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Simultaneous measurements of density and potential fluctuation
with heavy ion beam probe in the Compact Helical System
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Density and potential fluctuations are simultaneously measured, using a heavy ion beam probe, in
electron cyclotron resonance heated plasmas of the Compact Helical System. The spectra of density
and potential fluctuations are presented with radial profiles of these fluctuation amplitudes. Local
density fluctuations are evaluated by removing the path integral effect under the simplest
assumption that the correlation length of the fluctuations is infinitesimally sha200@ American
Institute of Physics[DOI: 10.1063/1.1784513

I. INTRODUCTION HIBP of CHS consists of a 200 keV accelerator and a 30°
parallel plate energy analyzer. A feature of this system is that
IA‘he beam trajectories are controlled using a secondary beam

transport since the diagnostic can measure simultaneous eep system, in addition to the standard primary beam sys-

density and potential fluctuations, even in the plasma core o m. This method gives a wider ohservation range covering

high temperature. Measurements of density fluctuations ué%lmf)l_sr']t the whc(;le plssma._ detected with lit olate det
ing a HIBP have been reported in many devices, e.g., Impu- € secondary beam Is detected with a Spiit piate detec-

rity Study Experiment Tokamak-lBISX-B),2 Torus Experi- tor in an energy analyzer. The detgcted beam curgis
ment for Technolog;(TEXT)F‘ Advanced Toroidal Facility expressed as the product of local birth rate of the secondary

(ATF),4 Compact Helical Syster(CHS),s Japanese Institute beam and attenuation of beam orbits, explicitly writtef as

A heavy ion beam probeHIBP)l is a powerful tool to
investigate the plasma fluctuations and fluctuation-drive

of Plasma Physics Torus-II Upgrad(a]IPP-TIIU),6 and

JAERI Fusion Torus-2 ModifiedJFT-2M),” while potential ly= |O<ne<012ve>>\,\,S eXp<_J ne<010e>d€1

fluctuation measurements have not been successfully Ub Ub

achieved in so many cases; the experiments of ISX-B and (o500

TEXT tokamaké® are examples of simultaneous measure- - J nev—bd%), (1)

ments of density and potential fluctuations.

In 'CHS, the HIBP.has been. used to measure malnly th?vhereld, Ve, Upy Wes Ne, 010, 0 and o, represent injected
pqtentlal_ profile and its dynamics a_md densn_y fluctuationsyegm current, electron thermal velocity, beam velocity,
with a high temporal~us) and spatial resolutiot~mm).  gample volume length, electron density, ionization rate at the
These observations contribute to understanding the bifurcasmpje volume, the ionization cross section from the first to
tion physics including transport barrier formation in toroidal ¢he gther jonized states and that from the second to the oth-
plasmas. In order to obtain further understanding of plasma,s respectively. The detected beam current fluctuations can
transport, we have developed an intense ion source 10 fullyefiect the local density fluctuations if the fluctuations on the
utilize the capabilities of the HIBP, that is, simultaneouspagm orbits(or attenuation contributiorare negligible.
measurements of density and potential fluctuations. In this ¢ energy difference between the primary and second-
articles, we present the initial results of simultaneous meas . heam current corresponds to the potential at the ioniza-
surements of density and potential fluctuations in CHS;on hoint! Hence, the detected beam energy fluctuations
plasma with electron cyclotron resonanteCR) heating, reflect the potential fluctuations. The beam energy is mea-
and discuss the path integral effect on density fluctuations. g ;red from the beam displacement on the split plate detector
Il. EXPERIMENTAL SETUP in the energy analyzer. The potential c.hal(wglebeam energy

) ) ) _ ~_ changg d¢ is related to the current difference between the

CHS' is a helical device whose major radius is ypper and bottom plates in the detectir, The minimum
R=1.0m and averaged minor radius {8)=0.2m. The potential fluctuation is expressed 8é~ D 4(8l g min/ 1) With
D, and dl g min being the dynamic range of measured poten-
Iauthor to whom correspondence should be addressed: electronic maifidl and the minimum of the detectable current difference,
nakano@nifs.ac.jp respectively.
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FIG. 1. Time evolutions of a typical ECRH plasma. The dotted and solid
lines represent the line average density measured with a interferometer, and
the detected beam current of the HIBP. The closed circles show central
electron temperature measured with Thomson scattering.

