
hot tensor with non-collisional RF wave damping. The tool calculates steady-state particle distribu-
tions via a full wave-PIC code and solves for collisional-radiative process giving atomic population
and charge state distribution. The scheme is general and applicable to many physics’cases of in-
terest for the ECRIS community, including the build-up of the charge-state-distribution and the
plasma emitted X-ray and optical radiation. We present its last updates and future perspectives,
using as a case-study the PANDORA scenario. We report about studying in-plasma dynamics of
injected metallic species and radioisotopes ionisation efficiency for different injection conditions
and plasma parameters. The code is capable of reconstructing space-resolved plasma emissivity,
to be directly compared to plasma emission measurements, and modelling plasma-induced modi-
fication of radioactivity.
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A novel inductive oven design for the production of
high current, metal ion beams

Monday, September 16, 2024 2:30 PM (30 minutes)

Essential to the proposed search for element 120 at LBNL’s 88-Inch Cyclotron is the continual
delivery of over a particle microamp of ⁵⁰Ti¹²⁺ for weeks-long campaigns spanning many months.
The fully-superconducting ECR ion source VENUS will be the injector source for these runs, and
we have developed a new inductive oven design that can survive VENUS’high magnetic fields
while injecting metallic gas into the plasma with high efficiency. The new oven employs a vertical
susceptor to permit use with metals that melt before outgassing sufficiently, while also allowing
a rotation of the oven’s material exit toward the plasma center for better conversion efficiency to
the produced beam. The performance of VENUS with this oven has been outstanding: as reported
here, 282 MeV ⁵⁰Ti¹²⁺ beams with stable currents between 1.0 and 1.5 pμA have been delivered for
superheavy element searches over multiple ten-day runs.
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A plasma based, charge state stripper for heavy ion
accelerators
Wednesday, September 18, 2024 10:00 AM (30 minutes)

The ionization of ions to a higher charge state is of central importance for the development of new
Accelerator Facilities like FAIR [1], and the resulting cost savings. Currently, mainly gas and foil
strippers are used for increasing the charge state even after using a high performance ECR ion
source in a typical Accelerator chain. Even when the foil or/and gas stripper efficiency or lifetime
has proved to be less than optimal, as these alternatives either require great effort or are practically
not suitable for smooth operation in the long term.
Free electrons in highly ionized plasmas [2,3] can be effectively used for improving the charge state
of heavy ions as the rates of radiative recombination of free electrons are much smaller than those
of electron capture on bound electrons, which leads to a substantial increase of the effective charge
in a plasma compared to a cold-gas target of the same element. Theta and Z pinch plasmas are
possible options which have been explored and experimentally studied at IAP, Frankfurt, Germany
[4]. Typical electron line densities required to be achieved are in the range of 10¹⁶ to 10¹⁹ cm⁻³
and electron temperatures of the order of few tens of eV are found to be very favourable as per
modelling with the FLYCHK code [5], but also extremely challenging. Such a plasma device, the
challenges to be overcome, together with their design details will be presented.

Footnotes
References

1. https://fair-center.eu/

2. Nardi E, Zinamon Z Phys. Rev. Lett. 49 1251 (1982)

3. T. Peter, J. Meyer-ter-Vehn, Energy loss of heavy ions in dense plasma. II. Nonequilibrium
charge states and stopping powers, Phys. Rev. A 43 (1991) 2015–2030, http://dx.doi.org/10.1103/PhysRevA.43.2015

4. C.Teske, J.Jacoby, F.Senzel, W.Schweizer, Phys. Plasmas 17,043501(2010)

5. FLYCHK code: www-amdis.iaea.org

Funding Agency

-

I have read and accept the Privacy Policy Statement

Yes

Primary author: RODRIGUES, Gerard (Inter University Accelerator Centre)

Presenter: RODRIGUES, Gerard (Inter University Accelerator Centre)

