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In Situ Effective Pumping Speed Measurements as a
Tool for Non-Evaporable Getter Activation and
Saturation Monitoring

We have developed method of in situ effective pumping speed measurements based on injecting
of small amount of gas into a volume of a vacuum chamber and subsequent recording of pressure
burst decay time dynamics using Residual Gas Analyzer (RGA). Within the certain range, the
pressure burst caused by injected gas will drop exponentially in time and exponential coefficient of
such pressure decay is proportional to total effective pumping speed of all vacuum pumps acting on
vacuum chamber volume. Thus, effective pumping speed can be extracted from the dependence of
injected gas specie pressure vs time recorded by RGA. Non-Evaporable Getters (NEGs) are widely
used for multiple ultra and extremely high vacuum devices and applications over the last several
decades. Moreover, possible NEG applications were recently expanded into vacuum devices with
relatively high-pressure levels, up to 10E-7 Torr, by invention of, so called, high capacity ZAO NEG
which can be operated at elevated temperatures. The intrinsic property of all NEG-based vacuum
pumps is the reduction of their pumping speed, called NEG saturation, after certain period of
operation. Typical time interval for such process can span from about a month and up to a few
years depending on NEG type, vacuum level of NEG pump operation, and residual gas content.
After that, NEG pump will require to undergo re-activation cycle to restore pumping speed back
close to initial value. For many applications it is almost impossible to realize what is the current
pumping speed of NEG pump is and when the pump should be re-activated. Developed method
of in situ effective pumping speed measurements can be used as a tool for NEG-based pumps
activation and saturation monitoring. Application of such approach to monitor pumping status
of NEG pumps was utilized at Extended EBIS which is recently developed for Relativistic Heavy
Ion Collider (RHIC) and future Electron Ion Collider (EIC). The results obtained are presented and
discussed.
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Pattern Transitions on Argon lon Sculpted Silicon
Surfaces

The dynamic of self-organized nanopatterns on solid surfaces has been studied using low energy
ion beam but it remains a central theme within ion beam sputtering still. The previous work for
dynamical characterization has been focused on ion sputtering of Silicon surfaces using unconven-
tional methods. To invoke new phenomena is not achievable using single fixed beam configuration.
In this report, we show that unconventional methods with swinging of Si substrate for formation
of new nanopatterns. This is significant because it is given nanopatterns transitions rather ripple
orientation which theoretically point out till now.

In this work, we experimentally investigated morphology evolution using low energy Ar+ ion
beam sputtered Si surfaces at off normal incidence using an unconventional method of substrate
swinging by different azimuthal angles and speeds from 1 to 16 rotations per minute (RPM). The
azimuthally swinging Si substate exhibit four regimes which included ripples along with trian-
gular structures, ripple devoid of triangles, smooth surfaces and disordered rippled topographies.
Specifically, we find that the extrema of lateral correlation length, nanostructure aspect ratio and
the local surface slope bear a direct relation to the sharp and intense spectral features observed
in our study. Our observations were found to be highly reproducible. Our results were explained
in the light of linear and non-linear regimes of sputtering. The crucial role played by dispersive
linear terms explained the formation of the hierarchical structures at small swing angles. Once
the dispersive effects die down, the ripples change their orientation. The asymmetry in surface
structures was explained by the near-surface mass transport phenomenon at oblique azimuthal
angles. This study demonstrates for the role of this unconventional technique to drive a system
towards abrupt morphological transitions not observed otherwise.
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Upgrade and Improvement of the TRIUMF Charge
State Booster ECRIS

Thursday, 21 September 2023 09:00 (30 minutes)

The RF system of the TRIUMF electron cyclotron resonance ion source charge state booster (CSB)
was recently upgraded for the implementation of two-frequency heating using a single waveguide.
The injection and extraction optics as well as the injection and extraction systems of the CSB were
systematically modelled and optimized. The quadrupole scan technique was developed for beam
emittance measurement. The implementation of the two-frequency heating and systematic opti-
mization were conducted to improve the efficiency and beam quality of the charge state booster.
Under the single-frequency heating regime with well-optimized plasma and beam optics, the max-
imum charge state of 133Cs isotope that could be produced was 27+ with an efficiency of 1.5 %
and the peak of the efficiency distribution was on Cs23+ with an efficiency of 8.8 % but with the
two-frequency heating, the maximum charge state of cesium that could be produced shifted to 32+
with an efficiency of 0.02 % and the peak of the efficiency distribution shifted to Cs26+ with an
efficiency of 9.1 %. For the tests with 238U isotope and under the single-frequency heating regime,
the maximum charge state that could be produced was 36+ with an efficiency of 0.03 %. This could
be improved to a 39+ charge state under the two-frequency heating with an efficiency of 0.02%. Al-
though the peaks of the efficiency remain the same for both heating regimes at 28+, the efficiency
of U28+ under the two-frequency heating regime was more than a factor of 2 higher. Another
significant effect of the two-frequency heating on the CSB was that the total beam emittance was
about a factor of 2 smaller than the total emittance measured under the single-frequency heating

counterpart due to the increase in the electron energy most especially in the plasma core.
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X-Ray Spectroscopy of Laser-Produced Al Plasma
near the Target Surface in a Laser lon Source

The spatially-resolved X-ray spectrum of laser-produced Al plasma near the target surface has been
obtained in the energy range of 1.5-2.2 keV using a compact flat crystal spectrometer. The widely-
used temperature and density diagnostics, the line ratios of Lya/Hef and IC/Hea, were measured
and compared with the calculation results of a steady-state collisional-radiative model, so that
the temperature and density profiles with a spatial resolution of 55 pm were obtained within 200
pm from the target plane. The plasma parameters derived from the spatially-integrated spectrum
were used to calculate the ionization state distribution near the target surface with the steady-
state model and the result was compared with the ion charge state distribution measured with an
Electrostatic Ion Analyzer (EIA) at the distance of 4.2 m from the target surface. The validity of the
steady-state model is discussed, as well as the difference between the calculated ion charge state
distribution and that measured with the EIA.
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Commissioning and First Operation of East Japan
Heavy lon Center at Yamagata University

Thursday, 21 September 2023 16:10 (30 minutes)

A world smallest carbon ion radiotherapy facility, East Japan Heavy Ion Center, Faculty of Medicine,
Yamagata University, started treatment operations in February 2021. The treatment system con-
sists of an ECR ion source, an RFQ and IH-type drift tube linac, a 430 MeV/u synchrotron and a
spot-scanning irradiation system. It has two treatment rooms, one is a fixed horizontal beam port
and the other is a rotating gantry beam port with superconducting magnets.

The ECR ion source is the 6th Kei2-type permanent magnet 10 GHz ECR ion source with a max-
imum field of 0.8 T. All the improvements of the previous facilities are applied to the ion source,
such as helium gas-assisted operation and changes in the shape of an anode electrode and a cath-
ode electrode to reduce the discharge. Owing to these improvements, the ion source has been
operated stably during the commissioning and clinical operation.

The irradiation system of Yamagata University eliminated the plastic block range shifter to realize
a compact gantry, and has 600 energy levels to control the beam range in step of 0.5 mm. In order
to optimize the beam transport parameters quickly, automation tools for orbit correction were de-
veloped.

Machine commissioning and clinical commissioning were carried out in parallel to allow treatment
to begin earlier. First, the horizontal fixed beam port was commissioned by verifying the dose dis-
tribution of the treatment planning system. Then, the gantry beam port was commissioned by
full beam distribution measurement for representing beam angle of 90 degree, and other angles
were sequentially released after the compatibility measurement of beam position, beam size, and
two-dimensional uniformity. In September 2022, we were able to accept all treatment sites in the
gantry port with angle step of 30 degrees. By March 2023, 890 cancer patients had been treated and
24 angles with a 15 degree step were available. Further improvements to increase beam efficiency

are ongoing.
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Design of Magnetic Filter Field in the High Power

Negative lon Beam Source with Large Area for
CRAFT NNBI

Neutral beam injection (NBI) is an indispensable auxiliary heating method used in thermonuclear
magnetic confinement fusion devices. The Comprehensive Research Facility for Fusion Technol-
ogy (CRAFT) needs a well-matched neutral beam injection system for experimental research. The
condition that a high current beam with high beam energy is needed in the process of fusion can
be satisfied by a giant Negative ion based Neutral Beam Injection (NNBI) system. However, nega-
tive ions can be destroyed by electrons with high energy in the plasma generator and expansion
chamber of beam source easily, so the electron energy should be decreased to reduce the losses
of negative ions by collision. A magnetic filter field (MFF) in front of the plasma grid (PG) can be
introduced to cool down the electron temperature. A MFF generated by a current flowing through
the PG and 6 conductors was designed based on the simulation results that the electron tempera-
ture can be decreased from 7eV to 1eV. Furthermore, this system can make the field flexible and
comprehensive in value and space distribution than the permanent magnets. The design can pro-
vide a reference for the development of MFF applied on the negative beam source for CRAFT NNBIL
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Production of intense carbon beams for long-term
stable operation with an all-permanent magnet
electron cyclotron resonance ion source

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 dedicated
C5+ ion 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, and the facility had been officially
licensed to treat patients in early 2020. The facility has been proven to be very effective, and more
than 700 patients have been treated so far. There are still some details that should be improved to
make the facility more reliable and stable. For instance, LAPECR3 ion source could produce more
than 100 epA of C5+ ion in the early stage of ion source operation. However, after several months’
operation, there would be serious carbon contamination on the chamber wall, which reduces the
performance of the ion source and leads to unscheduled maintenance. In order to improve the
performance of the ion source for long term operation, some approaches, for instance plasma
cleaning technique, had been taken to reduce carbon contaminations. This paper will introduce
the attempts to reduce the carbon contaminations and present the latest results of the ion source.
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Positive lon Sources for Supplying with Mono/multi
Charged lons the C400 Cyclotron Devoted to the
CYCLHAD Hadrontherapy Center at Caen

Wednesday, 20 September 2023 09:30 (20 minutes)

Normandy Hadrontherapy (NHa) and Ion Beam Application (IBA) are collaborating to develop a
full hadrontherapy treatment solution based on a new multiparticle cyclotron. C6+ and He2+ ions
will be accelerated up to 400 MeV/u and (H2)+ up to 260 MeV/u. Three different ion sources will be
carried out for each accelerated particle: the mono-charged ion sources (H2)+ and low charged ion
source He2+ are provided by the Polygon Physics (PP) company. The carbon ion source is under
development at NHA in collaboration with IBA and PP.

The (H2)+ ion source is an industrial Tubular Ecr Source (TES) type one fitted for the needs of the
NHa C400 cyclotron (60pA of (H2)+). The He2+ ion source is a classic 10GHz ECR type one with
a new concept because the complete source is set inside a vacuum chamber and it runs under 10-6
mbar of gas residual pressure. The 12C6+ ion source is also an ECR type ion source operating at
14.5GHz frequency. Its design is under progress to produce a beam of naked carbon with a high
stability and reproducibility.

