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Cross Sections and Spectral Models for Charge Exchange Between Bare
Ne and Atomic H and He at Solar Wind Velocities

S. J. Bromley!, M. Pindzola', D. Bodewits', M. Fogle!

Y(Presenting author underlined) Department of Physics, Auburn University, Leach Science
Center, Auburn, AL 36849, USA

Charge exchange between highly charged ions and neutrals introduces a problematic back-
ground for every x-ray observation [1], including comets [2], supernovae remnants [3], and a
plethora of other environments [4]. For H-like ions produced by charge exchange with bare
ions, the ¢ states within each n shell are degenerate. The majority of charge exchange spectral
models rely on calculated n-resolved cross sections, and the unknown distribution of ¢ states
is assumed to follow one of several analytical expressions. With few laboratory measurements
available for benchmarking at the relevant solar wind velocities (300 - 1000 km/s, ~0.5 — 5
keV/amu), comparison to nf-resolved cross sections can be used to mitigate inaccuracies in-
troduced by the use of analytical /-distributions. We report explicit calculations of n/-resolved
CX cross sections using the time dependent close coupling method [5] for Ne'®* incident on
atomic H and He at 1 - 5 keV/amu. We incorporated the cross sections into a radiative cascade
model and investigated the influence of n- and n/-resolved cross sections on important line
ratios. Comparison of the /-distribution extracted from the new cross sections to the 4 avail-
able analytical distributions shows similarities to the statistical /-distribution for the majority
of the possible ion-neutral-energy combinations considered. Similar agreements are observed
in Lyman and Balmer line ratios for collisions involving atomic H, and disagreements for the
Ne!%-He collision system are discussed. Possible line ratio diagnostics are explored, and data
needs related to molecular targets are identified.

] Kuntz, K. D., The Astronomy and Astrophysics Review 17, 1 (2018).

[2] Bonamente, E. et al., The Planetary Science Journal 2, 224 (2021).

] Mullen, P. D. et al., The Astrophysical Journal 844, 7 (2017).

] Dennerl, K., Space Science Reviews 157, 57 (2010).

[5] Fogle, M. R., Pindzola, M. S., Journal of Physics B: Atomic, Molecular, and Optical Physics 53,
095203 (2020).



The effect of electron correlation on trielectronic recombination rate
coefficients for Be-like argon

Chun Yu Zhang!, Jin Qing Li', Kai Wang?, Ke Yao'*, Zhong Kui Huang®, Ming Feng Gu®*, Chong Yang Chen':
Y Shanghai EBIT Lab, Key Laboratory of Nuclear Physlcs and lon- beam Application, Instltute of Modern Physics, Department of Nuclear Science and Technology, Fudan University, Shanghai 200433, Peoples
Republic of China;
2 Hebei Key Lab of Optic-electronic Information and Materials, The College of Physics Science and Technology, Hebei University, Baoding 071002, Peoples Republic of China;
“ Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, Peoples Republic of China;
4 Space Science Laboratory, University of California, Berkeley, CA 94720, USA.

The merged-beam rate coefficients of dielectronic and trielectronic recombinations (DR and TR) within AN = 0 channels for Be-like Ar'4* were measured
by Huang et al. [Astrophy. J. Supp. Ser. 235, 2 (2018)] with the cooler storage ring at Lanzhou, China. Meanwhile, theoretical data are calculated with
Autostructure code for comparison with the measured resonance spectrum. However, TR resonance strengths are significantly underestimated by Autostructure
calculations in most cases. In the present work, we find that the electron correlation between DR and TR resonance states with different captured electron
principal quantum numbers n can lead to a obvious increase in TR resonance strengths for n = 6,7. Previous theoretical calculations for this system did not
include this form of electron correlation. Considering additionally it could account for most of the discrepancy between existed theoretical calculations and
experimental results. Understanding electron correlation and their consequences is of great importance for obtaining the accurate total rate coefficients that are
extremely useful for plasma modeling and diagnostics.
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The low resonance energies are calculated with the relativistic second-order The resonance capture strength are related to autoionization rates by the
many-body perturbation theory (RMBPT) implemented in the FAC. In detailed balance. It can be written as
RMBPT calculations, the Hilbert space of the system is divided into two 243
subspaces, including a model space M and an orthogonal space N. By means S — 9 T

of solving the eigenvalue problem of a non—Hermitian effective Hamiltonian / 2g: meEij
in the space M, we can get the true eigenvalues of the Dirac-Coulomb—Breit
Hamiltonian. The configuration interaction effects in the M space is exactly
considered, and the interaction of the spaces M and N is accounted for with
the many-body perturbation theory up to the second order. Through the
single and double virtual excitations of the states spanning the M space, all Si; = SP BT 3)
states are contained in the space N. /