September 30, 2024 Page 55



ECRIS 2024 - Pr ⋯ / Report of Contributions A plasma based, charge state stri ⋯

Session Classification: WEA: Oral Session MC6

Track Classification: MC6: Applications and Diagnostics

September 30, 2024 Page 56



ECRIS 2024 - Pr ⋯ / Report of Contributions Applying machine learning techn ⋯

Contribution ID: 51 Contribution code: WEB2 Type: Oral Presentation

Applying machine learning techniques to the
operation of the superconducting ECR ion source

VENUS
Wednesday, September 18, 2024 11:20 AM (30 minutes)

An operator of the superconducting ECR ion source VENUS tasked with optimizing the current
of a specific ion species or finding a stable operating mode is faced with an operation space com-
posed of ten-to-twenty knobs in which to determine the next move. Machine learning techniques
are well-suited to multidimensional optimization spaces.Over the last three years we have been
working to employ such techniques with the VENUS ion source. We will present how the intro-
duction of computer control has allowed us to automate tasks such as source baking or to utilize
optimization tools to maximize beam currents with no human intervention. Our more recent ap-
plications of Bayesian optimization and reinforcement learning to beam current maximization and
the maintenance of long term source stability will also be presented. Finally, we will discuss con-
trol and diagnostic changes that we have employed to exploit the faster data collection and decision
making abilities when VENUS is under computer control.
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Transport of intense Bi and U beams into an RFQ
Tuesday, September 17, 2024 5:00 PM (1h 30m)

A 48.5 MHz RFQ has been designed to transport and accelerate ²³⁸U⁴⁰⁺ (0.52 emA) and ²⁰⁹Bi³⁰⁺ (1.047
emA) beams extracted from a high performance ECR ion source. The RFQ design comprises of a
pre-buncher built into the vanes to narrow the transmitted charge state distribution as much as
possible. The design parameters as a function of cell length is optimised on ²⁰⁹Bi³⁰⁺. It is shown
that the losses of various ions without using an inlet aperture are inevitable, but by proper coating
of the vanes of the RFQ, sputtering can be minimised to a great extent. Titanium shows better
results when compared with gold or copper and this has been verified using the modelling results
from SRIM.The design details of matching the ECR and the RFQ and the predicted performance
will be presented.
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Waveguide DC breaks with optimized impedance
matching networks

Thursday, September 19, 2024 11:10 AM (30 minutes)

A custom 18 GHz waveguide DC break with a built-in impedance matching network, consisting
of two inductive irises adjacent to a capacitive gap assembled around a quartz disk, was built
for VENUS and simulated using the ANSYS High Frequency Structure Simulator, a finite element
analysis tool. The DC break effectively doubled the RF power available for plasma production at the
secondary frequency of 18 GHz while maintaining a DC isolation of 32 kV. Measurements of the
forward and reflected power coefficients, performed with a network analyzer, showed excellent
agreement with the simulations*. Additionally, an extended study was conducted to tailor the
frequencies of 28, 35, and 45 GHz using WR-34, WR-28, and WR-22 waveguides with built-in
impedance matching networks, aiming to predict performance for our upcoming 4th generation
low-power, multi-frequency operation of the MARS-D ion source.

Footnotes
• M. Kireeff Covo, et al., “Inductive Iris Impedance Matching Network for a Compact Waveg-

uide DC Break,” in IEEE Transactions on Microwave Theory and Techniques, early access
(2024), DOI: 10.1109/TMTT.2024.3409470.
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GANIL cyclotron ion sources: optimisation for
operation

Monday, September 16, 2024 11:00 AM (30 minutes)

The GANIL (Grand Accélérateur National d’Ions Lourds) in Caen has been producing and accel-
erating stable and radioactive ion beams for nuclear physics, atomic physics, radiobiology and
materials irradiation since 1982.
On cyclotrons facility, two ion sources (ECR4 and ECR4M) are used to produce around 4,000 hours
per year of gaseous and metallic beams. Recently, studies have been carried out to find ways of
optimizing beam characteristics (stability, intensities).
One of these involves improving the long-term stability of the beam, which is an important pa-
rameter for tuning the accelerator and for physics experiments. At the same time, this improved
stability will also reduce the need of on-call interventions for ion source experts.
Other studies and tests have been carried out to increase the intensity and/or stability of the metal
beams by adapting the injection of the ion source on ECR4/4M. Depending on the configuration,
the gain shall be up to a factor of 2 on the charge state required for acceleration, and stability has
also been improved compared to previous one.
Some details and results will be presented.
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Characterization of the ECR ion source LEGIS
extraction system and its low energy beam transport
line at Legnaro National Laboratories Extraction