The article will present the External Injection System of the NHa C400 cyclotron, hence it will focus
on the experimental results obtained with the (H2)+ ion source and preliminary outputs from the
He2+ ECRIS. A presentation of the multicharged ECRIS design dedicated to the 12C6+ production
will be done.
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Direct Injection of Intense Heavy lon Beams from an
Electron Cyclotron Resonance (ECR) lon Source into
a Radio Frequency Quadrupole (RFQ) Accelerator

The use of high intensity, heavy ions from an ECR ion source for heavy ion accelerators usually
entails the employment of a low energy beam transport (LEBT) section and magnetic charge state
analysis, but space charge can severely limit the transmission. It has been proposed [1] instead to
use a Radio Frequency Quadrupole (RFQ) to efficiently address this problem. The stray magnetic
field of the ECR ion source can be used to provide focusing against the space charge blow-up at
extraction by using the Direct Plasma Injection Scheme (DPIS) developed for laser ion sources. The
RFQ will then focus and transport the injected beam and will also eliminate most of the charge
states extracted from the ECR ion source. This narrowing of the charge state distribution is a filter,
reducing the low energy beam transport problem as well as the emittance growth for the desired
beam. A combined extraction/matching system has been designed for direct injection into a 48.5
MHz RFQ to produce 238U40+ (0.52 emA) and 209Bi30+ (1.047 emA) beams. The computer simula-
tion code IGUN has been used to design the injection directly into the RFQ from the ECR. The RFQ
design has been modified with a pre-buncher built into the vanes to narrow the transmitted charge
state distribution as much as possible. The design details of this system and predicted performance
will be presented.

[1] G.Rodrigues, R. Becker,R. W. Hamm, R. Baskaran,D. Kanjilal and A. Roy, Rev.Sci.Instrum.,85,02A740
(2014)

[2] G. Rodrigues, R. Becker,R. W. Hamm and D. Kanjilal, Proceedings of ECRIS 2014, Nizhny Nov-
gorod, Russia

[3] RW.Hamm and G.Rodrigues, 12th Int.Part.Acc.Conf, IPAC 2021, Brazil, doi:10.18429/JACoW-
IPAC2021-MOPAB351

Funding Agency

Email Address

I have read the Code of Conduct to attend ICIS2023.

Presenter if not the submitter of this abstract

Dr.G.Rodrigues

Primary author: Dr HAMM, Robert W (R&M Technical Enterprises)

November 21, 2024 Page 16



ICIS2023 - 20th I... /Report of Contributions Direct Injection of Intense Heavy I...

Co-authors: RODRIGUES, Gerard (Inter University Accelerator Centre); PS, Lakshmy (Inter Uni-

versity Accelerator Centre)

Presenter: PS, Lakshmy (Inter University Accelerator Centre)

Track Classification: Beam Formation, Extraction, Transport, and Diagnostics

November 21, 2024 Page 17



ICIS2023 - 20th I... / Report of Contributions The Variation of the Beam Accord ...

Contribution ID: 12 Type: Poster (by default)

The Variation of the Beam According to the RF

Power Frequency, Vacuum, Gas Mixing Ratio of the
14.5 GHz ECRIS

RAON(Rare isotope Accelerator complex for ON-line experiments) is a heavy ion accelerator that
is being built in Daejeon, South Korea. RAON plans to operate a 28 GHz ECRIS(Electron Cyclotron
Resonance Ion Source) with fully superconducting magnet and a 14.5 GHz ECR ion source with
fully permanent magnet. The 14.5 GHz ECRIS was manufactured by PANTECHNIK and installed
in our beam line in September 2020. Initial beam conditioning of the RAON accelerator will be
performed using 14.5 GHz ECRIS. Conditioning using Argon, Oxygen, and Neon beams is planned
to be performed for initial conditioning of the LEBT, RFQ, MEBT, SCL3, and KoBRA sections. Be-
fore conditioning each section, an experiment was performed on each beam at a 14.5 GHz ECR ion
source through changes in RF power, frequency, vacuum, and gas mixing ratio. Beam current and
emittance according to each parameter were measured and compared.
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The Development of the lon Source and Target for
BRISOL

The Beijing Radioactive ion beam facility Isotope Separator On-Line (BRISOL) is a radioactive ion
beam facility based on a 100MeV cyclotron providing 200pA proton beam bombarding the thick
target to produce radioactive nuclei, which are transferred into an ion source to produce singly
charged ion beams. A surface ion source had been developed for BRISOL, and the first radioactive
beams (37K+, 38K+, 42K+, etc.) were produced by bombarding a CaO target with a 100MeV proton
beam from the cyclotron in 2014. A FEBIAD ion source with MgO target are successful used to
the first physics experiments, including the decay study of 20Na with the energy of 110keV and
the elastic scattering study of 21Na and 22Na beams, post-accelerated by a 13MV tandem. The
refractory carbide targets such as SiC, LaC2 and UC2 are also developing for more radioactive
beams. The first online test of SiC target has been completed recently, and radioactivity beams of
25Al, 26Al, and 28Al were produced. The details of the development of BRISOL facility and the

online experimental results will be presented in this paper.
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The High Power-Beam Efficiency Investigation of
Miniaturized ECR lon Source

A miniaturized 2.45GHz microwave ion source (MIS) with plasma chamber of 30 mm x 40 mm
and has the ability to produce more than 20 mA CW hydrogen ion beam with 180 W microwave
power has been built at Peking University(PKU)[1]. To understand the plasma evolution mecha-
nism of MIS, a hybrid discharge heating (HDH) mode that contains a surface wave plasma (SWP)
ignition discharge process and an electron cyclotron resonance(ECR) ionization was proposed, and
the power-beam efficiency is increased to 25 mA/100 W[2]. The power-beam efficiency is a key
parameter to evaluate an ECR ion source, and many factors can affect it. Under the structure of
this MIS, factors such as input power, pressure, magnetic field configuration, and the wall mate-
rial and the size of plasma chamber has been investigated. Based on this research, a more compact
2.45GHz microwave ion source with inner diameter of 24mm has been developed. A 32.5 mA hy-
drogen ion beam was obtained with only 100 W microwave power. RF power efficiency of this
one is increased from 25 mA/100 W to 32.5 mA/100 W.

[1] J.M. Wen, S. X. Peng, H. T. Ren, et al., Chin Phys B. 27, 055204 (2018).

[2] W.B. Wu, S. X. Peng, A. L. Zhang, et al., J. Appl. Phys. 132, 083305 (2022).
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A New Proton Injector Based on PKU-type 2.45GHz
PMECR for BNCT Facility

Thursday, 21 September 2023 17:20 (20 minutes)

The first fully domestically boron neutron capture therapy demonstration device located in Yangtze
River Delta region based on an accelerator neutron source will be build recently. It is held by
“Xi’an Jiaotong University-Huzhou Neutron Science Laboratory” joint lab established by Xi’an
Jiaotong University and Huzhou Industrial Group. The BNCT facility requires a proton beam of
30 mA@40 keV at RFQ entrance, with its beam duty cycle between 0.5%-100%, and its normalized
root mean square emittance less than 0.2 m.mm.mrad. The device development cycle is 10 months.
Ion source group of Peking University (PKU) is in charge of the proton ion source and its low
energy beam transportation section (LEBT). A PKU type compact permanent magnet 2.45 GHz
ECR ion source(PKU-Type PMECR) and a two solenoid LEBT is under development for this pur-
pose. Further, this LEBT integrates beam chopper, absorption area for the chopped beam, ACCT,
electron trap in a vacuum tube with the length of 210 mm after the second solenoid. So far, the
project has completed work such as scheme demonstration, system mechanical design, ion source
conditioning, and peripheral component procurement. Detail will be presented in this article.
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The PI-LIST: High-Resolution Crossed-Beams Laser
Spectroscopy inside the ISOLDE Laser lon Source

Thursday, 21 September 2023 15:20 (20 minutes)

Laser resonance ionization spectroscopy is a sensitive tool for investigating nuclear structures
[1], but its spectral resolution is limited by Doppler broadening, which becomes significant at ion
source temperatures of approximately 2000°C. This can limit resolution to 1-10 GHz, making it
difficult to measure nuclear magnetic and quadrupole moments.

A new laser ion source design has been implemented at ISOLDE to provide in-source spectroscopy
capabilities with higher resolution than previously achievable. It is based on the high beam pu-
rity Laser Ion Source and Trap (LIST) [2, 3], featuring spatial separation of the hot cavity where
potential ion beam contamination can arise from non-laser related ionization mechanisms such as
surface ionization. This design features the Perpendicularly Illuminated LIST (PI-LIST) [4], which
uses a crossed laser/atom beam geometry for spectroscopy, resulting in only the transverse veloc-
ity spread of the atom ensemble contributing to the experimentally observed Doppler broadening.
This allows for spectral resolutions down to 100-200 MHz, an order of magnitude below usual limi-
tations. This technique was used to study neutron-rich actinium isotopes with the highest spectral
resolution ever achieved for in-source resonance ionization spectroscopy at ISOLDE, CERN.[5]
Technical implementation challenges and limits, such as efficiency loss, will also be discussed.

[1] V. Fedosseev et al,, J. Phys. G: Nucl. Part. Phys. 44 084006 (2017)

[2] D. Fink et al., Nucl. Instr. Meth. B, 317 B, 417-421 (2013)

[3] D. Fink et al., Phys. Rev. X 5,011018 (2015)

[4] R. Heinke et al., Hyperfine Interact 238, 6 (2017)

[5] E. Verstraelen et al., Phys. Rev. C 100, 044321 (2019)
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Implicit PIC Development for Bounded Plasmas

Friday, 22 September 2023 09:30 (20 minutes)

Particle-in-Cell (PIC) codes used to study plasma dynamics within ion sources typically use an
explicit scheme. These methods can be slow when simulating regions of high electron density
in ion sources, which require resolving the Debye length in space and the plasma frequency in
time. Recent developments on fully-implicit PIC models in curvilinear geometries have shown that
these spatial/time scales can be significantly decreased/increased respectively, allowing for notable
speed-ups in simulation time, and thus making it a potential tool for studying the physics of ion
sources. For this purpose, a charge and energy conserving implicit PIC code has been developed
in 1D to show its potential for simulating bounded plasmas. In this paper, we use this model to
simulate a 1D analytical benchmark of a bounded plasma with fixed power input and Maxwellian
electron distributions. The results are shown to compare well to analytical theory and to the
results using an explicit PIC code. We demonstrate the ability of the implicit PIC code to speed-up
simulation time by nearly a factor of 10x compared to explicit PIC, which would correspond to a
speed-up of up to 1000x in 3D.
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A Compact DD Neutron Generator with High
Neutron Yield