Ay )

where m, denotes the electron mass, g; and g; represent respectively the
statistical weights of j and 7, Ej; is the resonance energy.
The DR (TR) resonance strength is given by

where B indicates radiative branching ratio. It can be defined iteratively as
The high-n resonance positions can be estimated by the hydrogenic

formula B oy A+ A B )
b
Eni = Eexc R(n Ml) 1) T AN T AL+ 2 AT
where F,; is resonance energy for a given nl state, Eey. is core-excitation here Aff is radiative decay rate from j to f, the final states f lie below the
energy of recombining ion, z is the charge state of recombining ion, and R is ionization limit, j" is the low-lying autoionizing levels. BJ, is the radiative
the Rydberg energy. branching ratio for radiative stabilization of j’.
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Fig.1 Comparison of the present merged-beam rate coefficients (red solid line) with the measured recombination spectrum (black data points). The present DR and TR
parts are shown by the gray shaded areas and the blue shaded areas, respectively. The Autostructure calculations are presented by the green dash dot line.
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Direct Simulation Monte Carlo simulations of laser-produced plasma
expansion using SPARTA

Rommil B. Emperado !, Lean L. Dasallas 2, and Wilson O. Garcia!

! National Institute of Physics, University of the Philippines Diliman, Philippines
? Materials Science & Engineering Program, University of the Philippines Diliman,
Philippines

In laser machining, when the incident pulsed laser is strong enough to remove layers from the
material target, a laser-produced plasma (LPP) forms, which is widely applied from material
characterization to thin film deposition. LPP has been used in pulsed laser deposition to grow
complex films with good stoichiometry [1]. A good model of the plasma expansion dynamics
allows us to better predict the thickness distribution of the resulting film, especially considering
the inherently narrow angular distribution of typical LPPs.

We model the LPP expansion using Direct Simulation Monte Carlo method [2], which treats
the plasma constituents as representative particles and evaluates the particle interactions
stochastically—in contrast with the deterministic modelling in molecular dynamics. We used
SPARTA (Stochastic Parallel Rarefied-gas Time-accurate Analyzer) [3], which is an open-
source code, to implement the expansion of the LPP from a copper target to a model substrate.
The ablation is assumed to be caused by a nanosecond pulsed laser with a rectangular beam
spot, and the particle emission input for SPARTA consists of copper atoms with a shifted
Maxwellian velocity distribution [4].

We validated the model by demonstrating the flip-over effect, which is known as the apparent
rotation of the plume aspect ratio as it propagates away from the target. By assuming the
particle flux over a plane as representative of the film thickness distribution, we demonstrated
the 90° flipping of the film distribution. This effect has also been experimentally observed in
numerous studies and is considered a qualitative validation of LPP expansion models [5-6].
Modelling of LPP with DSMC paves the way for a facile and low-cost optimization of pulsed
laser deposition, such as using mechanical filters of various geometries and exploring different
deposition geometries, towards a more uniform film thickness distribution.

[1]J. C. De Vero, G. R. S. Blanca, J. R. Vitug, W. O. Garcia, R. V. Sarmago, Phys. C 471, 378
(2011).

[2] G. A. Bird, Molecular gas dynamics and the direct simulation of gas flows (Clarendon Press,
1994).

[3] S. Plimpton, SPARTA direct Simulation Monte Carlo simulator, https://sparta.github.io/.

[4] D. B. Chrisey and G. K. Hubler, eds., Pulsed laser deposition of thin films (Wiley-Interscience,
1994).

[5] B. Doggett, J. G. Lunney, J. Appl. Phys. 109, 093304 (2011).