System
Monday, September 16, 2024 4:30 PM (30 minutes)

At INFN-Legnaro National Laboratories the heavy ions accelerator complex is fed with beams
produced by a permanent magnet ECR source called LEGIS (LEGnaro ecrIS). Although suitable
intensities and charge states to fulfil the requests of the users are normally guaranteed, the first
part of the Low Energy Beam Transport line (LEBT) downstream of the ion source suffers from
non-negligible losses and a lack of scalability when switching between ions with different mass-to-
charge ratios, thus leading to a machine preparation time longer than would be desirable. These
criticalities called for a deep characterization of the beam coming out from the ion source, es-
pecially in the case of high charge states heavy ions production, normally showing the lowest
intensities. This contribution describes the numerical studies performed on the extraction system
of the LEGIS source and its LEBT. The physics case used is a ²⁰⁸Pb³¹⁺ beam produced for a nuclear
physics experiment in fall 2022. As will be shown, the results shed light on the reasons for the bad
reproducibility and transmission, mostly due to aberrations induced on the extracted beam by the
first optical elements.
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ECRIS operation and developments at TRIUMF
Monday, September 16, 2024 11:30 AM (30 minutes)

Rare isotope beams are used at the ISAC facility at TRIUMF for studies mainly in nuclear and
astrophysics, but also for applications ranging from material science to medicine. The isotopes are
produced via the ISOL technique and ionized via a set of different ion sources depending on the
application. In cases where highly charged ions are needed, charge state breeding is done with
a 14.5 GHz PHOENIX ECR ion source from PANTECHNIK. The source has been operational for
more than a decade providing a wide range of ions from Na to U at A/Q <7 for post-acceleration.
A second ECR ion source, a SUPERNANOGAN also from PANTECHNIK is used to provide highly
charged ions from stable isotopes either for set-up and calibration for the rare isotope beams or
for nuclear reaction studies with stable ions. The presentation will give a summary of results
and will describe the challenges and improvements to the original sources. For the charge state
breeding this is mainly increasing the efficiency and the purity of the delivered beams. In the case
of the SUPERNANOGAN special emphasis is put on operational aspects to cover a wide range of
elements and easy switchover. The latest in this series of improvements is the implementation of
two frequency plasma heating in both ion sources.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary authors: AMES, Friedhelm (TRIUMF); ADEGUN, Joseph (TRIUMF); CHARLES, Christo-
pher (TRIUMF); JAYAMANNA, Keerthi (TRIUMF); KESTER, Oliver (TRIUMF); SCHULTZ, Brad (TRI-
UMF)

Presenter: AMES, Friedhelm (TRIUMF)

Session Classification: MOB: Oral Session MC1

Track Classification: MC1: New Development and Status Reports

September 30, 2024 Page 63



ECRIS 2024 - Pr ⋯ / Report of Contributions Ion source upgrades at MedAustr ⋯

Contribution ID: 59 Contribution code: MOB3 Type: Oral Presentation

Ion source upgrades at MedAustron ion therapy
center

Wednesday, September 18, 2024 10:50 AM (30 minutes)