Neutron generator has the characteristics of high neutron energy generation, high inherent safety
and flexible use scenarios, and is widely used in many fields, such as scientific research, activation
analysis and contraband monitoring. This paper introduces the development of a small Neutron
generator based on ECR source, which is being developed by China Institute of Atomic Energy. The
generator uses a 2.45GHz high current ECR ion source to generate a high current D beam of several
mA magnitude. After acceleration, it bombards a water-cooled self generated pure copper target
to generate 2.5MeV neutrons through (D, D) nuclear reaction. This paper introduces the design of a
small Neutron generator based on ECR source and the preliminary measurement results of neutron
yield. The neutron yield of the device can reach over 1 * 109n/s using a 3He neutron detector.
During the nearly 300 hours of experimental testing, the generator operated stably without any
component damage. The generator has the characteristics of small size, high yield, long expected
working life, etc., which can meet the needs of scientific research and some industrial applications
for 2.5 MeV neutron source.
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A High-Intensity, Low-Energy Heavy lon Source for a

Neutron Target Proof-of-Principle Experiment at
LANSCE

The capability to directly study neutron capture reactions on radionuclides with half-lives on the
order of minutes would allow key cross section measurements in nuclear astrophysics and en-
ergy applications. However, such experiments with stationary targets are currently impossible
because of signal detection and target sample fielding issues. To overcome these challenges, a neu-
tron target facility is being developed to permit neutron capture experiments on unstable isotopes
in inverse kinematics at the Los Alamos Neutron Science Center (LANSCE). This next-generation
facility will consist of a heavily moderated, high-intensity spallation neutron target coupled with
a radioactive ion beam storage ring. A proof-of-principle experiment is underway to demonstrate
this neutron target concept at LANSCE in the near term with stable ions and without a storage
ring. Here, mA-level beams of 10-50 keV heavy ions exhibiting large resonant neutron capture
cross sections will be generated by a new ion source, transported through a large-volume neutron
moderator surrounding an adjacent spallation target driven by the LANSCE accelerator, and col-
lected downstream of the moderator for subsequent decay-counting measurements. The neutron
density within the moderator will be obtained from these decay yields and compared with Monte
Carlo N-Particle (MCNP) simulation results. The science application, operational requirements,

and performance objectives for this heavy ion source will be presented.

Funding Agency

U.S. DOE and NNSA

Email Address

alcooper@lanl.gov

I have read the Code of Conduct to attend ICIS2023.

Yes

Presenter if not the submitter of this abstract

Primary author: COOPER, Andrew (Los Alamos National Laboratory)

Co-authors: Dr COUTURE, Aaron (Los Alamos National Laboratory); Prof. REIFARTH, Rene
(Goethe University Frankfurt); Dr MOSBY, Shea (Los Alamos National Laboratory)

Presenter: COOPER, Andrew (Los Alamos National Laboratory)

November 21, 2024 Page 26



ICIS2023 - 20th I... /Report of Contributions A High-Intensity, Low-Energy He...

Session Classification: Tuesday

Track Classification: Production of High Intensity Ion Beams

November 21, 2024 Page 27



ICIS2023 - 20th I... / Report of Contributions Initial Experimental Results on Ion...

Contribution ID: 21 Type: Poster (by default)

Initial Experimental Results on lon Cyclotron
Resonance Heating Selectively Mixed Low Z lons to
Enhance Production Efficiency of Multicharged lons

on Electron Cyclotron Resonance lon Source

We have been experimentally measuring the charge state distribution of the multiply-charged ion
current generated and extracted from an electron cyclotron resonance (ECR) ion source (ECRIS),
and plasma parameters such as electron density, electron temperature, and space potential of the
plasma in the ECRIS, and then investigating the correspondence between them. According to
the accessibility conditions of wave propagation in the magnetized ECRIS plasma, it is speculated
that the essential factor that determines the limitations in the multiply charged ion current in
the current ECRIS is not simply the ordinary wave cutoff (O-cutoff) density, nor the right-hand
polarization wave cutoff (R-cutoff) density, but rather the higher density limit one, i.e., the left-
hand polarization wave cutoff (L-cutoff) density where electromagnetic waves no longer can exist.
Therefore, it is necessary to overcome this limitation in the ECRIS, other than the conventional
method of simply increasing the frequency and the magnetic field strength. One direction is de-
veloping conventional dual-frequency heating, i.e. high frequency resonance, which is a conver-
sion from electromagnetic waves to electrostatic waves with no cutoff. The other direction is the
introduction of ion cyclotron resonance (ICR) or lower hybrid resonance (LHR) by introducing
electromagnetic waves at very lower frequencies than ECR’s one, which has no density limit in
a more intrinsic sense. In the case of ion heating, we conduct heating low-mass ions selectively
in enhanced producing multiply charged ion by mixing low-mass element gas, which has been
conventionally performed in ECRIS, or relaxation of the potential well based on the existence
of resonant electron particles by ECR. We aim to improve the efficiency of multiply-charged ion
generation based on this method. This paper will describe the initial experimental results of ICR
application by introducing low-frequency RF electromagnetic waves in the ECRIS.
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Initial Experimental Results of Producing
Multicharged lons Efficiently by Lower Hybrid
Resonance Heating with Exciting Helicon Waves on
Electron Cyclotron Resonance lon Source

Wednesday, 20 September 2023 10:10 (20 minutes)

For many years, we have been promoting basic and applied research on multiply-charged ion gen-
eration in an electron cyclotron resonance (ECR) ion source (ECRIS). Based on these experimental
results, we considered the accessibility conditions for wave propagation in the magnetized plasma
in ECRIS, and proposed various microwave feeding methods to improve the efficiency of multiply-
charged ion generation by ECR, and tried them experimentally. As a typical original application
case, the lowest-order Bernstein wave (BW) mode of conversion from electromagnetic (EM) to
electrostatic wave (ES) mode in extra-ordinary mode (X-mode) introduction of higher frequency
microwaves than ECR ones had been tried to induce upper hybrid resonance (UHR) heating. Next,
we firstly excite helicon waves by introducing electromagnetic waves with frequencies lower than
those of ECR and UHR into the ECRIS. Then, we generate the lower hybrid resonance (LHR) in
the ECRIS by the electric field of the X-mode of the helicon wave which additionally heat the
electrons, and then it was conducted to improve the efficiency of multiply-charged ion generation
experimentally. As a result, due to the introduction of the X-mode electric field by the helicon
wave introduction, under the critical condition where the LHR condition is satisfied, the LHR ef-
ficiently contributes to the electron heating, and the efficient generation of multiply charged ions
is achieved, and then multicharged ion current were increased successfully. Under this condition,
the electron energy distribution function obtained by the electrostatic probe measurement shows
an increase in the high-energy region in the corresponding region, supporting occurrence of the
resonance heating. In this paper, for the first time we will describe the initial experimental re-
sults on enhanced production of multiply-charged ions by the LHR resonance phenomenon of the
low-frequency RF electromagnetic waves introduced to the ECRIS.
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2.45 GHz Surface Wave Plasma Source Development
for Plasma Flood Gun

In a modern ion implanter, plasma flood gun (PFG) is used to neutralize wafer charge during dop-
ing process, preventing the breakdown of floating wafers caused by the space charge accumulation.
Surface wave plasma (SWP) source that has a simple structure and no hot filament requirement,
which can avoid metal pollution, is a potential competitive prospect as a PFG for ion implanter. At
Peking University (PKU), SWP source research based on 2.45 GHz microwave is launched recently.
Our aim is to establish a high intensity plasma with gas pressure in 10-3 Pa order that are critical
required by ion implanter. To achieve this goal, we established a two-dimensional axisymmetric
discharge model to optimize the structural parameters of the SWP source. Counting in various
physical parameters in a 2.45GHz SWP source, such as electron temperature, electron density,
electric field mode, energy deposition and electron generation rate, a prototype SWP source with
RF coupling through a cylindrical dielectric antenna was designed and tested. In subsequent con-
tinuous wave (CW) experiments, the extracted electron beam can be more than 90 mA at input RF
power of 500 W and argon gas pressure of 5.5x10-3 Pa. Detail will be presented in this article.
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Work Function of the Caesiated Converter Surface at
the BATMAN Upgrade H- lon Source at Different

Source Parameters

Tuesday, 19 September 2023 09:50 (20 minutes)

Negative hydrogen ion sources for neutral beam injection (NBI) systems for nuclear fusion experi-
ments rely on the surface production of negative hydrogen ions on a low work function converter
surface. The state-of-the-art technique for the generation of low work function surfaces is steady
evaporation of the alkali metal Cs into the ion source. As the Cs layers are affected by residual
gases from the background pressure (typically 10~7~10~% mbar) during vacuum phases as well as
by reactive hydrogen particles and energetic photons during plasma phases, non-pure Cs layers
are present and are subject to temporal dynamics. In consequence, the achievement of a stable and
reliably good ion source performance (i.e., high extracted ion current and technically manageable
co-extracted electron current) is challenging and in particular an issue for long pulse operation (1
h required in the case of ITER).

To control the work function and get insight into temporal dynamics in different operational sce-
narios, a work function diagnostic has been developed that is suitable for harsh ion source envi-
ronments. High power fiber-coupled LEDs are used to irradiate the surface with different photon
energies in vacuum phases between plasma pulses, and the resulting photocurrents are measured
to evaluate the absolute work function according to the Fowler method. The diagnostic is success-
fully benchmarked at a dedicated laboratory experiment and is applied at the BATMAN Upgrade
test bed at IPP, which is equipped with an ion source 1/8 of the size of the ITER NBI source and has
recently been upgraded for long pulse operation. It is shown that the work function is subject to
pronounced temporal dynamics and is far below the one of bulk Cs in a well-conditioned source.
Investigations are performed both in Hy and Dy for operational scenarios with different pulse
lengths to identify correlations between the work function, parameters such as the Cs density and
ion source performance.
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Development of Cold Cathode PIG with Floating
Reflector

The cold cathode type PIG ion sources were often employed for compact cyclotrons with high
magnetic field as internal source. The ion sources are preferable to conduct maintenance easily
without vacuum break of cyclotrons to avoid long downtime. In this study, cold cathode PIG H+
ion source was developed with extraction mechanism along to main magnetic field direction for
the spiral sector AVF cyclotrons which were difficult to be accessed on median plane.

Ordinary cold cathode type PIG ion sources consist of a pair of cathodes and a cylinder shape
anode. The bias voltage to generate discharge is loaded to both cathodes. But in this study the
bias voltage was loaded to only single side of cathodes and another side of cathode was floating
from the ground so that the ion source was made small as the bias line to another side cathode
was omitted. The potential level of floating cathode was equipotential through plasma. The dis-
charge characteristic and extraction beam current were measured with this developed ion source
for performance evaluation. The extraction current with DC beam was 3 pA maximum and it is
relatively low output when compared among other cold cathode PIG ion sources. The reason of
low current was that insulation break-down occurred before the discharge transferred to arc mode
so that enough ionized current could not be obtained. The bias voltage could not be loaded over
2.2 kV stably. Besides, the cooling pathway performs too much to heat up the cathode by ionized
current of glow discharge and the temperature did not raise so hot that thermal electron emission
starts. Some modifications are needed to achieve H+ 300pA output.
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Investigation of Plasma Chamber Erosion in an RF
lon Source

Friday, 22 September 2023 09:50 (20 minutes)

D-Pace is developing a 13.56 MHz RF ion source capable of producing negative ions (H~, D™). The
ion source is a hybrid design between the TRIUMF-licensed filament ion source and the RADIS
ion source licensed from the University of Jyviskyld. An Inductively Coupled Plasma (ICP) is
generated inside the plasma chamber using a planar spiral external antenna, powered by an RF
power supply. The RF power is coupled between the antenna and the plasma through an Aluminum
Nitride (AIN) dielectric window.