[6] A. Ojeda-G-P, C. W. Schneider, M. Dobeli, T. Lippert, and A. Wokaun, Appl. Surf. Sci. 357B,
2055 (2015).



P04

Correlation of Hydrogen Emission and Electron Properties in Low

Temperature Plasma Conditions Close to Divertor-like Materials

E. Fox-Widdows!, M.D Bowden'

!Dept of Electrical Engineering and Electronics, University of Liverpool, Liverpool L69 3GJ,
United Kingdom

Understanding the behaviour of atoms and molecules in tokamak divertor plasmas is vital in
order to gain information about the key processes that result in divertor detachment, crucial

for the successful operation of future fusion devices [Krasheninnikov 2016].

The aim of this research is to understand atomic and molecular emission of hydrogen in a
controlled low-temperature plasma environment close to divertor-like materials. The study
combines electron property measurements, made using Langmuir probes, with plasma
emission measurements, in an ICP discharge source. A sample heater was used to insert
carbon and tungsten surfaces into the plasma. This allows the material temperature and
surface conditions to be varied, while the discharge ICP environment allows the plasma
conditions to be varied in a controlled way. Analysis of the set of measurements provides

insight into how plasma and material conditions influence atomic and molecular emission.

For these experiments, the pressure and power were varied from 0 to 10 Pa and 10 to 300 W
respectively, which provided a variety of electron properties, with densities of 10'6 - 108 m3,
electron temperatures of 1 - 6 eV, and a range of electron energy distributions. Emission
intensities were measured over a range of wavelengths, focusing on atomic emission of the
H-alpha and H-beta lines and molecular emission in the Fulcher Band. The temperature of the

carbon or tungsten surfaces was varied in the range of 100-1200C.

The experimental data was used to correlate hydrogen emission with plasma and surface
conditions. These results will be compared with results from a 0-D collisional radiative
model, and also used to inform emission measurements planned for the current MAST-U

campaign in the Super-X divertor [J Harrison, 2019].

[1] Krasheninnikov, S.I., Kukushkin, A.S. & Pshenov, A.A. 2016, "Divertor plasma detachment",
Physics of Plasmas, vol. 23, no. 5.

[2] Harrison, J., et al, 2019, “Overview of new MAST physics in anticipation of first results from
MAST Upgrade” Nuclear Fusion, vol. 59, 112011
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A Study of the Required Balmer-Lines for Integrated Data Analysis
Systems in Tokamak Divertors

D. Greenhouse', B. Lipschultz!, C. Bowman?, K. Verhaegh?, J. Harrison?

YUniversity of York
2Culham Centre for Fusion Energy

Integrated data analysis (IDA) systems, based on Bayesian inference, offer the potential to
describe entire divertor poloidal cross sections in terms of electron temperature, 7, electron
density, n., and neutral density, ny [1]. Such IDA systems rely heavily on heavily on multi-
ple, wavelength-filtered, camera diagnostics owing to these diagnostics having a wide spatial
coverage over the divertor. How accurately 7., n. and ng can be inferred depends on the com-
bination of diagnostics included in the IDA. The complicated emission models of spectral lines,
comprised of excitation and recombination emission (already simplified by provisionally ignor-
ing plasma-molecule interactions), makes it challenging to decipher what information is held
by different spectral line combinations in the IDA. To address that question, research has been
performed to interrogate the information held by different Balmer-lines (n — 2 Deuterium
transitions) and so inform the lines required to be used in the IDA going forward.

Using SOLPS as a guide, different ‘true’ plasma conditions (that can be plausibly found
in the MAST-U divertor: (0.5 < T, < 45)eV; (10'® < n, < 3 x 10?1 )ym=3; (10 < ny <
10%°)m=3) were used to simulate different data sets for Balmer line emissivities. The IDA, with
different line combinations, was used to infer the maximum a posteriori (MAP) estimation of
T., n. and ng for each data set and these MAP estimations were compared to the ‘true’ plasma
conditions that were used to make that data set. To quantify how much information is held
by a combination of lines, an inference metric, €5, has been defined to be the percentage of,
plausible, plasma conditions for which a MAP estimate of within 30% of the ‘true’ plasma value
was achieved. Here, P is the inferred parameter and D is the diagnostics used.

