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1. Introduction  

Mongolia experiences significant wind storms in the spring and autumn associated with the 
formation and dissolution of the Siberian anticyclone. Particularly, southern Mongolia is a part of 
the Asian dust source region, which remains a critical issue in the East Asian region (Shin et al. 
2021; Luo et al. 2022), posing major threats to surrounding environment and human health. This 
summary compares dust detection data over Mongolian territory during the spring months (March 
to May) in 2017 and 2023, using DustRGB from Japanese Himawari-8/9 geostationary satellite 
imagery overlaid on Google Earth. March, April, and May are spring months in Mongolia, 
characterized by transitional weather as temperatures gradually rise from winter to summer. The 
objective is to identify local dust hotspots and regional-scale dust storms, analyze their patterns, 
and determine trends over the given periods.  

2. Materials  

2.1. The region of interest  

The region of interest is defined by the coordinates of the southwest (41°N, 87°E), northwest 
(52°N, 87°E), northeast (52°N, 120°E), and southeast (41°N, 120°E). Afterwards, we identified 
dust source spots and analyzed them by Increasing the scale.  

2.2. Meteorological data  

For selecting the time for data analysis, we relied on two meteorological factors: wind speed and 
cloud cover in the Gobi region, the main source of natural dust in Mongolia. The meteorological 
data were downloaded from the website ‘Visual Crossing,’ where weather history and forecasts 
are accessible (https://www.visualcrossing.com/). Hourly data can be obtained from the website 
(in some cases, three-hourly data for wind gusts and air pressure, although this is not always 
available).  

2.3. Satellite image processing 
 



Kyushu University provided the dust RGB retrieval code for Himawari-8/9, the Japanese 
geostationary satellite. The use of geostationary satellites plays an essential role in monitoring dust 
dispersion because these satellites can provide temporal coverage of when dust storm events 
evolve and spatial coverage of how wide the dust plume dispersed (Yamamoto, 2016). Himawari-
8/9, a new-generation geostationary meteorological satellite, was launched on October 07, 2014, 
by the Japan Meteorological Agency (JMA) and put into operation on July 07, 2015. Himawari-8 
remained operational until 2022, and its observational role was taken over by Himawari-9, the 
successor of Himawari-8. The Advanced Himawari Imager (AHI) onboard Himawari-8/9 has 16 
spectral channels ranging from 0.47 to 13.3 m wavelength, consisting of 3 visible, 3 near-infrared, 
10 infrared channels. A high temporal resolution of 10-min to scan full disk observation enables 
Himawari-8/9 to observe continuously monitor specific regions for meteorological phenomena, 
including dust plumes (Bessho et al. 2016).  

2.4. Google Earth base map  

We identified the source areas by using Google Base Map as the background for the dust RGB 
images with a code extraction. Next, the National Atlas of Mongolia (Mongolian Academy of 
Science (MAS) 2009) was employed for detecting geographical objects that are potential dust 
hotspots.  

2.5. D* parameter 

The D* parameter was used to detect mineral dust based on thermal infrared observations from 
the Advanced Himawari Imager (AHI) onboard the Himawari-8/9 geostationary satellite. The D* 
algorithm, originally proposed by Hansell et al. (2007) and later refined for East Asia by Shin et 
al. (2021), exploits the distinct spectral emissivity characteristics of mineral dust in the infrared 
window region. Specifically, D* is defined as an exponential function of the ratio between the 
brightness temperature difference (BTD) of the 10.4 m and 12.4 m channels and that of the 8.6 

m and 10.4 m channels. This formulation enhances dust signals while reducing misclassification 
of thin cirrus clouds that commonly affect conventional two-channel BTD methods. 

In this study, the D* algorithm was adopted and applied to Mongolia, where dust frequently 
originates from arid and semi-arid surfaces such as the Gobi Desert, dry lake beds, and disturbed 
soils. To account for regional surface and atmospheric characteristics, the D*-based dust detection 
was combined with masking criteria using BTD . – .  to suppress false detections over clear-sky 
desert surfaces and fog-affected regions, following the approach of Shin et al. (2021). This 
adaptation is particularly important for Mongolia, where strong surface temperature contrasts and 
low atmospheric water vapor can lead to erroneous dust identification. The resulting D* parameter 
provides a robust indicator of dust presence and relative intensity, suitable for continuous day- and 
night-time monitoring of dust activity over Mongolia. 

3. Representative results 

In Figure 1 and Table 1, the number of dust hotspots over the years (2017–2023) in March, April, 
and May can be seen. The dust activity over Mongolia during 2017–2023 exhibits pronounced 
interannual variability, as reflected in the number of dust-detected days, detected dust hotspots, 
and regional-scale dust storms. The year 2017 represents a low-activity baseline, with very few 
dust-detected days and only two regional-scale dust storms during the entire spring season. From 



2018 onward, all indicators show a clear increase, suggesting enhanced dust emission and transport 
conditions. Moderate but persistent dust activity was observed during 2019–2020, accompanied 
by a substantial rise in detected dust hotspots, indicating widespread activation of dust source 
regions. Dust activity peaked in 2021, which recorded the highest number of dust-detected days, 
the largest number of detected dust hotspots, and the greatest frequency of regional-scale dust 
storms, particularly in March. Although a slight decline is observed in 2022 and 2023, dust activity 
remains higher than in the early study period, indicating sustained springtime dust conditions. 
Across all years, March consistently emerges as the most dust-active month, highlighting the 
dominant role of early-spring surface and meteorological conditions in controlling dust emissions 
over Mongolia. 

Quantitatively, the total number of dust-detected days increased from 10 days in spring 2017 to 31 
days in 2018, and remained elevated thereafter, reaching 42 days in 2019, 39 days in 2020, and 
peaking at 54 days in 2021. Over the same period, the number of detected dust hotspots rose 
sharply from 25 in 2017 to 59 in 2018, 103 in 2019, and 112 in 2020, with a maximum of 160 
hotspots in 2021, indicating widespread activation of dust source regions. Correspondingly, the 
frequency of regional-scale dust storms increased from only 2 events in 2017 to 5 in 2018, 4 in 
2019, and 8 in 2020, before reaching a peak of 17 events in 2021. Although dust activity declined 
slightly in subsequent years, 121 hotspots and 6 dust storms were recorded in 2022, while 95 
hotspots and 17 dust storms occurred in 2023, demonstrating that both dust emission intensity and 
large-scale dust transport remained substantially higher than during the early study period. These 
numerical trends reinforce the conclusion that springtime dust activity over Mongolia intensified 
after 2018, with 2021 representing an exceptional year in terms of both frequency and spatial 
extent. 

 



Figure 1. Number of Dust-Detected Days, Dust Hotspots, and Regional-Scale Dust Events Over the 
Years 

Table 1. Number of Dust-Detected Days, Dust Hotspots, and Regional-Scale Dust Events Over the Years 

Years, month Dust detected 
days 

Detected dust 
hotspots 

Regional scale 
dust storms 

2017 
March 0 

10 
0 

25 
0 

2 April 5 13 0 
May 5 12 2 

2018 
March 7 

31 
14 

59 
1 

5 April 8 22 3 
May 16 23 1 

2019 
March 8 

42 
17 

103 
0 

4 April 20 58 2 
May 14 38 2 

2020 
March 7 

39 
27 

112 
1 

8 April 17 42 4 
May 15 43 3 

2021 
March 21 

54 
60 

160 
9 

17 April 16 50 3 
May 17 50 5 

2022 
March 13 

34 
44 

121 
4 

6 April 11 55 2 
May 10 22 0 

2023 
March 8 

27 
25 

95 
4 

17 April 11 41 9 
May 8 29 4 

The spatial distribution of detected dust hotspots reveals strong geographic clustering across 
Mongolia (Figure 2). Dust hotspots are predominantly concentrated in the southern and 
southwestern regions, particularly across the Gobi Desert and adjacent semi-arid zones, while 
comparatively fewer hotspots are observed in the northern, forested, and mountainous regions. 
Interannual variability is evident, with sparse and localized hotspot occurrences in 2017, followed 
by a marked expansion in both the number and spatial extent of hotspots after 2018. During peak 
dust years, especially 2021, hotspots become more densely distributed and spread eastward and 
northward from the core Gobi source regions, indicating widespread activation of dust-prone 
surfaces. Persistent hotspot locations appearing across multiple years suggest the presence of 
recurrent dust source areas, likely associated with bare soil, dry lake beds, mining areas, and 
degraded pasturelands. Overall, the spatial pattern underscores the dominant role of southern 
Mongolia as a primary dust emission region while highlighting the increasing spatial influence of 
dust activity during high-intensity years. 

 



 
Figure 2. Detected Dust Hotspots, March–May 2017 to 2023. 

 
Figure 3. Snow cover in March 2017 and March 2021 by 10 days. https://mongolia.sibelius-

datacube.org/map/EN# 



Several factors influence dust dispersion during the spring season, among which snow cover is 
particularly important in early spring (March). Snow cover conditions for 2017 and 2021 are 
presented in Figure 3, representing years with the lowest and highest dust activity, respectively. In 
March 2017, no dust dispersion was detected, coinciding with extensive snow cover over major 
dust source regions. In contrast, March 2021 was characterized by substantially reduced snow 
cover, creating favorable surface conditions for dust emission and dispersion. This contrast 
suggests a strong suppressive effect of snow cover on dust activity in early spring. To further 
quantify this relationship, we plan to calculate the statistical association between dust activity 
indicators and snow cover extent. 

 
Figure 4. Red component sum from 04:00 to 08:30 UTC, November 11, 2020 

We developed composite images to identify the most vulnerable and affected areas influenced by 
dust source regions by overlapping 10-min resolution satellite observations. A dust event on 11 
November 2020 (UTC) is presented as a representative example (Figure 4). This image-processing 
approach enables the visualization of dust dispersion pathways and the spatial extent of source 
influence at high temporal resolution. The resulting products provide valuable information for 
identifying frequently active dust source areas, including those associated with anthropogenic 
emissions, and can support future dust monitoring strategies and mitigation planning. mitigation 
strategy of adverse impact in site. 



To examine the influence of wind on dust activity, 10 m wind fields from the ERA5-Land 
reanalysis were used. Figure 5 presents a representative dust event together with the corresponding 
wind conditions at the time of occurrence. The figure illustrates the role of near-surface wind speed 
and direction in initiating dust emission and controlling subsequent dust transport. 

 
Figure 5. Representative dust RGB images on November 11, 2020. And ERA5-Land 10 m wind 

field over the Gobi region on 11 November 2020 at 04:00 and 06:00 UTC. Wind vectors (u10, v10) 
are overlaid on wind speed shading. Topographic contours are derived from the ETOPO1 Global 

Relief Model. 

 



4. Conclusion  

This study provides a comparative analysis of dust activity in Mongolia during the spring months 
of 2017 and 2023 using Himawari-8/9 DustRGB satellite imagery. The findings highlight key dust 
hotspots, sources, and dispersion patterns over time. While both years exhibited peak dust activity 
in April, notable differences emerged in the spatial distribution, intensity, and anthropogenic 
influence on dust emissions. Particularly, 2023 showed a wider extent of dust activity, with 
increased contributions from mining, agriculture, and land degradation in the Great Lakes 
Depression and other regions.  

The observed increase in dust storm intensity and frequency suggests that climate change and 
land use changes may be exacerbating Mongolia's dust emissions. The expansion of mining 
operations, pasture degradation, and the desiccation of water bodies further contribute to dust 
dispersion.  

Future research should extend the analysis to include additional years (2016–2025) to better 
understand long-term trends. Incorporating data from other geostationary and medium Earth orbit 
satellites, such as FY-4A and SEVIRI (Meteosat), could enhance dust detection accuracy and 
improve dust transport modeling. A multi-satellite approach will provide better spatial and 
temporal coverage, facilitating a more comprehensive understanding of Mongolia's evolving dust 
dynamics and their broader regional impacts.  
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QUEST-PPPL research collaboration by Nicola Bertelli
(Feb. 27, 2026)
In the research period, Nicola Bertelli has performed a number of simulation calculations using
GENRAY and TRAVIS ray-tracing codes on SMART device.

We focus on two planned operational phases characterized by different magnetic field strengths:
0.4 T and 1.0 T, which are in close relation with the QUEST experimental plan.
Throughout the simulations, an extraordinary (X-) mode polarization was assumed due to its
larger absorption compared to the ordinary (O-) mode.

B = 0.4 T Plasma Scenario
In the 0.4 T scenario, we assumed a wave frequency of 28 GHz, where absorption occurs at the
second harmonic. The study evaluated three specific launching positions corresponding to
realistic future locations of the vacuum vessel parts.

Mid-Plane Launcher

Simulations scanned the toroidal steering angle from 0° to 30° assuming 0° poloidal angle.
Table 1 summarizes the EC absorption (in percentage) for different core electron density and
two values of electron temperature: 0.5 KeV and 1 KeV.

Off-Mid-Plane Launcher

Simulations scanned the toroidal steering angle from 0° to 30° and the beam was angled
poloidally at -45° to target the plasma center.
Table 2 summarizes the EC absorption (in percentage) for different core electron density and
two values of electron temperature: 0.5 KeV and 1 KeV.



Top Launcher

To aim the beam at the plasma center, poloidal angles between 75° and 85° were scanned. This
launcher position yielded the highest overall power absorption. Summary of the main results are
shown in Table 3 below.

B = 1.0 T Plasma Scenario
For the higher magnetic field phase of 1.0 T, the study explored a newly proposed X-I mode EC
scheme intended for plasma start-up. This phase evaluated absorption at the fundamental
harmonic using two different wave frequencies: 28 GHz and 35 GHz.
Evaluation of the power absorption and current drive is shown in figure 1 for the X-I mode

scenario assuming a central density of 1.0 × 10 17 m 3 and temperature of 0.1 keV and 0.2 keV.



