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A neutral lithium beam probe for two-dimensional diagnosis of edge plasmas has been designed and
installed on the compact helical system. A lithium beam with an energy of 15 keV and a current of
0.1 mA is used. The spatial resolution is about 10 mm, and the time response is about 10 ms. The
beam penetration depth is expressed in terms of the line integral déngjtywhich is about 2

X 108 m™2. The beam injection angle can be varied and the observation point covers the edge and
separatrix region of the helical diverter configuration. Two-dimensional electron density profiles for
electron cyclotron heating and neutral beam injectidBl) heated plasmas are obtained near and
outside the last closed flux surfacgdCFS). Analysis for two-dimensional density profile
reconstruction indicates that significant amounts of surface plasma are confined outside the LCFS
for NBI plasmas even though the ergodic layer is cut by the vacuum chambe(iinialard limiter
configuration. The usefullness of this new two-dimensional diagnostic in the edge region is
demonstrated. @005 American Institute of PhysiceEDOI: 10.1063/1.1809284

I. INTRODUCTION plasma density profile is often determined by Abel inversion
of multichannel interferometers. In the case of a heliotron-
The determination of plasma parameters in the edge raype device, the chord inevitably passes the separatrix re-
gion of magnetically confined plasmas has become an impogion. Ambiguity of the electron density in this region affects
tant issue because plasma properties in the region have a k@f§e accuracy of the core density profile determination. In
role in determining the global plasma confinement. Undergrder to study the plasma structure in this area, two-
standing and controlling edge plasmas are also importarimensional measurements are essential.
from the point of view of the divertor design for fusion re- A lithium beam probe(LiBP) is one of the best tech-
actors. In nonaxisymmetric helical devices, edge magnetig;,iques for the measurement of the edge plasma density
configurations intrinsically include ergodic layer and mag-pyyofile. This method, which utilizes the emission of the in-
netic island structures. A helical device like the large hE|ica|jected neutral lithium beam by electron impact excitation
device (LHD) or the compact helical systenCHS) has a \ya5 developed by Kadott al® The LiBP can probe plas-
toroidally continuous natural divertor similar to double-null o< from the edge to the core crossing the last closed flux
X point structure in tokamaks. However the magnetic lineSqyrace( CFS) without perturbation or contamination of the
of force in this region have a chaotic behavior forming anplasma. It has been used in many magnetic confinement de-
ergodic region. The separatrix is not as clear as that in tok&zi-as such as NBT-1M, ASDEX® TEXTOR* CHS®
maks. The roles of the ergodic layer such as the screening Q/(/V”_A8,6JET,7 TEXT2 DIII-D, ® and more recently LHB°
impurities and the fueling of neutral particles have been disBut all those measurements are in one dimension along a
cussed, but no clear physical picture has been obtained. It {8 o4 peam line.
important to measure the plasma distribution and its param- | igp system that can measure two-dimensional

eters in this layer. L ) . plasma structure in the edge plasma region including the
. Measurement of plasmz_zl denery in _the separatnx regllorEeparatrix has been designed and installed on CHS. This sys-
is also important from the diagnostic point of view. The CO'®am has a beam injector with variable injection angle and a
multichannel optical detection system. Changing the beam
¥Electronic mail: nkiichi@nifs.ac.jp injection angle shot by shot, a two-dimensional beam emis-
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sion profile is obtained. Taking the related atomic processesonstant because relative velocity is determined by the
into account, the emission profile is converted to the electrofithium beam velocity in this temperature range. The effec-
density profile. tive emission rate coefficient described in Eg) includes
both contributions. The beam density is also a function of the
location in the plasma, because it suffers attenuation due to
ionization and charge exchange processes. Then the un-
known parameters in Eql) are ng(x) and n,(x). Equation

Lithium atoms injected into plasmas are excited by(1) is rewritten as follows:
collisions with plasma particles and emit photons in a series N