The RF ion source is expected to offer a ‘maintenance-free’ operation compared to a filament ion
source due to the absence of any filaments that erode in the plasma. However, the RF ion source
is challenged by the erosion of the copper plasma chamber during the operation. This leads to
the deposition of copper layers on the plasma-exposed surface of the AIN window. These metal
deposits decrease the power coupling from the spiral antenna to the plasma and deteriorate the
beam current from the ion source. Different experiments were performed to control the deposition
of copper on the dielectric window in an Hy plasma.

The copper deposition can be reduced by maintaining the surface of the dielectric window at high
temperatures. Operation of the ion source at high Hy gas pressures (> 20 mtorr) can also reduce
the formation of copper layers considerably. Moreover, it was found that the erosion is directly
related to the value of the electric potential applied to the plasma electrode during the beam extrac-
tion. A reduction in the ratio of the plasma exposed area of the plasma electrode to the grounded
surface area of the plasma chamber to =~ 0.03, reduces or nearly completely eliminates the forma-
tion of copper layers on the dielectric window. A combination of these solutions is incorporated
into the operation of the RF ion source and the latest results are presented in the paper.

Funding Agency
MITACS

Email Address

I have read the Code of Conduct to attend ICIS2023.

Yes

Presenter if not the submitter of this abstract

Primary authors: GEORGE, Anand Mathai (TRIUMF/D-Pace); HOEHR, Cornelia (TRIUMF); DEHNEL,

November 21, 2024 Page 37



ICIS2023 - 20th I... /Report of Contributions Investigation of Plasma Chamber E ...

Morgan (D-Pace); Dr MELANSON, Stephane (D-Pace)

Presenter: GEORGE, Anand Mathai (TRIUMF/D-Pace)

November 21, 2024 Page 38



ICIS2023 - 20th I... / Report of Contributions Experiment of Highly Charged Ion...

Contribution ID: 28 Type: Poster (by default)

Experiment of Highly Charged lon Production by
Changing the Microwave Injection Position at
Compact ECR lon Source

Kei3 is a prototype of compact ECR ion source developed for various ion production at QST-NIRS.
It has confirmed that Kei3 has an ability to produce highly charged heavy ion, for example, car-
bon, neon and argon, but the beam current was not high enough. To improve this situation, we
optimized microwave frequency and injection position in the plasma chamber.

Microwave has a large effect to production of ion, the injection efficiency to ECR plasma is a key
to obtain high current beam.

In this study, we measured Ar4+ beam current by moving the injection position 2mm step along
beam axis from peak of axial magnetic field. We also measured it when microwave frequency was
varied from 9.75 GHz to 10.00 GHz in 0.01 GHz step. Microwave was transmitted by coaxial ca-
ble, and it was injected through antenna. The dependence of microwave frequency and antenna
position on beam current was measured in this experiment. Coaxial cable was set at r=18 mm to
prevent damage due to heat input by the plasma.

The beam current was not observed at the start position, but it increased periodically along the
injection position. The maximum beam current was 26.8 uA observed at microwave frequency of
9.84 GHz and 45 mm inner position of the peak of magnetic field. It was 1.8 times larger than 5
mm inner position of the peak. As a result, the injection position of microwave should at the inner
position of peak of magnetic field for more efficient highly charged ion production.
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A Long-life Laser lon Source Using a Reproducible
Solidified Gas Target

A laser ion source employing a cryogenically solidified gas target has been developed and demon-
strated to supply highly charged carbon ions for a long period of time without being limited by
the lifetime of the laser target. This new laser ion source is expected to be applied to the next-
generation heavy ion cancer treatment accelerator based on inductive synchrotron technology. A
solid carbon dioxide (CO2) layer with a thickness of about 10-500 pm was formed on the cylindri-
cal cold head cooled by liquid nitrogen by sublimation of CO2 gas. By irradiating the layer with
a frequency-doubled Nd:YAG laser, an ablation plasma containing highly charged carbon ions
was generated and analyzed. Although the solid CO2 layer is locally removed by a single laser
irradiation, we could stably and repeatedly supply carbon ions by precisely controlling the laser
irradiation position on the target with stage controllers. We found that the thickness of the CO2
layer strongly affected not only the size of the removed layer, but also the damage on the cold head
surface. These results are likely due to the laser peening effect associated with laser ablation. In
the presentation, we discuss several important issues essential for the practical application of laser
ion sources using the reproducible cryogenic target, i.e., optimization of conditions for cryogenic
target formation, reproducibility of laser ablation from regenerated solid CO2 layers, and damage
to the substrate accompanying laser irradiation and their mitigation measures.
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Effect of a Biased Disk on the Afterglow
Characteristic of HECRAL lon Source

Previous studies indicate that the biased disk enhances the charge state distribution (CSD) in the
plasma in continuous wave (CW) mode and it also improves the ion flux towards the extraction
in pulsed mode. However, in these studies the biased disk voltage is always shifted from 0 V to a
certain value (or vice versa) with different timing, for an electron cyclotron resonance (ECR) ion
source operated in afterglow mode, this means that the RF-heating stage and RF-off stage could
not be simultaneously affected in this condition. Therefore, in this study, to further investigate
the effect of the biased disk on both the RF-heating stage and RF-off stage in afterglow mode,
the waveform characteristic was systematically measured between two non-zero voltages with
different timing on HECRAL (Hybrid superconducting Electron Cyclotron Resonance ion source
with Advance in Lanzhou) ion source. The experimental results are presented and the physical
mechanism behind experimental observation is discussed.
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Design of a Medium Temperature Resistance Oven
for ECR lon Sources at Institute of Modern Physics

With the successful development of inductive oven in 2019, there are three kinds of metal ovens
at Institute of Modern Physics (IMP) now: low temperature oven, inductive high temperature
oven and traditional mini-oven. To expand the range of temperature coverage, a new resistive
medium temperature oven has been proposed in 2022 and fabricated in 2023. It is designed for
the optimal working range of 700- 1600°C, the main purpose is to produce refractory metal vapor
with medium service temperature, such as Fe, Ni, Cr, Mn, etc. A special feature of this oven is the
added gap between the ceramic crucible and the heating coil to avoid compatibility problems at
high temperature. The off-line test result shows that this oven can reach up to about 1600 °C at 0.5
kW of DC power. In this contribution, we will present the structure of this medium temperature

oven and discuss the testing results as well.
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Visible Camera-Based Diagnostic to Study Negative
lon Beam Profiles in ROBIN lon Source

Monday, 18 September 2023 10:00 (20 minutes)

The ion beam divergence & uniformity/homogeneity apart from beam energy are two crucial pa-
rameters of a large-size ion source-based NBI (Neutral Beam Injector) for the physical interpreta-
tions of beam dynamics & control of its extraction system. Characterization of H~ ion beam in
ROBIN (Rf Operated Beam source in India for Negative ion) source using two orthogonally placed
cameras installed at the top & a side port of the beamline, at an axial distance ~ 1.42m & ~ 1.90m
from the grounded grid (GG) respectively are presented in this report. As the beam particles travel
through the background gas, it emits photons in the visible range due to the production of excited
species. The cameras characterize the beam profile based on the photon intensity level that is
proportional to the beam current density. The ROBIN ion source with masked large area grid
(LAG) extraction system, having only 146 open beamlet apertures dispersed equally on two grid
segments for beam extraction. The grid segments are inclined by 0.873° from the vertical plane
towards the forward direction. The exposed area of the grid segments focuses the beam vertically
at a distance of ~ 3m. The initial observations through lateral camera at 1.9m shows: individual
beamlet identities are lost & each segment forms a Gaussian-type beam profile which eventually
merges into a super-beam with a nearly flat-top profile with Gaussian wings at the edges. The
shape of the super-beam depends on the mechanical beam focussing & the space-charge blowing-
up effect. The estimation of beam uniformity/homogeneity & divergence is complex & so a beam
modeling activity is initiated. The total beam profile is obtained by integrating all the beamlet
profiles over the whole extraction area. The correlation between the measurements & simulation
of the beam is highlighted in the report. Tomographic analysis using camera data & analytical
models is the future scope of action.
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Innovative Cesiation Deriving Incredible 145 mA
Beam from J-PARC Cesiated RF-Driven H™ lon Source

Tuesday, 19 September 2023 09:00 (30 minutes)

In NIBS2022, the stable 8-hour operation of the J-PARC cesiated RF-driven H™ ion source in a test-
stand with a 69.9 keV 120 mA beam and a beam duty factor of 4 % (1 ms x 40 Hz) was reported.
However, the Cesiation condition was produced after many times and rather large amount of Ce-
sium and H2Os injections. The necessary plasma electrode temperature (TPE) of 254 °C was also
much higher than those not only for the J-PARC source (about 70 °C) but also for the standard
cesiated H™ ion sources (180 ~ 200 °C).

In this paper, the novel Cesiation procedure (how to inject H20s and Cesium), which reproduces
the Cesium effects lasting not only for the high TPE but also for the high-density plasma bombard-
ments, is presented. The innovative Cesiation derived a 76.5 keV 145 mA beam from the J-PARC
source in the test-stand. The measured results of the 145 mA beam, extraction electrode current
and RF waveforms, parameter trends of an 8-hour 145 mA operation and the transverse emittances
are also presented. The available H™ ion intensity for the J-PARC source operation energy of 52.5
keV was increased from 72 mA to 83 mA, which was consistent with the 1.5 power law on the
beam energy compared with 145 mA for 76.5 keV.
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Multi-Filament lon Source for Uniform lon Beam
Generation

Ion beams are employed in various fields such as semiconductor manufacturing, surface modifi-
cation, and material science. The uniformity of ion beams is crucial in many applications, but
conventional ion sources that use a single filament often limit the uniformity and intensity of the
ion beam. This paper presents a study that aims to optimize a multi-filament ion source to en-
hance the uniformity of ion beams. The study includes a detailed explanation of the ion source
components and design, methods for measuring ion beam uniformity, experimental design, re-
sults, and analysis, discussions and conclusions, and suggestions for future research directions.
The experimental results demonstrate that the use of a multi-filament ion source improves ion
beam uniformity compared to a single-filament ion source. An optimal design for the ion source
components and new approaches for improving ion beam uniformity are described. The study’s
results provide important information for improving ion beam uniformity and offer a technical
basis for providing high-quality products and services in various industries.
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A Study of Temperature and Electric Potential
Distribution in a Novel Pyroelectric Neutron
Generator

Pyroelectric neutron generator is an ideal neutron calibration source for free of radioactive con-
tamination and high-frequency noise interference. The basic principle involves using pyroelectric
crystals to generate high-voltage electric fields, which in turn accelerate deuterons produced by
ionization to bombard deuterium-rich targets, initiating deuterium-deuterium (D-D) nuclear reac-
tions to generate neutrons. Existing pyroelectric neutron generators utilize field emission ioniza-
tion to produce deuterons, which limits the beam current and acceleration voltage, thereby limiting
the neutron yield.

