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Visible radiation of Balmer H ~line has been spectroscopically
investigated on hydrogen tokamak plasmas in JFI-2a device with toroidal
magnetic field 10 kG, plasma current 15 kA and ratio of divertor to plasma
currents 1.1. The profiles of Hy-line were measured on the equatorial
plane horizontally along both perpendicular and tangential paths to the
toroidal magnetic field, and vertically along different three paths in
the minor cross-section. The typical measured profiles are interpreted in
terms of the doppler broadening at line wings due to high-temperature
hydrogen atoms originating through the resonance'charge—exchange process
and the doppler broadening at the line center due to low-temperature
particles corresponding to Franck-Condon neutrals from dissociation of
molecular hydrogen neutrals or ions. The peak value of doppler temperature
for the hot particles is approximately 50 eV, and temperature of the cold
neutrals is a few--several eV. It is noticed that equal temperatures are
obtained in measurements along perpendicular and tangential directions to
the toroidal magnetic field. Distributiens in the minor cross-section of
photon numbers of Hy-line are measured, from which the confinement time of

charged particles is determined to be 0.5--2.5 msec.
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1. INTRODUCTION

The spectroscopic measurements on high-temperature tokamak plasmas
provide important information for the following physical quantities.
That is,
(a) doppler temperatures of spectral lines emitted from resulting
impurities and operating gases, i.e., hydrogen, deuterium or helium atoms
(or ions),
{(b) confinement times of charged particles and densities of operating-gas
atoms from measurements of absolute intensities of spectral lines emitted
from operating gases,
(c) radiation losses emitted from hot plasmas, quantities of impurities
and the effective plasma charge from absolute measurements of impurity
lines, and
{(d) transports of impurity-ions.
The present paper is the first report of spectroscopic investigations on
JFT-2a device in JAERI, which is describing measurements on broadenings
and doppler temperatures of Balmer H,-line, confinement times of charged
particles and neutral-hydrogen atom densities. Results of impurity studies
(mainly on light elements such as oxygen, carbon and nitrogen) from
measurements in a vacuum—ultra-vioclet region will be published in ref. 1.
Up to now a few works have been reported on measurements of doppler
temperatures for hot tokamak plasmas.z_”) The first measurement of doppler
temperatures on tokamak plasmas was reported by Mirmov and Semenov.z)
They measured the doppler profiles of Hy-line emitted from hydrogen-atoms
which were added in a short pulse to deuterium plasmas in T-3 device. 1In
their report the measured doppler temperatures were from 50 to 150 eV and
from 0.5 to 0.7 of ion temperatures determined from energy spectra of
charge-exchanged, neutral particles. Dimock et al.3) determined in
Princeton ST tokamak device the distribution of ion temperatures from
measurements of doppler temperatures of CIV(1548 ﬁ) and OVII(1623 ﬁ) lines
which were located in specified positions of a minor cross-section and the
central temperature from neutral-particle energy spectra. Emission
spectra of hydrogen-atoms on ORMAK device in ORNL were measured with a
rapid-scanning spectrometer by McNally and Neidigh,”) which were charac-
teristic of the initial proton motions prior to the charge-exchange process
and doppler-broadened in the wings of the spectral lines. The doppler

temperatures 70 -- 250 eV from broadenings of hydrogen-atom lines were
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less than those from CIII, CIV and OV lines in their measurements.

In tokamak plasmas the confinement times of charged particles are
usually deduced frow measurements of electron densities and ionization
rates of neutral-hydrogen or operating atoms by using a straightforward,
particle-balance equation of charged particles.3’5*”7) The ionization
rates can be estimateds’g) from absolute photon numbers of a spectral line
of operating gases and calculations based on the collisional-radiative
model.lo) Some papers described significant effects due to ionizations of
impurities on the confinement times of charged particles.Ssll) However,
many related works have often adopted the particle confinement times
which are determined by meglecting the effects of impurities, in order to
evaluate confinement times of particles in individual tokamak devices.

We also present the (apparent) particle confinement time on JFT-2a plasmas
in the present report.

We will present briefly JFT-2a device and experimental arrangements
in the next section. In Section 3, experimental results will be mentioned
on doppler broadenings and photon numbers of Hy-line and the confinement
times of charged particles. Section 4 is devoted to some discussions on
comparisons between doppler temperatures and proton temperatures and on

influences of impurity-ionizations on the particle confinement times.

