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A multichannel spectroscopy diagnostic has been developed to study cross-field particle transport in
the radiation-dominated low-temperature plasmias{100 eV) in the H-1 heliac. The optical setup
covers the full plasma minor radius in the poloidal plane collecting light from ten parallel chords
arranged tangentially to the flux surfaces. The light collected from the plasma is coupled into optical
fibers and through interference filters into photomultipliers. Two such ten-fiber arrays are aligned
parallel to one another to allow the simultaneous monitoring of two different spectral lines. The net
radial electron particle flux is determined from the continuity equation by integrating over the
ionization source term in the steady-state partially ionized plasma. The diagnostic measures the
neutral line intensities and their ratidim case of helium using the line ratio technigund also
measures excited neutral and ion spectral liflesase of the argon plasma transport studi@s
comparative analysis of the radial particle transport in the low- and high-confinement regimes is
presented. ©2003 American Institute of Physic§DOI: 10.1063/1.1537033

I. INTRODUCTION eters to be determined using the spectroscopy diagnostic, and

. . . . show some results on the particle transport in different con-
Understanding particle transport in magnetically con-tnement regimes.

fined plasmas is important in order to improve the confine-
ment. Cpnfmement blfyrcatlons like the ones commor!ly ob—”_ DIAGNOSTIC SETUP AND METHOD
served in the H-1 heliade.g., Ref. 1 present convenient

conditions for such studies. To study the electron particle  Two linear fiber arrays whose images in the plasma are
flux in the radiation dominated, partially ionized, low- toroidaly displaced to collect light from ten radial separated
temperature plasmas of H2lye use conventional line emis- chords as shown in Fig. 1. The matrix 0k20 optical fibers
sion spectroscopy in a multichannel arrangement. The contis imaged into the plasma using camera zoom lendes (

nuity equation =35-105 mm), which allows changing the field of view
without modifications to the hardware setup. Viewing chords
r?_n V.S 1 are tangential with respect to the flux surfaces for the vertical

at ’ view and cover the full plasma radius. The viewing chord

diameter is about 16 mm=0.17a) and can be varied within
relates the particle fluk' to the local particle source ter®  the range ofAr/a=0.05-0.4 depending on the magnifica-

defined mainly by the electron-impact ionization tion. The two sets of ten optical fibefguartz, 1 mm core
diametey are optically coupled to two interference filters to
S=NeNo{0Ve)i —NeNi{oVe), . (2 monitor two different spectral lines simultaneously. Alterna-

o ~ tively, the filtering is achieved using two monochromators
Here,(oV,) are the rate coefficients for the recombination (-0 3 m, 600/1200/2400 grooves/mm gratingsstead of
(indexr) and the ionizatioriindexi) processes. In our case, the interference filters when the light throughput can be sac-
the recombination term is small and can be neglected. Thgficed for spectral line selectivity. The filtered light is then
particle flux in a cylindrical coordinate system in steady state:qypled to 20 photomultiplier tubes providing high-temporal

can be written as resolution in the microsecond range.
1 To measure the electron particle flliXr), one needs to
r . .
I(r)= _f FNe(F)Ng(r){aVe)idr. 3) determme_ the required plasma pare_lmetpe(s), Te(r), and
rJo ny(r). Using the same spectroscopic hardware setup we use

two different methods of calculating these quantities depend-
To estimatel'(r), radial profiles of the electron-density ing on the working gas, either helium or argon. The flow-
ne(r), neutral density,(r), and electron temperatuiig(r)  chart in Fig. 2 illustrates the analysis procedures for two
are necessary. In the following section, we describe the didifferent discharges.
agnostic procedure that allows the required plasma param- |n helium plasmas[Fig. 2(a)], a line intensity ratio
method ™" is used to measure the electron temperature and

aElectronic mail: horst.punzmann@anu.edu.au density. Neutral helium spectral line ratios can be reliably
PElectronic mail: michael.shats@anu.edu.au interpreted using collisional-radiative mod&This tech-
0034-6748/2003/74(3)/2048/4/$20.00 2048 © 2003 American Institute of Physics

Downloaded 11 Mar 2003 to 150.203.2.60. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp



Rev. Sci.

