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Measurement of ion temperature and density profiles with a time-of-flight
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High beta plasmas in the anchor cell of the GAMMA 10 tandem mirror are formed by using a
fundamental ion cyclotron resonance heating. Because the closed resonance surface exists near the
midplane of the anchor cell, strongly peaked profile of the plasma pressure will be formed. To
measure the axial profiles of the ion temperature and density, a time-of-flight type neutral-particle
analyzer(TOF-NPA has been developed. TOF-NPA can detect neutral particles and photons
separately at the same time. The ion temperature and density have been evaluated from the particle
and photon signals, respectively. The peaked profile of the ion temperature within the closed
resonance surface has been confirmed.
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I. INTRODUCTION on GAMMA 10, one of the most important conditions is the

When discussing macro- and microstability in the mirrorion heating of anchor plasmas to keep MHD stability of the

devices it is important to know the plasma pressure distribu?Vhole GAMMA 10 plasmé. The frequencies of RFl, are
tion along the magnetic field line. An ion temperature of Selected as the fundamental cyclotron resonance exists near

more than 10 keV has been performed with the ion cyclotrorin€ Midplane of the anchor cell. The field strength is 0.6 T at
range of frequencylCRF) heating in the central cell of the the.mldplane and the mirror ratio is 3.3. Fast Alfvén waves
GAMMA 10 tandem mirrof Because the cyclotron reso- excited in the central cell propagate to the anchor cell. At the
nance layer exists near the midplane of the central cell, pladMN€r transition region between both cells, a part of the fast
mas with a strong pressure anisotrapyore than 19 which ~ Waves |s4%onverted to slow waves and heats ions in the an-
is defined as a ratio of perpendicular to parallel pressure t§hor cell-” It should be noted that the cyclotron resonance
the magnetic field line, have been produced. A microinstabilSurface in the minimung field configuration is closed to the
ity, for example, Alfvén ion cyclotron mode is spontaneously c€nter. _ .

excited in such plasmas with the strong pressure anisofropy. Figure 1 shows a schematic drawing of TOF-NPA,
In magnetohydrodynamig®HD) instability, for example, a which consists of a chopper disk, a flight tube, and a part_lcle
flute interchange mode depends on the critical beta ratio dfétector. Hydrogen neutral atoms and photons are emitted
the central to anchor cells, which is related to the pressurfom plasmas perpendicularly and reach to the chopper disk,
weighting on the field line with a good or bad curvature, thatWhich is located 3 m from the plasma axis. There are 24 slits
is, pressure profile in both cells. In this article, the develop-°f 0-2 mm width, which determine the energy resolution, and
ment of a time-of-flight type neutral-particle analyz&0F— 1 ¢m height at a radius of 75 mm on the chopper disk. The
NPA) installed for evaluation of ion temperature and densityrotation frequency of the disk is about 30 000 rpm. In front

profiles of the anchor cell is described. of the disk, there is a fixed slit of 0.2 mm width. The detector
can see the plasma at every 108. The chopped neutral
Il. EXPERIMENTAL SETUP atoms and photons travel 3.2 m in the flight tube and im-

) . ) pinge on a copper target of the particle detector, which is
~ GAMMA 10 is a minimumB anchored tandem mirror  hiageq at —20 kV. Secondary electrons ejected from the tar-
‘tN'tIh aﬁlsyrgrgetrlf plug/}isrtrrl]erfp(ell(;s ?t bOtt?] 6?334 _Trhet (t:re]”'get are accelerated onto an aluminized and grounded plastic
ral cell 1S 5.6 m long with the nieid strength of 9.4 T-at € geintijjator by the bias voltage. Finally, the electric signal is

midplane. Plasmas are started an_d sustained by applyingained as an output of a photomultiplier. By pivoting TOF—
ICRF pulse(RF1), of Wh'Ch frequencies are 9.9 MHeas} NPA against the magnetic field line, parameters in the axial
and 10.3 MHz(wes), with short pulse(1 mg plasma guns yirection can be measured.