Finally, we are going to summarize the present studies on JFT-2a plasmas.
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2. JFT-2a DEVICE AND EXPERIMENTAL ARRANGEMENTS

The JFT-2a device is a non-circular tokamak with fundamental para-
meters of the maximum torcidal magnetic field 10 kG, major radius 60 cm,
treadrop-like minor cross-section 10.5 cm x 14 cm in radius (of the shell),
plasma current Ip = 25 kA, and divertor current Ip = (1.1 —— 1.4) Tp. The
detailed descriptions of the device have been reported in ref. 12. The
typical hydrogen~-plasma parameters are follows, 1.e., the average
electron density is about 1013 cm_a, and the central electron and ion
temperatures are approximately 200 eV and 100 eV respectivelylzc) from
measurements on Thomson scattering of a ruby laser light and energy
spectra of charge-exchanged, hydrogen atoms.

Figure 1 shows a plan view of JFT-2a device.1?) In the present
experiments a 100 c¢m Czerney-Turner spectrometer (SPEX 1802) is used to
determine broadened profiles and total intensities of Balmer Ha—line. The
spectrometer is placed on the equatorial plane to observe through D5 port
horizontally the H,-line intensities integrated along both perpendicular
and tangential directions to the toroidal magnetic field by using an
optical mirror, in order to compare the perpendicular, doppler temperatures
with the parallel temperatures. To determine spatial distributions of
broadenings and intensities of Hy—line in the minor cross-section, the
spectrometer is alsc able to measure vertically the integrated intensities
along different vertical paths through D;II port by using an additional
optical system. Total intensities of H,-line are measured horizontally
on the equatorial plane along perpendicular directions to the toroidal
field through side ports D5, D,IT and D4, in order to confirm the
inhomogeneity in the torecidal direction. Through D5 port, the total
intensities are also observed along two tangential directions to the
toroidal field. One of these tangential optical paths aims at the center
in the minor cross-section, whose toroidal position is one furnished with
a limiter as shown in the figure. Microwave interferometers operating at
70 GHy-band are used to meaéure through D11 port the electron densities
averaged along five vertical paths, R = 45, 51, 57, 63 and 69 cm with the

major radius R.
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3. EXPERIMENTAL RESULTS

3.1 Plasma parameters

Figure 2 provides basic plasma parameters under the typical operating
conditionuc) of JFT-2a device, i.e., the toroidal magnetic field By =10 kG,
peak plasma current Ip = 15 kA, and ratio of divertor current to plasma
current ID/Ip = 1.1. In the figure are shown time evolutions of the
electron density averaged along a vertical path R = 63 cm with a 70 GHz-
wave interferometer, lcop voltage, Ip + Ip, and Ip for the filling pres-

sures in plenums of fast acting valvesl?a) 132 Torr in Hj.

x10'2 /cm?
10.0 Efectron density
(a) Bt = +10KG
Ip/lp=1.1
5.0 132 Torr {H2}
in plenums
i 1 L A L L L
10 20 3. 40
time,m sec
v
Loop voltage
12
(b) g}
4q |
L I 1 1 i L L L
10 20 30 40
time, m sec
18.35 KA/ div
ID + Ip
(c ) _/-\\
. ’ 1 | L 1 1 |
10 20 ] 40
time, m sec
7.33 KA/div
. Ip
(d) i
’ 1 1 1 1 1 L
10 20 30 40

time, msec

Fig. 2 Time evolutions of the electron demsity averaged along
R=63 cm (a), loop voltage (b), divertor current plus
plasma current ID+Ip {c), and divertor current Ip (d).
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3.2 Doppler profile of Hy-line radiated from charge-exchanged, hydrogen

atoms

The doppler profile I(4X) of a spectral line radiated from particles

with the Maxwellian velocity-distribution of a temperature T is expressed

by the following'equation.1331“)
Te Y
I{AN) = 7 rexp [F(—)7] e (1)
Ak Arp
with s \
- .0 0 ,2RT,1/2 ‘
AX - == = —- (/=) e —— 2
D c Vr . = (2)

where I; is the total intensity of the spectral line, AX the displacement
of wavelength from the line center };, c the light velocity, Vg the
thermal velocity of the radiating particles, R the gas constant, and u the
atomic weight of the radiating particles. The full width AXD(1/2> of the
spectral line at a half of the maximum intensity is given by a well-known

equation, i.e.,

Eiﬁyl]l/z ____________ (3)

mp(1/2) = 7.70x1075hg |
From Egs. (1) and (2), a semi-logarithmic plot of intensity profile I(aN)
versus (AX)2 gives a straight line corresponding to the temperature T of
the radiating particles.