MedAustron is a synchrotron-based cancer therapy center providing proton and carbon ion beams
in an energy range of 62–252 MeV/u and of 120–400 MeV/u, respectively. The facility has three
clinical irradiation rooms, among which horizontal and vertical beam lines as well as a proton
gantry are available for treatment. A fourth irradiation room is dedicated to non-clinical research
and will additionally provide helium ion beams in the near future. The injector features three
identical ECRIS operated at 14.5 GHz, two of which are used for proton and carbon ion beam
production. The third ion source is used for helium beam generation as well as a test bench for
future source upgrades. One of the latest upgrades, rolled-out clinically, is the switch of the carbon
ion source from continuous wave operation to pulsed mode operation. In this work we present the
main commissioning results obtained in pulsed mode and the beam properties measured up to the
irradiation rooms. The results of ongoing source upgrade activities, for future potential clinical
use, concerning the use of Double Frequency Heating mode for the proton source, improving the
overall accelerator performances, will also be discussed.
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Recent achievements in the production of metallic
ion beams with the CAPRICE ECRIS at GSI

Monday, September 16, 2024 2:00 PM (30 minutes)

The GSI CAPRICE Electron Cyclotron Resonance Ion Source (ECRIS) provides highly-charged ion
beams for various experiments at GSI, enabling the delivery of continuous wave (CW) metallic ion
beams with low material consumption, which is crucial for producing high charge state ion beams
from rare or extremely rare isotopes such as 48Ca. These metallic beams are produced utilizing the
thermal evaporation technique by resistively heated ovens. Due to the research groups’ demand
for higher beam intensities, increased ion currents of higher charge states are now necessary from
the CAPRICE ECRIS.
A test campaign was conducted to establish and improve the production of high charge states of
enriched ⁵⁴Cr and ⁵⁵Mn ion beams. During the tests, plasma images were captured using a CCD
camera to support the operation and enable real-time monitoring of the material consumption. Ad-
ditionally, a hot screen was used to protect the ceramic insulators in the extraction system from
metal deposition, thereby improving the operational stability of the ECRIS. The application of an
optical emission spectroscopy to monitor the stability of metallic ion beams during the operation
with the resistively heated ovens was also investigated. This contribution presents the operational
experience, the intensities and stability achieved for the aforementioned elements. In addition, an
update on a recent improvement involving a specialized oven preparation stand for better condi-
tioning of the ovens is given.
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Numerical design of an innovative superconducting
magnetic trap for probing β-decay in ECR plasmas

Thursday, September 19, 2024 10:40 AM (30 minutes)

The main aim of Plasmas for Astrophysics Nuclear Decays Observation and Radiation for Ar-
chaeometry (PANDORA) project is to build a flexible magnetic plasma trap where plasma reaches
a density nₑ ∼ 10¹¹ –10¹³ cm⁻³, and a temperature, in units of kT, kTₑ ∼ 0.1 –30 keV in order to
measure, for the first time, nuclear β-decay rates in stellar-like conditions.
Here we present the numerical design of the PANDORA magnetic system, carried out by using the
commercial simulators OPERA and CST Studio Suite. In particular, we discuss the design choices
taken to: 1) obtain the required magnetic field levels at relevant axial and radial positions; 2) avoid
the magnetic branches along the plasma chamber wall; 3) find the optimal position for the set of
plasma diagnostics that will be employed.
The magnetic trap has been conceived to be as large as possible, both in radial and axial directions,
in order to exploit the plasma confinement mechanism on a bigger plasmoid volume. The plasma
chamber will have a length of 700 mm and a diameter of 280 mm.
The magnetic trap tender procedure has been completed in June 2024 and the structure realization
is expected to start in late 2024.
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Advances in PIC simulation of 2.45 GHz ECR ion
sources
Tuesday, September 17, 2024 12:00 PM (30 minutes)

INFN-LNS effort in PIC development for ECR Ion Sources is growing, and the collaboration is en-
larging. Simulation capability is essential to reveal phenomena that diagnostics cannot catch. The
simulation incorporates 3D charged particle motion, 3D electromagnetic simulation with tensorial
permittivity, 2D axial symmetric Poisson solver, density evolution of neutral and excited particles,
interaction with conductive and insulating walls, and electrostatic beam extraction. Recent up-
grades include an adaptive time step and Poisson solver optimisation, allowing simulation of a
hundred microseconds, with a time step of 2×10⁻¹² seconds, in one month of computation. The
chemical model was extended to 32 reactions and now includes the first excited atomic level of
H and the first excited vibrational level of H₂. The secondary electron emission and the charge
accumulation on the dielectric surface of Boron Nitride disks were implemented, and their role
in the plasma formation was disclosed. The actual validation phase, where simulation results are
compared to experimental data, will be reported. The commissioning of the PS-ESS source shows
a region where the source does not produce a beam, even if powered by 600 W of RF power. This
behaviour was fully disclosed by simulation and will be presented. The role of the different reso-
nances acting on the standard high current configuration (MDIS) and super stable configuration
(HSMDIS*) will also be discussed.

