Systemic error analysis of Thomson scattering system on VEST with rotational Raman calibration
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1.1. Rayleigh & Raman scattering? 3.1. Pros and cons of RRS calibration on VEST® [ o | 5.1. Relative calibration correction?
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* Rayleigh scattering(RS) is elastic scattering of EM wave by particles(bounded electrons). * Rayleigh scattering has the same wavelength as the incident laser. Flae | f e , A * After deconvolution, Cgrgs 13 are still slightly different from each other.
v' Rayleigh scattered light has the same wavelength as the incident laser. v Difficult to distinguish scattered signal from the stray light signal due to the small size of VEST chamber ," | ' ] v' The relative calibration measurement has a different light source
* Raman scattering is inelastic scattering which undergo a rotational or vibrational transition. v Additional system adjustment such as laser wavelength channel and saturation suppression are required. — | , \“\ geometry from the RRS or TS measurement.
v’ Specific wavelength shift is occurred; Anti-Stokes rotational Raman scattering(RRS) is suitable for , > RRS calibration is expected to provide more accurate calibration factors compared to RS on VEST. A , * | v' APD gain is affected by temperature.
Thomson scattering(TS) system calibration. e Cons of RRS calibration ORI 4 OO . Y. 48 SOOI bl v’ Tungsten lamp spectrum inaccuracy, etc.
1.2. Calibration factorl-4 do g v' Sensitive to accuracy of the position and shape of the spectral responsivity of polychromator > The correction factor F; is obtained through the Cggs 1-3.
. . .- .. . . . . . . 1 CRRS,i . Y
«  Common geometry factor — Calibration experiment result d) v" Since overlap of the rota;uonal Raman transition and the spectral responsivity of filter 1 is small, RRS calibration is expected to provide less V' Cpps,i & % Cans > R; =F; XR; = R;
1 nr Aoy accurate results on LHD.
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N2 _ » On the other hand, since the temperature of the target plasma on VEST is relatively low, RRS signals can be obtained from three filters. L S oF
v VlRS (t) — EL (t) @ ‘n - AL-AQ-T - Ny doRrs . Rl (/ll) oE 357 ¥ ’ 100 | | IPoly#4 c?rrectionl
ne " an 2 s 3.2. Objectives [
vV VIS@®)=E )2 -n-AL-AQ-T -n, S [R(D)SA,T,,0)dA s | | s [t
‘ e T ; ° aa J R ) 5 "0 1. The relative responsivity is corrected by analyzing the systemic errors appeared in the RRS calibration. g or T
RRS °Ts " 2} : : : : : : : . :
A O — dchif; -n, [ R;(D)SA, T,, 6)dA ; dojj—; 0 o7 2. The calibration factor and its uncertainty are obtained by corrected relative responsivity to measure the electron density and temperature. gl f
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" Tny, @Rsp gy JR(DSA T, 6)dA 5" i TT T - Leconvoliution 5.2. Agreement with TS measurement
’ ao T 0 lecwa LG I - A R = 0.31 m, poly#4
e Calibration factor C ot (o 4.1. Deconvolution? =" » Corrected relative responsivity shows better agreement with TS
o 900 | — — —filter 4 ]
Y VE@®=Cxne [R(DSA T, 0)dA ) ) * The monochromator which is used to scan the spectral responsivity of the soo {__ _:::p;“d measur:moir:ts th:? before the f/orrectlon.
o o o . . filter1_deconv = V. m, po I i i
Vv C=E ()2 AL -AQ-T %S & Cppei = Al ON 0 Crs = i T polychromator has the wavelength resolution limit.(~0.5 nm) = 700 | ez decoms 0.08 - - s s - Left ]tlgures Shc::W the normall]fed S|?nals
- hc do A7 q nydojj-2 ‘ T n d9RS 1 (7. , , _ , s | filtors_deconv i e as a function of temperature for Poly#4
e NGy ae Rl "2 Taa R * Distortion due to instrumental broadening can be the cause of the error. 5 O o it 1t Shot#37444 P Y
v Necessary to measure the absolute electron density from the TS signals. v Especially, filter 1 has the narrowest bandwidth of 1.8 nm. o | iter 5| S |
N J S 400 0.05 | v' The solid lines are the expected TS signals,
v" Other filters can also introduce errors at the edge of the spectral s | 2 00l _ calculated based on the TS spectra by
2 2. Experimental setup N responsivity. ool gm(\ | Matoba.?
. > Deconvolution of the spectral responsivity reduces the error between the oo | ? oaflo | v The figure below shows the chi-squared
2.1. VEST Thomson scattering system calibration factors of filter 1-3. N O S U S S S S oor L& distribution for 290 measurement
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 \Versatile Experiment Spherical Torus (VEST)  Thomson scattering diagnostic system? Poly#4 deconvolution pressure (torr) 0 |Lefaamre points for poly#4.