For low-density cases, the EC power absorption is virtually 100% across a wide range of
toroidal angles (15° to 35°) at a temperature of 0.2 keV for both wave frequencies.
In this linear calculations, the generated current drive is highly efficient. At a central temperature
of 0.2 keV, the 28 GHz frequency generated up to 2.5 MA/MW, while the 35 GHz frequency
achieved up to 3.0 MA/MW.
Power absorption decreases rapidly as plasma density increases because the physical distance
between the EC resonance and the X-cutoff layer widens. Despite this drop in absorption, the
current drive remains large (between 1 and 2 MA/MW).
Utilizing the higher 35 GHz wave frequency relaxes the density constraints, permitting higher
power absorption at lower temperatures and higher densities.

In this work, the EC power deposition and EC current drive have been evaluated in the linear
regime without considering potential nonlinear effects due to the low density regime.

These nonlinear effects will be presented in a future work. In particular, we plan to investigate B
= 0.5 T and 1 T plasma scenarios for QUEST plasmas taking into account the non-linear effects
by using the coupling between GENRAY ray tracing code and the Fokker-pLanck code CQL3D.



Figure 2 shows the QUEST equilibrium will be used for both the ray tracing simulations and

Fokker-Planck simulations. One can note, for this specific magnetic reconstruction at B = 0.5 T,
the presence of fundamental resonance (red line) on the high-field side, just outside the last
closed flux function and the second (green) and third (blue) EC resonances.
For this plasma scenario, we are expecting dominant absorption at the second harmonic as
similarly found for the SMART device.





Fullwave simulation of electron Bernstein wave mode conversion
S. Shiraiwa (Princeton Plasma Physics Laboratory)

We are developing a fullwave simulation model of the electron Bernstein wave (EBW). The
EBW is an electrostatic wave and it does not appear under the cold plasma approximation.
Instead, it connects to the cold plasma wave branch at upper-hybrid resonance (UHR). As the
wave propagates away from UHR, the wave becomes very short compared to the electron
cyclotron Larmor radius. Therefore, an accurate fullwave simulation requires a plasma dielectric
model that includes all finite Larmor radius (FLR) order effects. In this regard, the full spectral
representation used in the AORSA code is attractive. However, due to the small wave length
compared to the plasma size, the computational resource required for resolving the wave field
would be quite high. Alternatively, we chose the finite element method (FEM) and developed  a  
novel approach to introduce the FLR effects in FEM [1]. In our method, we start from a uniform
plasma Maxwellian dielectric model. For the EBW mode conversion simulation shown in the
figure 1, we introduced the approximation approach discussed in [1] to so-called Stix’s S using
the AAA algorithm[2]. Then, we solved the resultant coupled equations for E and J
simultaneously.
Figure 1 shows a simulation of EBW generation via mode-conversion from the X-mode injected
from the left in the 1D slab geometry. The wave frequency and other plasma parameters are
based on the O-X-B mode conversion study for NSTX [3]. In figure 1, the wave length of EBW
matches with what is expected in the uniform plasma. Detailed analysis showed that the wave
energy flux given as the Poynting flux before the mode conversion agrees with the kinetic energy
flux computed by the sloshing term after the mode conversion. This indicates that the discretized
system correctly conserved the wave energy flux. Manuscript for reprothing this work in a
peer-reviewed journal is in preparation.

[1] S. Shiraiwa, et. al,, “Full-wave modeling of RF waves in fusion plasmas with finite element method:
Progress in past decades and its future role”, EPJ Conf. 346, 01001(2026).
[2] A. Nakatsukasa, et. al., “The AAA Algorithm for Rational Approximation”, SIAM J Sci. Comp. 40,
10.1137 (2018).
[3] A. K. Ram and S. D. Schultz, “Excitation, propagation, and damping of electron Bernstein waves in
tokamaks”, Phys. Plasmas 7, 4084 (2000).
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Development of Nonlinear Plasma Interaction Analysis Code
International Joint Research Report (Grant No. 13_25NU-6)

NA Yong-Su 
Department of Nuclear Engineering, Seoul National University, Seoul, Korea, Republic of 

Introduction

This research was conducted as an international joint initiative between Seoul National University 
(Chung Huiwon and Heo Chweeho) and Kyushu University (led by Professor Moon). The primary 
objective was the development and implementation of a nonlinear plasma interaction analysis code 
tailored for experimental data from the PANTA.

Research Motivation

Understanding plasma turbulence requires a deep analysis of nonlinear interactions among 
fluctuations. While estimating nonlinear energy transfer is essential for quantifying energy exchange, 
performing this analysis directly in wave-number ( ) space has been a challenge. The PANTA device 
utilizes a linear plasma configuration equipped with a 64-channel poloidal probe array. These Langmuir 
probes provide high-resolution ion saturation current fluctuation data (interpreted as electron density 
fluctuations), which allow for spatial Fourier transforms.

Methodology and Code Development

To overcome the challenge of conjugate symmetry in  -space—where both electron and ion 
diamagnetic drift directional waves are physically significant—we implemented a Hilbert transform on 
the original signals. This process breaks the symmetry and allows for a more accurate spectral 
representation. The fluctuation signals are decomposed, and the evolution of the spectral components 

 is modeled using the following governing equation [1]:

Following the methodologies established by Ritz [2] and Wit [3], we experimentally derived the 
linear ( ) and quadratic ( ) transfer functions. These functions allow us to quantify the exact
energy transferred via three-wave coupling and identify the linear growth or damping rates of the waves.

Experimental Results and Analysis

Argon plasma experiments were performed under a homogeneous axial magnetic field (700 G) and 
4 kW antenna power. We compared two neutral gas pressure conditions 0.42 Pa and 0.23 Pa, observing 
distinct solitary wave and streamer phenomena. As illustrated in Figure 1, our analysis successfully 
mapped the frequency-wave number spectrum and the time evolution of raw signals for both pressure 
cases. Specifically, the first and second rows on the left of Figure 1 display the 64-channel probe array 
data for the 0.42 Pa and 0.23 Pa conditions, respectively.

By applying the nonlinear energy transfer code under stationary conditions, we determined both the 
direction and amplitude of energy exchange driven by three-wave coupling in -space. The results of 
this analysis are shown on the right side of Figure 1, where (a) represents the 0.42 Pa case and (b) 
represents the 0.23 Pa case. The oblique plots within these figures further clarify the linear growth and 
nonlinear energy transfer occurring at specific azimuthal mode numbers m.



Conclusion and Outlook

The successful development of this analysis code was made possible through the robust technical 
exchange between Seoul National University and Kyushu University. By combining SNU’s 
computational approach with the high-resolution diagnostic capabilities of Kyushu’s PANTA device, 
we have gained deeper insights into the fundamental mechanisms of plasma turbulence. Future work 
will focus on utilizing this collaborative framework to investigate the origin of coherent structures 
generated in PANTA.

Figure 1. Spectrum and raw signal of 0.42 Pa case (first row on left) and 0.23 Pa case (second 
row on left) based on 64 channel probe arrays. Nonlinear energy transfer analysis code results 
at (a) 0.42 Pa and (b) 0.23 Pa on right. Oblique plot represents linear energy transfer and 
nonlinear energy transfer on specific .

Reference

[1] Ch. P. Ritz & E. J. Powers, Physica D: Nonlinear Phenomena 20, 320–334 (1986).
[2] Ch. P. Ritz et al., Physics of Fluids B: Plasma Physics 1, 153–163 (1989).
[3] T. D. de Wit et al., Journal of Geophysical Research: Space Physics 104, 17079–17090 (1999).
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1. Introduction 

Optical Emission Spectroscopy (OES) is widely used in plasma processing and laboratory plasmas 

to measure electron temperature and density because it is non-intrusive and is easy to implement. 

However, it is needed to develop an appropriate population kinetics model for excited atomic/ionic 

levels to accurately derive the plasma parameters from the OES measurement. The proper population 

kinetics model for non-equilibrium, low-temperature plasmas is a collisional radiative (CR) model 

which considers all viable collisional and radiative processes occurring in a plasma. 

Chai and Kwon developed an Ar neutral CR model for low-temperature plasmas [1] and the model 

has several advanced features such that the radiation trapping effect and non-Maxwellian electron 

energy distributions are considered. It was also demonstrated that the electron temperature and density 

deduced from the CR model-based OES have similar trends and values to those measured by a 

Langmuir probe in capacitively- and inductively- coupled plasmas. 

 In this join research, we applied the neutral Ar CR model developed by Chai and Kwon [1] to the 

PANTA experiment. We measured both OES data (plasma emission spectra) and Langmuir probe data 

(Te and ne) using a broad wavelength spectrometer and the multi-channel Langmuir probe array in the 

PANTA experiment. We then compared Te and ne deduced from the CR-model based OES method with 

those obtained from the Langmuir probe measurement. It was found that both data are in good 

agreement with each other. 

 After the CR model was validated against the Langmuir probe in the PANTA experiment, we tried to 

find atomic line intensity ratios that are sensitive to Te and ne using the CR model. We found that the 

line ratio of 811 nm/763 nm is sensitive to Te while that of 794 nm/763 nm is sensitive to ne. Based on 

the obtained results, the optical bandpass filters centered at 763, 794, 811 nm with a Full Width at Half 

Maximum (FWHM) of about 10 nm will be fabricated and applied to the PANTA’s 3D tomography 

system. By doing so, it is expected that the Te fluctuations and ne fluctuations can be separately measured 

from the 3D tomography system in the PANTA experiment.   

 



2. Ar neutral CR model 

Chai and Kwon developed a CR model assuming weakly ionized Ar plasma under the condition of 

n0 I >> n+ R where n0 and n+ are the neutral and ion densities, and I and R are the ionization and 

recombination rate coefficients. In the CR model, the population kinetics processes shown in Fig. 1 are 

included for the ground level ([Ne]3s23p6), the first excited levels ([Ne]3s23p54s), and the next excited 

level ([Ne]3s23p54p) of Ar I. The wavelengths and probabilities of the considered radiative transitions 

are listed in Table 1. 

 
Figure 1. Energy levels and reaction processes considered in present CR modeling for Ar plasma. 

Paschen notations are also given for the levels 

 

 



 

The ground level population N0 is assumed to be equal to the neutral gas density n0 which is determined 

by the ideal gas law p = n0kBTg where Tg is the gas temperature, p is pressure and kB is the Boltzmann 

constant. The N0 is assumed to be constant and the excited level population densities of the first four 

1s5-2 in Paschen notation) and next ten (2p10-1) excited states Nj (j=1-14) are obtained by solving the 

stationary rate balance equations 
ex ex I d

e j ji j ji ji e i ij i ij ij e i i i i
j i j i j i j i

n N N A n N N A n N N    (1) 

where ne is the electron density, ex
ij is the electron impact excitation/deexcitation rate coefficient from 

i level to j level, I
i is the electron impact ionization rate coefficient for i level, Aij and ij are transition 

probabilities (Einstein's A coefficient) and escape factor for the radiative transition from i level to j level. 
d
i is the quenching probability per unit time by diffusion from high density region to low density region. 

The left-hand side of Eq. (1) represents populating processes of level i and the right-hand side of Eq (1) 

denotes depopulating processes of level i.    

The data for the radiative decay of the resonant 1s4,2 and 2p10-1 levels such as transition probability 

Aij, wavelength, statistical weight g = 2J + 1, and excitation energy Ei are taken from the NIST database 

[2]. The cross sections for electron impact excitation in the database [3] are used which are based on a 

semi-relativistic Breit-Pauli B-spline R-matrix (close coupling) calculations [4]. The rate coefficient of 

the electron impact de-excitation is obtained from the detailed balance relation ex
ji = gi/gj exp[(Ej-

Ei)/kBTe] ex
ij. 

The electron impact ionization rate coefficients are given for Maxwellian EEDF by the formula 
3/26
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where Ei = IP - Ei is the ionization energy of level i and the cross sections which can be integrated 

over any sort of EEDF are expressed by the formula 
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      (3) 

where E is the electron energy [5].  

  The diffusion characteristic times i = 1/ d
i of the metastable 1s5 and 1s3 are expressed as 1,3 = 2 / 

D1,3 where 1/ 2= (2.405/R)2 +( /L)2 for a cylindrical plasma with characteristic radius R and length L 

[6]. The diffusion coefficients of the metastable states D1,3 at atomic concentration N0 and gas 

temperature Tg are given by   

1,3
0
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g

TND D
N T

        (4) 

where DscNsc = 1.8x1018 cm-1 and DscNsc = 1.9x1018 cm-1 for 1s5 and 1s3 states, respectively, and Tg
sc is 



300 K [7]. 

The escape factor  of radiation trapping for the plane parallel geometry suggested by Apruzese [8]       
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was adopted to the CR model. Here, k0 is the absorption coefficient at the center of the line emitted at 

spontaneous transition (j  i) given by 

 
1/23

0 1/2  
8 (2 )

j jii

i B g

g A MNk
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       (6) 

EEPF g(E) for non-Maxwellian, Druyvesteyn formula is expressed as [9] 
( 3/2)

1 2( ) exp[ ( / ) ]x
e eg E c T C E T       (7) 

where c1 = x (2/3)(3/2) (5/2x)(3/2) / (3/2x)(5/2), c2 = (2/3)x [ (5/2x)/ (3/2x)]x, and x is the shape factor 

(x=1 means the Maxwellian distribution and x=2 means the Druyvesteyn distribution). 

The rate coefficients ex and I of the electron impact excitation and ionization can be obtained for 

EEDF fE(E) = E1/2 gE(E) by the formula  

2 ( ) ( )
thE

e

Ev f E E dE
m

      (8) 

The spectral line intensity Iji is given by 

( , )ji e e j ji jiI n T N A         (9) 

from the solutions Nj and ji of the sets of nonlinear equations, Eq. (1). The initial Nj values used in the 

non-linear matrix formulation are obtained from the solution of the linearized form of Eq. (1). The final 

self-consistent solution is then achieved through an iterative procedure in which the level population 

and escape factors are updated simultaneously, and the CR equations are solved repeatedly until 

convergence is attained. 