A novel pyroelectric neutron generator that uses a pulsed 1064 nm laser to irradiate the LiTaO3-Mo-
TiDx substrate simultaneously for heating and ionization was introduced. This paper discusses the
temperature change range and rate of the LiTaO3 single crystal pyroelectric material under laser ir-
radiation, as well as the pulse energy, repetition frequency, loading time, and spot size. In parallel,
numerical simulations of the surface charge, potential, and acceleration gap electric field distri-
bution of the LiTaO3-Mo-TiDx substrate have been conducted based on the single-crystal system
theory model and the finite element method. The relationship between temperature change and
maximum potential and acceleration gap electric field distributions has been established. The main
factors affecting the maximum potential and electric field distribution are also analyzed.
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Physics and Engineering Design of the 500 keV Beam
Source for the BEST Neutral Beam Injector

Tuesday, 19 September 2023 09:30 (20 minutes)

Burning plasma Experimental Superconducting Tokamak (BEST) will be a new magnetic confine-
ment fusion device (major radius ~3.6 m, minor radius ~1.1 m, plasma current <7 MA, toroidal field
<6.1 T) located at Hefei, China. BEST aims to research and develop the physics and technology
of the fusion power to generate electricity. Neutral beam injection is one of the auxiliary heating
and current drive systems for the BEST to ignite and sustain the D-T burning plasma. The BEST
NBI system is now under final design, which has one injector with one beam source. The BEST
beam source is required to generate a 500 keV and 20 A beam of deuterium negative ions for the
first phase (800 keV and 31.25 A for the second phase). This paper presents the important details of
the physics and engineering design of the 500 keV BEST beam source, which mainly consists of a
four-driver RF plasma source and a three-stage electrostatic accelerator. The concepts, structures
and parameters of the design are determined and supported via a series of numerical analyses,
experimental activities, and also the R&D experience of the negative ion beam source worldwide.
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Development of a Low Emittance Proton Injector for
a Transportable Compact Neutron Source

A transportable compact neutron source is under development for nondestructive testing of con-
crete structures such as bridges. It consists of a compact proton injector, a 2.5 MeV Radio-Frequency
Quadrupole (RFQ) linac and lithium target. To meet the requirements of a 2.5 MeV RFQ linac, a new
compact ion Source-LEBT integrated proton injector was developed at IMP. It includes a perma-
nent magnet compact 2.45 GHz ECR ion source, two sets of deceleration-acceleration type Einzel
lenses, a beam kicker, an ACCT and a set of beam steers. For an electrostatic LEBT, thermal de-
formation, optics mismatching and sparks between the LEBT sections were the main technology
difficulties. Therefore, this paper was mainly studied how to achieve good beam matching and low
emittance beam. Test results of this ion source prove that it is the ability of delivering a proton
beam with current of 20 mA operated in 30 kV. The range of duty factor was form1% to 4% (50
Hz/0.3 ms, 200 Hz/0.2 ms). After series of experimeatal investigation, the beam current and emit-
tance at the entrance of RFQ can meet the requirements of a 2.5 MeV RFQ. The rms emittance at
the LEBT exit is less than 0.15 mmm.mad.
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Development of Negative lon Source with Double
Drivers for the CRAFT Neutral Beam Injector

The Comprehensive Research Facility for Fusion Technology (CRAFT) is a large scientific device
that is preferentially deployed for the construction of major national science and technology in-
frastructures. A radio frequency (RF) negative ion based neutral beam injection (NNBI) system
with beam energy of 400 keV, beam power of 2 MW and beam duration of 100 s was designed
to deliver energetic neutral beam for fusion research. To understand the physics and pre-study
the engineering problems for RF negative ion source, several negative sources with different sizes
and structures were developed and tested, including the prototype negative ion source with single
driver, double drivers and four drivers. So far, the prototype negative ion source has been tested
on a small test facility. The negative ion beam with beam energy of 54kV, negative ion current of
3.5A and beam pulse of 105 s was achieved. The extracted negative ion current density is around
160 A/m2. Last year, the negative ion source with double drivers was designed and developed
(a new test facility was also developed for the ion source conditioning too). Now, the negative
ion source with double driver was finished assemble and under testing. The details of design and
experimental results of ion source will be reported in this paper.
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Recent Progress of the Movable Vlasov Launcher at
Institute of Modern Physics

To investigate the coupling efficiency between microwave with frequency above 20 GHz and
plasma in an electron cyclotron resonance (ECR) ion source, a movable Vlasov launcher has been
developed at Institute of Modern Physics (IMP). The beam intensity and axial bremsstrahlung were
simultaneously measured with SECRAL-II (Superconducting ECR ion source with Advanced de-
sign in Lanzhou No. II) ion source at different positions of the Vlasov launcher. The experimental
results clearly demonstrate that the position of the Vlasov launcher has significant impact on the
beam intensity as well as charge state distribution (CSD), which indicates a variation of the pro-
duced beam intensity by a factor of 5 when the launcher is moved along the off-axis position.
Meanwhile, it is shown that the bremsstrahlung spectrum counts within an energy range of 1-20
keV are particularly sensitive to the position of the Vlasov launcher, which implies that changing
the position of the Vlasov launcher will modulate the electron energy distribution function (EEDF)
and promising microwave coupling efficiency with regards to highly charged ion beam production
could be achieved at the optimum position where more warm electrons are produced. This study
will have a fundamental impact to the microwave coupling scheme of the third generation ECR ion
sources and thus give a new insight into the design of microwave coupling scheme for the fourth
generation ECR ion sources.
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Studies on the Electron Energy Distributions in the
18 GHz High Temperature Superconducting (HTS)
ECR lon Source

P. S. Lakshmy®, Mukesh Kumar, R.K.Gurjar, Ruby Santhi and G.Rodrigues
Inter University Accelerator Centre, Aruna Asaf Ali Marg, New Delhi, India.

The 18 GHz High Temperature Superconducting (HTS) Electron Cyclotron Resonance Ion Source
[1] is the main positive ion injector for the upcoming, High Current Injector (HCI) Programme
which is presently being commissioned at IUAC, New Delhi. In general, X-ray bremsstrahlung
from an ECR ion source gives an idea of the energy distributions of cold, warm and hot electrons.
In our earlier studies [2], wall bremsstrahlung components were studied to understand the hot
electron confinement conditions. Also, bremsstrahlung measurements were carried out to study
the effect of dc bias voltage [3] on the high temperature component of the electrons. In our present
work, we report on the recent measurements of bremsstrahlung ; since the production of highly
charged ions is dependent on the electron energy distributions inside the plasma, the effect of
the axial magnetic fields on electron energy distributions and simultaneous effect on charge state
distributions will be presented.

*Corresponding Author: P. S. Lakshmy, E-mail Address: plankudy@gmail.com

[1] D.Kanjilal et al., Review of Scientific Instruments, Vol.77, 03A317 (2006).

[2] R.Baskaran et al., Review of Scientific Instruments, Vol. 79, 02A324 (2008).

[3] G.Rodrigues et al., Review of Scientific Instruments, Vol. 81, 02A323 (2010).
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Numerical Simulation and Experimental Study on
the Ejecting Electrons from the Prototype Negative
lon Source at ASIPP

A negative ion based neutral beam injection (NNBI) test facility is one of the significant compo-
nents of Comprehensive Research Facility for Fusion Technology (CRAFT) in China. A quarter-size
beam source for the CRAFT NNBI test facility has been developed firstly. It consists of a single
driver RF plasma source and a negative ion accelerator. The typical extraction voltage is 4~8 kV
and the acceleration voltage is 40~50 kV. In the accelerator, the grid electrodes contain plasma
grid (PG), extraction grid (EG) and ground grid (GG). The PG and the EG are adopted the circular
apertures while the GG is adopted the slot-type apertures. During a long-pulse beam extraction,
it is found that the gas pressure in the beamline vacuum vessel has gradually increased and the
temperature of the cryopump rises from ~8 K to ~20 K. Moreover, the vessel wall appears a high
temperature after several long-pulse shots. The numerical simulation shows that the heat loads on
the vessel wall are caused by the stray electrons ejecting from the accelerator. The stray electrons
can be generated by the stripping loss of negative ions, the ionization of background gas, and the
secondary emission from the grids. The slot-type apertures increase the number of stray electrons
ejecting from accelerator. The location of hot spots measured by infrared thermography is consis-
tent with the simulation result. In order to solve this problem, the electron dumps are designed
to avoid the direct impinging of the ejecting electrons on the cryopump and the vessel wall. The
experimental results indicate that the gas pressure is stable during the long-pulse beam extraction
and the hot spots on the vessel disappear.
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HVE lon Sources for Medium and High-Energy
Accelerator Systems
Thursday, 21 September 2023 16:40 (20 minutes)
Since decades, High Voltage Engineering (HVE) manufactures particle accelerator systems for re-
search and industry. HVE’s product line includes Singletron and Tandetron accelerator systems
with terminal voltages of up to 6 MV. They are dedicated to a wide range of applications, including
ion implantation and irradiation, Ion Beam Analysis (IBA), Accelerator Mass Spectrometry (AMS),

and neutron calibration. In this paper, we give an overview of the different positive and negative
ion sources that are applied in these systems.