. . i : . (x)

of spectral lines. The intensity of Lil resonance lif2p Ne(X) = b .
-2s/670.8 nm is the strongest one among them. Let us con- No (XN Tenpr e 4TV 7
sider the situation of detecting those photons with an optical In the region that the plasma density is small and the
system of solid angl€), sampling volume/, and efficiency, beam attenuation is negligible, the beam emission intensity is
7. The number of photoni, ,(x) to be detected is described proportional to the electron density. In this case, &j.can
as simply be written as

N,p(X) _ a
nb(o)<0'emUr>efo/47TV7] <(TemUr>eff

Here a=1/ny,(0)Q)/47V7 is a proportional constant. Then

density, is the effective emission rate coefficient of . I - .
y<ae”p>eﬁ. . the electron density profile simply coincides with the beam
the resonance line, ands the distance along the beam. Here " ~ . :
emission profile.

v, is the relative velocity between plasma particles and the When the beam attenuation is not negligible, which is

lithium atom. usually the case, there are two methods to convert the beam

The number of lithium atoms at the&tate n;;_,, which o ) . . .
. o . e emission profile to the electron density profile. The first one
is the emission source of the resonance line, is primary de-

termined b o I the beam attenuation method and the other is the beam
y the balance between excitation from the grounIntensity method

state and spontaneous emissitite life time 7., of 27 ns) '

However, multiple loss processes such as ionization, charge )

exchange, excitation to upper levels, etc., also contribute t6- B€am attenuation method

its dependence on the electron density. The effective emis- When the beam is fully attenuated within the observation

sion rate coefficientoe,p,)er is defined as follows: area, the beam attenuation method can be used. Electron den-

sity n,(x) is determined by integrating thid,,(x) from the

Il. BRIEF DESCRIPTION OF LiBP SPECTROSCOPY

©)

Nup(x) = Ne(X)N(X){Tenpr e U4V 7, &) Ne(X) =

Nyp(X).  (6)
where,ng(x) is the electron density),(x) is the lithium atom

e " 7 o U
Li-p _ positionx toward the emission tail-off positioxy.
Tem e Tentr et 2 Beam attenuation due to ionization is expressed as
It is related with the plasma particles impact excitation rate LM = —ny )M (7)
coefficient from the &to 2p state as Ny(x) dx Ub
(o) where(aiw)ert is the effective ionization rate coefficient and
(Tenpr)eft = edr . (3) vy is the lithium beam velocity. Then the beam density is
1+n{(ogedr) + <0'ipvr> + {01} Tem described as

Here (oew), (0gewr) and(oi,v,) are the rate coefficient x (G0

of excitation, deexcitation, and ionization from thp &tate, Ny(X) = nboexp<— f ne(I)Mdl>. (8)
0 Up

respectively. These rate coefficients include the effects from
the electron and the ion. For example, the excitation rate  Solving for ny(x) in Eq. (1), and substituting it into Eq.

coefficient is defined as follows: (8), finally integrating fromx to x;, the beam densitgi,(X) is
alternatively expressed as
(Oer) =(Texr-) + (Texr-i), (4) g 0
Ny
where({oew;_o) is the electron impact excitation rate coeffi- Np(X) = = f dl di
cient, and{o.y,-;) is the ion impact excitation rate coeffi- X
cient. Herep,_. is the relative electron velocity ang_; is _ 1 (TionUr et
the relative ion velocity with respect to the lithium beam. ~ ) NUP(I)<UemUr>eﬁ Q4N oy \dI. (9)

In general, the LiBP is used for edge plasmas where o )

electron and ion temperatures are less than a few hundrégombining Egs(1) and(9), the electron density now can be
electron volts. Since the temperature dependence of the raf&Pressed as

coefficient for electron impact excitation is very weak in the X _

range from 10 eV to a few hundred electron volts, it is usu-  Ne(X) = M/J va(')wdl-
ally assumed to be constant. Of course, this assumption is (Tentrest X (Tentrest
broken when electron temperature becomes less than 10 eV. Now the electron density profile is determined by the
The rate coefficient for the ion impact excitation is alsoratio of the local beam emission intensity and its integration