 

3. Experimental setup 

In order to check the validity of Ar neutral CR model developed by Chai and Kwon [1], plasma 

emission spectra of the PANTA experiment were measured by a HR 4000 spectrometer equipped with 

a lens tube and an optical fiber as shown in Fig. 2(a). In addition to Optical Emission Spectroscopy 

(OES), a muti-channel Langmuir probe array was installed and used to measure Te and ne in the PANTA 

experiment as depicted in Fig. 2(a). A photo of the PANTA experiment is shown in Fig. 2(b).  

In the experiment, the plasmas were ignited with Ar gas and the input rf power to the helicon antenna 

coil was fixed at 4 kW. The Ar flow rate was varied from 10 sccm to 25 sccm while the axial magnetic 

field was varied from 300 G to 1500 G. The background pressures were 0.7 mtorr and 2.2 mtorr when 



the flow rates were 10 sccm and 25 sccm, respectively.  

The HR 4000 spectrometer measured plasma emission spectra from 400 nm to 850 nm with 0.4 nm 

spatial resolution. In the experiment, the exposure time was fixed at 100 ms and the spectra were 

obtained at 300 ms from the plasma ignition in each shot. And the intensity of the measured spectra was 

corrected by the calibration factor of the HR 4000 spectrometer.  

 

 

Figure 2. (a) A schematic diagram of diagnostics used in this work and (b) a photo of the PANTA 

experiment. 

 

4. Results 

 The measured plasma emission spectra (calibrated) were shown in Figs. 3(a)-(c). Figure 3(a), (b), and 

(c) represent the case where the axial magnetic field of 300 G, 900 G, and 1500 G, respectively. As seen 

in the figures, as the magnetic field increases, emissions between 400 and 500 nm increases compared 

to emissions near 800 nm. In addition, emissions between 400 and 500 nm decreases as the flow rate 

increases from 10 sccm to 25 sccm. By the way, 400-500 nm emissions are mostly from singly ionized 

ions while emissions near 800 nm are from the neutral argon. 

 

Figure 3. Plasma emission spectra from (a) Bz = 300 G, (b) Bz = 900 G, and (c) Bz = 1500 G. 

 

Because we used the Ar neutral CR model and there was sufficient amount of neutral Ar particles in 

the PANTA experiment, we focused on the plasma emissions between 680 and 850 nm. Figures 4(a), 

(b), and (c) show the 650-850 nm spectra obtained at the Ar flow rate of 10 sccm with (a) Bz = 300 G, 
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(b) Bz = 900 G, and (c) Bz = 1500 G, respectively. As seen in the figures, we can identify 696, 704, 738, 

750, 751, 763, 772, 794, 801, 810, 811 nm lines. They are all from the neutral Ar particles, specially 

from 2p to 1s levels (Paschen notation). By the wave, the obtained spectra were normalized by the 

intensity of 750.4 nm line.  

 

Figure 4. Plasma emission spectra between 680 and 850 nm measured at the 10 sccm Ar flow rate with 

(a) Bz = 300 G, (b) Bz = 900 G, and (c) Bz = 1500 G. 

 

 We integrated each peak over the wavelength to obtain the real intensity of each peak using the 

MATLAB’s trapz function. The obtained peak intensities were shown in Figs. 5(a)-(c). Using the 

obtained integrated peak intensities, we tried to find the Te and ne which generate minimum loss function 

between the calculated and measured spectral intensities. The calculation of the Ar plasma emission 

spectra was done using the Ar neutral CR model described in Sec. 2 with the Maxwellian EEDF 

assumption. The loss function we used in this work is given by  
2( , ) ( , ) ( , )e e CRM e e OES e ef T n I T n I T n          (10) 

where ICRM is the calculated intensity and IOES is the measured intensity. 

The detailed calculation process is as follows. We first calculate the Ar emission spectra between 680 

nm and 850 nm in various Te and ne. In this work Te was varied from 0.5 eV to 5 eV while ne was varied 

from 1011 to 1013 cm-3. The radius of plasma was fixed at 3 cm and Ar gas temperature was assumed at 

600 K. Then, we calculated the loss function in each Te and ne. Some examples of the contour plot of 

the calculated loss function are shown in Figs. 6(a)-(c). From the obtained contour plot, we found Te 

and ne values that give minimum loss function. For instance, the optimum Te and ne are 2 eV and 3x1012 

cm-3, respectively in Fig. 6(a). 

As seen in Figs. 6(a)-(c), the optimum electron temperature and density did not significantly change 

among various B-field strengths. Figures 5(d)-(f) are the calculated spectral intensities with optimized 

Te and ne for (a) Bz = 300 G, (b) Bz = 900 G, and (c) Bz = 1500 G, respectively. It is seen that Figs. 5(a)-

(c) are in good agreement with Figs. 5(d)-(f).  
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Figure 5. Integrated peak values of the measured spectra in (a) Bz = 300 G, (b) Bz = 900 G, and (c) Bz 

= 1500 G. Calculated spectra using the optimized Te and ne in (d) Bz = 300 G, (e) Bz = 900 G, and (f) 

Bz = 1500 G. 

 

Figure 6. Contour plot of the loss function for (a) Bz = 300 G, (b) Bz = 900 G, and (c) Bz = 1500 G cases. 

 

We fixed Bz = 900 G and varied the Ar flow rate from 10 sccm to 25 sccm. The measured plasma 

emission spectra between 680 and 850 nm are as shown in Figs. 7(a), (b), and (c) which were obtained 

at the Ar flow rate of (a) 10 sccm, (b) 20 sccm, and (c) 25 sccm, respectively. As seen in the figures, we 

can identify 696, 704, 738, 750, 751, 763, 772, 794, 801, 810, 811 nm lines when the flow rate was low 

while only 696, 738, 750, 751, 763, and 811 nm lines were clearly seen when the flow rate was high 

(20 and 25 sccm cases).  

Similar to the previous analysis, we integrated each peak to obtain the real intensity of each peak 

using the MATLAB’s trapz function. The obtained peak intensities were shown in Figs. 8(a)-(c). 

And we calculate the loss function using Eq. (1). In the calculation, Te was varied from 0.5 eV to 5 eV 

while ne was varied from 1011 to 1013 cm-3. The radius of plasma was fixed at 3 cm and Ar gas 

temperature was assumed at 600 K. Then, we calculated the loss function in each Te and ne. Some 
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examples of the contour plot of the calculated loss function are shown in Figs. 9(a)-(c). From the 

obtained contour plot, we found Te and ne values that give minimum loss function. For instance, the 

optimum Te and ne are 2 eV and 3x1012 cm-3, respectively in Fig. 9(a). 

 

Figure 7. Plasma emission spectra between 680 and 850 nm measured at (a) 10 sccm, (b) 20 sccm, and 

(c) 25 sccm Ar flow rate with Bz = 900 G. 

 

As seen in Figs. 9(a)-(c), the optimum electron temperature decreased from 2 eV to 1 eV while the 

electron density increased from 3x1012 cm-3 to 4.5x1012 cm-3 as the Ar flow rate increased from 10 sccm 

to 25 sccm. Figures 8(d)-(f) are the calculated spectral intensities with optimized Te and ne for (a) 10 

sccm, (b) 20 sccm, and (c) 25 sccm, respectively. It is seen that Figs. 8(a)-(c) are in good agreement 

with Figs. 8(d)-(f).  

 

Figure 8. Integrated peak values of the measured spectra in (a) 10 sccm, (b) 20 sccm, and (c) 25 sccm. 

Calculated spectra using the optimized Te and ne in (d) 10 sccm, (e) 20 sccm, and (f) 25 sccm. 
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Figure 9. Contour plot of the loss function for (a) 10 sccm, (b) 20 sccm, and (c) 25 sccm flow rates. 

 

5. Discussion  

 Figure 10 shows Te and ne obtained from the CR model-based OES in the PANTA experiment. The 

electron temperature decreased from 2 eV to 0.5 eV as the flow rate increased from 10 sccm 

(corresponds to 0.7 mTorr) to 25 sccm (corresponds to 2.2 mTorr) while the electron density increases 

from 3x1012 cm-3 to 5x1012 cm-3 as the flow rate increases. The electron temperature seems to weakly 

depend on the axial B-field while the electron density increased as the axial B-field increased. 

 

Figure. 10. Te and ne obtained from CR model-based OES method in the PANTA experiment. 

 

The obtained Te and ne were compared with those measured by the Langmuir probe array. The 

measured Te and ne are shown in Fig. 11. As seen in the figure, the measured Te decreased from 3 eV to 

1 eV at the center as the pressure increased from 1 mTorr to 3 mTorr which is in good agreement with 

Te obtained from OES. The measured ne increases 3x1012 cm-3 to 5x1012 cm-3 which is also in good 

agreement with the values obtained from OES.  
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Figure 11. The electron temperature and density measured by the Langmuir probe array 

 

 The Ar neutral CR model developed by Chai and Kwon [1] was successfully validated against the 

Langmuir probe measurement in the PANTA experiment. Therefore, it is reasonable to use this model 

when finding the atomic line intensity ratios sensitive to Te and ne for the PANTA experiment. The 

purpose of finding the line ratios sensitive to Te and ne is to select optical bandpass filters for separating 

Te and ne fluctuations in the PANTA’s 3D tomography system.   

In order to find line ratios sensitive to Te and ne, we calculated several possible line ratios in various 

Te and ne. When we chose the line ratios, we excluded 750, 751, 772 nm lines because they have other 

lines nearby. We did not exclude 811 nm line because the intensity of the 810 nm line is very small 

compared to that of the 811 nm line in the PANTA experiment as shown in Figs. 4 and 7.        

Among many combinations of two lines, we found that the intensity ratio of 811 nm to 763 nm is the 

most sensitive to Te as shown in Fig. 12. As seen in the figure, the intensity ratio of 811 nm to 763 nm 

is monotonically increases from 1.5 to 2.5 as the Te increases from 0.5 eV to 3 eV while it is insensitive 

to the change in ne.  

 

Figure 12. Intensity ratio of 811 nm to 763 nm in various Te and ne. It seems that 811 nm/763 nm is 

much sensitive to Te compared to ne. 
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It was also found that the intensity ratio of 794 nm to 763 nm is very sensitive to ne as shown in Fig. 

13. As seen in the figure, the intensity ratio of 794 nm to 763 nm is monotonically increases from 0.1 

to 0.2 as the ne increases from 1011 cm-3 to 5x1012 cm-3 while it is insensitive to the change in Te below 

4 eV. 

 

Figure 13. Intensity ratio of 794 nm to 763 nm in various Te and ne. It seems that 794 nm/763 nm is 

much sensitive to ne compared to Te. 

 

6. Conclusion and future plan 

In conclusion, we demonstrated that the Ar neutral CR model developed by Chai and Kwon [1] can 

predict plasma parameters such as Te and ne very close to those measured by the muti-channel Langmuir 

probe array. After the code validation, we deduced which intensity line ratios are sensitive to Te and ne 

and we found that the line ratio of 811 nm/763 is sensitive to Te while the line ratio of 794 mm/763 nm 

is sensitive to ne. Based on the obtained results, we will fabricate the optical bandpass filter centered at 

763, 794, and 811 nm with a Full Width at Half Maximum (FWHM) of about 10 nm next year and will 

apply to the PANTA’s 3D tomography system. It is expected that the temperature and density 

fluctuations can be separately obtained with new optical bandpass filters.   
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Plasma start-up and sustainment in spherical tokamak configuration by RF 
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An on-site/on-line hybrid workshop on “Plasma start-up and sustainment in spherical 
tokamak configuration by RF” was held on 26th and 27th February 2026 at Advanced 
Fusion Research Center in Research Institute for Applied Mechanics, Kyushu University. 
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Summary of Presentations 
 
Y. Takase  

ST40 is a compact high-field ST with copper coils. It operates with major radius 0.4 - 0.55 

m, aspect ratios 1.6 - 1.9, and elongation up to 1.9. It is capable of Bt up to 2.1 T, Ip up to 

1.0 MA, with two NB injectors (1 MW at 55 kV, and 0.8 MW at 24 kV). Ion temperatures of 

up to 100M C have been achieved. Recently advancements were made in profile 

diagnostics, analysis, and interpretation . Vertical position control was improved 

dramatically by using the in-vessel merging-compression (MC) coils (after MC start-up is 

completed). SOPHIA, our tokamak simulator, is used for both real-time plasma control and 

for simulating scenarios in future devices. GSFit was developed as an open source 

equilibrium reconstruction code, and its real-time version, rfGSFit, is used to improve 

plasma control. L-mode to H-mode transition, as well as the intermediate I-phase, are being 

characterised. Energy confinement E increases with Bt at low field, as found in other STs, 

but it saturates and becomes independent of Bt for > 1 T. The increase of E with Ip is similar 

to other STs. Plasma operation has been extended to 1 MA, and the stored energy increased 

correspondingly. At Ip = 0.2 MA, plasmas with p >3 with nearly full non-inductive current 

drive were achieved. Whereas the SOL power fall-off width q in L-mode plasmas follows 

the Eich scaling, q is typically an order of magnitude smaller in H-mode plasmas. First 

results were obtained with Li dropper, but little effect has been observed so far. ST40 is 

being upgraded to investigate low recycling regimes using Li evaporation under the LEAPS 

(Lithium Evaporations to Advance PFCs in ST40) programme, funded jointly by US DOE and 

UK DESNZ. The PFC will be converted to all-metal (Mo). 1 MW of EC (137/104 GHz) and a 

4-barrel D pellet injector will also be installed. 