Figures 3(A) and (B) provide the measured profiles of Balmer Hy-line
(hg = 6562.8 Z) in a linear plot at 7 msec and at 8 msec after a breakdown
of JFT-2a discharge. These profiles are obtained by scanning a wavelength
of the spectrometer and by assuming the shot-to-shot reproducibility of
the plasma. The intensity is observed horizontally on the equatorial plane
along the central major-radius direction (perpendicularly to the toroidal
magnetic field). It is found from these figures that the observed profile
consists of a bright, peaked component at the line center and a broad,
high-energy component at the line wings superposed on the central narrow
intensity.

The semi-logarithmic plots of these profiles are shown in Figs. &4(A)
and (B), where the results measured for a few plasma-shots under the same
operating condition are also presented to confirm the shet~to-shot '
reproducibility of the plasma. These figures show clearly that there are

the cold component with a few -- several eV and the hot portion of about

-6 -
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50 eV (full half-width = 3.5 3). For example, in Fig. 4(A) the tempera-
tures of cold and het portions are (1.5 -- 6.5) eV and 46.8 + 5,% eV
respectively. In determining the temperatures a correction due to an
instrumental width of the spectrometer is necessary, particularly for the

cold component. The instrumental correction is given by the relation,

(Aed)2 = (Ag0)% = (ByN)?  mmmmmmmmemmmmmmmoeee (4)
if the true shape of the line and instrumental profile are both Gaussian.!")
In the equation, A¢hx is the true half-width, 4 % the apparent, measured
half-width, and 44} the instrumental half-width of the spectrometer. In
the present experiments the typical value of A;} is about 0.66 K, which
corresponds to the temperature of 1.7 eV.

The central portion of observed profiles is interpreted to be due to
Franck-Condon neutrals from dissociaticns of molecular hydrogen neutrals
or ions originating near the plasma surface. And broadenings at the line
wings may indicate preferably contributions from the hot atoms, which are
produced through the resonant charge-exchange preocess. In other words,
the broadened profiles observed at the wings are coming from doppler
broadenings of H,-line emitted from charge-exchanged, hot atoms. Hence
one can infer the temperatures of protons in the deeper position of the
plasma from observed spectra at the wings. However, such spectra of
hydrogen—-atom lines (integrated along an observing optical path) do not
seem to provide a local value of proton temperature at a specified
position because of radial distributions of proton temperature and spectral
intensity. A spectral line radiating from impurities which are located
within a peculiar position is useful teo determine a local temperature at
the position, as mentioned in ref. 3.

The effects of normal Stark broadenings due to microfields produced
by charged particles are negligibly too small to be observed in these
meagurements. The full half-width of the normal Stark breoadenings Aks(llz)
is given, for example, by the following equation,

AAS(1/2) ~ (__EE__)Zfa __________________ (5)15)

5x210%5

o .
with Als(l/z) in A and the electron density ng in cm™3 for plasmas with
temperatures a few eV. TFor ng < 10'3 em™3 in the present experiments, the

value of Adg(l/?Dbecomes less than 1.5 x 1072 A which is much smaller than

-9 -
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full half-widths (=1 A) even for the central, peaked profiles. In the
estimation of Als(lf-) given by Eq. (5), ions are assumed to be singly
ionized. TFor a case where effects of highly-ionized impurities are
important, some corrections should be necessary to the equation. Since a
correction of Stark broadening due to iong with their charge Z is of the
order z1/3 ana by assuming that the effective charge of JFT-2a plasma
Zeff(ZB)(*) provides equivalently the value of Z, the values of Ahs(l/z)
do not seem teo exceed 2.5 x 1072 A under the present experiments.
Accordingly, contributions from Stark breadenings can be neglected in

observed profiles.