We focus especially on the recent development and the performance of a compact 2.45GHz per-
manent magnet ECR bipolar ion source (HVE Model SO-160), used for negative light-ion injection
into tandem accelerators. It generates high-current, low-emittance light-ion beams at 30 keV en-
ergy. The novelty in the design of this ion source is that it combines direct negative extraction for
H- with positive extraction for He+ that is followed by charge exchange to He- in a Na-based elec-
tron donor canal. The switch-over between H and He operation is fully automated and computer
controlled, including the change-over of the required power supplies, and does not require any
mechanical changes on the source head. The source produces in excess of 300 euA of H- and more
than 25 epA of He-. It is expected the design allows for substantially higher currents, especially
for H-.
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Towards Tests of a Combined RFQ Cooler with Axial
Magnetic Field

In mass spectrometry of exotic ion beams a cold ion beam is required, to achieve a mass resolu-
tion goal of 1:20000, which is a typical requirement for nuclear physics studies of isobaric ions. In
the radiofrequency (rf) quadrupole cooler (RFQC), which is a kind of linear ion trap, rf fields and
ion-gas collisions may give considerable increase or decrease of the beam transverse emittance
and its energy spread, depending on a delicate tuning of heating and cooling effects; an equivalent
pseudo equilibrium temperature may introduced, dominated by ion beam energy and balance of
collisions and confinement forces (not by equipment temperature as discussed, also with compar-
ison to cryogenic traps). An extra confinement may be added by a solenoidal magnetic field, as in
the RFQC prototype installed in the Eltrap machine, which are briefly described. This provides a
versatile test bench (separated from a closed accelerator installation) for detailed studies of cooling
dynamics in several regimes (ballistic or diffusive), and of several RFQC technical optimizations,
including differential gas pumping and rf voltage distribution to RFQC electrodes. First commis-
sioning of the gas pumping system is reported. Also characterization of the rf matching box and

electrode multiplexer systems are described.
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Design of the Beam Transport Optics of TRIUMF’s
New 300 keV H™ lon Source

The ion source and injection system beamline is used to transport the 300 keV H™ beam from the
ion source to the injection point of the 500 MeV cyclotron at TRIUMF. A new ion beam transport
system has been designed to transport a highly intense and bright beam extracted from the H™
ion source. This new system will be installed at the new injection terminal for TRIUMF’s 500 MeV
cyclotron. The low energy part of the transport section (25keV) in the injection terminal has
been designed with magnetic optical elements in order to maintain space-charge neutralization.
The injection terminal includes a permanent magnet solenoid lens, magnetic steerers, a pulser,
a beam dump, and a 300kV accelerator column with electron and positive ion suppressor rings.
Beam optics calculations have been performed, including space-charge effects up to 1 mA. The
simulation results of the beam optics design and the initial beam emittance measurements for the
prototype beam transport system will be presented.

Funding Agency

Email Address

suresh@triumf.ca

I have read the Code of Conduct to attend ICIS2023.

Yes

Presenter if not the submitter of this abstract

Primary author: Dr SAMINATHAN, Suresh (TRIUMF)

Co-authors: Dr JAYAMANNA, Keerthi (TRIUMF); Dr BYLINSKII, Yuri (TRIUMF); Dr BAART-
MAN, Rick (TRIUMF); Mr MINATO, Brian (TRIUMF); Mr LOVERA, Marco (TRIUMF); Mr LAW, Oliver
(TRIUMF); Mr JOVICIC, Nemanja (TRIUMF); Mr ILAGAN, Mark (TRIUMF); Mr PORTILLA, Daniel
(TRIUMF); Dr MARCHETTO, Marco (TRIUMF); Dr PLANCHE, Thomas (TRIUMF)

Presenter: Dr SAMINATHAN, Suresh (TRIUMF)

Session Classification: Tuesday

Track Classification: Beam Formation, Extraction, Transport, and Diagnostics

November 21, 2024 Page 65



ICIS2023 - 20th I... / Report of Contributions The Resonance Ionization Laser Io ...

Contribution ID: 49 Type: Poster (by default)

The Resonance lonization Laser lon Source for
Radioactive lon Beams at CERN-ISOLDE: Expanding

Limits of Selectivity, Intensity, and Nuclear Structure
Laser Spectroscopy

The Resonance Ionization Laser Ion Source RILIS, employing laser radiation in a hot cavity ion
source diretly coupled to an isotope production target, has become a principal method for provision
of radioactive ion beams at facilities world-wide, such as at CERN-ISOLDE or -MEDICIS. Stepwise
resonant excitation and subsequent detachment of an electron via element-unique atomic shell
transitions allows for highly efficient and chemically selective provision of the desired nuclide in
the mass-separated ion beam.

Alongside a summary of its use in standard operation, we report on developments regarding key
aspects for specific applications:

The specialized high selectivity RILIS variant LIST, employing spatial separation of the hot cav-
ity from a dedicated laser ionization volume in a directly adjacent RF quadrupole unit, has been
augmented with perpendicular laser beam access. It allows for reduction of the effective Doppler
broadening in interaction with the hot atom vapor, thus enhancing spectral resolution from lined-
widths in the GHz regime down to a few 100 MHz. This novel unit was employed to perform
nuclear structure investigations on neutron-rich actinium isotopes. The results outline its poten-
tial for further high-resolution applications, and greatly enhanced capabilities for isomer-selective
ionization of nuclides for experiments demanding highest ion beam purity.

On a parallel development route, various facilities undertake joint efforts to maintain the high ef-
ficiency of RILIS sources also under exceptionally high ion load circumstances. These occur, e.g.,
during the time-critical extraction of radioisotopes from pre-irradiated targets in off-line operation
mode, as part of the European medical radionuclide provision program PRISMAP. Systematic in-
vestigations of the required plasma ion confinement are carried out by combination of simulation
models and dedicated analysis experiments on different laser ion source models employed by the
network participants.
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Production of Neative lon Beams through Charge
Tranfer between Negative Hydrogen lon Beams and
Non-metallic Gases

Negative ion beams are used for a wide range of applications when tandem accelerators are lever-
aged. Research areas which utilize tandems include nuclear structure, environmental studies, and
materials characterization. Tandem accelerators are also used for industrial applications such as
ion implantation in semiconductor devices, as well as for medical applications such as Boron Neu-
tron Capture Therapy. A common method for producing certain negative ions is a double-charge
exchange ion source which employs an upstream ion source to produce a beam of positive (+1) ions
in the keV energy range which are incident on a vacuum region with alkali metal or alkaline-earth
metal vapour. The incident positive beam experiences a double electron capture from the metal-
lic vapour such that an energetic negative (1-) ion beam emerges. The use of metallic vapours
causes contamination of vacuum surfaces which can result in electrical shorts and arcing, and
difficult maintenance with such combustible materials. Doupé and Litherland have demonstrated
that negative ion beams can be created by electron transfer from a negative beam (Cu”) incident
on a neutral, non-metallic vapour (ICl). The goal of this paper is to follow the example of Doupé
and Litherland and create negative ion beams by impinging an H™~ beam from D-Pace’s TRIUMF
licenced ion source (10-30 keV, 0-15 mA) onto non-metallic vapours (He, H2, 02, CO2) in order
to avoid contamination and to explore new methods of negative ion production through charge
exchange. The charge exchange will take place in an in-vacuo electrostatic accelerator which will
be used to extract any newly created negative ions that could be formed (He™, H", H27, 07, 027, C~,
CO~, CO—2" etc). The newly created negative ions will be separate from the incident H™ beam using
a 1:500 resolution mass spectrometer system. Ultimately, the conversion rates from the incident
H™ beams will be reported as measured.
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Design for an 18 GHz Open Hexapole ECR Source

Responding to a request by the user community for higher beam intensities, an upgrade of the
Argonne National Laboratory ECR2 ion source is in progress. The upgrade has three main con-
straints: 1) The overall source architecture as defined by the solenoid coils cannot change, 2) radial
access to the plasma chamber has to be maintained, and 3) the amount of time the source can be
shut down for hardware installation is < 2 months.

A new NdFeB open hexapole is projected to produce a 1.1 T wall field with six radial slots (6.35
mm x 91.2 mm) allowing solid material access and ~120 1/s of pumping to the plasma chamber. The
axial magnetic fields will be enhanced with a vanadium permendur plug and optimization of the
iron resulting in a Binj of 2.4 T, Bmin of 0.4 T, and Bext of 1.0 T and magnetic gradients of 5.9 T/m
for 14.5 GHz and 7.4 T/m for 18 GHz.

The plasma is currently heated with multiple-frequency RF provided by two traveling wave tube
amplifiers (TWTA) operating between 11 and 14.5 GHz and capable of providing 1100 W total
power. The new magnetic structure will support 18 GHz operation with RF provided by a new
TWTA.

This work was supported by the U.S. Department of Energy, Office of Nuclear Physics, under
Contract No. DE-AC02-06CH11357. This research used resources of ANL’s ATLAS facility, which
is a DOE Office of Science User Facility.
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Research Progress on Beam Diagnostic Calorimeter

Based on Unidirectional Carbon Fiber-Carbon
Matrix Composite at ASIPP

Unidirectional carbon fiber-carbon matrix (CFC) composite can be used to diagnose the main fea-
tures of a particle beam such as its power, divergence and uniformity. Diagnostic calorimeter based
on CFC has been developed by the research team of neutral beam injection (NBI) around the world
because of its high space resolution. At ASIPP, a negative ion source based neutral beam injector
is under construction with HO beam power of 2 MW at the beam energy of 200-400 keV for the
beam duration of 100s. In order to assess the beam characters, a diagnostic calorimeter based on
CFC has been developed in the negative ion source test facility. The calorimeter is made of 8 CFC
tiles with the size of 200 mm x 400 mm, and it can be moved in/out beam channel by the driving of
the step motor. Two IR cameras with 640 x 480 resolution are used to capture the infrared image.
This contribution describes test results of CFC and the structure design of diagnostic calorimeter.
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Various Parameter Measurements in Dual-ECR
Heating on Electron Cyclotron Resonance lon Source

We have been researching about efficient generation of multiply-charged Ar ion on electron cy-
clotron resonance ion source (ECRIS). Confining the plasma magnetically, ECRIS is one of the
major ion sources on accelerators because it is possible to generate plasma efficiently by introduc-
ing microwaves. On conventional ECRIS, microwaves are introduced from upstream side of the
mirror field at the opposite side of ion beam extraction. On the other hand, our ECRIS has some
ports for measurements, so microwaves are introduced from downstream side of the mirror field
at the side of ion beam extraction and we succeeded in generating multiply-charged Ar ion. In
addition, we succeeded in generating multiply-charged Ar ion by Dual-ECR heating, which means
we introduced microwaves both the rod antenna at the downstream side and the coaxial antenna
at the upstream side. We measured the distribution of ion saturation current perpendicular to the
magnetic field at several positions. Our previous parameters obtained about Dual-ECR heating
had been only two parameters, i.e., the beam current and the ion saturation current. We obtained
the relationship between a net microwave power and the beam current of multiply-charged Ar
ion and confirmed increase of the ion saturation current related. After that, we measured the
beam current and plasma parameters such as electron density and electron temperature, and we
obtained their spatial distributions. As a result, it was revealed for the first time that the beam
current of multiply-charged Ar ion and the plasma parameters were corelating for each antenna
and Dual-ECR heating. This paper will describe the measurement results of the beam current and
plasma parameters for cases of each antenna and Dual-ECR heating.
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Enhanced Production of Multicharged lons by
Mixing Low Z Gas and Emittance Measurement on
Electron Cyclotron Resonance lon Source

We have been studying efficient production of multicharged ions in an electron cyclotron reso-
nance ion source (ECRIS). The gas mixing method, in which low Z gas is mixed into produced
plasma, is known as a relatively simple method for highly efficient production of multicharged
ions. In addition, it is expected that heating low Z ions selectively by ion cyclotron resonance
(ICR) will further improve the efficient production of multicharged ions. Although the principle of
the gas mixing method is not yet fully understood, it is considered to be due to the cooling effect
by collisions between ions. It is necessary to obtain parameters related to the ion temperature
in order to experimentally confirm the ion cooling effect. Therefore, we obtained parameters by
emittance measurements using the wire probe and multi slit for ion beams. In this experiment,
He was mixed as a low Z gas into the Ar plasma as an operating gas, and the charged state dis-
tribution of the ion beams was measured to confirm the increase in the multicharged ions due to
the gas mixing effect. We have also conducted emittance measurements on the multicharged Ar
ion beams and compared the value of root mean square emittance with and without He mixing.
In the future, we plan to conduct heating low Z ions selectively by ICR by introducing low fre-
quency electromagnetic waves, and to investigate the characteristics of ion beams by emittance

measurements.
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Production and Characterization of Highly Charged
Alkali lons from the TITAN Electron Beam lon Trap