Instrum., Vol. 74, No. 3, March 2003

10x10 viewing chords

Plasma diagnostics 2049

20 optical e @ @“
fibers 20 PMT's
J m \
-~ FBA - spectral .
@_:: @ line filters . @j:)
- \ A2 r
viewing \ 2
. @ @ e analog amplifier
o low pass filter
o digitizer
toroidal ¢ database storage
2 e = ) .
] / ¢ signal analysis
viewing !
radial

H-1 vacuum tank

200000007

P EXR000000R

FIG. 1. Multichannel spectroscopy diagnostic setup with optional horizontal view and arrangement.0fdptical fiber matrix.

nique is used in helium plasmas with electron temperaturesinglet/singlet pairs 492.2/504.8, 501.6/492.2, 501.4/504.8,
of up to ~100 eV. We use intensity ratios of adjacent fiberand 667.8/728.1. To recover the local density and tempera-

pairs separated in the toroidal directiee Fig. 1. Several
suitable line ratios can be used, for example, Theensitive
singlet/triplet pairs X singiet/ M wiplet [NM]) 492.2/471.3, 501.6/
471.3, 504.8/471.3, and 728.1/706.5 and thesensitive

Helium plasma

neutral line neutral line

JE.G0,[E,A2)| |[E,43), [ E,(44)
! inversign = " inversion = N
Ea(ll), ED(AZ) Eo(ls), Eo(l4) neutral 11116
7 7 | B, a4
line ratio line ratio inversion =
E\ ) r oy || B o () E,(r)
E,(4;) E, (4,)
=Te(r) =n.(r) l

| ’ .

T.(r), nr), Eo(r)
= n(r)

1(D), 1o(T), <6 V.5ion => L(I') 4—‘

(a)
Argon plasma
jon line _[El(Eq.S) neutral line J' E (Eq4)
inversion =E (1) inversionrﬁEu(r)
triple probe # <R,> scalin
radial scans E;(l');lﬁer(;) i usieng 2-mmg
= T.(r) i interferometer,
T(1), ne(r), Eor)
= n,(1)
(b) n,(t), no(1), <0V,>100 => I'(T) 4—‘

FIG. 2. Analysis procedure used fa) helium and(b) argon plasmas.

ture from the line-integrated measurements, conventional in-
version techniques are used, which are based on the precom-
puted vacuum flux surfaces. The position of the last closed
flux surface(LCFS) was also cross calibrated using radially
scanable probes.

In argon plasmasgFig. 2(b)], the chord averaged emis-
sivity of the neutral and ion lines are used to calcutatand
n, using the following expressions. In the coronal approxi-
mation, which is applicable to our low-density discharges,
the chord-averaged spectral line emission in the case of an
excited neutraf is given by

I'Ng(r)-Ne(r)

Eo(p,q)=Cyp- —1I2_eX0(p’Q)/Te(r)d|,
o Te(r)

(4)

whereC, combines atomic constan{sansition probability,
line oscillator strength | is the viewing chord length, and
xo(p,q) is the excitation potential of the transitigntg. A
similar expression can be written for a singly charged ion
line

| n(r)
E,=C;- f )1/2eX1/Te(r)d|, (5)

oTe(r

whereC; is an atomic constant ang, the ionization poten-
tial. Using Eq.(5) in combination with the local temperature
profiles from the triple probes, we calculatg(r) after the
radial inversion of the chord averaged emissivity. The
ne(r) profiles are then scaled using the line average density
measured Y a 2 mminterferometer. Similarly, we can now
compute the neutral density, using Eq.(4). First the neutral

Downloaded 11 Mar 2003 to 150.203.2.60. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp



2050 Rev. Sci. Instrum., Vol. 74, No. 3, March 2003 Punzmann et al.

<ne> #47217, #47225 ne of shot #47217, #47225
1.0 - ‘ - - -
H-mode
0.8
2 o6 )
£ E
";—j 0.4 22
2 2
o 0.2 2
0.0
-0.2 . ‘ . . .
-0.02 0.00 0.02 0.04_0.06 0.08 .10 (a)
t [sec
FIG. 3. Chord-averaged electron density in the L and quiescent H mode. no of shot #47217. #47225
10 |
line emissivityE, is radially inverted and then,(r) is com- I
puted usingng(r) andTg(r). 08 |
T
I1l. EXPERIMENTAL RESULTS E 06 |
[
Experiments have been performed on the H-1 helical & 04 |
axis stellarator having a major radius Bf=1.0m and a e |
minor radius of less than 0.2 m. The experiments in argon o2 |
plasmas were performed at low-magnetic fiel@s<(0.2 T) I
using 7 MHz radio frequency heating at power levels of less 0.0 . . . . ‘
than 100 kW. Typical argon plasma parameters during the (by 00 0.2 0.4 0.6 0.8 1.0

experiments were average electron density-(0.5—-1.0) "

X 10 m~3, electron temperatur&,=(5—-40) eV, and ion FIG. 4. Reconstructeda) electron-density profiles,(r) and (b) neutral
temperaturel; = (20— 60) eV. density profilesn,(r) for L mode (doted ling and H mode(solid line).
The argon plasma at low field8(0.07 T), which we

refer to asL mode, is dominated by large coherent fluctua-qffective diffusion coefficientD o=T(r)/(drVdr), to charac-
tions. This can be seen on the lower-time trage.{~0.45  terize the transport properties of these discharges. Shown in
X 10 m~3) of the electron density signal in Fig. 3. An in- Fig. 5 are the radial profiles d; computed for many L
crease in the magnetic field leads to a transition to a CO”fin%ode(triangle and H mode discharges during a magnetic-
ment regime with significantly increased density and supfie|d scan. The particle transport in the inner half of the
pressed fluctuations. The upper-time trace in Fig. 3 shows thﬁlasma radius appears to be similar for L and H modes, up to
electron density during the so-called quiescent H modeypoyt 0.45 of the plasma radius. The large scatter of the data
((ne)=0.75x 10" m~3). points in this region points is due to the division of the flux

Reconstructed electron-density profiles from the spectrop py small (~0) density gradients, since the H mode
scopic diagnostic in these two confinement modes are shown

in Fig. 4@). The centrally peaked L mode profiles of the

: o . Deff|=flux/dnd
electron-density changes across the L-H transition to slightly 1000.0 |Dei|=flx/dnr

hollow profiles in H mode, with a significant increase in the 5 reglon of

density gradient in the outer half of the plasma radius. The ' If‘:’::":,‘:“n:‘::t

comparison of these profiles with measurements of the probe I —>

ion saturation currenitg,;, shows good agreement assuming I ‘

a flat ion temperature profile. Note thbg,pcng(Te+ T;) Y2 _ 1000 | o )

and T;>T, in H-12 Figure 4b) shows the neutral density ﬁ . A A

profile for L and H modes. The neutral density decreases by i; ° g ‘ g

a factor of 2-5 from the edge to the center in the argon = s ‘ 8

discharges. The estimate error of 15% in Fig 4a) is an a o (]

accumulation of errors in the relative channel intensity cali- 100 b g i i

bration, the error in the computation of the local emissivity ° 2 8

during the inversion process, and the tolerance in the mea- ‘ o

surements of the prob&, and the interferometen,. The o 8 8

same applies for the neutral density error, which can be up to o806 . . .

20% in Fig 4b). 000 020 040 060 080  1.00
The radial profile of the particle fluk'(r) [Eq. (3)] is va

determined using in a wide range of magnetic fielBs, FiG. 5. Effective diffusion coefficientD.| as a function of normalized
=(0.04-0.13) T, covering both L and H modes. We use theadiusr/a in L mode triangles and H mode(circles discharges.
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