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Abstract Interfe rometry System

Density fluctuations are measured in the core of the HSX Flux Surface and Chord Positions

Coherent Modes in HSX With Bias

Biasing excites coherent mode in QHS plasmas

Case I: Density Fluctuations Increase for QHS Plasmas With Off-axis ECRH

QHS Plasma 50 kW ECRH Density fluctuations from all interferometer Large Flows correlate with lower density

stellarator using a non-perturbing, multi-channel, interferometer - Interferometer System: on-axis ECRH \ _ viewing chords. turbulence! - Biasing excited coherent mode W
. 20151on Sersees| (NN 1. 9chords ff-axis ECRH, inboard r/a=0.2 #r=—— N . . —— sensitive to bias voltage and =3 W
system. Measurements show that broadband density N 2. 1 MHz bandwidth OTT-axis Inboard ra=u.c 7 swem — rond Profiles of density fluctuations in Parallel flow measured Core density fluctuations electron density e
turbulences with k; < 2 cm, f= (20-200) kHz correlates with ;: ars e 3. 1.5 cm chord spacing, width Significantly lower T,and % reerearg | argest fluctuation frequency range of (20-110)kHz ,s PYCHERS . » Bi-coherency is observed for £ o
density gradient and plasma flow. The density fluctuation level is [ o Mode ' L stored energy for off- axis 18 ECEGoe ] change observed on 5. Ty 20 T — 10 AR this coherent mode on -
L T 101" Il Density fluctuations can be heated plasma while L e ] central chords indicating 2, _ 15 i o o Langmuir probe signal. B e IO
observed to decrease with increasing ECRH power as both the " Ly measured from information of: measured density 5 £ o RRo20250m a change in core £ R 5 D e
. ) . -—/ . A litud - ; § g . ﬁ\ on-axis %m10’5 { ‘ . o A
electron temperature, and its gradient, along with plasma flow T g:l)) Phane ¢ grlﬁgffﬁfé%ns have larger S 8550 s g s %0 % e urhulence 3 = ¢ < R o i g Biasing enha_nce the coherent mode in
increase. Electron temperature gradient is eliminated as drive for Interfe';:’;:‘(’atry (iii) ~ Differential — . . _ =d A I Wl v Mirror | plasmas
. . RR, [om] 10° : ) . . . 4
the observed turbulence. GENE simulations show that the (phase measurement) Far-forward Scattering- amplitude Core Density fluctuations increases with off- ; : : : 002 04 06 08 | B R R R * Biasing increases the AT 10"
: : : . =~ =2 : 2 axis ECRH ColerdensiAtilicitationstvarAinversely Wi thiRecry 1) Flow ( araIIeI) is largest for on-axis power. coherent mode amplitude, =« ’
density-gradient-driven TEM may be responsible for the ¢, . omenr(X)= I(no +A)l P, ~P,.N°~(amplitude) On-axis heating Off-axis heating (inboard) 3 b Ip gl ? , pt of but dose not change mode gw
observed density fluctuations. Low-frequency coherent modes ; . Core den5|ty fluctuations  Edge den5|ty quctuatlons ) Doppler shift from plasma flow cannot account for frequency Y L
. Differential Interferometrv Measurement RR=0.25cm —50kW, H, R-Rg= 0.250m —S50kW, H, higher frequency density fluctuations with off-axis heating el
. . . . . . y I e . 10" o _ —50KW, CH ! . —50KW, CH, : - Coherent mode observed on £%
are also observed in different magnetic configurations, mirror 1) For densit dient and aradient fluctuati 10 on-axis heating oo, “ T increases oS 10 T, Vicieoaen =k — lower flow but higher fluctuation frequency magnetic probe when biasing © %
. . . . r nsi r ien n r ien ion noise e = ; 2 by 2 . . ) 800 810 820 830 840 850 860 870
and QHS. The identifications of these coherent modes will be (1) 3¢(X(; > (}%( 19) a ¢(fz) 2 a(% inix) Xuc ua 5?” S+ 7)) . RRy= 1.0om o R-R,= 4.0om S, 108 el s v gds? ﬁgg{%g%ﬂgm?z:ﬂgﬁftﬁg foﬁzﬂggrgzd:rfgggcow (off S . Coh ; des i X
explored. *Supported by USDOE grants DE-FG03-01ER54615 and dx X{ — X2 -[== ral= J — g cosodl B =" = s Data suggest large parallel flows may be associated with =k ARSIl
= = - - i 1. HS: magnetic ripple €,,;~ 0.04%, mode observed when
DE-FG02-93ER54222. (2) For density gradient fluctu%tmns - central chords o . reduced core plasma density turbulence!!! ECH at sﬁ'ghtly m%%arcf(r/a~o 06), observed on density
] eometrica I 0 e = 20 %0 i 190 200 : : : and magnetic signals, f=(15-40) kHz, depend on heatin
Outllne §¢ J. od weiaghtin prOVI.de C.0re T fkhg ™ f[kHZ]_ _ WA _ Linear GENE simulations show reduced Iocat|ongs and degns|ty ( ) P :
—cos z gnung — ocalization Interf t t shows: For both on-axis and off-axis ECRH: core density 2. Mirror I: g,,~ 0.3% , mode observed in certain density
- . - factor " nterferometer measurement snows: _ _ : : : : growth rate with hollow denS|ty proflles 2/3 13
1. HSX configurations: QHS, Mirror - . i fluctuations are reduced in amplitude with window ne~(3-5)x10%2cm3 , f=(20-30)kHz, observed only
robe beam 2| (,~probe beam 1 : Line-Integrated density fluctuations increase in amplitude : _ on density signals:
2. Density fluctuation measurement techniques A, e cos ="~ for off-axis heating [ECRH inboard at r/a~0.2] Increased heating Linear growth rateis &~ =] 3. Mirror Il en= 1.9%  £=(20-30)kHz, mode observed on
r » Increased fluctuation levels observed on central chords, --- Inconsistent with T, drive for turbulence. reduced with hollow I density and magnetic signals;
3 Measurement Results: . 7' not edge --- is density gradient playing a role? density profile I R 4. vv)h(e?r;_ltgafﬁdf L5KHy mod ¢ affected by bias. but
. : : : : X 0s : : : a € z mode is not affecte Yy Dlas, bu
Case I: Fluctuation changes with heating location and power D|fferent|al interferometer measurement Temperature and Density Response to ECRH WD <0 B I e S new coherent mode at f=(10-40)kHz is observed when electron
Case Il: Fluctuations in QHS and Mirror | configurations — x confirms: density fluctuations increase is from tiie Electron temperature Electron density e ™d A ] density is lower than 3x10%2cm-3, and bias voltage is lower than
. : H H H P Y & —mixer 1 - ap : ‘ 1 400V
Ca‘se III FIUCtuatlonS In QHS and error II Conflguratlons _C—’ 00 p|a8ma Core, nOt edge R ! " ' o i - ) b) Mirror I: coherent mode is enhanced. and magnetic