It has been found that Balmer lines held more information on 7. (E%a, Dg.Dyy\Dys,De ™ 92%)
and ne (€5, p, . p,,p. ~ 100%) thanfor ng (€5, p, p. p, p. ~ 27%). It was also found that the
Balmer lines held more information for 7, in plasma existing in recombination-majority regions
(eg@w Dg.Dyy,Ds,De ™~ 100%) than plasma existing in excitation-majority regions (e%w Dg,D+,DsDe ™
89%). This is deemed due to the excitation emission depending on ng and so ny’s inaccurate
inference permits a range of possible excitation emissions and so reduces the information held
on 7. in excitation-majority regions. With just two lines used in the IDA, it was found that in
recombination-majority regions an n < 5 Balmer line is required to be used with an n > 5
Balmer line to provide the most information for all inferred parameters (e}rjm p. ~ 80% >
6%5, p. ~ 40%). This is likely due to the IDA’s tendency to assume all emission in a recombina-
tion majority region is from recombination alone (vice versa for excitation). n < 5 Balmer lines
have a greater relative excitation contribution to their emission than for n > 5 Balmer lines [2]
and so the provision of a line that has more excitation emission in a recombination-majority en-
vironment prevents the assumption of all emission being from recombination and so increases
the information held on 7}, and n. (and vice-versa for the excitation-majority region).

Consequently, for adequate inference of 7. and n. across the entire divertor region, min-
imally the D, line and an n > 5 Balmer line is required. Further, additional information is
required to accurately infer ny. This is likely to become increasingly important when plasma-
molecule effects are added to the emission models.

[1] C. Bowman et al., Plasma Phys. Control. Fusion 62, 045014 (2020).
[2] K. Verhaegh et al., Plasma Phys. Control. Fusion 61, 125018 (2019).
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The Next Generation of Collisional Radiative Modelling for Tokamak
Plasmas

Benjamin Hamblin!

YCurtin University

Collisional Radiative (CR) modelling has been of interest to the plasma physics community for
decades, and provides a powerful tool for predicting the spectral emission and state population
behaviour of plasmas in various regimes. The ITER project will require sophisticated CR codes
to provide predictive capability across all modes of operation, as well as during periods of insta-
bility, especially during tokamak disruption events, wherein runaway electron populations can
form and threaten the integrity of the tokamak machine. Herein we present a cursory summary
of the motivation for development of robust CR models, provide a surface level summary of
some of the physics included in contemporary codes, and provide simulations of ionic popula-
tions in relevant plasma regimes using one contemporary CR package, FLYCHK. We further
explore the limitations present in these simulations, and examine where improvement is re-
quired in the next generation of CR models to provide sufficient predictive power for the ITER
project. We conclude by providing recommendations for the inclusion of improved atomic
and scattering data, semi-empirical models of Runaway Electron population formation, and the
development of alternative models of the time-evolution of tokamak plasmas.
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Spectroscopic Analysis of Reactive Species in a Non-equilibrium Cold-
Plasma Based Plasma Activated Water

Sushma, Shikha Pandey, Abhijit Mishra, Ritesh Mishra, Kiran, Ramavtar and Ram
Prakash

Department of Physics, Indian Institute of Technology Jodhpur,
N.H. 62, Nagaur Road, Karwar, Jodhpur, Rajasthan, 342037.

Non-equilibrium cold plasmas produced in the laboratories have demonstrated the synthesis
of radicals which are thought to arise from the reactive oxygen species (ROS) and reactive
nitrogen species (RNS), collectively referred to as RONS. Plasma activated water (PAW)
generated from cold plasma received much attention now a days in the field of Medicine,
Food, Agriculture, and Environment [1]. To increase PAW's bactericidal effectiveness, it is
necessary to understand how cold plasma forms the essential reactive species in both short-
and long-term water interactions. Controlling the RONS chemistry in PAW can provide
potential of designing the best RONS chemistry for various purposes (e.g., fruits and
vegetables decontamination, functionalization of various food products, medication of
chronic wounds, achieving rapid seed germination, development of optimal plants and other
various applications in biology and agriculture, etc.). In this study, UV-VIS technique has
been utilized to precisely quantify the changes in the concentrations of these RON in PAW.
The PAW is generated through indigenously developed large volume surface dielectric
barrier discharge based cold plasma and narrow cold plasma Jet. To tailor the PAW to
achieve specific biological response UV-VIS spectroscopy is the most widely used
technology for characterization of cold plasma [2]. The repeated measurements during
plasma activation have been demonstrated as the significant benefit of UV-VIS spectroscopy.
For this the absorption spectra of RONS in PAW recorded from 200 to 800 nm has been
analysed. Efforts are underway to demonstrate that the plasma spectroscopy, which focuses
on the atomic and molecular emission spectroscopy of low temperature plasma, would be an
extremely strong diagnostic technique in a non-equilibrium cold-plasma based Plasma
Activated Water. The results of these efforts will be presented.