. : . . . " | | | | 2 hist , poly#4
v' The first and the only ST in Korea v" Time resolution: 1 ms, 10 temporal points T w oo e 180 R
s 2 Poly#1  Poly#2 Poly#3 Poly#4  Poly#5 [ Before
v’ Specification v Measuring points: 5 spatial points per single z o X Temperanre (€V) teor Carer |1
— discharge £ Before 093 092 084 082  0.82 w'v 1a0 |
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Toroidal B Field (T) 0.05~02 v R=0.255,0.31,0.37, 0.425, 0.475 m Sl el [1 T [ LA | After 096 092 093 087  0.89 007 R=031m poly#d @
Main Chamber Radius (m) 0.8 v' Polychromator system N Wavelength (nm) y 0.06 | ;5:::;; ]
Major Radius R (m) 0.45 v' 5 EA, 5 filters at each polychromator | 005 e
Minor Radius a (m) 0.33 v' Transmission: > 90% (- 6 - Te ] ne measurem ent R = 0.31 m, poly#4 \( 7 . ReS U t ) — oosl |
Aspect Ratio >1.3 v' Optical density @ 1064 nm: 5-6 6.1. T. n. estimation method >l || 100 Shot#sradd E« 0.03
Plasma Current (kA) <170 roertre T CRSS = 8.32 : 1 o ug), : . —
2.3. RRS calibration experiment *  Minimum Chi-squared method is used. 3000 o = 0.68 1| L e 0021} ,
v’ Target VEST plasma n,, T, P , = 500 Crss | : - : 001 L ENGE _ X
* Pressure gauge: Piezo/Pirani combined type . 42=Y (Vi=Di(Te,ne)) 5 oo ol X%  Poly#l Poly#2 Poly#3 Poly#4 Poly#5
: — , — =Y. 2 .
Unit _Low fimit Typical High fimit v'  Measurement range: 900 — 5e-4 torr l of 8 200 : 5 o E[ 5 Rzozesm. pois ’ Before 0.61 1.29 126 4.12 4.00
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e M 2x10 1-3x10 110 v" Accuracy v' V;: TS measured signal for i-th filter € ! | g o[ ERsdm pote e 5 " ;o 10 150 200 250 300 After 072 057 093 143 1.85
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- v" 900 - 30 torr: 0.3% full scale v' D;(T,,n,) = Crssn, [ R;(A)S(A,T,, 8)dA: Expected TS signal 100 f : S SUUIDURIN - oS S ST D S =
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2'2. REIatlve callbratlon ° Experiment pressure ‘/ O-l —_ \/(O-SzhOt + O-bzackground + O-l%): Standard deV|at|On pressur-e (tor-r) gmof_iﬁ:ﬁjﬂ?ﬂ}f’iﬁz : _
e Spectral responsivitv of the polvchromator is " . RSS calibration . = E —RE04T . b A ® 3 1. M.J. van de Sande, “Laser scattering on low temperature plasmas—High resolution and stray light rejection,” Ph.D. thesis,
P P Y POty v’ 23.5,32.9,49.8,71.3, 85.3 torr v op=0c..-n, [ R(DSAT, 0)dA o _ b S S S RN Eindhoven University of Technology, 2002.
Necessa ry tO measure the E|8Ctr0n temperatu re. \/ 50 Shots at each pressure D CRSS e l y e o N | 300 302 304 306 308 . 31? )312 314 316 318 320 2. Francesco Flora and Leonardo Giudicotti’ App| Opt 26, 4001-4008 (1987)
. e 2 . ¢ e 3. B.P. LeBlanc, Rev. Sci. Instrum. 79, 10E737 (2008).
* Tungsten halogen lamp + monochromator > Find T, n, that minimizes the x*. ool 11 e : - : 4. Y.-G.Kimetal., J. Instrum. 12, C12013 (2017).
v The grating is rotated for scanning > For this measurement, Cp¢s, 0. . obtained through RRS calibration | . kH.Z time gvolutlon of radlal- 5. J.-H.Kimetal., Rev. Sci. Instrum. 92, 043549 (2021).
y ' irod RSS 2r profiles during 306 — 315 ms is 6. I.Yamada et al., Plasma and Fusion Research. 2, S1106 (2007).
Wavelength resolution: ~ 0.5 nm are required. 0 j . y y _ 7. V. Solokha et al., J. Phys.: Conf. Ser. 982, 012003 (2018)
\_ 8 J L - - - R (m) 0 e 05J L successfully measured. J | 8. T.Matoba etal., Jpn. J. Appl. Phys. 18, 1127 (1979)
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