By employing the Boltzmann relatioede/ T~ dne/ ne,
the condition for the necessary beam current is written as
l4> 6l 4 min(€Dy4/ Te)(Ne/ dng). The dynamic range and the
minimum detectable current in CHS HIBP aig,=630 V
and lgmin~1 nA, respectively. By assuming that density
fluctuations are~1% with T,~100 eV (i.e., potential fluc-
tuation of~1 V), the formula gives the necessary beam cur- b) Fr;‘gency [1|f|‘3|z]
rent of I;~630 nA. On the other hand, the necessary beam
current for ~1% density fluctuation is only~100 nA.  FIG. 2. Examples of density and potential spectra=0.68.(a) The density
Therefore, larger current should be necessary for potentidiictuation spectruntblack ling and the noise specti@ray line. (b) The
fluctuations. Recent modification of the ion source increasegﬂﬁg'é?dliﬁ;t.em'a' fluctuation spectruilack ling and the noise spec-
the beam current from a few dozep#\ to ~mA. The in-
crease in the beam current enables us to obtain potential
fluctuations in addition to density fluctuation. the noise level above-200 kHz. The power of density fluc-
tuation appears larger than that of the normalized potential.
The fluctuation levels of these examples are 4.1% and 2.7%
for density and normalized potential, respectively. The level
The measurements of density and potential fluctuationsf fluctuation amplitude is evaluated by taking the square
with HIBP were performed in the magnetic configurationroot of the power density integrated from 10 to 250 kHz
with field strength of 0.88 T at the center of the vacuumwithout noise.
chamber. In the present experiments, a 53 GHz gyrotron was Fluctuation spectra for the density and the normalized
used to sustain the hydrogen plasma. Figye? ¢hows a set potential have been obtained for quite a wide range of
of typical wave forms of discharges; central electron tem-plasma radius with spatial resolution of 2.5 mm in the ECR-
peratureT, measured with Thomson scattering, line averageheated plasma that has a line-averaged density ranging from
density n, measured with an interferometer, and detectedtx 10'8 to 6x 10*® m™3, Figure 3 shows the radial profiles
beam currenty. The fluctuations are measured under steadyf fluctuation level for density and potential in the region of
state conditions, e.g., 90 m—100 ms in Figa)l p<~0.95. The fluctuation signals outsige~0.95 are be-
Figure 2 shows examples of fluctuation power spectra ofow the noise level in our measurements. The solid line in
density and potential gi~0.68. The potential fluctuation is Fig. 3 is the fitting curve with the assumed foutexd (p
normalized with the electron temperatufd.~ 170 eV) —-po)! B]. The plot includes experimental data for five differ-
measured with the Thomson scattering measurement. Thent campaigns. Both fluctuation levels show a rapid increase
HIBP data are acquired with a sampling time ofi; hence, in the plasma periphery gi> ~0.85.
the corresponding Nyquist frequency is 250 kHz. Here, a  For comparison, the normalized potential fluctuation
fluctuation spectrum is calculated using the fast Fourietevel is shown in Fig. &), where the electron temperature
transform method for data ef1 ms(that is 512 data points  profile is assumed as T.=54+1.8<10°
The spectra shown in the figures are the average of the onex{—(p/0.1.41%?] eV. The level of the normalized potential
obtained from ten sequential periods. The gain of thedluctuation suffers from uncertainty due to rather large error
current—voltage converter used for our HIBP is’ WA, bars of the Thomson scattering measurements owing to the
and the voltage of the noise correspondgt@,~1 nA. The  poor photon scattering in the low density discharges. This
noise levelggray lineg are estimated from the noise of the suggests that the fluctuation level is stationaritp.8% in
current-voltage converter. the region ofp< ~0.85 with a drastic rise in the periphery
Both spectra show broadbaiar turbulence character- of p>0.85, and that the Boltzmann relationship should be
istics. The power density decreases monotonically in theatisfied in this region; the levels of density fluctuation are
higher frequency range from70 kHz, and becomes close to ~2.2%. Note that the fluctuation level outsige-0.9 is not

250

IIl. EXPERIMENTAL RESULTS
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) under the simplest assumption that the correlation of density
) p fluctuations is infinitesimally short. The power of local den-

sity fluctuations can be obtained by solving Eg§) as an

FIG. 3. (a) The radial profile of density fluctuation amplitudgsecisely the  jntegral equation, when the ionization cross sections on the

detected beam fluctuation amplityd€b) The radial profile of potential orbits are known. The ionization cross-sections can be esti-

fluctuations normalized by electron temperature. The solid line is a fitting . : , L Lﬂgl .

curve to the data. Different symbols correspond to data taken from thénated using thg Lotz's emp-lrlcal form ! The solution can

different experimental sets performed on different days. be found after iterations with the profile of detected beam
intensity as the initial solution.

] . . Figure 4 shows an estimated profile of density fluctua-
evaluated since both error bars of the potent.|al fluctuationiyn, jevels together with the fitting curve of the beam fluc-
level and electron temperature are large. It is one of oufation profile in Fig. 3. Here, we assumed that ionization
fut.ure p!aps to investigate the validity of the Boltzmann re- ,.c arer, ~ 017 anda, ~ 05-°2, and that density profile
lationship in the periphery. is N;=5.0x 10'9 (1-p#?] m™3. The same electron tempera-

ture profile used for the normalized potential fluctuation is
assumed. The real beam trajectory of the CHS HIBP is used
IV. CONSIDERATION OF PATH INTEGRAL EFFECT for this calculation. The result indicates that the profile can

) ) ~ be significantly modified in the inner region of plasma, and
The density(or detected beam fluctuation, which is  hat the level can be-0.5%.
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