(10)
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from the emission tail-off positioilbeam attenuation posi- 40.0 —
tion) to the observation point. No calibration is necessary, ,/ —\
which is the advantage of this method. A
Since the ratiooionv et/ (Tenr)erf IS @ function of the e
electron density, an iteration process is necessary to obtain P
the electron density profile. Assuming the ratio at the low /
density limit to be constant and giving it as an initial value, 0-0\,_
the initial density profile for iteration can simply be obtained ;
as \m
%1 T
() = ep®0o f Nl (11) < u
<Uionvr>eff X -40.0 ™~ _,
Then the final density profile is calculated from E#0) by @ 60.0 100.0 140.0
iteration.
40.0
B. Beam intensity method et _\

The other method is the beam intensity method, which
can be used when the beam is not fully attenuated within —
the observation area. The electron densitx) is derived a S
from the beam emission intensity;,(x) based on the atomic

1
M
Ny(X). .

data, sensitivity of the optical system and the beam density 0.0
For a given density profile initially, the emission inten- o
sity N,,(x) can be calculated numerically using E¢k) and T
(8), which is denoted aBJ; (X) here. It is written in terms of \\
the constanty defined in Eq(6) as -40.0 —
o) © 60.0 100.0 140.0

* (Tendr)ett * (TionUr)eft
NUP(X) - ne(x) o exp -~ ne(l) b drj. (12) FIG. 1. Poincare plots of the magnetic field line on a poloidal cross section
0 (every 45 in toroidal direction outside the LCFS fofa) R,,=0.921 m and
The electron density is determined by iteration so that théP) Rs=0.995 m.
observed emission intensity,,(x) coincides with the nu-

merically calculatedN, ;(x). , . LCFS forR,,=0.921 m andR,,=0.995 m are shown in Figs.
In general, the constant can be determined by a cali- 15 and 1b). It is noted that the starting points of the field
bration method using a gas target. A lithium beam is injecteqine trace are uniformly distributed outside the LCFS and the
into a uniform gas target with known pressure and emission,ned points are the superposition of the points on a poloi-
is detected with the same optical system. In this case absgpy ¢ross section at every %8 toroidal direction reflecting
lute values of the collisional excitation cross section anto m number of 8. The field line trace is terminated if it

number density of the target gas have to be givatterna-  (rosses the vacuum chamber wall. These figures qualitatively
tively the « can be given experimentally using the beam a, 4 ide the image of the field line ergodicity outside the

attenuation method, which method is adopted in this articl§ crs aithough it is not a direct indication of the field line
and will be described in Sec. V. connection length to the wall.

The normal operational configuration in CHS is the
IIl. EDGE MAGNETIC FIELD STRUCTURE IN CHS inward-shifted configuration aR,,=0.921 m, in which the
. . . ) , . plasma performance is generally maximized. In this case the
CHS is a low aspect ratio helical device with a majorjynaarq walls at eight positions in the toroidal direction play

radius of 1.0 m and an average _minor radius _Of 0'_2 m. T_h% role of material limiter. The ergodic layer disappears,
pole number and the toroidal period of the helical field c0|IsWhiCh is in contrast to the magnetic limiter configuration.
arel=2 andm=8, respectively. The toroidal ripple in mag-