Footnotes
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Reports 12, 3064 (2022) https://doi.org/10.1038/s41598-022-06937-7
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Modification of the flexible plasma trap for
high-intensity metal ion beams production

Tuesday, September 17, 2024 5:00 PM (1h 30m)

NQSTI (National Quantum Science and Technology Institute) is the enlarged partnership on QST
established under the National Recovery and Resilience Plan (NRRP) funded by the European
Union –NextGenerationEU. In this framework, there is a growing interest in the availability of
mA beams of singly charged (1+) metallic ions to realise quantum devices. To satisfy this request,
the joint INFN Laboratories LNS and LNL proposed to modify the Flexible Plasma Trap (FPT), in-
stalled at LNS, thus transforming it into a simple mirror Electron Cyclotron Resonance Ion Source
(ECRIS). This contribution describes the various technical solutions that will be adopted, foreseeing
novel radial RF and gas/metal injection systems, focusing particularly on the design and simula-
tions of a flexible extraction system capable of handling different beam intensities and ion species.
Specifically, the project targets the production of high-intensity beams of singly charged ions such
as Fe⁺, and Ba⁺, highlighting the versatility and innovation of the proposed modifications.
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Mixed carbon and helium ion beams for
simultaneous heavy ion radiotherapy and
radiography: an ion source perspective

Monday, September 16, 2024 12:00 PM (30 minutes)

Within the framework of research on simultaneous heavy ion radiotherapy and radiography, a
mixed carbon/helium ion beam with a variable He percentage has been successfully established
and investigated at GSI for the first time in order to study this new mode of image guidance for
carbon ion beam therapy.
The mixed C/He ion beam was provided by the 14.5 GHz CAPRICE ECR ion source for the subse-
quent linac-synchrotron accelerator systems at GSI. Prior to that experiment, different ion combi-
nations (¹²C³⁺/⁴He⁺ or ¹²C⁴⁺/³He⁺) out of CH₄ or CO₂ have been investigated at the ECR test bench
in terms of ion beam currents, stability, and C-to-He-fraction quantified by optical spectral lines
and mass spectra. From an ion source perspective, it turned out that each of the different combina-
tions comply with all the requirements of the experiments which successfully took place utilizing
a ¹²C³⁺/⁴He⁺- ion beam with an energy of 225 MeV/u. Finally, both ions were simultaneously accel-
erated and extracted and characterised in the biophysics cave.
This paper briefly outlines some of the measurements obtained at the test bench and during the
beam time from an ion source perspective.

Footnotes

Funding Agency

I have read and accept the Privacy Policy Statement

Yes

Primary author: GALONSKA, Michael (GSI Helmholtzzentrum für Schwerionenforschung GmbH)

Co-authors: ANDREEV, Alexander (GSI Helmholtzzentrum für Schwerionenforschung GmbH); GRA-
EFF, Christian (GSI Helmholtzzentrum für Schwerionenforschung GmbH); MAIMONE, Fabio (GSI
Helmholtzzentrum für Schwerionenforschung GmbH); MAEDER, Jan (GSI Helmholtzzentrum für Schw-
erionenforschung GmbH); VOLZ, Lennart (GSI Helmholtzzentrum für Schwerionenforschung GmbH); LANG,
Ralf (GSI Helmholtzzentrum für Schwerionenforschung GmbH); Dr HOLLINGER, Ralph (GSI Helmholtzzen-
trum für Schwerionenforschung GmbH)

Presenter: GALONSKA, Michael (GSI Helmholtzzentrum für Schwerionenforschung GmbH)

