Correlation of Hydrogen Emission and Electron Properties in
Low Temperature Plasma Conditions Close to Divertor-like
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Motivation Experimental Setup

PR : : : 13.56MHz
Studying the flow of energy and particles that come from the R Emission and plasma parameter data collected in the University of p—— Q
core plasma .to the ve§sel walls is one of the key challenges Liverpool Inductively Coupled Plasma (|CP) Discharge rig. Matching Unit
for future fusion machines. [1] | (B (B
Detached regimes provide a solution to divertor material SO\ | Closed magneti + 13.56MHz RF power matched via an impedance matching unit to a 0000
limitations, due to the reduction in temperature and density I B surfaces '
of tokamak divertor plasmas close to the divertor tiles. [2] 1T %) Open two-turn planar ICP caoill. Mounted'sample
In order to achieve divertor detachment, whilst maintaining I:srgfgigg : _ _ o ::I§ = ] :
the high-temperature high-density fusion conditions required /L scrapoofayer « Hydrogen discharge gas produced using electrolysis of deionised sl Langmuir Probe
in the core plasma, it is vital to understand the edge plasmas strike points : .
close to the vessel walls. vt e S prvate plasma water via a Hydrogen Trace machine and fed to the chamber
The motivation of this work is to further understand the key throuah a MKS mass flow controller | | _
atomic and molecular processes in partially ionised plasmas near divertor surfaces that influence J ' Figure 1: Diagram of UoL ICP ‘i‘s‘fhharge chamber.
detachment - a process vital for the successful operation of future fusion devices - and to inform « Carbon, Tungsten and Nano-structured Tungsten 1” diameter w
predictive modelling codes on the key processes in edge plasma for improved exhaust control. | |
The main objectives of this research centre on improving the understanding of partially samples mounted to sample heater via 3 tungsten clips and inserted :
ionised plasmas close to divertor surfaces in tokamaks by investigating plasma- _ . LangT i Probegon
surface interactions of low-temperature plasmas with ; into the vacuum chamber. ongc:.ﬁbm(

' -lik rf includi b | o _ _ B 445
divertor-like surfaces, including carbon, tungsten and v/ bt one. e Power and pressure varied to achieve a range of p|asma L }
nano-structured tungsten. : |
Optical emission spectroscopy is utilised to study atomic and 7 - Al . parameters, 10-300W and 1-10Pa respectively, to give Te ~ 1-10eV
molecular emission in Hydrogen plasmas close to divertor : | 5 | 8 i ecpupiiey g0
materials using a heated sample mount. Emission trends are - N4 ‘ &n_~10"-10"m>. Sample heater temperature varied from e
compared to plasma parameter data from Langmuir probes N TR Wi, ™ < - Figure 2: Cross section of ICP rig upper chamber, showing optical
for a range of discharge and material conditions. Spectroscopy Langmuir probes 1 00_1 200C fibre and probe ports in relation to the sample heater.

