ECE and Reflectometry on HSX (\

K.M.Likin, C.Lechtel, H.J.Lu, F.S.B.Anderson

HSX Plasma Laboratory, Univ. of Wisconsin, Madison, USA; tUniv. of Stuttgart, Germany

ECE Radiometer Reflectometer

i . . ) ) ) ) Two Sources I
HSY Vertical Cut Simple Mod_el, ECE from Bi-Maxwellian Principle of Diagnostic Sweep Entire Plasma Bench Testing
Plasma Validates Measured Spectrum _ _
AD, i *Reflection of microwave beam from a cut- -Testing was made
ECE Spectrum @ 0.5 Tesla AD, ° off plasma layer with a metal plate
.......... ack Body *Radiative transport equation is solved , : 19520 Gk Coniasator P SWITT Coaslogator 20,256 11z P
] 0.6F—4 ke Y E;'E)FB]?J(I:" (1) |n B| MaXWF()EHIanq Iasma / ! .At a Slngle frequency the measured tlme 14-19 dBm Tuning s forsouree never o 14-19.dBm 'GOOd agreement
Wavegl“de o Tll\?,;:;f:i:;llmn p _\ - - ncutof‘f delay glves the dIStanCG tO the reﬂeCtlon between
L' E‘ B ] B ; . -
me_ é@, 04b- ] Tece :J.d (@ pun o+ o Tei) EXR [ J( @y Qi) OS] p0|.nt (radar technique) _ Heterodyne Detection = ' measured phase
= 035 (2) |n quaSl_“near case --- the electron M0, .Wlth frequency Sweep the Inverted phase ______________________ Weve.Guide and CaICUIat|OnS
0l - distribution function from CQL3D code gives the plasma densﬂy proflle & & - *Slight shift is due
0.1f- *Thomson Scattering profiles are used to X’owavf cmoﬁfl:e:v:e@” .Pla‘_s_ma density quc_:tuatlons introduce EF_%D:GEE e WGISBWN;;E:T ___________ A:{EL“M I :e to uncertainty in
0 estimate the optical depth of the bulk ) :_"W@“” additional phase shift *‘ ‘ determining the
[— plasma el NN L 777777777777 Range of the central density in HSX: 5 e 7 A N distance between
Horn BulkT. = 0.6keV:N. =2.6-1012 cm3 %20 a"ab'e ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - (0-5 - 4)'1012 cm3 at 0.5 Tesla — X- o - Upeenter 3”2‘%&;*’"” T e .*_ .' N the antenna and
A e T e = < : nae NN : ;NN i
| ntenna N and T, Broader for Tail: T, = 4.5 keV; N, = 0.6-10™ cm3 S N wave; 1 ! the reflecting plate
VL ey High Energy Electrons N OWNe N | 2 -(3.5-8)102cm3at1 Tesla- O- e <] = T e
Tardnd T TING Vacuum *Plasma stored energy measured by the DA AN - N | wave: L I 3
| Vessel = mremmmemEL fluxloop (21 J) has two parts (1) 15 Jinthe X L T
___________ X S bulk and (2) 6 J in the tail o ez ed as o es *Overlapping frequency band of two —
/AL T/ b e NElux i . . P sources: (15 — 26) GHz
“ S LA Surfaces ST *Broader tail N, and T, profiles give ( )
03 ' | /?W N =~ enhanced emission on both the low and
1.35 1. 4 1.45 1.5 1.55 e e v s s e high magnetic field sides
R, m
CQL3D Fokker-Planck Code Calculates : :
*ECE spectrum is measured with 8 NQ Th | ECE @ 0.5 T and Predict Broad Spectrum of Coherent Mode Dominates Bursty Mode and Higher
channel radiometer at 0.5 Tesla on- _ erm.a _ ' an redicis Fluctuations in Mirror in QHS Plasma Core Harmonics
-Central region of the plasma is not Small Distortion in Momentum Space @ 1 T | |
accessible because the heating Notmalized ECE temperature by COLID o o . amwman st . ety Sweep of Probing Beam Frequency Fixed Probing Beam Frequency