September 30, 2024 Page 72



ECRIS 2024 - Pr ⋯ / Report of Contributions Mixed carbon and helium ion bea ⋯

Session Classification: MOB: Oral Session MC1

Track Classification: MC6: Applications and Diagnostics

September 30, 2024 Page 73



ECRIS 2024 - Pr ⋯ / Report of Contributions 3D simulations of the CAPRICE E ⋯

Contribution ID: 65 Contribution code: TUP14 Type: Poster Presentation

3D simulations of the CAPRICE ECRIS extraction
system

Tuesday, September 17, 2024 5:00 PM (1h 30m)

The simulation of the ion extraction from the Electron Cyclotron Resonance Ion Sources (ECRISs)
is necessary for the optimization and development of the performance of ion sources.
Due to the magnetic field configuration of the ECRISs the calculations need to be performed in 3D.
Therefore simulation programs based i.e. on C⁺⁺ libraries like IBSimu were developed. In this work
a physical model was implemented in IBSimu generating detailed 3D simulations of ion extraction
from a CAPRICE-type ECRIS.
Simulations of multi-species Argon ion beam including Helium contribution as support gas ex-
tracted from CAPRICE are carried out. The study includes the effect of different space charge
compensation degrees.
Furthermore, ion beams extracted with different plasma electrode apertures were analyzed in
terms of ion beam current, beam profile, beam size, divergence angle, and beam quality.
In addition the simulation results were compared to experimental findings, i.e. ion beam intensities
and beam profiles measured with viewing screens.
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Status and perspectives of the PANDORA
experiment: investigating β-decays in magnetized

plasmas
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This contribution deals with the upcoming PANDORA (Plasmas for Astrophysics, Nuclear Decay
Observations and Radiation for Archaeometry) facility*, at INFN-LNS, Catania. PANDORA aims at
measuring β-radioactivity rates and chemical element opacity in plasmas produced in an electron
cyclotron resonance ion trap (ECRIT). The beta-decay rates are expected to vary of several orders
of magnitude in a hot plasma, due to the interplay between the nuclear and atomic processes by
the so-called bound-state-beta-decay mechanism (BSBD). Variations of decay rates have huge im-
pact in astrophysical scenarios and cosmic nucleosynthesis processes, impacting on the chemical
abundances in the Galaxy and in the early Universe. The PANDORA experimental setup will con-
sist of: 1) a superconducting magnetic trap of 700 mm in length, 280 mm in diameter, operating
up to 21 GHz, in triple-frequency heating mode; 2) an array of 14 of high efficiency High Purity
Germanium detectors used to measure the gamma-rays emitted as by-products of beta-decays; 3) a
unique multi-diagnostics system to characterize the plasma, including mm-wave super-heterodyne
interfero-polarimeter, Thomson scattering, two high-resolution optical spectrometers, two CCD
pin-hole camera systems for X-ray spectroscopy, imaging and tomography, SDD and Si-pin detec-
tors for volumetric spectroscopy, and a mass-spectrometer. The talk will give an overview about
the status of the facility construction.

*D. Mascali et al., Universe 8 80, 2022
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Extrapolation of axis-symmetric magnetic fields in
MDIS and ECRIS
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Microwave discharge ion sources (MDIS) and electron cyclotron resonance ion sources (ECRIS) are
widely used to feed particle accelerators. Their magnetic field consists in an axis-symmetric mag-
netic field that can be produced by permanent magnets or coils with the aim of assuring plasma
heating by electron cyclotron resonance and confining the plasma axially. In ECRIS, a sextupole
is added for radial plasma confinement. The 3D configuration of the magnetic field is needed to
simulate beam extraction and plasma particles motion in the plasma chamber. Due to mechanical
constraints, the measurement of the magnetic field in the entire chamber volume is often difficult
or not possible.
This work introduces a numerical method for magnetic field extrapolation in the whole ion source
volume by experimental measurements of the magnetic field in the plasma chamber along the axis.
The approach has been validated by comparing extrapolated values with experimental measure-
ments.
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