Highly Charged Ions (HCIs) enable increased precision when measuring the masses of short-lived
radioactive ions. The TRIUMF’s Ion Trap for Atomic and Nuclear Science (TITAN) facility receives
radioactive, singly charged ions (SCIs) from the ISAC facility before charge-breeding them to HCIs.
Specifically, the TITAN Electron Beam Ion Trap (EBIT) generates the higher charge states, while
the Measurement PEnning Trap (MPET) measures the mass of the ion of interest. Despite previous
successful experimental campaigns, the EBIT has presented operational challenges preventing new
experiments using HCIs. Several aspects of the EBIT including the electron gun and ion transport
optics were recharacterized to assess the status and limitations of the EBIT. Consequently, the
EBIT has now been able to charge-breed residual gas, argon, and alkalis. Time-of-flight spectra
measurements have shown charges up to 10+ for 85Rb. This paper presents a general description
of the TITAN layout, the experimental setup, and the results demonstrating the production of HCIs
from alkali SCIs. The promising results will enable the delivery of radioactive HCIs to MPET in
late 2023 or early 2024.
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Generation of Plasmas from Multiple Targets by
Laser lon Source for TIARA lon Implanter

The 400 kV ion implanter in Takasaki Ion Accelerators for Advanced Radiation Application (TIARA)
is mainly used for research and developments in the field of material science, and it is necessary to
produce beams of various ion species. Therefore, we are developing a laser ion source for an ion
implanter on an offline test bench to produce beams of various ion species and to switch quickly
between the ion species to be produced. The laser ion source is possible to generate plasma directly
from any solid sample by irradiating a focused pulsed laser beam onto a solid target sample, and
by attaching multiple target samples of different materials to a target stage, it is possible to switch
the ion species produced by simply moving the stage. In this presentation, we report the results
of plasma generation experiments using multiple targets with different mass numbers.
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The CUBE-ECRIS Prototype - Towards a 100 GHz
ECRIS

Wednesday, 20 September 2023 09:00 (30 minutes)

The vast majority of the ECRIS are based on magnetic confinement with solenoid and sextupole
field components. The development of such structure using present superconducting wire tech-
nology is limited to 56 GHz, whereas the minimum-B quadrupole ARC-ECRIS topology has been
theoretically shown to enable up to 100 GHz operation. The CUBE-ECRIS is a recently commis-
sioned permanent magnet implementation of the quadrupole topology and it has been used to
demonstrate the applicability of the concept as a high charge state ion source. This work intro-
duces technological challenges specific to the concept, especially the slit beam extraction system
necessary due to beam formation at a line-shaped plasma loss. We present the most recent per-
formance measurements of the ion source with measured charge state distributions for helium,
argon, krypton and xenon. We show emittance measurements and analyze them together with
transmission efficiency measurements with the aid of beam formation and transport simulations.
Optional beam transport solutions for the slit beam are also presented. An outlook is presented
with the next steps of the CUBE project being beam transport studies with a permanent magnet

dipole and a possible upgrade to a 14 GHz permanent magnet CUBE.
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A Review of State-of-the-Art lon Source Plasma
Diagnostics

Friday, 22 September 2023 09:00 (30 minutes)

There are a huge variety of ion source types employed to produce charged particle beams for dis-
covery physics and accelerator applications such as neutral beam heating of thermonuclear fusion
plasmas and spallation neutron sources. In most ion sources the ion beams are extracted directly
from a plasma sustained by a DC or RF energy source. What is common to all ion sources is the
need for diagnostics to quantify their performance and develop them further. The purpose of this
review paper is to describe the state-of-the-art plasma diagnostic methods used for ion source de-
velopment, operations, and monitoring. We present examples of diagnostics techniques, such as
optical emission spectroscopy and x-ray diagnostics, applied to negative and positive ion sources
highlighting similarities of the diagnostic needs and individual diagnostic challenges pertaining
to specific types of ion sources, e.g. microwave sources (including ECR ion sources), RF-driven
sources, and arc discharges. The overarching message is that further advances in ion source per-
formance, deeper understanding of the underlying physics, and validation of novel ion source
concepts require complimentary plasma diagnostics.
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Permanent Magnet ECR lon Source and LEBT Dipole
for Single-Ended Heavy lon ToF-ERDA Facility

We present the status of the ion source and low energy beam transport prototyping activities for a
single-ended heavy ion time-of-flight elastic recoil detection analysis (ToF-ERDA) equipment for
depth profiling of light elements. The environmentally friendly concept is based on a permanent
magnet ECR ion source and dipole magnet on a 500 kV platform without SF¢ insulation, producing
high charge state noble gas ion beams, e.g. 3-6 MeV argon. We report experimentally measured
argon beam currents achieved with the CUBE-ECRIS permanent magnet minimum-B quadrupole
ion source [1, 2], demonstrating ion fluxes of Ar®*-Ar'2* in excess of 1-10 particle nA required for
the low energy ToF-ERDA application. It is shown that the CUBE-ECRIS can produce over 1 par-
ticle nA krypton and xenon beams up to charge states Kr'?* and Xe?**, which opens the door to
extending the ToF-ERDA application to depth profiling of thin films containing heavier elements.
Methods, such as increased microwave power and improved low energy beam transport, to reach
higher charge states and final beam energies of these noble gas ions are outlined. Furthermore, we
present the design, construction and validating field measurements of an adjustable-field perma-
nent magnet 90 degree dipole prototype [3], completing the front-end of the envisioned ToF-ERDA
facility. Finally, the status of the dipole magnet’s integration into the CUBE-ECRIS test stand at
the JYFL accelerator laboratory is described.

[1] T. Kalvas, O. Tarvainen, V. Toivanen, H. Koivisto, J. Instrum. 15, P06016 (2020).

[2] T. Kalvas et al, Plasma Sources Sci. Technol. 31 12LT02, (2022).

[3] O. Tarvainen et al, Nucl Instrum Methods Phys Res B 538, (2023), pp. 110-114.
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Review of the High-Current Capabilities and
Upgrades of the EBIS/T Charge-Breeding System of
the Reaccelerator at the Facility for Rare-Isotope
Beams

Thursday, 21 September 2023 12:00 (20 minutes)

The Reaccelerator (ReA) of the Facility for Rare-Isotope Beams (FRIB) at Michigan State University
(MSU) uses a helium gas-filled Radio-Frequency Quadrupole (RFQ) ion trap and an Electron-Beam
Ion Trap (EBIT) as a charge-breeding system. Rare isotopes produced via projectile fragmentation
or in-flight fission are selected by the Advanced Rare Isotope Separator of FRIB and stopped in a
helium gas cell before transport at low energy to ReA. Continuous ion beams are injected into the
RFQ trap, which cools and bunches the ions, that are then ejected as ion pulses. The ion pulses
are injected into the EBIT, captured, charge bred, ejected, and accelerated by the superconducting
linear accelerator of ReA to several MeV/u.

The electron current of the EBIT (300 - 600 mA) limits its capacity to ~2E10 charges, yielding
maximum rates of less than ~2E10 pps for light ions. An upcoming upgrade to the EBIT electron
gun is expected to provide 2 A in current. In parallel, a high-current electron-beam ion source
(HCEBIS) is being commissioned. In its present configuration, the HCEBIS can provide an electron
current of 2 A. An upgrade will increase the current to 4 A. The implementation of these two
upgrades is expected to allow for maximum rates of ~2E11 pps (light ions), compatible with FRIB
projected rates. This will also provide redundancy of the breeders.

We present the status of the upgraded EBIT and HCEBIS. We also review the expected high-
intensity capabilities of the future ReA frontend considering the maximum capacity of the RFQ
trap.

This material is based upon work supported by the U.S. Department of Energy, Office of Science,
Office of Nuclear Physics and used resources of the Facility for Rare Isotope Beams (FRIB), which is
a DOE Office of Science User Facility, operated by Michigan State University, under Award Number
DE-SC0000661.
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RF Frequency Combining for the ATLAS ECR lon
Sources

The ECR2 and ECR3 ion sources at the Argonne Tandem Linac Accelerator System (ATLAS) oper-
ate with two microwave frequencies, improving their performance over single frequency operation.
A typical method for transmitting both microwave frequencies is by having two separate frequency
generators with their own corresponding amplifiers. These amplifiers transmit their microwaves
into the ion source using separate waveguides. Another method that is investigated is to combine
the low power microwave frequencies with a splitter/combiner and input the combined signals
into the high-power amplifier, where the combined signal is amplified and transmitted down a
single waveguide into the ion source. These different methods for delivering microwave power
with multiple frequencies are compared, focusing on the average charge state and the intensities
of each of the charge states for an oxygen plasma produced by the ECR2 ion source.

This work was supported by the U.S. Department of Energy, Office of Nuclear Physics, under
Contract No. DE-AC02-06CH11357. This research used resources of ANL’s ATLAS facility, which
is a DOE Office of Science User Facility.
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Recent Advancements in the H- Injector
Performance for the Spallation Neutron Source
Operation and Upgrade

Tuesday, 19 September 2023 14:40 (20 minutes)

The Spallation Neutron Source (SNS) located at the Oak Ridge National Laboratory is an accelerator-
based, pulsed neutron scattering facility utilized for a broad range of scientific research applica-
tions. For the past decade, the facility has operated at its original design beam power of 1.4 MW,
and it is currently undergoing an upgrade to double its power to 2.8 MW within the next several
years. A 65-keV H- injector, which comprises an rf-driven H- ion source and an electrostatic low
energy beam transport system, delivers the required high-current, time-structured H- beam to the
accelerator. At present, the H- injector can reliably provide 50-60 mA beam current at 6% duty-
factor (1 ms, 60 Hz) for a 3-4 month service cycle on the accelerator front-end. To ensure sufficient
operational margins for the SNS routine production runs and ongoing upgrade requirements, the
injector system has been continuously improved on the R&D test facility. This paper presents
the recent advancements in the injector system performance including enhancing the ion source
beam output capability to 80 mA, improving the low energy beam transport and diagnostics, and
upgrading the beam chopper system.

Funding Agency

Email Address
hanb@ornl.gov

I have read the Code of Conduct to attend ICIS2023.