 
M. Ono 
The elimination of the need for an OH solenoid maybe the most impactful design driver for 

the realization of economical compact fusion tokamak reactor systems. This is particularly 

true for lower aspect ratio tokamaks such as spherical tokamaks (STs) to access higher beta 

regimes. As for the non-inductive start-up scenarios, the X-mode ECCD at fundamental 

resonance (X-I) was proposed due to the significantly higher ECCD efficiencies albite at 

lower density. While the current ramp-up scenarios at lower density is energetically 

favourable, an important question remains as to how to attain in the end the parameters 

consistent with the sustained plasma parameters where the plasma current, density, and 

temperature are simultaneously high. In the present work, in addition to the current circuit 

equation, we perform power balance analyses as the plasma losses such as radiative losses 



tend to increase rapidly as the plasma density is increased. Due to a large density increase 

of x 10, it is necessary to start the plasma with X-I but as the density is increased, the 

transition to the ordinary mode O-I is necessary. To control the radiative losses at high 

density, it was highly important to control the high-Z impurity levels such as that of tungsten 

to keep the plasma losses to a manageable level. As the density is increased, we find the 

transition to H-mode is essential from the plasma confinement and power balance point of 

view. Higher density and higher confinement leads to higher coulomb coupling between 

electrons and ions where ion temperature increases toward that of electrons. We find the 

D-T fusion alpha ( ) heating increases with density which greatly helps the power balance 

at the high density. We also find applied vertical field (BV) which is necessary for the plasma 

equilibrium helps to provide necessary poloidal flux. With high p ~ 1, we find that it is 

feasible to ramp-up the plasma current and density simultaneously within ~ 50 sec is 

feasible without any OH solenoid flux. 

 

N. Bertelli 
This work presents a scoping study of electron cyclotron heating and current drive (EC 

H&CD) for the Small Aspect Ratio Tokamak (SMART), currently operated by the Plasma 

Science and Fusion Technology (PSFT) Laboratory at the University of Seville. The study 

utilized the ray-tracing codes GENRAY and TRAVIS to analyze two planned operational 

phases with magnetic field strengths of B = 0.4 T and 1 T. For the 0.4 T scenario, we 

performed a scan of poloidal and toroidal launching angles across three locations—mid-

plane, off-mid-plane, and top-launcher—assuming extraordinary (X-mode) polarization. 

The results indicate that absorption occurs at the second harmonic, with the top-launcher 

achieving the highest power absorption. Additionally, we conducted a numerical analysis of 

the fundamental X-mode EC H&CD start-up regime for the 1.0 T scenario using wave 

frequencies of 28 and 35 GHz, both of which demonstrated high current drive efficiency. To 

validate these results, we performed a preliminary power scan using GENRAY coupled with 

the Fokker-Planck code CQL3D. A power injection of 1 kW shows a clear tail in the 

distribution function and approximately 0.4 kA of current, which is lower than the linear 

calculation predicted. Further study is necessary to fully evaluate the role of non-linear 

effects, which are particularly significant for a compact device like SMART. 

 
L. Delgado-Aparicio 
Soft and hard x-ray diagnostics are foundational tools in high-temperature plasma and 

fusion research, enabling measurements of MHD stability, energy confinement, impurity 

transport, runaway electron dynamics, radiated power, plasma-wall interactions and 



disruptions. Traditional tomographic systems provide space-resolved but energy-integrated 

measurements, limiting access to local plasma parameters due to the lack of energy 

resolution. This talk traces one decade of progress in energy-sensitive x-ray diagnostics, 

highlighting the transition from single-energy filtered arrays to multi-energy, higher-

resolution systems. To expand diagnostic capability significantly, a novel multi-energy x-ray 

camera has been developed and deployed at CMod, MST, WEST and TCV. It features 

independently adjustable energy thresholds for each “smart” pixel, enabling unprecedented 

mapping flexibility on a 2D sensor. Energy-threshold trimming and photon-energy 

calibration allow selective inclusion or suppression of radiative recombination and line 

emissions from medium- to high-Z species, enabling inference of a dozen plasma 

parameters from broadband or line-emission x-ray data alone. These systems enable direct 

emissivity measurements while also delivering real-time estimates of plasma centroid 

position, electron temperature, radiated power profiles, as well as indirect inference of 

impurity densities and two new methods for the effective charge (Zeff). New applications 

include monitoring tungsten flushing during ICRH heating and sawteeth, diagnosing W-

UFO events, detecting non-Maxwellian anisotropies, fast electron losses near strike points, 

and the evolution of slide-away and runaway electron populations for the first time. Finally, 

their integration with real-time control paves the way for non-magnetic equilibrium 

reconstructions and fast-acting RE alarms—pointing to a broader diagnostic paradigm for 

future fusion devices. Several applications for QUEST and opportunities for collaborations 

with PPPL will be outlined. 

 
H. Idei 

The #2 CW gyrotron was tested with the developed Kyushu University facility without and 

with CPD operation. The power of 360 kW which will be CW operation level was achieved. 

The transmission efficiency at the MOU is 95%. New transmission line for #2 CW gyrotron 

has been developed for the CW operation. At present, a long pulse dummy load is installed 

near the QUEST for the high-power test and aging. Relatively high transmission efficiency 

more than 85% is achieved at the transmission line. A quasi-optical polarizer has been 

developed to control incident polarizations of the selected mode for considered 

experimental scenarios. The polarizer is composed of /4 and /8 corrugated plates and 

coupling mirror. The coupling to a waveguide mode after controlling the polarization is good 

with a high mode purity of 98%. The polarizations are systematically scanned by rotation 

of /4 and /8 corrugated plates. The collaboration framework at NIFS is changed in this 

year. A new research program is accepted as the 3-year research up to 2027. Our center 

has been reorganized every 10 years. At 2027, the center will be reorganized again. A 



research plan considered and proposed is introduced. 

 

T. Onchi 

Fundamental electron cyclotron heating and current-drive (ECH/CD) are planned in the 

QUEST spherical tokamak. To realize such fundamental ECH/CD experiment using 28 GHz 

radio frequency, toroidal magnetic field (TF) of 1 T in the vacuum vessel is a basic 

requirement. A new current source to increase TF has been developed and installed on 

QUEST TF coil. A module consists of a lithium ion capacitor and a DC-DC converter. All 125 

modules are connected in parallel. A target of maximum current output is 100 kA. The 

tested output is up to 70 kA. In QUEST operation, the limit of the current is 60 kA presently, 

where the pulse width is 2 seconds. The new source has been applied to recent ECH/CD 

experiment. The output current is measured by a Rogowski coil. The overshoot and 

following 2 Hz oscillation with small amplitude (1 % of the target current ) has been 

observed. The factor causing these oscillation has been unidentified yet.  

 

T. Yamaguchi 

Toroidal magnetic field at major radius increased from 0.25 T to 0.3 T. Although a 

fundamental resonance layer is located outside vessel, the energetic electrons with 

temperature of 60 keV can absorb the EC power in fundamental upshift resonance via 

Doppler-effect. Two type of non-inductive EC plasma ramp-up experiments were 

conducted to verify the multiple resonance effects. In the case of fixed Bt = 0.3 T, there are 

two types of discharges characterized by with or without temporal oscillation in the plasma 

current under the same operational conditions. In the discharge with the current oscillation, 

the inboard density increased up to the right-hand cutoff density at 2.7 s. The wave would 

be reflected due to the cutoff before propagating to the 1st absorption region. A transition 

from an effective current drive phase with the 1st absorption to efficient bulk electron 

heating phase without the 1st absorption was observed, depending on inboard density. In 

the case of varied Bt from 0.3 T in step of -0.01 T, the plasma start-up was impossible at Bt 

< 0.28 T. This result had good agreement with ray tracing analysis. At the critical field of Bt 

= 0.28 T, the plasma current and line-integrated density were clearly lower than that at the 

higher fields. A rapid increase in the hard X-ray counts associated with bremsstrahlung at 

the outer limiter before a formation of tokamak was observed several times at Bt = 0.28 T, 

indicating difficulty in formation of closed flux surface. 
 
A. Ejiri 

Thomson scattering (TS) systems for QUEST and TST-2 have been developed, and they are 



used to measure various plasmas. Long pulse discharge is an interesting target in QUEST, 

and an automatic alignment system was developed, and a remote fiber movement system 

is under development. Development for DEMO is being carried out, and design studies and 

demonstration in TST-2 are conducted. Edge LITS and Core Forward TS were proposed for 

DEMO, and the feasibilities in terms of sensitivity and neutron irradiation are good. 

 

K. Kuroda 

The CHI current drive has been studied in QUEST, in which the CHI flux formation by using 

FSB electrode configuration has been achieved. The observation result of the distribution of 

injector current measured by magnetic sensor array and flux evolution shows that flux 

evolves largely and higher toroidal current is driven by the injector current flowing in the 

appropriate distribution. The similar CHI flux evolution was observed under different flux 

conditions on the identical flux configuration, in which the driven currents follow the CHI 

current scaling relation. The driven toroidal current was increased up to 210 kA under the 

flux condition of inj = 29.6 mWb. We will remodel the electrode structure, in which we try 

to prevent the arcing discharge completely, and improve the CHI discharge by the optimized 

electrode. 

 

T. Shikama 

In CHI discharges, impurities originating from the electrodes degrade the electron 

temperature and plasma current. Therefore, understanding their generation and transport 

processes is essential. Previous studies have measured light elements released from the 

co-deposition layer on the electrode surface, whereas in this study chromium atoms and 

ions produced by sputtering of the electrode base material (SUS316L) were newly 

measured. Thirteen lines of sight were installed between the electrode and the equatorial 

plane, and Cr I and Cr II emission lines were observed at five time points during the 200 s 

period from plasma formation to bubble burst with an exposure time of 20 s. The Cr I 

emission was localized near the electrode at all times, while the Cr II emission was initially 

localized near the electrode and was extended toward the equatorial plane at the time of 

the bubble burst. This behavior can be understood as atoms being ionized near the 

electrode, followed by transport of the ions during the bubble burst. 

 
Y. Otsuka 

Coaxial Helicity Injection (CHI), a non-inductive current drive method, is performed on the 

QUEST spherical tokamak. In QUEST CHI discharges, sheet-like emission structures have 

often been observed in regions where magnetic reconnection occurs, as seen in fast camera 



images. Magnetic measurements suggest that a high toroidal current exists at the location 

of the emission structure, which is similar to the Sweet–Parker-type sheet current reported 

in CHI simulations. In discharges with the sheet structure, the plasma current tends to be 

lower and the energy consumption of the capacitor bank tends to be faster. In addition, 

differences with and without the sheet structure also appear in probe measurements on the 

midplane. Since the CHI electrode has a finite radial thickness, this is considered to be due 

to whether the current path governing plasma formation is located more on the inner side 

or on the outer side. One possible reason for the difference in discharge paths is the spatial 

variation of neutral gas density caused by recycling from the vessel wall. In NSTX, where 

recycling is suppressed by lithium coating, variations such as those observed in QUEST have 

not been reported. 

 

R. Ikezoe 

QUEST experiments demonstrate that kinetic waves can suppress runaway electrons, as 

evidenced by modifications in global plasma current dynamics. In parallel, the RF-plugged 

divertor is investigated as an active transport control concept, where field-aligned RF-

induced effective potentials create tunable barriers along the divertor leg. These potentials 

trigger localized supersonic transitions and enhance parallel confinement, thereby 

promoting radial transport broadening of the SOL. As a result, the SOL density decay length 

increases significantly, and the peak particle flux to the divertor target can be reduced by 

an order of magnitude for RF potentials of approximately three times the SOL plasma 

temperature. 

 
Y. Nagashima 

In this talk, preliminary results from edge plasma measurements using newly developed 

limiter-like Langmuir probe for QUEST are shown. By I-V characteristic measurements, 

existence of high temperature/energy electron tail components in SOL region inside the first 

wall is confirmed. At the same time, in some discharges, MHz range floating potential 

fluctuations are intermittently observed, and correlation between the high energy electron 

fluxes and envelope of the MHz range fluctuation is suggested. There are mainly two 

problems which should be overcome for future study. One is existence of positive spike, and 

the other is the frequency response of MHz range fluctuations. On existence of the positive 

spike, selective analysis on the negative spike phase is a solution. On the frequency 

response of MHz range fluctuations, artificial scanning experiment of the stray capacitance 

is a solution. 

 



M. Hasegawa 

This study proposes a method for real-time prediction of plasma position, shape, and 

internal parameters in QUEST using deep neural networks. Training was performed using 

equilibrium data generated based on the Grad–Shafranov equation, verifying whether 

internal parameters could be estimated solely from magnetic measurements. Furthermore, 

the improvement in prediction accuracy was evaluated by adding diamagnetic and pressure 

measurements to the input. Estimation with errors of approximately 10–20% is achievable 

for simple profiles, and accuracy improvements were confirmed for diverse profiles through 

additional measurements. This method contributes to future plasma control applications by 

accelerating equilibrium calculations. 

 

S. Shiraiwa 

Expanding the capabilities of full-wave simulations is a critical necessity for accurately 

capturing a wider range of physical phenomena in plasma wave and RF-heating 

applications. Specifically, enhancements are desirable to resolve short-wavelength modes 

for wave physics analysis in several key areas including high-frequency EC/LH waves, slow 

waves, surface waves. However, the current mainstream approach based on the finite 

element methods (FEM) faces significant challenges, when increasing the simulation 

domain size due to the indefiniteness of the linear system and the scalability of sparse linear 

solvers. In this work, we are investigating the feasibility of using the ultraweak 

discontinuous Petrov-Galerkin (UW-DPG) method for plasma wave simulations. UW-DPG 

is a generic framework that yields a symmetric positive definite (SPD) linear system, which 

is highly amenable to efficient, scalable iterative solvers. Because of this, UW-DPG may 

offer a transformative alternative to the conventional FEM. We are testing the UW-DPG 

method for various plasma wave simulations, and the initial results are encouraging. We 

showed (1) simulations of simple waveguide, which shows a convergence behavior unique 

to UW-DPG, (2) adaptive mesh refinement (AMR) capability, which is demonstrated in 2D 

Lower Hybrid (LH) simulations, and (3) initial ICRF (Ion Cyclotron Range of Frequencies) 

wave simulations, which shows excellent agreement with results obtained from the regular 

FEM solver. 

 

A. Fukuyama 

Recent results of modeling of heating and current drive by electron cyclotron (EC) waves in 

QUEST plasmas using the integrated modeling code TASK. Ray tracing analysis by 

TASK/WR+DP for EC heating and the Fokker-Planck analyses of electron momentum 

distribution function by TASK/FP for EC current drive have been performed. The Fokker-



Planck analysis provides accurate accurate evaluation of ECCD efficiency, but requires 

computational resources. Future introduction of machine learning should be considered. 