Experimental results - OES Experimental results - Langmuir Probes

le—6 Fulcher Band Emission Intensity - Carbon Sample
e Hydrogen plasma emission data has been collected in front of a 4 602nm e Plasma parameter data has been collected using a Langmuir probe close to g BTN N GGG ERINE idns
612nm -8
heated sample mount. : T 2
P " A the centre of the ICP discharge chamber, as seen in Figure 2. ) I
e Carbon and nanostructured Tungsten samples were mounted to . . . s
_ _ g e Current-voltage data is collected using a Langmuir probe ramp system and —— o
the sample heater and inserted into the plasma to study the 2 _ _ _ 6 PR - .
: .. S 632nm analysed using a Python LaFramboise theory analysis code. a3
effects on the atomic and molecular emission. 2 S o T
i i i 2 1 - > ,//'{-"'f - Clean W sample
o Data collected for the Hydrogen Balmer line series, H-a (656.2 0 ! o Electron density increases with discharge pressure and RF power, for all s /ﬁf
7nm), H-B (486.13 nm) and H-y (434.04 nm). three samples inserted in the plasma. These trends show the discharge g h
o Balmer line intensities increase with RF power and electron = B eemen T ® transitioning from being capacitively coupled to inductively coupled. e
‘ - 0.0
density. Intensities measured with the Fuzzy W sample are Figure 3: Annotated molecular Fulcher band emission intensity plotted against o Varying the sample inserted in the plasma doesn’t change this general 0 50 100 130 200 250 300
. . ] wavelength with a 1 inch Carbon sample inserted in the chamber. (Pressure = 10Pa, . . Power (W)
higher than with the Carbon sample, and this increase is larger sample temperature = 100C, power = 300W). trend, but does influence the nature of the transition and where the sharp
. . . . . ehier B B iesioriclf ity - F WS | . Figure 8: Electron temperature and electron density values for varying RF power
W|th |nCreaS|ng pOWGI’ above 1OOW as ShOWﬂ IN FlgureS 6 & 7 1955 EUlcher BandEmIESin tensity - Faz2y amp*e decrease In eleCtron temperature OCCuUrs. with Carbon and Fuzzy W samples inserted into the plasma. (Pressure = 10Pa,
. . 0- 612nm . TH - _
e Molecular emission measurements - 20 o These measurements show generally higher electron densities and lower samplet:lmpteratijre 10t00> o
. ectron temperature an ensity Tor increasing discharge pressure lel5
o Hydrogen molecular data collected for H Fulcher band (580-650 electron temperatures for the Carbon sample compared with the Clean & % L
. .. . : 159 602 ' ' [ ' . 25 1
nm). Figures 3 & 4 show molecular emission intensity peaks at 2 nm 622nm :ZUZ_ZY W sgmp?s fsr Increasing RFtrp])ov(v:er,bas seen Iln Ffure 8 o .
= O or increasing discharge pressure, the Carbon sample shows a higher Rt
602 nm, 612 nm, 622 nm and 632 nm. 9 9ep 1 samp g .
. = electron temperature and lower electron density than both of the Tungsten [ A
o Fulcher band plots show molecular emission is dependant on g _ , P
: L o £ samples up to 5Pa, at which point the nanostructured Tungsten sample data ¥ o ..
sample temperature, with the emission intensity in the Fuzzy W = ;| 632nm _ _ w 7" Carbon sample
_ _ has higher electron temperature and lower electron density than for the - Fuzzy W sample ,
sample case generally higher than when the C sample is .. . . A - Clean Wsample ||
: rted. As th e t " . th | | [ same conditions with the Carbon sample, as can be seen in Figure 9. i 04
0.0 A . . 10 - W -
ms_e ? o s the sample temperature |ncr§ases, © molecuiar , , , , , : , o Figure 10 shows a weak correlation between electron temperature and NP
emission increases gradually, and the ratio of the molecular T Navegnom density with sample heater temperature for both samples vy o2
lines varies with sample material and temperature. These ratioS  Figure 4: Amnotated molecular Fuicher band emission intensity plotted against : : 5 o W
_ _ P _ P _ wavelongth with a 1 inch nanostructured Tungsten sampl inseried in the chamber. o The electron density trend in g i
will be further Investlgated for varying Sample material. (Pressure = 10Pa, sample temperature = 100C, power = 300W). i : g sample temp . lels . Figure 10 may be consistent , - ? ' | | ' ' ' * Luo
o le-6 Fulcher band emission intensity for increasing sample temperature Balmer series emission intensity for increasing power 1e—5 Balmer series emission intensity for increasing electron density iR Wlth the Sample heater heatlng 2 C 1 2 Pressuf:'e (Pa) z & 2 10
Zé;: i 0.00010 - H-alpha - Fuzzy W sample 6 - . r1.1 .
>3 : :ZZZ:;L{ZEJZ\:;WZZ:pIe -® ::letha..cca;bon Sam‘rle 4.00 A the dISCharge gaS, therefore Figure 9: Electron temperature and electron density values for varying discharge
50 o |¥ e ey b 4 v 000008 | ::Zg;a_—c(;?l;zins;n;ﬂe % ” :glé'p";;"amzza;bv%”s:%";ie s | 10 & CaUSing a decrease of gas pressure with Carbon and Fuzzy W samples inserted into the plasma. (RF power =
2 m —®- H-gamma - Carbon sample | —# H-beta - Fuzzy W sample ' ' . . . 100W, sample temperature = 100C).
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z 20 " = = - the discharge. The electron temperature dependence might be interpreted as
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Figure 5: Fulcher band key line intensities for increasing sample Figure 6: Balmer line intensitiegforvg\l)in RF power with Carbon and  Figure 7: Balmer line intensities for increasing electron density with Carbon Figure 10: Electron temperature and electron density values for varying sample rObe Closer tO the sam Ie Surfaces tO StUd the trends fOI' Increasin
g rying p
temperature for Carbon and nanostructured W samples. Wavelengths Fuzzy W samples inserted into the plasma. (Pressure = 10Pa, sample  and Fuzzy W samples inserted into the plasma. (Pressure = 10Pa, sample temperature with a 1 inch Fuzzy W samples inserted into the plasma. (Pressure =
shown - 602, 612, 622, 632nm. (Power = 100W, pressure = 10Pa). temperature = 100C). temperature = 100C). 10Pa, power = 100W). sam ple tem perature_

Next Steps

Future work to extend this research will focus on: A wide range of optical emission and plasma parameter data has been collected in the

1. Comparing emission and plasma parameter data for data taken with a clean Tungsten sample inserted into the ICP University of Liverpool Inductively Coupled Plasma discharge source for varying RF power,

sample temperature and discharge pressure with Carbon, Tungsten and nanostructured

chamber. Tungsten samples inserted into the chamber via a heated sample mount.

Increasing the RF power to study the trends in emission and plasma parameters in both the ICP E mode and H mode, for Atomic Balmer line emission and molecular Eulcher band H emission has been studied and

powers > 300W. compared with plasma parameter data collected using Langmuir probes.

Comparing Balmer line ratios with the electron energy distribution functions for varying plasma discharge conditions and For both Carbon and Tungsten samples, electron density increases with both RF power and

material conditions. discharge pressure, while the nanostructured W sample data showed generally higher

: .. : : : : .. : . densities and lower temperatures than with the Carbon sample.
Studying emission from MAST-U divertor experiments and comparing trends in emission with UoL discharge plasma data. P P

. : : : .. Future work aims to analyse data further with clean W sample to study trends in detail. UoL
Extracting information about key processes in the low-temperature plasmas by comparing emission and plasma parameter _ _ o o _ _
data will also be compared with 0D collisional-radiative model to extract further information

data with OD collisional-radiative model to understand the key processes behind trends in the data. about atomic and molecular processes.
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