Yes

Presenter if not the submitter of this abstract

Primary author: HAN, Baoxi (Oak Ridge National Laboratory)

Co-authors: Mr PILLER, Chip (Oak Ridge National Laboratory); Mr STINSON, Chris (Oak Ridge
National Laboratory); Mr TERSZAKOWEC, Greg (Oak Ridge National Laboratory); Dr STOCKLI, Mar-
tin (Oak Ridge National Laboratory); Dr WELTON, Robert (Oak Ridge National Laboratory); Dr KIM,
Sang-Ho (Oak Ridge National Laboratory); Mr MURRAY JR., Syd (Oak Ridge National Laboratory); Mr
PENNISI, Terry (Oak Ridge National Laboratory); Mr ANDZULIS, Vic (Oak Ridge National Labora-
tory); Mr PEPLOV, Vladimir (Oak Ridge National Laboratory)

November 21, 2024 Page 86



ICIS2023 - 20th I... /Report of Contributions Recent Advancements in the H- In ...

Presenter: HAN, Baoxi (Oak Ridge National Laboratory)

November 21, 2024 Page 87



ICIS2023 - 20th I... / Report of Contributions Design and commissioning of a ve...

Contribution ID: 63 Type: Poster (by default)

Design and commissioning of a versatile surface ion
source

A compact surface ion source was designed and commissioned for commissioning the low energy
beam facilities of ARIEL facility at TRIUMF. The ion source was based on the principle of surface
ionization, in which ions are generated from a neutral atom by impact with a solid surface. The de-
sign of the ion source considered several factors, including the type of ion beams, beam intensity,
the beam energy, and the beam emittance of the extracted ion beams from the source. Commer-
cially available alkali material with an ionizer are used in the source and it is integrated with the in
house design of extraction and transport system. Its performance was characterized using diagnos-
tics techniques, and its key parameters, such as beam current, emittance, and beam species, were
measured. The results showed that the compact surface ion source was able to achieve high ion-
ization efficiency and stable operation, and was suitable for use in commissioning and operation
of various ion beam facilities in particle accelerator laboratories.
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Experimental and Numerical Characterization of the

TRIUMF-FEBIAD Cathode Used to Produce
Radioactive lons

The FEBIAD ion source is routinely used to produce radioactive ions of halogens, molecules, and
noble gases in several ISOL facilities worldwide. At TRIUMF, an extensive numerical and exper-
imental campaign has been performed to fundamentally understand the source while improving
its reliability and overall performance. Particularly, the cathode temperature has been studied by
pyrometric measurements and numerical simulations. The temperature found in and around the
cathode face explains the electron emission profile, and why not all the emitted electrons are avail-
able for the ionization process. The main findings have been used on a numerical ionization model

for more realistic electron emission.
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Transmission of Highly Charge Heavy lon Beams
from an ECR Source with High Efficiency and High

Quality

Due to the unique magnetic field structure of the Electron Cyclotron Resonance (ECR) ion source,
conventional idealized beam models cannot adequately reproduce the state of high charge state
ion beams extracted from it. Consequently, beam transport designs based on idealized models ex-
hibit suboptimal performance in efficiently generating high-quality beams during practical trans-
port. Advanced techniques involving phase space reconstruction and back-simulations consider-
ing space charge effects are capable of more realistically depicting the phase space evolution of
high charge state ion beams during transmission. The resulting end-to-end simulations obtained
using this methodology provide a reliable guarantee for the production of high-quality beams.
This approach has been partially validated at the Low Energy Accelerator Facility (LEAF), where
it has yielded highly favorable outcomes. The corresponding knowledge and experience have sub-
sequently been applied to the design of the Low Energy Beam Transport (LEBT) segment of the
High Intensity Accelerator Facility (HIAF) project. This poster aims to provide a brief overview of
the progress made in this work.
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Multidimensional Characterization of a FEBIAD lon
Source and its Web-Interface Implementation for

Offline and Online Operations

The ISAC-FEBIAD ion source is an electron impact ion source typically used to ionize radioactive
molecules or isotopes of elements with ionization potentials higher than 10 eV. The source key tun-
ing parameters are the anode voltage that defines the electron energy, and the magnetic field that
controls the electron density inside the anode volume. Both values are only varied in a small and
limited range. However, recent investigations have shown the need to explore the entire range of
operational values accessible by the power supplies, due to the intrinsic variation from source to
source arising from slight differences in manufacturing and assembling. Offline investigations led
to a systematic and automatic measurement paradigm that shows how each target ion source unit
can exhibit maximum efficiency in different operational settings. The online implementation has
shown equivalent results on stable species. The algorithm has been implemented as a web inter-
face thanks to the high-level application infrastructure available at TRIUMF. This work becomes
relevant as the offline investigation will become crucial before operating the ion source online. By
automatically scanning the operational space, it is possible to tune and optimize a stable ion beam,
from which an optimal operation is expected for radioactive species of the same element.
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Towards ITER-Relevant CW Extraction at Negative
lon Sources for Fusion

Tuesday, 19 September 2023 12:00 (20 minutes)

Negative hydrogen or deuterium ion sources for neutral beam injection (NBI) systems used at
fusion devices are based on the surface production process at a caesiated low work function con-
verter surface. The ITER NBI system will deliver a large beam (=2 m x 1 m, extraction area ~0.2
m?) with an accelerated current of 40 A negative deuterium ions (46 A in hydrogen) with a high
homogeneity, low divergence and being stable over one hour. While producing a stable and homo-
geneous negative ion beam is not an issue, during long pulses typically a significant increase in the
co-extracted electrons is observed, limiting the pulse length or the achievable performance. This
effect is particularly pronounced in deuterium and it is attributed to an increasing work function
of the converter surface. A major and still open challenge is to develop conditioning techniques
providing a homogeneous and stable low work function of the converter surface.

In the last years the negative ion source test facilities at IPP Garching, BATMAN Upgrade (using the
small prototype source) and ELISE (using a source of the same width but only half the height of the
ITER NBI source) have been converted into CW machines. While BATMAN Upgrade focusses on
basic physics investigations, aim of ELISE is to demonstrate that the ITER targets can be achieved
by ion sources with an ITER-relevant size.

The contribution presents the status of both test facilities as well as latest results achieved during
long pulse operation in hydrogen and deuterium. Investigations are performed on homogenizing
and stabilizing the co-extracted electrons by either actively modifying plasma properties close to
the converter surface or by modifying the flux of Cs onto the converter. For example, vertical
plasma asymmetries, caused by plasma drifts, can be affected by biasing surfaces or introducing
additional surfaces into the plasma and Cs can be evaporated in direct vicinity to the converter for

a more controllable caesiation.
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Development of a Penning Gauge lon Source with a
Filament for a Compact lon Microbeam System

A penning ion source with a filament has been developed for a compact ion microbeam system to
form submicron ion beam. A duoplasmatron-type ion source has, so far, been used for the system.
However, the duoplasmatorn-type ion source is large power consumption as well as a large size.
It is an obstacle to reduce the size of the system. As an ion source to overcome the demerits, a
penning gauge ion source, as referred to “PIG ion source”, is a candidate of a suitable ion source
for the system. If a typical PIG ion is used, the usage of its source is difficult to form a microbeam.
Therefore, a PIG ion source has been developed the system. The key feature of the ion source is
beam energy spread to form a submicron beam width. The spread is caused by discharge voltage
to generate plasma in the ion source. One of the methods to generated the plasma is the usage
of a filament. Thus, a PIG ion source with a filament has mainly developed in this study. In the
presentation, the features of the developed PIG ion source will be reported.

Acknowledgement
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Ti Beam Extraction from Laser Plasma Transported
by Solenoidal Magnetic Field

In a laser ion source (LIS), a target material in a vacuum chamber absorbs focused laser energy to
produce a dense plasma, from which the beam is extracted. The LIS can generate plasma from a
variety of solid targets, and the ion species can be easily changed by replacing or mounting multi-
ple target samples. Based on this feature, we are developing a LIS for ion implanters requiring a
wide variety of ion species.

The LIS plasma spreads three-dimensionally with a wide angular distribution, and only the ions in
the plasma that reach the extraction electrode aperture are extracted. Therefore, only a small frac-
tion of the generated ions is used as a beam. In order to obtain higher beam intensity by increasing
the number of ions reaching the beam extraction region, we have developed a plasma transport
and beam extraction system with a solenoid magnet that suppresses the plasma spreading by an
axial magnetic field. At the conference we will present experimental results of extracting an
ion beam from a Ti plasma transported in a solenoidal magnetic field.

This work was supported by JSPS KAKENHI Grant Number 18K11937, 21H03749
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Roadmap for the Increase of Beam Brilliance from
ECRIS and Microwave Discharge lon Sources

Monday, 18 September 2023 13:40 (30 minutes)

The requirements for future accelerator chains need to increase the injected beam brilliance sig-
nificantly, still keeping high the beam quality in terms of reliability, reproducibility and stability.
A roadmap for ion source development may consist of several steps: plasma simulation, multi-
physics simulation of each system component, high-level control system, plasma characterisation,
beam characterisation, data analysis and, again, plasma simulation. The cycle starts and ends
with plasma simulation because it is the instrument that shows how different phenomena take
part in the plasma and beam formation and because, in such a way, the accuracy grows with
each cycle. Commercial multiphysics simulation tools are essential for adequately designing all
ion source equipment: magnets, intense electrostatic field regions, microwave propagation and
coupling, thermal dissipation and vacuum. The dependence of source performances from source
parameters (magnetic field profile, gas pressure, microwave power) has been widely investigated
using a high-level control system able to test tens of thousands of source configurations without
human interaction. This kind of characterisation allowed us to identify a new magnetic configu-
ration, High Stability Microwave Discharge Ion Sources, that produces a beam with high stability,
intensity and brilliance. The plasma simulation tool we developed discloses the role of two types
of electrostatic waves in plasma formation and their correlation to stability. The simulation pro-
vides a complete view of ions and electrons energy and density distributions, the formation of the
plasma meniscus and the beam extraction. The paper will present the results obtained with this
development procedure on Microwave Discharge Ion Sources and how we started to apply it to
the Electron Cyclotron Resonance Ion Sources development.
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The Evolution of ALISES Il

Since 1995, the Laboratory for Accelerator Studies and Development at CEA Saclay specializes in
producing ECR intense light Ion Sources, for high intensity proton or deuteron. The initial source
SILHI designed for IPHI accelerator was the root of the sources provided to laboratories around
the world, such as IFMIF, FAIR or SPIRAL2. In parallel, the Ion Source team started a new R&D
program on high intensity ECR compact ion sources with the ALISES source family.

The years spent on testing and improving ALISES I & II lead us to design a new source, named
ALISES 3. The development of this source gathers the advantages of each improvement tested on
ALISES I & II, to achieve an even smaller and pragmatic configuration.

The manufacturing of ALISES 3 took place during the improvement of the BETSI test bench, from
50kV to 100kV. The goal of this source is to obtain the same characteristics as the original SILHI,
with fewer parts and easier maintenance.

This paper describes the evolution of ALISES 3 and the beam characteristics at each step. BETSI
test bench is equipped with an Allison Scanner and Faraday cup to analyze the emittance and the
beam current.
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P