Keywords: Non-equilibrium cold plasma, Reactive oxygen species (ROS), Reactive nitrogen
species (RNS).

References:

[1] J.-S. Oh, E. J. Szili, A. Hatta, M. Ito, and T. Shirafuji, “Tailoring the Chemistry of
Plasma-Activated Water Using a DC-Pulse-Driven Non-Thermal Atmospheric-
Pressure Helium Plasma Jet,” Plasma 2019, Vol. 2, Pages 127-137, vol. 2, no. 2, pp.
127-137, Apr. 2019, doi: 10.3390/PLASMA2020010.

[2] J.S. Oh et al., “UV-vis spectroscopy study of plasma-activated water: Dependence of
the chemical composition on plasma exposure time and treatment distance,” Jpn. J.
Appl. Phys., vol. 57, no. 1, Jan. 2018, doi: 10.7567/JJAP.57.0102B9.
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Energy levels, lifetimes, wavelengths, weighted oscillator strengths and
transitions rates of He-like Zr

S. Manai'2, D. E. Salhi', S. Ben Nasr', H. Jelassi'

'Research laboratory on Energy and Matter for Nuclear Sciences Development,
LRI6CNSTNO2, Tunisia.
National Center for Nuclear Sciences and Technologies, Sidi Thabet Technopark 2020 Ariana
Tunisia.
2Faculty of Sciences of Bizerte, University of Carthage, Tunisia.

In recent years, there have been extensive studies, both experimental and theoretical of helium
isoelectronic sequence [1, 2, 3]. In this work, energy levels, wavelengths, weighted oscillator
strengths, transitions rates, lifetimes have been calculated for the lowest 71 odd and even parity
states arising from the 1s% and 1snl (n = 1 — 6,0 < [ < n — 1) configurations of He-like Zr.
The calculations were performed using the Multiconfigurational Dirac-HartreeFock (MCDHF)
[4], followed by the Relativistic Configuration Interaction (RCI) methods. For the accuracy of
our results, we have implemented parallel calculations using a Flexible Atomic Code (FAC) [5]
by introducing the Relativistic Many-Body Perturbation Theory (RMBPT) method. Transition
probabilities are reported for all E1, E2, M1 and M2 transitions. Breit interactions and quantum
electrodynamics effects were included in the RCI calculations.

Comparisons were made with other available theories reported in the literature [6, 7, 8, 9]. A
good agreement between them has been found, which confirms the reliability of our results.
The present complete and consistent results can be used to facilitate the identification of many
observed spectral lines in astrophysical and plasma fusion.

[1] S. Manai and H. Jelassi, Pramana 95, 1-9 (2021) (2021).

[2] D.E. Salhi, S. B. Nasr, S. Manai and H. Jelassi, Results in Physics 23, 103960 (2021).

[3] S. Ben Nasr, S. Manai, D. E. Salhi, P. Quinet and H. Jelassi, Atomic Data and Nuclear Data Tables
135, 101346 (2020).

[4] J. Bieron, C. Froese Fischer, G. Gaigalas, 1. P. Grant and P. Jonsson, Computer Physics Communi-
cations 237, 184-187 (2019).

[5] M. F. Gu, Canadian Journal of Physics 86, 5 (2008).

[6] G. W. Drake, Canadian Journal of Physics 66, 586—611 (1988) .

[7] A. N. Artemyev, V. M. Shabaev, V. A. Yerokhin, G. Plunien and G. Soff, Physical Review A 71,
062104 (2005) .