netic field strengthe, is about 0.2 and is comparable to the
helical ripplegh near the _plasm_a edge. In CHS, a variety OfIV. EXPERIMENTAL SETUP
edge magnetic field configurations can be realized by chang-
ing the position of the magnetic axis. The two-dimensional2D)-LiBP system has been in-
The field line structures in the edge region are calculastalled on the CHS as shown in Fig. 2. The coordinate sys-
ted for two typical magnetic configurations, namely, the in-tem used here is defined as follows. Thaxis is taken as the
board limiter case and the magnetic limiter case. Eaclsame as the major radius on the equatorial plane measured
configuration is realized by an inward-shifted or outward-from the toroidal axisy. The x-y plane is defined at the
shifted magnetic axis, respectively. Poincare plots of thepoloidal cross section where the beam injection and detec-
magnetic field lines on a poloidal cross section outside théion optics are located.
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+18° X — —
N 1 Thermometer
Ion Gun
To Pump ¢ N ~ \g,) Heater
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Oscillator N < \g}—) [
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2.5m N SCsidhpsute
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=To VME N et e | O X
Yy Amplifier Aglmmum fofl \ l\lagnfetll;
3 shie
Plasma LS 25ch Accepters FIG. 4. Schematic drawing of the heat pipe-type cesium neutralizer.

neutralizer. The neutralizer is divided into a cesium cell part
that stores cesium and a neutralizing cell part that is on the
beam path. The neutralizer chamber is wound by a heater
FIG. 2. Experimental setup for the 2D-LiBP system on CHS. Two- Wire and is further covered by aluminum foil as thermal in-
dimensional profile is obtained by changing the beam injection angle shot bgulation. Its temperature is monitored by a thermocouple and
shot. kept at 180C during experiments because the ion beam is
almost neutralized at about 180 (see Fig. 3 Cesium in a
The system consists of two parts. One is a beam injecglass capsule mounted in the Cs cell part, and the glass cap-
tion system that generates and injects the neutral Li bean$ule is broken by a moveable side bar and cesium is dis-
The other is an optical detection system that observes lightlosed in the vacuum. This bar is also used as a shutter
emission from the injected Li beam by the collision with between the cesium cell and the neutralizing cell. It is
plasma particles. opened for several seconds during the timing of plasma dis-
The Li-beam injector is located on the upper side ofcharge. The neutralizer is also covered with a magnetic
the torus. The injector consists of an ion gun with a Li sourceShield made by soft iron plates. The advantage of using ce-
(6 mm diameter which is thermoionic emission-type Sium is that operation at low temperature is possible com-
B-eucryptite, with a Pierce extractor and a cylindrical lens.pared with lithium or sodium.
This section is covered with a magnetic shield in order to ~ The beam energy is selected so that it offers both ad-
prevent the effect of the CHS stray field. Figure 3 shows £duate spatial resolution and beam penetration. The spatial
schematic drawing of the beam gun. The Li beam is exJesolution is basically determined by the lifetime of the ex-
tracted from the source and accelerated and focused by ttfésed state of the Li atom. For the 15 keV beam the spatial
Pierce gun and cylindrical lens. The beam energy is in théesolution is less tham, X 7.,;= 1.7 cm and beam penetration
range from 10 to 20 keV with an equivalent neutral beamiS €xpected to be about>210* m™ of the line integrated
current of about 0.1 mA. The ion beam is neutralized in thedensity. For example, when plasma density i$°10°%, the
Cs neutralizing cell. Figure 4 shows a detail of the cesiunmPeam penetration depth is 0.2 m. The neutral beam diameter
is about 20 mm in the CHS vacuum chamber, which is 2.5 m
from the ion gun. A Faraday cup-type secondary emission

¥
Interference Filter

Gun IY;ens v, detector is located just below the CHS vacuum chamber to
Exciting V. @ fon lfourceV monitor the neutral beam intensity. The neutral current is
. eater V.
E 4' ' T T H T T T T T T T
Lfm\ o 1o} Beam energy:10kV /.—("""'
Magnetic § 0.8 . .
shield I |" ‘2 /
= °
| %06+ / 1
3\ e |
1 X-Y deflector £ ] e i
To pump <: = I%\ E I S
| :’; 0.2+ o * i
z - .
0.0 .-!‘.',/. 1 i 1 ¢ I I 1
Gate valve 20 40 60 80 100120140160 180200220
Temperature (C°)

FIG. 3. Schematic drawing of the Li beam gun. This gun consists of an iorFIG. 5. Neutralizing efficiency as a function of the cesium oven tempera-
gun with a Li source, a Pierce extractor, and cylindrical lens. ture.
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Li beam (d ~20mm) 40.0 -
Qi
I
635 )
about 8mm 3 ) §amplmg volume
0.0 —+
y (em) NI
< 4
b 1
el . ]|
~ 40800 100.0 140.0

X (cm)
FIG. 6. Schematic drawing of the light collection optics.