SOUFCG frequency |S Wlthln the 12 e P -5 kw%u_ﬁ.r 'DIStrIbutIOI’] fU nCtlon |S " ‘:a::ﬂ‘ 73::" ) 25 m Reflectometer Fr. y Sweep, 9/25/07, shot #99 Xewave cutoff Frequency, 9/25/07, shot # 99 Wavelet Coefficients: 9/18/07, shot # 106 FET of Reflectometer Slgnal shot # 106, 9/18/07. QHS
emission band L + mowwerr| Calculated by CQL3D ey | g — g 1 : =R
-Radiometer has been calibrated gt 8 S50 L] oThenitis used to find ECE 3 W b T oL e % ! 1 N N s B S
against Thomson Scatteringinplasma = | ° . . | spectrum B d W m%\\ = "?""“'.'.fj%.::}_'_. g gnd N g - —
With off-axis heating when the plasma = 4-, __________ | ePlasma density scan made e & " iig llll g g gzu = | : | g %1-5—- -------------
is thermal _ _ L " v, ‘ ___________ .| at0.6keV (50kwW/0.5T), B M e 0 e e e g Bl \f\i — g N |“’ T m ] S
*We replace the IF filters in order to R T 1.2 keV (50 KW/ 1 T) and o . h | l | ‘ ‘ L S - | .
cover the plasma radius within +/-0.6 o 2 keV (100 KW/ 1T) FFT °fi““'"e"‘°:“e“"' s'f'““'@“: -1fq:: -Stored energy and line RN L N I A N so} lIIIMUﬁ!mIll“I RV ||lml uﬂMﬁﬁ Uﬂ!lﬂlﬂ i k .
NN or 0.25 H average density are 0.832 0.331r imet:.staco; 0838  0.34 0 0.2 0.4 N 0.6 0.8 1 083 0.831 og%zme (59?:)833 0.834 50 1uo"equ;g:y ‘ka;m 250
o close ,,
) ) . Wavelet Coefficients: 9/25/07, shot # 99 ) . )
I *QHS density profile is 0 *A few sweep cycles during  <Deep in plasma core (Fy.,n > 23 GHz) high
£ 1 peaked while it is hollow 250 a plasma discharge harmonics are found
* 04 In Mirror T *Step function gives good *Fast changes are on the order of e-e
: *Probing beam g frequency resolution collision time (100 usec)
0.05 4 S
Coherent Mode is detected by ECE g frequency. | ‘w' hw .Cut-off frequency is
*Plasma density fluctuations affect the ECE Interferometer, Mirnov coils, Langmuir T Prequency () 19 Gz In both cases ) | N 'l""“ i ”WWW A calcy ated based on TS =
. y fluct . probes (r/a_~0.6) see the mode as well il T profile uture
signals when the optical depth is low (< 1.7) P Not Obvious at Low Plasma DenS|ty 0832 0834 083 0838 084
.HSX pla'sma a't 1'5.1012 Cm-3 IS Optica"y thin Conore Mo R-MS FFT of Reflect ter Si I =0.6x10"2 S Plasma Densiy Profile in QHS and Mirror @HS va, Mirror @ 1, = 0.6:10'7 em? e (SeC) . .
(t<1) | — : :g:::i':v:'l"l:e( '2;.387;)4&':“2' e S e = =] Mironov Coil, 9/25/07, shot # 99 _ 16 channel ECE radiometer is
-Photon statistics noise in our case is about 53:} as]-. = P —— ’ v | T . | The Mode is seen by ready. It has been tested on the
1.5% o £l b thvubld 3 oo A SRS S S S Wﬁm‘% 2 F Mirnov Coils During bench
*RMS of the coherent mode is defined as |- — {{ ______ - heme 8 B N I D N P Full Sweep of _ _
olows rms=_|[ pdf / Ao N }}{{: 7777777 b % . h N N N e oS N A S Reflectometer * 2-D modeling of wave propagation
= C E A 777777777777777 [ ¢ 1 | 0.02x- -t wa, E‘ .
Af Y — A— A - DM‘:D m;%io ot L *N, profiles are slightly different Y to be used to find a level of plasma
Mode is well pronounced at the low magnetic % ; ; ; | ; ey T N fluctuations
field f R WY *Probing beam frequency: 18 GHz in QHS and 19 GHz in Mirror, © Time(seo) « Measurements @ 1 Tesla
rla, =0.2 e —os T respectively
. =0.

16th International Stellarator / Heliotron Workshop, October 15 — October 19, 2007, Toki, Japan