[8] D.R. Plante, W. R. Johnson and J. Sapirstein, Physical Review A 49, 3519 (1994).

[9] DGtowacki, Leszek, Atomic Data and Nuclear Data Tables 133, 101344 (2020).
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"Université Grenoble Alpes, CNRS, Grenoble INP (Institute of Engineering), LPSC-IN2P3, 38000
Grenoble, France

’High Voltage Laboratory, Electrical and Computer Engineering Department, University of Patras,
Rion-Patras GR—26504, Greece

The investigation of the production mechanisms of electronic X'Z* ground state ro-vibrationally
excited molecules D>*(v”>0,J”") on surface materials is relevant for fusion plasmas either for the
plasma heating or for the divertor targets’ shielding [1]. In cold plasma physics, and particularly with
regard to negative ion source development for neutral beam injection (NBI) systems, these excited
molecules are of particular interest since they are one of the main reactants of the Dissociative
Electron Attachment (DEA) reaction which is commonly accepted as the dominant path towards the
production of negative ions in sources based on the volume production concept [1,2]. Electron
cyclotron resonance (ECR) ones driven by dipolar plasma modules [3] are a representative example
of this type of source. The production of the aforementioned excited molecules takes place in the
plasma bulk but may also result from surface reactions. Among the most probable is the
Recombinative Desorption reaction. Therefore it is worth exploring the influence of various plasma
facing materials on their production, with the goal of determining a more efficient material. It is
evident that an enhancing trend is accordingly reflected in the negative ion yield, which is highly
desirable.

In this context, a deuterium plasma is studied in the ECR-driven source SCHEME II+ which is
coupled to the VUV Fourier Transform Spectrometer at the DESIRS (Dichroisme et Spectroscopie
par Interaction avec le Rayonnement Synchrotron) beamline of the SOLEIL synchrotron (Saint-
Aubin, France). Absorption spectra are recorded in different operational conditions, i.e. for pressures
ranging from 1 — 36 mTorr, under constant microwave power (150 W). Both bare Quartz and material
covered surfaces are considered. For the latter case, fresh in-situ magnetron sputtered thin films of
tantalum (Ta) and tungsten (W) upon the Quartz surface are investigated. Preliminary observations
do not indicate any difference as the material is changed. However, in a previous study [1] where
commercially available foils of the same materials were placed in the interior surfaces of the same
source, a drastic modification of the excited molecule population was clearly demonstrated. This may
suggest that the structural properties of the sputtered surface influence the Recombinative Desorption
mechanism and thus the production of the ro-vibrationally excited molecules. This subject is currently
under scrutiny.

[1] S. Béchu, J. L. Lemaire, L. Gavilan, S. Aleiferis, V. Shakhatov, Yu. A. Lebedev, D. Fombaron,
L. Bonny, J. Menu, A. Bes, P. Svarnas, N. De Oliveira, J. Quant. Spectrosc. And Radiat. Transf.
257, 107325 (2020).

[2] M. Bacal, M. Wada, Plasma Sources Sci. Technol. 29, 033001 (2020).

[3] A. Lacoste, T. Lagarde, S. Béchu, Y. Arnal, J. Pelletier, Plasma Sources Sci. Technol. 11, 407-
412 (2002).
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Study of Particle in Cell Method to Obtain Laser Thomson Scattering
Spectrum to calculate Density in a plasma same as ITER plasma

Moradi zamenjani, Farzaneh'; Ali Asgarian, Mohammad', M. Mostajaboddavati',
Arjhangmehr, Afshin?

I Faculty of Physics, University of Isfahan, Iran
’Department of Radiation Application, Shahid Beheshti University G.C, Tehran, Iran

One of the most accurate diagnostic tools in Tokamak plasmas is Thomson scattering (TS) [1]. In
this method a laser light passes through a plasma and undergoes Thomson scattering. By
investigating the frequency spectrum of scattered light we can demonstrate plasma density and
temperature. Here we simulate non- collective Thomson scattering that is related to single particle
behavior of system from a plasma with ITER’s parameters [2] by using Particle in cell method
(PIC) [3] to study PIC ability for simulating non-statistical systems. For studying a system consists
of particles it is necessary to solve the motion equation for every single particle, so for N particles
N? equations should be solved that needs significant memory and processor resources. PIC is a
simplifying method in computational plasma physics. It works based on statistical behavior of
system. Super particles are considered in PIC method so that every super particle is composed of
a number of system’s real particles and the motion equations of particles will be solved for these
super particles that way the number of motion equation will be reduced.