FIG. 7. The shadowed area is the measurable area on this system.

estimated from this secondary electron intensity assuming,ssiple sample volume location determined by the 25 opti-

the secondary emission coefficient to be unity. ~ cal couplers. Beam-line at’Gnjection angle and the sight-
Light collection optics, which detect the light emission |ine crosses at the poirik, y) =(1200 mm,0 mm

from the Lil resonance line, are located on the side port of Since the singal-to-noig&/N) ratio for the present beam

the_toru_s. The optica[ system consists of a lens, optical ﬁber?ntensity is less than onéS/N<1), the signals from APD

optical interference filters, and avalanche photodic¥€D)  yetectors are introduced to phase sensitive detectors with

detectors. Figure 6 is a picture of the optical system. Thg, \1; heam modulation. The time constant of the phase sen-
light collection lens has a diameter of 100 mm, and a focalitiye detection is 3 ms in the present measurements.
length f=179.9 mm. Twenty-five couplers for optical fibers
are prepgred on the light collection lens correspo_ndmg to 2§/ EXPERIMENTAL RESULTS
observation points along the beam. The coupler is numbered
from No. 1 to No. 25 in an order from the top. The lithium Experiments have been carried out for the inboard lim-
beam is injected from the No. 25 observation point. In otheiiter configuration, where the magnetic axis is Ry
words, No. 25 side observes outer side of the plasma and Ne.0.921 m and the magnetic field strength is 0.95 T on the
1 observes inner side of the plasma. Distance from the cowaxis. Hydrogen plasmas are produced by electron cyclotron
pler No. 13(center channel of couplerto a principal point  resonance heating with a gyrotron of 53 GHz and 170 kW.
of the light collection lens is 261.6 mm. The interval of the Neutral beam injectiofNBI) heating is additionally applied
couplers is 4 mm. Spacing of the observation points are 8.8sing two beam linegboth in the codirectionwith 40 keV
to 9.6 mm depending on the location. Eight channel opticabnd a total power of 1.3 MW. Electron cyclotron heating
fibers can select eight observation points by using eight couECH) is applied fromt=20 to 120 ms and NBI froni=80
plers among those. For each channel, seven fitheameter to 180 ms, wheré=0 is the start of the data acquisition for
of 1 mm) are packed in a line at the coupler, and the imageadiagnostic instruments. Plasma density is controlled by pre-
of the fiber cross section on the beam is roughly 2 mmprogrammed gas puff system. In the resent experiments, the
X 14 mm. The fibers are converted into a circle of 3 mmaverage electron density in the ECH phase is about 1
diameter and length of 15 m and introduced into the fiberx 10!° m=3. The average electron density in the NBI phase
box. The transmission efficiency is about 60% at 670.8 nmdepends on the heating schemes and>s18*° m™3 in the
The light is then made into a parallel ray by a plane-convexresent experiment. The core electron density profile is mea-
lens (diameter 30 mmf=60 mm). The optical interference sured with yttrium aluminum garnet laser Thomson scatter-
filter is mounted on this parallel ray region. Then, the light ising, showing flat and parabolic profiles in ECH and NBI
converged onto the APD with a preamplifier whose fre-plasmas, respectively.
guency response is de100 kHz. The measurements are carried out on a shot by shot basis
Since the angle between beam-line and sight-line is not &y changing the Li beam injection angle in the major radius
right angle, the observed emission suffers Doppler shift. Adirection. Observation areas for two different operations are
maximum Doppler shift at a beam energy of 15 keV isshown in Fig. 8. Area A is near the LCFS and area B is
0.9 nm in this system. The optical interference filters areoutside of it. These measurements were performed on differ-
selected with the center wavelength of 670.4 nm, bandwidtlent days. Therefore, plasma parameters for the two cases
of 2 nm, and peak transmission of about 65%. may not necessarily be the same. Figure 9 shows an example
The injection beam line angle can be varied betweerof light emission from the Lil resonance line for channel 17
+18 and -18 in the major radius direction. A two- with a beam line injection angle of —14the observation
dimensional profile is obtained by changing the beam injecpoint is indicated in Fig. 8 Since the signal level is almost
tion angle shot by shot. A shaded area in Fig. 7 indicates theonstant both during the ECH and NBI phases, the emission
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FIG. 10. Spatial distribution of the beam emission intensity for ECH and
FIG. 8. The map of observation areas in the present experiments. The mefB| plasma along the beam path with injection angle of —14°.
surement is performed in areas A and B.