from both ends and gas puffings. So-called Nagoya type-lll * £iq 10 5 shows typical time-of-flight spectra detected at
antennas, which are installed near both ends of thg Centr"E}Hree different positions in the axial direction. There are large
cell, are used for RF1 antennas. To avoid the strong interfers .\ o ¢ photons &t 0. The following particle signals give
ehnce,hth$ frequencyf Or]: the west antenlnahls slightly highe e information of the energy distribution of anchor ions. The
than the frequency of the east antenna. In the startup scenaii@eicient of the secondary electron emission has the energy
dependenc@.There are several reports on the coefficient.
3Electronic mail: ichimura@pre.tsukuba.ac.jp The error was said to be due mostly to the technique of
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FIG. 1. Schematic drawing of a TOF-NPA. Line density [ x1 017 m-z ]

FIG. 3. Amplitude of the photon signal vs line density at the midplane of the

measuring rather than to the emitter material used. This ignchor cell.

attributed to the influence of contamination on material sur-

faces. It is predicted in Ref. 7 that the data obtained by difthe relative density. Assuming the same radial profile, the

ferent investigators agrees to within 10%. density distribution in the axial direction is estimated from
Because of the high efficiency for detecting low energythe distribution of the photon signal.

neutrals, TOF—NPA is considered to be useful to measure

neutrals of whose energy is a few hundred eV and below||. EXPERIMENTAL RESULTS AND DISCUSSION

Plasmas with ion temperature in the keV range are produced

in the anchor cell of GAMMA 10. For example, the time-of-

flight of the neutral hydrogen atom with energy of 5 keV is

about 5us in the present experiment. Because the differenc

between TOF spectra from the midplane and off midplane o

the anchor cell is clear in Fig. 2, it is still useful to evaluate

the change of the energy distribution relatively. The energ

The ion temperature near the midplane of the anchor cell
can be estimated from the diamagnetism and the line density
measurements. In Fig. 4, ion temperatures deduced from

OF-NPA are plotted as a function of the value of the dia-
magnetic signal divided by the line density. The linear cor-
yrelation is confirmed in keV range plasmas.

I ) . As clearly shown in Fig. 2, the TOF spectrum from the
distribution is obtained every 1Q6s. To obtain a ;mooth ff midplane of the anchor cell shows lower temperature
eﬂerQY spectrurr|1, §umr_nmg up m_oredthfan tenhsllts IS nee_deaﬁan that from the midplane. Figure 5 shows the axial distri-
The time resolution Is determined from the averagingy tion of the ion temperatures deduced from the TOF sig-

Process. . o nals. The axial profile of the magnetic field strength and the
The photon signal becomes good indicator of the eleCiocation of the ion cyclotron resonance are indicated. It is

tron density. The energy spectrum of photons has been deeariy shown that the hot ions are confined in the resonant
duced from the measurements using several filters, each gf)here which is surrounded by the equimagnetic field
which has a different energy transmission bgmﬂhas been  girength surface. The ion temperature is almost flat near the
confirmed that the photon signals are mainly attributed t0 thenigplane and decreases abruptly at the resonant surface. The

line emissions due to light impurities. In Fig. 3, peak valuesminimumB configuration is broken outside the location in-
of the photon signal are plotted as a function of the line

density. It is clearly shown that the photon signal indicates 4
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FIG. 2. Typical time-of-flight spectra from three different axial locations. FIG. 4. lon temperatures deduced from TOF-NPA vs values of diamagne-
Distances from the midplane of the central cell are indicated. tism divided by line density at the midplane of the anchor cell.
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E.s ‘ ' 5 E tion can be evaluated from ion temperature and density pro-
s Min.-B ] files obtained along the magnetic field line. Then, the parallel
o 2 Region 4 . .

£ - pressure is calculated from the measured perpendicular pres-
£1.5 3 sure and the magnetic field configuratfbn.

z 2 T The anisotropy, the macrostability in GAMMA 10, and
2 E’ the microinstability induced from the anisotropy will be dis-
0.6 18 cussed in other articles.
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