25 100 kW on-axis

Coherent fluctuations

Case I1: Comparison of QHS and Mirror | Plasmas . . . . il Y . N feature is observed. |
4. Summary and future plans D Q _ _ Core density gradient ~ Edge density gradient % S Coherent Modes in HSX + Coherent modes appear more easily with higher
i i i i ECRH Power: 50kW Time evolutions fluctuations _ fluctuations a 22 _ magnetic ripple
HSX Provides Access to Conﬂgu rations With Heating locations: on axis o — A\ 9 ot i 10 aT, 1 Coherent mode in QHS plasma £ from biasing affects the mode amplitude and
d Wth t S t Two different configurations: 2if P | - "”a*'s*’“".“g 0z 04 06 08 1 %0z 04 o5 o8 1 Coherent mode (density fluctuation) f > frequency
. ECRH o, _ A 409 _ NoRe r/a _ 5 — SOGWECRH [10 Zom™] ] ]
an Iithout symmetry . o = of Sl 3 RRgmozem | 5 ReRg=4.750m 1) Electron temperature highest for 100kW on-axis heating, :f] gggfg‘ﬁs‘g{'g} SL‘ga'ErEg ?oga(t)iz)n 38 e « Mode frequency scales as acoustic velocity for QHS
QHS: helical axis of symmetry in |B|; predicted very low QHS: £,3~0.04% ,,;Efg 51 p 2) Density profiles appear quite similar (peaking near - Coherent magnetic fluctuations §;§’ - plasma, [not observed for coherent modes in
neoclassical transport Mirror: quasi-helical symmetry broken Mirror | - ..~0.3% g = = WM rr;aglnetlc aX'S:)h | ; dients b e observed on some Mirnov coils 3 s Mirror | and 11 plasmas]
by adding a mirror field. 213 = 2 500 8i0 520 830 840 B0 860 10° . . 107 . . . 3)P asmas wit _al’geSt T, an_ T, gra |ent3_ avet e owest - ECE signals reduced when coherent 5, goz“”“m Aiﬂ '
. Plasma stored energy reduced for Mirror | plasma e T otk ™ ok ® fluctuation amplitudes ----- inconsistent with T, drive for mode present =S g e s Summary and Future Plans
HS Red—[B[>1.0T - . i i ita imi i : : : turbulence * No change in ny(r) 1.  Interferometry and Differential Interferometry are used
Q B Broken |\/|II’I’OI’ Density fluctuations are quite similar for QHS and Mirror | plasmas. Case ll: Companson of QHS and Mirror | 4) Plasma stored energy is largest for plasmas with high T, * Mode unknown. ... N _ etry Tiere y
€,,~0.04% Bl Bl<10T qy g P gn i, h q | to measure density fluctuations in HSX
213 ue—|B|<1. : Coherent mode is sensitive to ECRH location _
‘ Bands Similar Density fluctuations for QHS and Mirror | Plasmas and reduced core fluctuations » Non-perturbing measurement
\ \ \ Core density fluctuations. Edae density fluctuations Core density gradient may be playing a role..... Coherent modes in Mirror | plasma « line-integrated measurements; spatial information available
: ) T | S, 500w : . - - » Coherent mode observed in Mirror pp— by comparing chords
Mirror I: Mirror I1: E N L 3%?0 Soan E: e “.Egz'-ww Velocity measured by Profile of density Case I11: Comparison of QHS and Mirror I Plasma for B;=1 T (ccw) J—— IW} - differential interferometry is used to obtain core localized
Y . €,/3 ~0.3% £y ~1.9 /0 Mirror- Hellcal Line-integrated %E, 10° A3y CHERS views fluctuations Plasmas » Mode gt)bserveolI in density, not in o ﬁ' Lo w\\,. easUrements
N QHS'HellcaI Bands d k Interferometer NZ_.‘ “i . § % i £ /Mirrorl | h’g aHS I QHS_ Zine [1012cm'3]' | ' /\ Core density fluctuations . Bgrglgﬁyl(;:/\/sllngdnoavs for mode i D:Ir\edllzz-MkHz) ‘ | 2 For QHS plasmas