intensity averaged over 20 ms is used for 2D mapping showheam is fully attenuated within the observation area. Then
later. It is noted that the remarkable increase of the emissiothe density profile can be reconstructed using the beam at-
intensity at the start of the NBI phase is primarily due to thetenuation method. For example, in the NBI discharge shown
increase of electron density near the LCFS. A signal from an Fig. 10, the emission intensity disappears completely near
killer puff, which is introduced to prevent high-energy elec- channel No. 7. An initial estimate of the zeroth-order density
tron production during the turnoff phase of the helical coils,profile is first calculated using E@l1) . Then a more accu-
is also detected at arouné 450 ms. An expanded signal at rate density profile is calculated iteratively using Efj0)
this phase is also shown in the same figure. The emissioith effective rate coefficients given by the zeroth-order den-
signal comes from collisions with neutral hydrogen gas.sity profile.
Since the hydrogen gas distribution becomes uniform in a When the emission profile is not measured completely
short period of time, the relative sensitivity between channelsyithin an observation range, the beam intensity method is
can be calibrated during the shot. used to reconstruct the electron density. In this method, gas
Figure 10 shows sample spatial distributions of the beangalibration is necessary, in principle, to derive the value of
emission intensity for ECH and NBI plasmas along the in-sensitivity of the optical system as described in Sec. Il B.
jected beam path with an injection angle of ©14he  However, since the density distribution was already calcu-
lithium beam is injected from the large channel number sidejated by the beam attenuation method for the NBI plasma in
Those data were obtained from the three discharges with th@is experiment, this sensitivity calibration can be skipped.
same conditions, since our detector system has only eighthe proportional constant in Eq. (12) can be determined
channels at the moment. Beam attenuation is observed bo#ixperimentally from the data in the region of low density.
in the ECH and NBI phases. Figure 11 shows the relation between the electron density

The electron density is reconstructed from these emisand the beam emission intensity in the low density region.
sion profiles. When the plasma density is large, the lithium

25 ' o ‘ ' (x 10" cm's)
_ 025 ] ' I I I
a 201 ﬂ £ o2 Low density region
E l 5 ! E 0.15 |
g . E I! %‘ 0.10 %‘ 021 i
; E ; _E 0.05 ] 5
; LO; s LIRS oy o o.s(o ) 055 0.60 ':
Z 0.5t Signal from killer puff - £ 01t * |
g = 0.
= =
o . - H
00 01 02 03 04 05 06 0.0 ‘ . . .
-0 1 2 3 4 5

Time (sec.)
Emission intensity (arb.units)
FIG. 9. An example of raw data of a light emission signal of the Lil reso-
nance line taken at the Channel No. 17 with the beam injection angle oFIG. 11. Relation between emission intensity and election density at a low
—14°.(See the beam line and the channel position shown as a dot in Fig. 8density region where beam attenuation is negligible. The electron density is
An inserted figure is an enlargement of the signal from the killer puff. obtained by the beam attenuation method.
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FIG. 13. Two-dimensional profiles of the electron density reconstructed
from the data in Fig. 12 fofa) ECH plasma andb) NBI plasma.

plasma is distributed inside the LCFS. While, in the NBI

The reconstructed density loses accuracy in the innephase, plasma is even distributed outside the LCFS.