Kinetic full wave analysis using integral form of dielectric tensor is powerful for hot 

inhomogeneous plasmas. It has been successful applied to the magnetic beach heating near 

the electron cyclotron resonance and the excitation of electron Bernstein waves in QUEST 

configurations. Extension to the two-dimensional kinetic full wave analysis in the poloidal 

cross section of tokamak plasmas and incorporation of the relativistic effects are under way. 

 

S. Murakami 

We have performed the GNET simulation of the ECH electron distribution function, 

including the 3rd, 4th, and 5th harmonic resonances. It was found that the energetic 

electrons, generated by the 2nd resonance, were further accelerated by the 3rd, 4th, and 

5th resonances. We have shown the critical role of higher-harmonic heating in the 

generation of energetic electrons in QUEST. We have also investigated the multi-resonance 

heating in QUEST with B0 = 0.5 T. 

 

K. Hanada 
EBWH/CD is a good candidate for plasma start-up and a dedicated antenna and 

waveguides for HFS launch were installed on QUEST to conduct physical experiments. 

Numerical simulation using GENRAY predicted that a significant Ip could be expected on 

QUEST. To confirm the role of EBWCD in Ip start-up, four types of the magnetic 

configurations were examined. Considering the existence of L cutoff and the characteristics 

of EBWCD, a schematic model is proposed to explain the differences in Ip start-up. The 

magnetic signal was used to reconstruct the current profile, which was concentrated in the 

equilibrium region. The BR control was useful to regulate the Ip start-up. Positive area ratio 

resulted in a good Ip start-up. 

 

S. Kubo 
The history of EBW detection by the scattering project is reviewed. Initially, a 170 GHz 

gyrotron is considered as a scattering source, but a higher frequency is preferable for EBW 

detection. A 400 GHz gyrotron developed in Fukui University is loaned for the scattering 

project, and detection and optical systems are designed for 400 GHz. Due to the delay in 

the actual application, the loan term expired, and HCN laser (337 m, 890 GHz) was 

selected in turn and transferred from Kyoto Univ. to QUEST in 2022. The detection system 

is redesigned for 890 GHz. The optical system is designed using the newly developed quasi-

optical grating method. The detection system is redesigned to use a harmonic generator 



and a sub-harmonic mixer originally prepared for 400 GHz. 

 
T. Ido 

A Heavy Ion Beam Probe (HIBP) system is being installed. In this fiscal year, we successfully 

achieved beam injection into the QUEST vacuum vessel. However, when the poloidal 

magnetic field required for plasma confinement is applied, the beam is deflected in the 

toroidal direction, resulting in a significant reduction in the injected beam current. For the 

plasma measurement, it is therefore necessary to compensate for beam deflection 

associated with variations in the magnetic field more precisely. 

 
T. K inoshita 

Understanding the unique transport mechanisms in spherical tokamaks (STs) is critical for 

optimizing confinement and handling divertor heat loads, as conventional scaling laws often 

fail to describe ST behavior. To investigate these processes on the QUEST spherical tokamak, 

we have developed a low-frequency Doppler backscattering (DBS) diagnostic system. 

Optimized for QUEST’s typical low-density plasmas (ne  2×1018 m 3), the system operates 

in the 8–18 GHz range (X-band). A three-channel simultaneous measurement scheme 

allows for radial profile probing, while specialized focusing optics were designed to 

maintain beam integrity over the 1.5 m distance between the antenna and the plasma. 

Through multi-angle injection, the system captures ion-scale turbulence within the range 

of k   0.3 3.0 cm 1 (k i  0.1 1.0). Initial experimental results from ECRH-only 

discharges successfully identified the formation of a strong E×B flow shear in the core 

region (  = 0.4 0.6). This flow shear coincided with a significant suppression of turbulence 

levels, which likely facilitated the achievement and maintenance of higher electron 

temperatures (Te  150 eV). Measured radial electric fields (Er) ranged from 150 to +50 

V/m. Future work will focus on expanding measurement coverage through X-mode 

operation and performing high-fidelity quantitative analysis using the advanced beam-

tracing code SCOTTY to account for complex 3D magnetic structures and diffraction effects. 

 
 





Characteristic and instabilities of kinetic-scale ux ropes driven by 
fast electrons 

 

Young Dae Yoon (Asia Paci c Center for Theoretical Physics) 

 

I carried out an International Joint Research visit to the Research Institute for Applied Mechanics 
(RIAM), Kyushu University, from 11–14 January, hosted by Prof. Chanho Moon and the Fusion 
Plasma Group. The linear magnetized plasma device PANTA was the intended experimental 
platform and point of contact for validation. 

Motivation and scientific rationale. The project was motivated by our recent Nature paper 
(Park et al., Nature 644, 59–63, 2025), which highlighted how non-equilibrium plasma dynamics 
can generate kinetic-scale magnetic structures (flux-rope-like bundles of field lines) and how 
their formation and relaxation can influence dissipation and transport. These results suggest that 
kinetic instabilities and the turbulence they drive can alter effective impedance and energy 
pathways inside current-carrying plasmas, potentially enabling or suppressing subsequent 
processes such as reconnection and rapid relaxation. A controlled linear device provides an 
attractive environment to isolate these cause-and-effect links with well-defined geometry, 
boundary conditions, and diagnostic access. 

Aim of the planned joint research. The central aim at RIAM was to develop and apply 
simulations to study turbulence driven by beam-related kinetic instabilities in a linear magnetized 
plasma, and to connect the resulting turbulent transport and magnetic self-organization to the 
emergence and stability of kinetic-scale flux ropes. In practical terms, we intended to use 
simulations as a quantitative bridge between (i) injection of a fast-electron population (via 
electron guns), (ii) the onset and nonlinear saturation of kinetic instabilities, and (iii) measurable 
consequences in fluctuation spectra, transport levels, and inferred impedance. 

Planned methodology. The proposed workflow comprised three steps: (1) establish a beam-free 
baseline model representative of PANTA conditions by matching key dimensionless parameters 
(magnetization, collisionality, and characteristic gradient scales) and by validating background 
fluctuations; (2) introduce an energetic-electron component representing the electron-gun source 
to map instability thresholds and dominant mode families, and to follow the transition into 
broadband turbulence; and (3) quantify how the turbulence modifies transport and effective 
impedance, while assessing whether flux-rope-like magnetic structures form, persist, or become 
unstable. The ultimate deliverable was a set of benchmarked simulation results and a clear set of 
experimentally testable signatures. 

Activities during the visit and status. During the visit I presented a 30-minute overview of my 
recent research at the weekly Fusion Plasma Group meeting and discussed how the Nature 
results motivate beam-driven studies on PANTA. I also held technical discussions with RIAM 



collaborators to refine feasible parameter ranges, identify the most informative diagnostics for 
comparison, and consolidate a staged plan for simulation–experiment benchmarking. 

The planned research could not be carried out during this period because the power supply for 
the electron guns had not yet been installed and commissioned. Since the energetic-electron 
source is essential for defining realistic beam parameters and for validating beam-driven 
scenarios, the joint simulation campaign was deferred. Nonetheless, the visit established a shared 
roadmap for rapid initiation once the electron-gun system becomes operational during the next 
available period. 
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1 Introduction

Impurities in tokamak plasma introduce several deleterious effects on the overall performance of the devices. A large amount

of impurities can dilute the fuel and reduce the rate of fusion reactions. Furthermore, one of the most immediate effects is

the loss of radiated power, which leads to lower plasma temperatures.Excessive edge cooling destabilizes the plasma and

leads to plasma disruption, which can severely damage the wall and other structures. On the other hand, impurity ions from

the plasma-facing components, such as tungsten, can travel farther from the edge and cause significant radiation in the core.

This prevents the plasma from reaching a high enough temperature for ignition [1]. Hence, the concentration of impurities

should be minimized.

Despite the downside effects, the radiation of plasma impurities nevertheless has some helpful consequences. Injection

of noble gases such as argon or neon is intentionally used to increase radiation in the edge region of the plasma. A well-

controlled amount of these seeded impurities helps to disperse the plasma power exhaust over wider surface areas and reduce

the temperature in front of the plasma-facing components. This radiative cooling is the primary mechanism for accessing

the detached plasma regime, a state where plasma pressure and particle flux to the divertor targets are significantly reduced,

thereby protecting the wall materials from erosion and melting.

To accurately simulate this complex interplay between impurity transport and divertor physics, we have developed a

new simulation module, TASK/CSD (Core-SOL-Divertor), within the integrated transport code TASK. This module extends

the previous transport models by explicitly incorporating plasma detachment physics. Volumetric recombination (particle

sink) and charge-exchange friction (momentum sink) terms have been added to the fluid equations. These improvements

author’s e-mail: apiwat.wis@kmutt.ac.th
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Fig. 1 Schematic diagram showing the geometry of the five-point model which considers the transport along the magnetic field.

allow the TASK/CSD code to investigate the transition from the attached to the detached state, capturing the characteristic

flux rollover and temperature collapse driven by impurity radiation.

2 Methodology

To dynamically model the SOL and divertor plasma, one may reduce the complexity of the problem by considering only the

transport along a magnetic field line. Instead of using a 1D or 2D transport model, one can focus on the relevant physical

quantities of the plasma at specific points along the field line. The simplest model is the so-called two-point model, which

considers only two points: the upstream (or stagnation point) and the target point. However, the two-point model does

not account for asymmetric transport. A five-point model was originally proposed by Hayashi-san to study thermoelectric

instability. It can also be used to model the dynamic response of SOL-divertor plasma during an ELM crash, which may

induce thermoelectric instability and large SOL currents [2]. The model also only considers the transport of hydrogenic

species without explicitly including impurities. In this work, we first describe the five-point model. The impurity transport

will be solved in the background of the hydrogenic species and will be introduced later in this section.

The geometry of the five-point model is shown in Figure 1. The model considers the flux tube closest to the separatrix in

single-null or double-null plasmas. The flux tube is divided into four regions. The fluid equations are integrated and reduced

to a set of nonlinear algebraic equations with physical variables at the five positions.



Progress Report 3

2.1 Model Equations

The transport equations of the hydrogenic species governing the plasma dynamics in the SOL and divertor are given by:

LSOL

dn0

dt
= −ΓuB − ΓuA + S 0LSOL, (1)

Ldiv

dnsB

dt
= ΓuB − ΓsB + S BLdiv, (2)

Ldiv

dnsA

dt
= ΓuA − ΓsA + S ALdiv, (3)

mi

2
(lb + (1 + RB)Ldiv)

dΓuB

dt
= n0(Te,0 + Ti,0) − nsB

(
2Te,sB + (1 + g)Ti,sB

) − Ploss,B, (4)

mi

2
(la + (1 + RA)Ldiv)

dΓuA

dt
= n0(Te,0 + Ti,0) − nsA

(
2Te,sA + (1 + g)Ti,sA

) − Ploss,A, (5)

3

2

dn0Te0

dt
= −Qe,uB − Qe,uA − J(φuB − φuA)

+(We0 +We,eq,0)LSOL, (6)

3

2

dn0Ti0

dt
= −Qi,uB − Qi,uA + (Wi0 +Wi,eq,0)LSOL, (7)

3

2

dnsBTe,sB

dt
= Qe,uB − Qe,sB − J(φuB − φsB)

+(We,B +We,eq,B)LSOL, (8)

3

2

dnsATe,sA

dt
= Qe,uA − Qe,sA − J(φuA − φsA)

+(We,A +We,eq,A)LSOL, (9)

3

2

dnsBTi,sB

dt
= Qi,uB − Qi,sB + (Wi,B +Wi,eq,B)LSOL, (10)

3

2

dnsATi,sA

dt
= Qi,uA − Qi,sA + (Wi,A +Wi,eq,A)LSOL. (11)

The equations for the impurity species are as follows, where j = 1, 2, 3, ..., zmax denotes the ionization states:

LSOL

dn j,0

dt
= −Γ j,uB − Γ j,uA + LSOL

(
n j−1,0α j−1,0 − n j,0α j,0

+n j+1,0β j+1,0 − n j,0β j,0 + S j,0

)
, (12)

Ldiv

dn j,sA

dt
= Γ j,uA − Γ j,sA + Ldiv

(
n j−1,sAα j−1,sA − n j,sAα j,sA

+n j+1,sAβ j+1,sA − n j,sAβ j,sA + S j,sA

)
, (13)

Ldiv

dn j,sB

dt
= Γ j,uB − Γ j,sB + Ldiv

(
n j−1,sBα j−1,sB − n j,sBα j,sB

+n j+1,sBβ j+1,sB − n j,sBβ j,sB + S j,sB

)
, (14)
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mZ

2

(
lb + (Rj + 1)Ldiv

) dΓ j,uB

dt
= n j,0TH,0 − 2n j,sBTH,SB

+
mZ

τ j

[
1

2
n j,0vH,0 +

1

2
n j,sBvH,sB +

mZ

2

(
lb + (Rj + 1)Ldiv

)
Γ j,uB

]

+mz

(
lb + (Rj + 1)Ldiv

) (
α j−1,uBΓ j−1,uB − α j,uBΓ j,uB

)
, (15)

mZ

2

(
lb + (Rj + 1)Ldiv

) dΓ j,uA

dt
= n j,0TH,0 − 2n j,sATH,sA

+
mZ

τ j

[
1

2
n j,0vH,0 +

1

2
n j,sAvH,sA +

mZ

2

(
lb + (Rj + 1)Ldiv

)
Γ j,uA

]

+mz

(
lb + (Rj + 1)Ldiv

) (
α j−1,uAΓ j−1,uA − α j,uAΓ j,uA

)
. (16)

To simulate the impurity influx, we calculate the impurity neutral generation at the targets via physical sputtering. The

neutral impurity flux Γ0,p leaving the target plate (where p denotes either target A or B) is given by:

Γ0,p =

⎛⎜⎜⎜⎜⎜⎜⎝YHΓH,p +

zmax∑
j=1

YjΓ j,p

⎞⎟⎟⎟⎟⎟⎟⎠ sinΘ, (17)

where YH and Yj are the sputtering yields for hydrogen and impurity ions, respectively, and Θ is the incident angle of the

magnetic field line. Assuming the neutrals are emitted with a thermal velocity v0 and decay via ionization, the neutral density

profile n0(z) near the target is modeled as:

n0(z) =
Γ0,p

v0

e−z/λ0 , where λ0 =
v0

neα0

. (18)

These equations capture the key physics required for detachment studies: the source term S explicitly includes volumet-

ric recombination (S rec), acting as a particle sink at low temperatures (< 1.5 eV), and the momentum loss term Ploss accounts

for friction due to charge exchange (S mom) with neutrals.