of Constant |B| Ban sare Bro en measurements Bs me_z g 10f —— i ° S e : o 57 oW ] 0 —QHS (x=1.0cm) narrow: (3 8-4. 5)*1012cm -3 =T ' « Significant changes (amplitude and frequency) of fluctuations
\ show: o e T o w2 S B Wi t i { - ie 82/_3~0-04 Yo e N Wi, 1] ;\E‘ 0 Cprorliee20em) -, Decrease in ECE emission suggests & - are observed with changes in heating location and power
Density fluctuations are similar for QHS and Mirror | . T —— ' g 2 Mirror Il . . == ¢ | decrease in energetic electron UL ™ = o measured density fluctuation change consistent with density
plasmas, at plasma core and edge. rSIIT L k. §|/§ _ =2 €,3~1.9% ¢ o e confinement. gradient drive (not T, gradient)
, 607 04 05 05 1 B S zSM- Suto? A A st Coherent mode s sensitive to electron density « Reduction of density fluctuations is accompanied by
() r— T— T, and n, for QHS and Mirror | Plasmas 1) OHS: trarrallsport dominated by anomaloous ffects 1;00 Cingreone ] S g 159 200 250 30 Coherent modes in Mirror Il plasma improved confinement and increased plasma flow.
* () direction or current throug . ianifi Electron temperature Electron density : ) t [ms] S , . o 3.  Mirror plasmas:
auxiliary coils, which adds Slgnlflcgntly lower T, i . i (suppressed neoclassical transport) + Plasma Stored energy 25% lower  Edge density fluctuations Mode at f=(20-30)kHz is observed on g, 6% . Coherent mode observed in densitv fluctuations (and
. S — — - : y (
(subtracts ) B field to main field (T, gradients) and . e —— 2) Mirror I: transport dominated by neoclassical than that in QHS plasma z Miror . (5 5. ) mtg rferometer, maé; netic pick-up colls 8 e l magnetic fluctuations, depending on specific mirror
: : o - < - ) F 10° T el and Langmuir probes :
8213 - eﬁi)c;'l\éea;nsg:g%c field St(?l’@d energ_y for _ %1.0 gf 1 effects  Broad band fluctuations do not E 0 « Mode isgintermF;ttent, coherent g i configuration)
Mirror Cdogflguratlon di_ 05 =2 3) Plasma turbulence and flow are little changed have much differences at edge and » Mode not driven by energetic ey » broadband fluctuations and plasma flow similar to those in
helical axis of symmetry, Conventional stellarators exhibit IS Caused by Increase - - - . core, but coherent mode appears = | electrons ( mode exists for 5ms after HS plasma.
idal y g lassical ' neoclassical transport, ° °2 04,06 o8 1 % 0z 0% o5 o5 1 between the 2 different magnetic configurations for Mirror 11 plasma PP = ' ECRH) ( 4 ? CoEerent modes are observed for different
no toroidal curvature, poor neoclassica tra_nsport in : transport.  ° ' e Similarity of fluctuations, density gradient and flow R R T .+ Strong bi-coherency observed on 85 w0 w0 w0 w0 wowe w0 _ ) .
no toroidal ripple low-collisionality regime due to « Density profile is slightly hollow for Mirror configuration consistent with Case | picture ) ]SIZHE_RSMrr_\easuT?ment shows faster FlHz] Langmuir probe signals b configurations and plasma conditions
L : ; ; ; ; . ow in Mirror _ _ _ o _
magnetic field ripple Data inconsistent with T, drive for turbulence (similar to Case I) consistent with Case | picture Observed coherent may indicate existence of GAM Future work will focus on identification of fluctuations and

56" Annual Meeting of the APS Division of Plasma Physics, October 27-31, 2014, New Orleans, Louisiana relation fo fransport and lows