Next, measurements are extended to the outer region
sity profile is very sensitive to only a few percent experimen-(area B. A two-dimensional map of the beam emission in-
tal error as well as inaccuracy in the atomic data when theensity for the NBI phase is shown in Fig. 14, which was
beam attenuation is severe. In this study, the adaptation rarabtained in similar discharge conditions as before but on a
in the beam attenuation method can be applied in the regiodifferent day. Figure 15 shows the two-dimensional electron
from the edge to the position where the emission peaks. Theensity profile during the at NBI phase. It is again shown

region of the plasma. This is because the reconstructed den-

beam intensity method can be applied for the plasma density
up to 2x 10 m=3, which is determined by comparison with
the beam attenuation method.

Two-dimensional profiles of the beam emission intensity
near the LCFSarea A are shown in Fig. 1@) for the ECH
phase and Fig. 1B) for the NBI. Smooth contour of the
emission intensity along the LCFS are observed in the ECH
phase. However, the contours are shifted down by roughly
2 cm. The contours deviate from the flux surfaces in the core
region due to beam attenuation. The peak of the beam emis-
sion intensity roughly follows the LCFS in the NBI phase
and rapidly decreases toward the core, suggesting a higher
density plasma toward the LCFS. It is also noted that plasma
is clearly observed outside the LCFS and that this plasma is
spreading in the direction of the separatrix region. Two-
dimensional profiles of the electron density, reconstructed
from the data of Fig. 12 are shown in Fig.(&48for the ECH

¥ (mm)

! 1 1 1 1 1
1160 1180 1200 1220 1240 1260 1280
x {mm)

1300

FIG. 14. Two-dimensional profile of the beam emission intensity outside of

phase and Fig. 1B) for the NBI plasma. In the ECH phase, the LCFS in NBI phasg(Observed in area B shown in Fig)8.
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shortening of the time of flight in NBI plasmas. The 2D

— ‘ ' ' §_(1)g§cni3 electron density profiles shown here do not include the shift
RN 2700 of the observation point due to the time of flight. The effect
104 \\_\ | 2.400 of this shift and its dependence on density should be consid-
N\ 2.100 ered for more detailed discussion.
. S0 On CHS, electron temperature becomes less than 10 eV
g outside of the LCFS for NBI plasmaé.For example, when
s the electron density is X 10 m™3, the value of the emis-
sion rate coefficient for a 5 eV plasma becomes about 66%
5 of the value for a 20 eV plasma. In the low electron tempera-
/ ture region, a detailed Te profile measurement is necessary
/' which is not possible with LiBP only. Collaboration with
1601050 1100 1150 1200 1250 other diagnostics is under discussion. Then density profile

FIG. 15. Two-dimensional profile of the electron density reconstructed from

X {mm)

the data in Fig. 14 for NBI plasma.

reconstruction will be improved.
The reconstructed electron density at the LCFS seems
1.5 times as large as that roughly estimated from the core