To accurately capture the physics of plasma detachment, the model explicitly incorporates a momentum loss term, ,

which represents the dissipation of plasma momentum due to charge-exchange (CX) friction between the plasma ions and

the neutral gas in the divertor region . This term is defined as the integrated drag force over the divertor leg length, Ldiv , and

is calculated as

Ploss,A = minsAn0,sA〈σv〉CXcsALdiv, (19)

where mi is the ion mass, nsA and n0,sA denote the plasma and neutral hydrogen densities at the target plate, respectively, csA is

the ion sound speed, and 〈σv〉CX is the charge-exchange rate coefficient evaluated at the local target temperature. Physically,

this term quantifies the momentum transfer from the accelerating plasma flow to the background neutrals, serving as the

primary mechanism for decoupling the downstream plasma pressure from the upstream pressure during high-recycling and

detached conditions.



Progress Report 5

2.2 Algorithm

Fig. 2 Algorithm for solving the extended five-point model.

The impurity transport model can be coupled with the original five-point model to predict the densities and temperatures

of both hydrogenic and impurity species. This combined model shall be named the SOL module. The SOL module can then

be integrated into the main plasma simulation for the core region as follows (see Figure 2):

• At each time step, the main simulation numerically solves the plasma dynamics in the core and provides the particle

and heat fluxes to the SOL module.

• In the SOL module, the original five-point model is first solved using the classical Runge-Kutta method (RK4), yielding

the densities and temperatures at specific points along the field line.

• Assuming that the impurity ions share the same temperature as the main ions, the impurity transport model is then

solved to determine the densities of the impurity species.

• These impurity densities are returned to the core simulation, updating the boundary conditions for the next time step.

The structure of the TASK/CSD module is designed as a hierarchical workflow centered around a main driver and a ded-

icated physics engine, see Figure 3. Execution begins with csd main, which sequentially handles initialization (csd init)

and parameter loading (csd parm) before entering the primary user interface, csd menu. From this menu, the user can

trigger the core solver, csd exec, which manages the time-dependent evolution of the plasma. Within the physics kernel

(csdfunc), the time loop is implemented using a 4th-order Runge-Kutta solver (RK4). This solver iteratively calls ODE Func

to evaluate the system of differential equations, relying on the ComputerFluxSource subroutine to calculate essential phys-

ical terms—such as atomic rates from OPEN-ADAS, particle sources, and momentum sinks. As shown in the data flow
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Fig. 3 Code structure and execution flow of the TASK/CSD module. The simulation is initiated by the main driver (csd main), which

handles parameter initialization (csd init, csd parm) before entering the user control interface (csd menu). The core physics

engine (csd exec) advances the plasma state in time using a 4th-order Runge-Kutta solver (RK4), which iteratively calls the

derivative function (ODE Func) and the flux calculator (ComputerFluxSource) to evaluate atomic rates, source terms, and trans-

port fluxes.

schematic, csd exec functions as a state-transition operator, taking the device configuration, core fluxes, and plasma state at

time ti as inputs to compute the evolved densities and temperatures for the subsequent time step ti+1.

3 Results and Discussion

In this section, we present the simulation results obtained using the newly developed TASK/CSD module. To illustrate the

model’s capability in reproducing the transition from attached to detached divertor regimes, we employed a set of parameters

representative of a medium-sized tokamak device. The simulation configuration is defined by a major radius of R = 3.0 m

and a total separatrix surface area of S sep = 120 m2. The computational domain along the magnetic field line is divided into

a main Scrape-Off Layer (SOL) with a connection length of LSOL = 50 m and a divertor leg with a length of Ldiv = 2 m.

Carbon (Z = 6) was selected as the impurity species to investigate the impact of radiative cooling on plasma detachment.

For the initial attached conditions, the upstream electron density and temperature were initialized at n0 = 1.0× 1019 m−3 and

Te,0 = Ti,0 = 60 eV, respectively, with a recycling amplification factor set to 2.0.

We first examine the plasma dynamics in the sheath-limited regime, configured with an input power of PSOL = 1.5 MW

and a low recycling amplification factor to simulate a pumped divertor. As illustrated in the simulation results in Figure 4,

the target particle flux (Γs) exhibits a linear increase proportional to the rising upstream density, with no indication of flux

rollover. This linear response confirms that the plasma remains in the attached state. Consistently, the electron temperature at

the divertor targets (Te,s) stabilizes at approximately 25 eV, which is significantly higher than the 1.5 eV threshold required to

trigger volumetric recombination. Regarding impurity transport, the core impurity densities demonstrate a stable linear rise,

indicating continuous accumulation in the upstream region. Although the strong plasma flow generates a friction force that

flushes impurities toward the targets, the impurity source term is sufficient to maintain a positive and physically consistent
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density profile throughout the simulation.

Fig. 4 Temporal evolution of SOL and divertor plasma parameters in the sheath-limited regime (PSOL = 1.5 MW). The panels illustrate:

(a) the main ion densities at the upstream stagnation point (n0) and the divertor targets (nsA, nsB); (b) electron and (e) ion tem-

peratures at corresponding locations; (c) the parallel particle fluxes; (g) charge-state resolved impurity densities (nz, j) for Carbon

(Z = 0 . . . 6) at the upstream interface; (h-i) impurity densities at the inner (A) and outer (B) divertor targets. The results demon-

strate an attached plasma state, characterized by the linear rise of target fluxes and stable target temperatures (Te,s ≈ 25 eV) well

above the recombination threshold.

Subsequently, we investigated the transition to the detached plasma regime by actively controlling the heat flux and

particle flux from the core. Through this systematic variation of boundary conditions, the detached plasma state was success-

fully observed. A definitive signature of detachment, the “flux rollover,” is clearly evident in the simulation results, Figure 5.

As the upstream density (n0) increases, the particle flux to the targets (Γs) initially rises, reaches a peak, and subsequently

decreases, diverging sharply from the linear behavior observed in the attached case. This rollover is driven by a precipitous

collapse in the target electron temperature (Te,s) to values below 2 eV, the threshold necessary to activate strong volumetric

recombination. The simulation reveals that this recombination acts as a dominant particle sink, extinguishing over 80% of

the plasma flux before it reaches the divertor plates. Furthermore, the momentum loss fraction rises to approximately 90%,

confirming that charge-exchange friction has effectively decoupled the target plasma pressure from the upstream pressure.

This transition is primarily initiated by radiative cooling from Carbon impurities, which lowers the divertor temperature

sufficiently to trigger the recombination-dominated feedback loop.

Based on the simulation results illustrating the transition to detachment , the graphs in Figures 6 depict the non-linear

response of the divertor plasma to increasing upstream density (n0). Initially, the particle flux to the targets (Γs) rises linearly,

characteristic of the high-recycling regime. However, as n0 exceeds a critical threshold, the target electron temperature
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Fig. 5 Temporal evolution of SOL and divertor plasma parameters during the transition to the detached regime. The panels show: (a)

the upstream main ion density (n0) and target densities (nsA, nsB); (b, e) electron and ion temperatures at the upstream and target

locations; (c) the parallel particle fluxes; (f) the heat fluxes; (g) carbon impurity densities at the upstream stagnation point; (h, i)

impurity densities at the inner (A) and outer (B) divertor targets.

(Te,s) collapses below 2 eV, triggering the onset of volumetric recombination . This cooling leads to a sharp ”rollover”

in the particle flux, where Γs decreases despite the rising upstream density. Simultaneously, the momentum and particle

loss fractions increase rapidly to approximately 90% and 80%, respectively, confirming that charge-exchange friction and

recombination have effectively decoupled the target plasma from the upstream pressure and particle sources .

4 Summary

In this study, we have developed a time-dependent Core-SOL-Divertor transport module, named TASK/CSD, designed to

simulate the dynamic behavior of tokamak boundary plasmas in the presence of impurities. The model solves a comprehen-

sive set of 11 fluid equations governing the hydrogenic plasma species, fully coupled with transport equations for impurity

ions.

A key feature of this module is the explicit integration of atomic and molecular processes essential for reproducing

plasma detachment. We have incorporated volumetric recombination as a particle sink and charge-exchange friction as a

momentum loss mechanism. Additionally, the model accounts for impurity-induced radiative cooling, using Carbon (Z = 6)

as a test species, which serves as the primary trigger for the temperature collapse necessary to access the detached regime.

Simulation results successfully demonstrated the validity of the model across distinct operating regimes. In the sheath-
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Fig. 6 Plasma parameters plotted against upstream density (n0) during the transition to detachment. (a) The target particle flux (Γs) rolls

over, deviating from the attached linear trend. This behavior is driven by (b) the collapse of target temperature (Te,s < 2 eV),

which triggers (d) massive volumetric recombination (> 80% particle loss) and (c) significant momentum loss (∼ 90%) due to

charge-exchange friction, effectively decoupling the target pressure.

limited regime, the code exhibited stable, attached plasma conditions with target particle fluxes scaling linearly with upstream

density. Furthermore, by increasing the upstream density, we successfully reproduced the transition to the detached state.

Key signatures of detachment, including the characteristic particle flux rollover and a precipitous drop in target electron tem-

perature below 2 eV, were clearly observed. These results confirm that the interplay between impurity radiation, volumetric

recombination, and momentum loss is correctly captured by the model.

Future work will focus on the full integration of the TASK/CSD module into the comprehensive TASK transport suite to

provide self-consistent boundary conditions for core plasma simulations. We also plan to validate the model and incorporate

it with the TASK/SOL module to fully integrate with the solver in the core region.
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The PANTA device provides an ideal experimental platform for investigating fundamental nonlinear drift wave 

dynamics. Due to its excellent accessibility and controlled environment, PANTA allows for the rigorous validation 

of complex turbulence theories. This report presents an advanced nonlinear theoretical framework developed to 

understand the structural sustainability of E×B staircases in such linear magnetized plasma systems, which can 

be formed near marginality of drift wave turbulence onset. While these structures are known to regulate transport, 

their long-term stability against structural collapse—driven by the growth of bump-hole pairs—remains a critical 

area of study. This research aims to provide a robust theoretical foundation for PANTA experiments, with broader 

impacts on fundamental plasma physics. 

The interaction between broadband drift wave turbulence and zonal flows in PANTA is modeled using a wave 

kinetic framework. This approach describes the evolution of wave packet populations under the influence of shear 

flows. The dispersion relation for zonal flows ( , ), which governs the self-consistent feedback between the 

turbulence intensity and the flow, is expressed as: 

1 + 1 + Res  2 = 0. 
This equation captures the underlying physics of how modulated wave action density   supports the 

maintenance of the staircase structure. 

The sustainability of the staircase is determined by its resistance to the growth of phase-space structures. We 

identify a structural stability criterion based on the spectral width of the turbulence . To prevent the collapse 

of the staircase, the E× B shearing rate must exceed a critical threshold ( ×  ), which scales with the flow 

wavenumber : 

× = ( ) | | ( )  . 
This suggests that maintaining finer-scale staircase structures requires a higher level of E×B shear, providing a 

predictive guideline for PANTA's experimental observations. 

The current model focuses on the nonlinear interactions within the plasma species. However, in linear devices 

like PANTA, the interaction between ionized plasma and background neutral particles can significantly influence 

turbulence damping and flow formation. As a future work, we plan to extend this theoretical framework to include 

the effects of neutral particles. This extension will allow for a more comprehensive understanding of how neutral-

plasma coupling modifies the structural stability of E×B staircases, further bridging the gap between theory and 

experimental reality in PANTA. 



応用力学研究所核融合力学部門所有のPLATOトカマクでは

多波長トモグラフィー（H 、UV、軟 線）には現在H 、UV部分が設置され、現在H のト

モグラフィーが稼働している。 国際化推進研究においては可視光であるH 光

H 光
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Introduction 
Marine energy boasts numerous advantages, including its eco-friendliness, abundant reserves, and a long 

effective development window, presenting immense utilization potential. Among various marine energies, 
wave energy, as a renewable source characterized by high energy quality, wide energy flow density, and a 
large usable area, has garnered significant attention. Consequently, the effective development and utilization 
of wave energy are crucial for the further advancement of China's offshore economy. In recent years, various 
types of wave energy converters have emerged. Among them, the Oscillating Water Column (OWC) wave 
energy converter has gained widespread application in the field of wave energy generation due to its high 
reliability and simple structure. 

Regarding the OWC (Oscillating Water Column) wave energy conversion device, scholars both 
domestically and internationally have conducted numerous physical model experiments and numerical 
simulation studies. In terms of physical experiments, Ashlin et al. (2016) investigated the hydrodynamic 
characteristics of OWC devices with different bottom structures under various irregular wave actions, finding 
that a circular arc-shaped bottom structure significantly enhances wave energy conversion efficiency. Ning et 
al. (2016) studied the impact of different structural parameters on the wave energy conversion performance of 
OWC devices, revealing that the wave energy conversion efficiency of the OWC device is highest when the 
porosity is 0.66%. In terms of numerical simulations, Zhang et al. (2012) found that increasing the aperture of 
the OWC device significantly reduces the pressure in the air chamber. Bouali and Larbi (2017) explored the 
influence of incident wave parameters and the geometric shape of the OWC device on wave energy 
conversion efficiency using CFX software. 