Here non- collective TS of a polarized laser light passing through a plasma with a density of
3.00 x 10 cm™ same as ITER plasma is simulated using 2D/3V PIC code (XOOPIC). Laser
wavelength, intensity and FWHM are A; = 0.8 um, ; = 5.00 X 101> W/cm? and 50.00 fs,
respectively. Calculated scattered power predicts that the plasma density is about 2.64 X
10 3 cm™3 which is in a good agreement with its real value. The properties of scattered power are
dominated by non-collective effects and the polarization of the scattered wave is affected by the
non-relativistic condition. Results show that PIC can simulate the non-collective TS so PIC ability
to simulate a non-statistical system with a high accuracy is verified. The accuracy of TS as a
diagnostic tool to measure the plasma features like density is reconfirmed as a secondary result.

[1] D.H. Froula, S.H. Glenzer, N.C. Luhmann Jr., J. Sheffield, Plasma Scattering of Electromagnetic
Radiation: Theory and Measurement Techniques, second ed., Elsevier Science, Amsterdam, (2011).

[2] M. Bassan, P. Andrew, G. Kurskiev, E. Mukhin, T. Hatae, G. Vayakis, E. Yatsuka, M. Walsh,
Thomson scattering diagnostic systems in ITER, in: 17th International Symposium on Laser-Aided
Plasma Diagnostics, Sapporo, Hokkaido, Japan, 27 September-1 October, (2015).

[3] J.P. Verboncoeur, A.B. Langdon, N.T. Gladd, J. Comput. Phys. Commun. 87 (1995).
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Plasma Molecule Interactions and Their Influence on Detachment in
Magnetically Confined Fusion Devices.

Nick Osborne !, Mark Bowden', Kevin Verhaegh? and the MAST-U team

"University of Liverpool, Liverpool, United Kingdom
2 Culham Centre for Fusion Energy, Culham, United Kingdom

Plasma detachment is considered essential for the successful operation of future fusion devices
such as ITER and DEMO, as it can reduce the target heat flux by orders of magnitude. The
reason for its necessity is the avoidance of unsustainable heat loads at the divertor. During
detachment, atomic and molecular reactions induce simultaneous power, momentum, and
particle losses, leading to a reduction in particle flux to the divertor plates in a tokamak [1].

Divertor spectroscopy is essential in diagnosing detachment. Plasma-atom and molecule
interactions result in excited hydrogen atoms. Analysing the Balmer line series emitted by those
atoms, yields important information about the conditions of hydrogen plasmas. Excited atoms
from molecular break-up involving reactions with molecular ions play a significant role in
Balmer line emission through chain processes and cannot be ignored in the diagnosis of
detachment [1, 2, 3]. Molecules may play a very important role in the detachment process itself.
Particle and power loss may occur through plasma-molecule reactions; and momentum and
power transfer through collisions [1, 2]. Collisions between the plasma and the molecules can
result in excited molecules, leading to emission of the Fulcher band from electronically excited
molecules [4].

The aim of this PhD project is to perform a deep analysis of high-resolution Fulcher band data
obtained by divertor spectroscopy in the MAST-U tokamak, in order to gain a better
understanding of the role of molecules in detachment. Plans include Fulcher and Balmer line
analysis and comparison of measurements with simulation data generated by synthetic
diagnostics employed on SOLPS-ITER simulations. This approach requires modelling the
Fulcher emission band, which would be useful tool for the community.

Such analysis is intended to provide input on the populations of the excited levels of the
molecules. Monitoring those distributions is important as they have large model uncertainties
whilst they have a strong impact on the various reaction rates between the plasma and the
molecules. For example, it is known that the distribution of vibrational states in molecules has
a significant effect on the formation of D5 and D~.

Ultimately, determining the utility of Fulcher emission measurements during plasma
detachment is an important goal. It is explored whether the Fulcher emission brightness may
be used as a temperature diagnostic; as there is a minimum electron energy required to excite
molecules electronically.
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