density profile measured by the Thomson scattering and the
line integrated density by the 2 mm interferometer. Effects
'&ich as the effectiva are under consideration, but a reason-
able answer has not been found yet.
The experimental data suggests that the ECH plasma is
V1. DISCUSSION confined inside the LCFS, since plasmas with density above
In the previous section, several examples of two-10'®m™ do not exist outside of the LCFS. In contrast, the
dimensional electron density profile measurement in the edgdBl plasma is spreading toward the separatrix region and
and separatrix region of helical device CHS using the lithiumnoticeable amount of plasma is confined in this ergodic re-
neutral beam probe are introduced. This is the first demorgion in spite of the inboard limiter configuration. Plasma
stration of two-dimensional diagnostic of density profileswith density of 18° m™3 even exists 4 cm beyond the LCFS
with the LiBP. There still remain several issues to be im-along the equatorial plane. On the CHS, the field line length
proved, which will be discussed below. just outside the LCFS is about 3 m because the rotational
Relative sensitivities between channels are calibrated byransform:/ 2 is almost unity at this area and there are four
detecting signals at the Killer puff phase, where the Lil emis-mirror structures. A part of plasma that escapes to outside
sion signals are caused by collisions with uniformly filled LCFS is trapped in those mirrors. Therefore the plasma is not
neutral hydrogen gas. This method alleviates the need fonecessarily lost immediately, even though the magnetic con-
monitoring the absolute value or gradual change of the bearfiguration has an inboard limiter. Comparison of plasma
intensity during the day. Actually it is not easy to measurestructure in this region between the inbord limiter configura-
the beam intensity accurately in the presence of the magnetion and the magnetic limiter configuration is planned near
field. On the other hand, because of a rather small signduture. These studies will be useful for actual design of the
level at the killer puff phase in the present experiments, theliverter in heliotron type devices.
calibration data fluctuate by up to 10%. The resultant fluc-  Since the beam current is presently in the range of
tuation of the relative sensitivities is the major source 0f0.05—-0.1 mA with the 6 mm diameter ion source and the
error in the determination of the 2D beam emission profilesphase sensitive detection method is adopted, the time re-
Additional gas puffing near the LiBP port is being plannedsponse is limited to 3 ms at the moment. Improvement of the
on order to improve the calibration accuracy. signal-to-noise ratio is necessary to extend the time response
The spatial resolution is determined by the effective life-by removing the phase sensitive detection. Actually, a 10 mA
time of the lithium 2 state. When collisions are rare, it is class lithium beam with a larger diamef@+ucriptite source
determined roughly by, X 7which is 1.7 cm for the 15 keV  has been developed by D. M. Thomas and is used for fluc-
beam. This time of flight also affects the shift of the obser-tuation study up to 100 kHz randeThe installation of a
vation point. The observed shift of the emission profile con-arger ion gun with movable beam injector is being planned
tour near the LCFS in ECH phase by 2 cm is consistent witho extend our diagnostic capabilities to study magnetohydro-
this estimate. On the contrary, in the higher density NBldynamics around the LCFS.
phase, multiple processes become important due to more fre-
quent collisions, making the effective lifetime shorter. Then 1?(-)1Klaigt7a, K. Tsuchida, Y. Kawasumi, and J. Fujita, Plasma Pi2g.
the. spatlal re.SOIUtlon should be b?tter and the Sh.lﬂ of th.ezH. Igl(Jchi,&k. Takagi, K. Takasugi, T. Shoji, M. Hosokawa, M. Fujiwara,
emission profile should be less. This effect was estimated in 504k 1kegami, Rev. Sci. Instruns6, 1056(1985.
detail by McCormicket al. using a collisional-radiative k. McCormick and ASDEX team, Rev. Sci. Instrurbs, 1063 (1985).
model for the atomic processes, and their result showed thatA. Pospieszyk, F. Aumayr, H. L. Bay, E. Hintz, P. Leismann, Y. T. Lie, G.
the spatial resolution is 0.5 cm or less even for a higher (i'ZSF;i’;;’S'?"l(Figgg“'dt' R. P. Schweer, and H. Winter, J. Nucl. Mater.
energy beam of 30~70 ke¥.Such calculation has not been sg Sasaki, S. Takamura, M. Ueda, H. Iguchi, J. Fujita, and K. Kadota, Rev.
done yet for our data, but it is reasonable to assume a similarsci. Instrum. 64, 1699(1993.

that plasma spreads outside the LCFS toward the separat
region, consistent with the previous observation.
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