In previous physical model experiments and numerical studies on OWC devices, the focus was typically 
on exploring the structural parameters of the devices themselves, with a lack of research on the impact of 
different external topographies on the energy capture efficiency of the OWC device's air chamber. On the 
other hand, in actual coastal and offshore waters, the seabed topography is often not flat, but rather filled with 
various complex terrains such as slopes and submerged breakwaters. Based on these two reasons, this paper 
adopts a numerical simulation method based on STAR-CCM+, considering an isosceles trapezoidal 
submerged breakwater seabed topography, and studies the impact of the height of the terrain and the distance 
between the terrain and the OWC device on the energy capture efficiency of the air chamber from the 
perspective of wave energy conversion efficiency. 

 
Methodology 
Governing equations 

The governing equations used in this numerical model are the continuity equation and the Navier-Stokes 
equation, which are respectively:  

 =0v  (1) 

 21g P
t
v v v v  (2) 

In the equations, v represents the velocity vector,  denotes the density of the fluid, t stands for time, g is the 



acceleration of gravity,  signifies the dynamic viscosity coefficient, and P is the dynamic pressure. 
The energy capture efficiency within the air chamber of the OWC wave energy conversion device is 

measured by the wave-to-kinetic energy conversion efficiency e, expressed as: 

 e 0 /E E , (3) 

where E0 represents the kinetic energy of air within one wave period at the air outlet, and E denotes the total 
wave energy within one wavelength range. 

In the gas chamber, gas-liquid interaction occurs, converting wave energy into kinetic energy of the air. 
The kinetic energy E0 of the air within one wave period at the gas outlet is given by 

 3
0 k

1
2

E DTV . (4) 

In the equation, k represents the gas density, V denotes the gas velocity, D signifies the width of the gas 
chamber outlet, and T stands for the incident wave period. 

The total wave energy E within a wavelength range is given by:

 k pE E E , (5) 

where the wave kinetic energy Ek and wave potential energy Ep per unit width of the wave crest line length are 
respectively:
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In the formulas, u represents the horizontal velocity component, w represents the vertical velocity component, 
h represents the water depth, L represents the wavelength, and  represents the liquid density. The free surface 
height is denoted as Ai = Hi/2, where Ai is the amplitude of the incident wave and Hi is the incident wave 
height. 

 

Numerical wave flume  
This article employs STAR-CCM+ software to establish a two-dimensional viscous flow numerical wave 

tank. As shown in Fig. 1a, the wave tank has a length of 6 times the wavelength, a height of 1.60 m, and a 
width of 0.01 m in the y direction, corresponding to the width of one computational cell. The still water depth 
h is 0.80 m. Relaxation zones with a length of 1.5 times the wavelength are set up at both ends of the tank to 
absorb transmitted and reflected waves. The OWC device is arranged in the middle of the tank. VS in the 
figure represents a velocity measurement point located at the midpoint of the air chamber outlet, and PS 
represents a pressure measurement point located on the top surface of the air chamber, 0.02 m away from the 
inner wall of the rear wall. The wave gauge G1 is also arranged at the midpoint of the air chamber to record 
the wave surface elevation inside the chamber.  

The structural parameters of the OWC device and the submerged breakwater topography (SBT) are 
shown in Fig. 1b. The width of the OWC device's air chamber B is 0.34 m, the thickness of the front wall of 
the air chamber C is 0.02 m, the width of the air hole inside the air chamber D is 0.009 m, the draft depth of 



the air chamber d is 0.20 m, and the height of the air chamber hc is 0.15 m. The actual SBT is simplified to an 
isosceles trapezoid with an upper base length a, a lower base length b, a base angle , and a slope i = 2h1/(b-
a). The horizontal distance between the OWC device and the SBT is x. The incident waves in this article are 
regular waves with an amplitude Ai of 0.02 m, a period T ranging from 1.00 to 2.05 s, and an incident 
wavelength L ranging from 1.60 to 5.00 m. The incident wave period is normalized using the following 
formula:

1* hf
T gB

, (8)

resulting in a normalized wave frequency f* ranging from 0.21 to 0.44.

                    (a) Numerical wave flume                                          (b) OWC device, and SBT
Fig. 1 Schematic diagram of numerical wave flume, OWC device, and SBT

This paper maintains the structural parameters of the OWC device unchanged, only altering the structural 
parameters of the SBT and the horizontal distance between them, and designs multiple operating conditions 
(see Table 1). Operating conditions 1, 2, and 3 maintain the slope and horizontal distance of the SBT
unchanged to study the impact of changes in topography height; operating conditions 3, 4, 5, and 6 maintain 
the slope and height of the SBT unchanged to study the impact of changes in its relative position to the OWC 
device. Operating condition 0 (i.e., without SBT) is set as the control group to study the impact of having or 
not having a SBT on the OWC device.

Table 1 Parameters of different SBTs
Case i h1 (m) x (m)

0 0 0 0
1 1 0.2 0
2 1 0.3 0
3 1 0.4 0
4 1 0.4 0.5
5 1 0.4 1.0
6 1 0.4 1.5



Fig. 2. Typical mesh configuration around the OWC device and the SBT

Results
Fig. 3 presents the varying trend of wave energy conversion efficiency e of the OWC device with 

incident wave frequency f* under different SBT heights when x = 0 and i = 1. Two distinct phenomena can 
be observed. Firstly, under different topography heights, the energy conversion efficiency of the OWC device 
first increases and then decreases with f*, reaching a maximum at f* = 0.36. In the conditions considered in 
this section, the wave energy conversion efficiency of the OWC device is the highest without topography, 
reaching 0.362. Secondly, in the low-frequency range (f* 0.32), the higher the topography height, the higher 
the energy conversion efficiency, which is higher than that without topography; in the high-frequency range 
(f* > 0.32), the lower the topography height, the higher the energy conversion efficiency, but it is lower than 
that without topography. This is because the presence of topography leads to the wave shallow water effect, 
i.e., the wave height increases when the water depth becomes shallower, which is beneficial for the OWC 
device to extract wave energy. Additionally, the presence of topography also results in the reflection of some 
energy, which is detrimental to the OWC device extracting wave energy. In the low-frequency range, the 
wavelength is longer, and for long waves, the reflection of wave energy by topography is limited, with the 
increase in wave height due to the shallow water effect playing a dominant role. Therefore, the energy 
conversion efficiency of the OWC device increases within this frequency range. In the high-frequency range, 
the presence of topography leads to a larger loss of reflected wave energy, while the increase in wave height 
due to the shallow water effect is limited, resulting in a decrease in energy conversion efficiency.

Fig. 3. Energy conversion efficiency under different SBT heights when x = 0 and i = 1.



Fig. 4 presents the trend of energy conversion efficiency e of the OWC device's air chamber as a 
function of incident wave frequency f* under different relative positions between the SBT and the OWC 
device when h1 = 0.4 m and i = 1. Two phenomena can be observed from the figure. Firstly, under different 
relative position conditions, the energy conversion efficiency of the OWC device first increases and then 
decreases with f*, and reaches a maximum at f* = 0.36. When the horizontal distance x between the SBT and 
the OWC device is 1.5 m, the maximum energy conversion efficiency of the OWC device can reach 0.364, 
which is basically consistent with the maximum energy conversion efficiency of the OWC device without 
topography, which is 0.362. When x = 0, 0.5 m, and 1.0 m, the maximum energy conversion efficiency of the 
device is generally lower than that without topography. Secondly, in the low-frequency band (f* 0.26), the 
smaller x, the higher the energy conversion efficiency, and it is higher than that without topography. 
However, in the high-frequency band (f* > 0.35), the larger x, the higher the energy conversion efficiency, 
but it is lower than that without topography.

Fig. 4. Energy conversion efficiency under different relative positions between SBT and OWC device when h1

= 0.4 m and i = 1. 
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In this research, it was investigated that amorphous nanomaterials in qubits and pcmems: quantum 
tunneling and thermal transport by first-principles, enhanced sampling, and machine learning. 
 
We report a computational protocol that accurately describes and reproduces SiN and GaN 
systems of a wide variety of sizes and shapes. The thermal properties and related conductivities 
can be computed with remarkable agreement with experimental results. A database for machine 
learning (ML) and related interatomic potential (MLIP) has been generated and assessed for SiN, 
achieving reliability and accuracy comparable to first-principles approaches. Moreover, quantum 
effects can be treated using the path-integral molecular dynamics approach, which evidences 
important tunneling effects that occur mostly for light atoms and confer bistability to the system. 
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Methodology

Simulation framework

In this study, WEC-Sim (Wave Energy Converter SIMulator), developed by the National Renewable Energy 
Laboratory (NREL), is employed as the primary time-domain simulation tool. Based on the WEC-Sim 
framework, the simulations are further coupled with MoorDyn for mooring system dynamics and MOST for 
wind turbine modeling. This integrated framework provides a fully coupled aero–hydro–servo–elastic 
simulation environment for the floating wind–wave energy system. The hydrodynamic coefficients required by 
WEC-Sim are obtained through potential-flow analysis using DNV WADAM, and subsequently converted into 
a WEC-Sim-compatible format via BEMRosetta. This workflow ensures consistency from hydrodynamic 
characterization to fully coupled time-domain simulations. Within the coupled model, the floating platform, 
wind turbine, WECs, and mooring system are represented as interconnected subsystems that exchange forces 
and motions in real time. The hydrodynamic formulation follows the WEC-Sim framework, the aero-servo-
hydrodynamic control is provided by MOST, and the station-keeping forces are computed using the embedded 
MoorDyn module. Following each time-domain simulation, the statistical evaluation of mooring responses is 



conducted in accordance with BV NR-493 [8] for short-term extreme value estimation, while the minimum 
safety factors are adopted from BV NR-572 [9].

Case study wind-wave energy system

The wind–wave energy system considered in this study consists of a FOWT, three WECs, and a mooring 
system. The FOWT is based on the reference prototype developed under NREL Task 37 [10,11], which 
comprises the IEA 15-MW reference wind turbine supported by the UMaine VolturnUS-S semi-submersible 
platform. The semi-submersible platform also serves as the primary supporting structure for the integrated 
WECs. Three identical heaving point-absorbing WECs, originally proposed by Su and Yang [12], are integrated 
within the three side columns of the semi-submersible. Each WEC buoy has a diameter of 8 m and a total height 
of 8 m, consisting of a 4 m cylindrical section and a 4 m hemispherical bottom. The system-level coupling 
architecture adopted in this study is illustrated in Figure 1.

Figure 1 Schematic of the case study wind-wave system

Mooring systems

The objective of this study is to investigate semi-taut mooring systems employing a segmented chain–
synthetic fiber rope–chain hybrid configuration. To examine the influence of rope axial stiffness, two types of 
synthetic fiber ropes are considered: nylon and high-modulus polyethylene (HMPE). Chain segments are 
retained at the terminations to enhance abrasion resistance. The key design variables examined in this study are 
the anchor radius and pretension level. The adopted mooring system specifications are summarized in Table 1. 
Each case is classified according to rope type, anchor radius, and pretension. For instance, N370P10 denotes a 



nylon rope with an anchor radius of 370 m and a pretension of 10% of the minimum breaking load (MBL), 
whereas H490P30 represents an HMPE rope with a 490 m anchor radius and a pretension of 30% MBL. In total, 
twelve configurations are established to systematically evaluate the effects of rope stiffness and pretension on 
mooring performance at a water depth of 200 m.

Table 1 Key specifications of the mooring system models

Environmental condition

A representative environmental condition is selected based on IEA Task 37 [11], specifically design load case 
(DLC) 1.6, which falls under the power production design situation defined in IEC 61400-1 [13] and is treated 
as an ultimate limit state (ULS) load case. This DLC corresponds to turbine operation at rated wind speed under 
the normal turbulence model. The hub-height wind speed corresponding to the maximum structural thrust is 
selected for the case study. Accordingly, the environmental condition is defined by a hub-height wind speed of 
12 m/s, a significant wave height of 8.5 m, a peak wave period of 13.1 s, and a surface ocean current speed of 
0.5 m/s. Irregular waves are modeled using the JONSWAP spectrum with a peak enhancement factor of 2.75. 
Both wind and current profiles follow power-law distributions, with exponents of 0.11 for wind and 1/7 for 
ocean currents. 

Results
Effect of hydrodynamic multibody interaction 

The influence of fully coupled hydrodynamic interactions on system responses is first investigated. The 
simulation results indicate that the platform responses exhibit only minor differences when hydrodynamic 
multibody interactions are included. In contrast, as illustrated by the representative results in Figure 2, the WEC 



responses show noticeable deviations across most degrees of freedom when multibody hydrodynamic effects 
are neglected. These findings indicate that the WEC units experience stronger wave radiation and inertial 
coupling effects due to their smaller scale and proximity to the floating platform. Accounting for hydrodynamic 
multibody interactions is therefore essential for accurately predicting WEC hydrodynamic loads and dynamic 
responses.

Figure 2 Radiation damping forces of the WEC with and without hydrodynamic multibody interaction

Mooring line tension and platform offset
Table 2 summarizes the design tensions and corresponding utilization ratios for all twelve mooring 

configurations. The results show that only N370P10 and N490P10 satisfy the allowable tension criteria, whereas 
all other configurations—particularly those employing HMPE ropes—exceed the permissible limits. For the 
nylon configurations N370P30, N370P50, N490P30, and N490P50, the tension utilization exceeds 100%. In 
the case of HMPE ropes, the tension utilization ranges from approximately 200% to 550%, indicating that the 
substantially higher axial stiffness of HMPE leads to excessive dynamic tension responses and failure to meet 
allowable design limits.

Table 2 Design tension and tension utilization by configuration and material/   



  

The analysis of design horizontal offset, presented in Table 3, reveals a strong dependence on mooring line 
axial stiffness. The HMPE configurations, characterized by high stiffness, provide significantly greater static 
and dynamic horizontal restoring forces. As a result, platform excursions are effectively constrained, with design 
horizontal offsets ranging from 8.09 m to 10.53 m. The corresponding offset utilization ratios remain below 
35%, confirming compliance with the prescribed offset criteria with a substantial safety margin. In contrast, the 
compliant nature of nylon ropes results in considerably larger platform offsets under identical environmental 
loading. Although increasing pretension reduces the offset to some extent (from approximately 57.78 m to 36.90 
m), all nylon configurations exceed the allowable offset limits. The offset utilization ratios range from 123% to 
192.6%, demonstrating that the low-modulus characteristics of nylon ropes fundamentally compromise station-
keeping performance.

Table 3 Platform offset responses for various case-study mooring configurationsO O /O

To resolve the conflicting tension and offset requirements identified above, a redundant six-line (3×2) 
hybrid mooring system is proposed and evaluated under the same DLC 1.6 conditions. The four non-redundant 



configurations exhibiting the most favorable performance (N370P10, N490P10, H370P10, and H490P10) are 
reformulated into redundant layouts, denoted as RN370P10, RN490P10, RH370P10, and RH490P10, 
respectively. Among all configurations investigated, RN370P10 demonstrates the most balanced overall 
performance. For this configuration, the tension utilization ratio is reduced to approximately 50%, while the 
maximum horizontal offset is constrained to 26.91 m, corresponding to an offset utilization of 89.7%. 
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Steps to Digital Twins and Real-time Monitoring for floating offshore 
wind turbines 

 
Zhiqiang Hu 

Marine, Offshore and Subsea Technology, School of Engineering, Newcastle University, UK 
 
 
This collaborative research project between RIAM at Kyushu University and the Marine, 
Offshore, and Subsea Technology Group at School of Engineering, Newcastle University was 
launched in 2024. And this project continued in year 2025. Its goal is to develop technology for 
real-time monitoring of floating offshore wind turbines. The research outcomes are expected to 
lead to a promising solution for Operation & Maintenance cost reduction in offshore wind 
industry. 

The research originated from a novel concept SADA, initially proposed by Prof Zhiqiang Hu’s 
research team at Newcastle University in 2020. In 2025, SADA was further developed to be 
used in wind-assisted propulsion vessel field, to validate its feasibility in other marine 
technology fields. Additionally, this project extends the SADA method to a further application 
stage by integrating a mooring model into the DARwind code, the core component of the SADA 
methodology. Furthermore, the use of AI technology has also been started to enhance the 
accuracy of offshore floating wind turbine O&M real time monitoring. 

In 2025, the research team completed research on employing SADA method into a wind-assisted 
propulsion vessel. The vessel engine energy consumption efficiency can be optimized with the 
real-time input of wind speed and wind velocity. Based on the research outcomes of the SADA 
application in wind-assisted propulsion vessel, a paper was submitted to the ICSOS 2025 
conference held at Chalmers University of Technology at Gothenburg, Sweden.  

Additionally, another research paper financially supported by the RIAM fund was submitted to 
APCOW 2025 conference co-organized by RIAM at South China University of Science and 
Technology, Shenzhen, China. 

 

Starting from 2024 and continued in 2025, Zhiqiang Hu and his research team at Newcastle 
University have been focusing on developing a digital twin system for the monitoring and 
maintenance of floating offshore wind turbines (FOWTs). This research aims to address the 
challenges of reducing operation and maintenance costs while advancing digital twin 
technology for the offshore wind industry. The collaborative research outcomes achieved in 
2025 are summarized below. 

1) The research of SADA application in wind-assisted propulsion vessel comes out a paper 
published in the Proceedings of ICSOS2025. Miss Zhu Huang, a PhD supervised by Prof 
Zhiqiang Hu, attended the conference and gave presentation based on the research 



outcomes. The title of the paper is ‘Application of an AI-based SADA method in the 
prediction of propulsion performance and energy-saving optimization for wind-assisted 
propulsion vessels.’ Additionally, after the conference, this paper was invited to be further 
revised and submitted to journal of Ships and Offshore Structures. Currently, this paper is 
under revision and expects to receive final acceptance. The research was financially 
supported by the RIAM research project and co-authored with Prof. Changhong Hu of 
Kyushu University. 

2) The 2nd Asia-Pacific Conference on Offshore Wind Technology (APCOW 2025) was 
hosted by South China University of Science and Technology in December 2025. Mr. 
Yuqing Hao, a PhD student supervised by Zhiqiang Hu at Newcastle University, presented 
on the topic " Design of a Pitch Angle Oscillation Control System for Wind Turbine Blade 
Dynamic Stall Simulation in Wind Tunnel." Mr Yuqing Hao gave a presentation in the 
Conference and has discussed with other scholars. Additionally, Zhiqiang Hu also attended 
the conference and chaired a session. 
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High-Precision Two-Phase Interface Simulation Based on Low-
Resolution Mesh and Convolutional Neural Networks  

  
Cheng Liu  

School of Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai, 200240, 
China  
  
This collaborative research project between the Research Institute for Applied Mechanics 
(RIAM) at Kyushu University and the School of Ocean and Civil Engineering at Shanghai Jiao 
Tong University (SJTU) was launched in 2025. Its goal is to develop advanced numerical 
methods for high-fidelity simulation of complex two-phase interfaces, particularly focusing on 
adaptive mesh refinement techniques and machine learning approaches for interface capturing. 
The research outcomes are expected to lead to improved computational efficiency and accuracy 
in multiphase flow simulations for marine and offshore engineering applications. 

The research originated from the long-standing collaboration between Prof. Cheng Liu's 
research team at SJTU and Prof. Changhong Hu's team at RIAM. Over the past three years, the 
two teams have co-authored more than ten SCI papers. With the rapid development of machine 
learning and artificial intelligence, both teams agreed that initiating new collaborative research 
on next-generation intelligent CFD solvers is highly necessary. In 2025, the research team 
achieved significant progress in developing robust numerical methods for two-phase flow 
simulations with adaptive mesh refinement. The collaborative research outcomes achieved in 
2025 are summarized below.  

1) The first achievement is the development of a robust numerical framework for simulating 
two-phase flows with gravity and surface tension on adaptive meshes, published in Journal 
of Computational Physics. This work addresses the critical challenge of handling 
coarse/fine grid interfaces when the free surface passes through regions of different 
refinement levels. The proposed method employs a pressure compensation approach and a 
Ghost Fluid Method-based surface tension model, ensuring accurate modeling of gravity 
and surface tension effects across adaptive mesh interfaces. Key innovations include a 
novel pressure compensation method to handle pressure gradient discontinuities at 
coarse/fine interfaces in the presence of gravity, eliminating spurious velocity components, 
and an improved treatment for surface tension jump conditions across inconsistently refined 
grids. The method was validated through comprehensive numerical tests including still 
water problems, static droplet tests, and moving droplet simulations, demonstrating 
comparable accuracy to uniform mesh simulations while significantly reducing 
computational costs. 

2) The second outcome involves a comprehensive numerical investigation into the influence 
of liquid viscosity and surface tension on bubble rising and bouncing behavior at free 
surfaces, published in Physical Review Fluids. This study employed the axisymmetric two-



phase solver developed through the collaboration, incorporating a multiple marker front-
capturing method to accurately capture two distinct gas-liquid interfaces without numerical 
coalescence, and a block-structured adaptive mesh refinement strategy to resolve 
millimetric bubbles. Key findings include that the terminal velocity of bubbles follows a 
logarithmic-linear decay relationship with the Morton number, bubble deformation 
decreases progressively with increasing viscosity until a critical threshold is reached, and 
the first bounce characteristics exhibit linear dependence on the Weber number while the 
second bounce shows a saturation effect for We < 2.7. The impact velocity primarily 
governs the first bounce amplitude, while the bubble shape becomes the dominant factor 
for subsequent bounces.  

3) The third achievement is the development of an improved curvature estimation method 
based on the Height Function technique and Volume Preserving Mean Curvature motion, 
published in International Journal for Numerical Methods in Fluids. This method addresses 
the critical issue of non-smooth curvature distributions that generate spurious capillary 
waves in surface tension-driven flows. The proposed approach features a VPMC-based 
iterative procedure that eliminates high-frequency oscillations from curvature fields while 
preserving low-frequency characteristics and ensuring volume conservation, with tight 
coupling between curvature smoothing and VOF field adjustments. The method permits 
significantly larger time steps compared to conventional approaches, with demonstrated 
stability improvements of at least 3-5 times for equivalent accuracy, and achieves curvature 
estimation error reduction to approximately 1% compared to pre-smoothing values. The 
method was validated through 2D and 3D static droplet tests, free oscillation problems, and 
complex 3D applications including droplet impact onto deep liquid pools, confirming 
second-order spatial convergence and effective suppression of spurious currents. 

4) The 13th International Workshop on Ship Hydrodynamics (IWSH) was held in August 2025 
in Fukuoka. Yuxiao YANG, a graduate student from SJTU and co-researcher of this project, 
attended the conference and presented research on high-precision two-phase interface 
simulation methods based on adaptive mesh refinement. Additionally, Ruoqing Gao, who 
contributed significantly to this project as a co-researcher from SJTU, will commence 
postdoctoral research at RIAM, Kyushu University in April 2026, ensuring the continuity 
of the collaborative research.  
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Interpretable AI model to predict floating wind turbine wakes and power using 
CFD and field data 

Zhiteng Gao 

Institute of Energy Science, College of Engineering, Shantou University, China 

This collaborative research project between RIAM at Kyushu University and the 
Institute of Energy Science, College of Engineering, Shantou University was launched 
in 2025. Its primary objective is to develop interpretable artificial intelligence models 
capable of accurately predicting the wake effects and power output of floating wind 
turbines through the integration of high-fidelity computational fluid dynamics (CFD) 
simulations and real-world field measurement data. By systematically combining data-
driven learning strategies with rigorous physics-based modeling, the project seeks to 
significantly enhance prediction accuracy, improve model generalization under 
complex offshore conditions, optimize turbine design and operational control strategies, 
and ultimately reduce the Levelized Cost of Energy while improving long-term energy 
reliability and system resilience. 

The research was initiated to address the unique wake interactions and dynamic 
responses of floating wind turbines (FWTs), which differ fundamentally from those of 
onshore and fixed-bottom offshore systems due to platform motion and complex marine 
atmospheric conditions. Since 2025, the collaboration has focused on developing 
interpretable physics-informed AI models that integrate CFD simulations with field 
measurements to improve wake evolution and power output predictions. Building on 
this foundation, advanced techniques such as physics-informed neural networks 
(PINNs) have been incorporated to ensure physical consistency and generalization 
capability while capturing multi-turbine interactions, platform dynamics, and 
atmospheric turbulence effects. These AI-enhanced frameworks further strengthen 
predictive robustness and provide technical support for the optimal design and efficient 
operation of floating wind turbines, contributing to cost reduction and improved energy 
performance. 

In 2025, Zhiteng Gao and his co-researchers focused on investigating the complex 
interaction between long, flexible turbine blades and the ambient flow field, particularly 
its effects on the structural safety and aerodynamic performance of ultra-large offshore 
wind turbines. An advanced ALM–GEBT–FMD aerodynamic modeling framework 
was established to balance high-fidelity simulation accuracy with computational 



efficiency, thereby enabling systematic parametric studies and engineering-scale 
applications. Using this coupled aeroelastic approach, a comprehensive aeroelastic and 
wake analysis was conducted on a 15 MW offshore wind turbine under both uniform 
inflow and wind shear conditions. The results show that wind shear and blade 
deformation amplify unsteady loads, underscoring the necessity of transient analysis 
for the safety assessment of large-scale offshore wind turbines. 

Based on these research outcomes, Mr. Xiaohang Qian, a co-researcher of A.P. Zhiteng 
Gao, prepared the manuscript entitled “Aeroelastic and Wake Analysis of a 15 MW 
Offshore Wind Turbine under Different Inflow Conditions.” The paper has been 
submitted to journal Ocean Engineering and is currently under revision, with final 
acceptance anticipated. This research was financially supported by the RIAM research 
project and co-authored with Prof. Changhong Hu of Kyushu University. 





Combining first principles molecular dynamics, free energy sampling and machine learning to 

understand the III-nitride semiconductors growth 

 

University of Chicago 

Kana ISHISONE 

 

The III-nitride semiconductors, and in particular gallium nitride (GaN), are wide bandgap materials of 

special interest for applications in optical and electronic devices and in next-generation power electronics. 

The case of GaN is rather peculiar because its properties make this compound a premier material in the 

field of power electronics, due to its high breakdown voltage and high structural stability at high 

temperatures. However, its actual performance in actual devices is below expectations. This is mainly due 

to the poor quality of epitaxially grown GaN thin films, resulting in defects that translate into performance 

degradation. To unravel the microscopic origin of this macroscopic undesired effect, we need methods and 

techniques able to get a precise insight into the mechanisms realized by complex atomic reactions occurring 

during the epitaxial growth. In the framework of our consolidated collaboration, we investigated adsorption 

and dissociation processes of gas-phase molecular precursors on GaN surfaces using first-principles 

molecular dynamics (FPMD) simulations enhanced by free energy sampling methods [1].  

Despite the insightful information obtained to date, further studies are required because GaN often contains 

a high density of defects generated during epitaxial growth. In this study, to deepen our understanding of 

these issues, we used FPMD to investigate the evolution and diffusion of defects at both the experimental 

growth temperature (1300 K) and room temperature. We found that defect complexes of Ga and N near the 

growing surface are not static, point-like sites at high temperatures; instead, they exhibit high mobility of 

Ga vacancies around nearby N vacancies. Moreover, an NH2 adduct—a precursor building block—remains 

stably adsorbed on the surface even in the presence of such defects, suggesting that GaN growth proceeds 

stably at 1300 K despite these imperfections. When the temperature falls below 1100 K, the diffusion of 

these complex defects is suppressed, suggesting that they are easily incorporated and remain within the 

crystal structure. 

 

[1] M. Boero, K. M. Bui, K. Shiraishi, K. Ishisone, Y. Kangawa, A. Oshiyama, Appl. Surf. Sci. 599 
(2022) 153935. https://doi.org/10.1016/j.apsusc.2022.153935 