3.3 Doppler temperature of Hy-line

Figure 5 shows the time evolution of doppler (perpendicular) tempera-
ture TJ measured with the spectrometer, which observes horizontally the
plasma center along the major-radius direction on the equatorial plane.
Poor ratio of signals to noises prevent one from measuring doppler
temperatures after 14 msec, when the central, average electron densities
decrease down less thanm 4 x 1012 c¢m™? (as shown in Fig. 2(a)). Although
cold neutrals have nearly constant temperatures (2 -- 5 eV), the doppler
temperature of charge-exchanged, hydrogen atoms rises with time and
attains to its maximum value 56 eV at 10 -- 12 msec.

Doppler profiles of Hy-line are also measured horizontally along the
troidal magnetic field direction. In the measurements the spectrometer
is positioned to observe integrated intensities along a tangential optical
path which aims at the plasma center on the equatorial plane. Since
emission spectra of charge-exchanged atoms are characteristic of the
initial proton motions prior to the charge-exchange process, tangential
(doppler) profiles represent parallel velocity-distributions of protons In
the direction of tor>idal magnetic field. Figures 6(A) and (B) indicate
measured, tangential profiles in a linear and semi-logarithmic plots
respectively. It is found that these tangential profiles have the same
characteristics as perpendicular ones presented in Figs. 3 and 4. The
time evolution of parallel temperature T; 1is shown in Fig. 7, which is

found to be very similar te Fig. 5. 1In particular, the values of doppler

(#) This value of Zg¢r is deduced from the electron temperature from
laser-scattering measurements and the conductivity temperature from the

plasma current and loop veltage.

- 10 -
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temperatures T, and T, on charge-exchanged, hot atoms accord fairly each
other within a few percents. It is seen from Figs. 5 and 7 that protons
seem to have isotropic velocity-distributions to the magnetic field
direction. Measurements along different vertical paths permit one to
obtain some information on radial distributions of temperature. Figure 8
shows spatial (horizontal) distributions of measured doppler temperature
on charge-exchanged atoms at 6, 8 and 12 msec. These distributicns do not
’ seem to indicate directly distributions of proton temperature because of
spatial inhomogeneities in physical quantities. The dotted curves shown

v in the figure represent a relation written by
Tp(X) = Tp(O) [l - (X/a)*] S — (6)

with X = (R - 60) cm and the minor radius a which is here assumed to be
11 c¢m. Horizontal distributions of doppler temperatures seem to accord
with Eq. (6). The squares indicated in the graph at 8 msec of the figure
are deduced by utilizing numerical calculations on the transport equation

of neutral atoms, which is described in Section 4.1.

B = + 10 KG
ID/IP = 1 1 7. e

132 Torr {Hz) ‘ BtL

70 -

6C -

eV
n
o)

T

= 40 |-

30

T

20

t, msec

Fig. 5 Time evolution of perpendicular, doppler temperature T.

- 11 -
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3.4 Photon numbers of H,-line and confinement times of charged particles

Figure 9 shows spatial distributions in the minor cross—section of
integrated, total i-tensities of Hy-line measured vertically. In the
figure the abscissa is the horizontal position on the equatorial plane, and
the ordinate provide the integrated, spectral intensity or photon number
which is absolutely calibrated with a standard tangsten lamp. Scatters of
integrated, total intensities measured perpendicularly at three different
positions in the toroidal direction through D5, D;IT and D& ports are found
to be limited within abecut ten percents. Measurements through D5 port
along two tangential paths show that the total Intensity integrated along
the tangential path observing the center in the miner cross—secticn whaose
toroidal position is one furnished with a limiter also accords with that
along another tangential path within ten percents.

The following equation has been often used to evaluate the confinement

time of charged particles Tps by neglecting influences of impurity-

ionizations.
0
-
B dne (7a}
LT
or
[ ngdS
= - ey T (7b)
rregds - 30eds
dt

where ng is an average electron density, dS an area element in the minor

cross-section and iy = J+§ is the ionizaticn numbers of hydrogen atoms

per cubic centimeter and per second with the pboton number J of hydrogen

lines and the ionization rate £ per photon number. Figure 10 presents the
time evolution cf the average density which is deduced from dividing
electron numbers per unit length of toroldal direction by an area of the
minor cross-section. In the present report the value of £ for Hy-line is
adopted to be 109 and assumed to be approximately constant over the minor
cross—-section. Figure 11 provides the ionization numbers per second and
per unit length of toreidal direction Iy = [J+&dS = £+/JdS. The solid

lines of Fig. 12 shows the time evelution of Tp determined from Figs. 10

and 11 by using Eq. (7b). The values of these apparent confinement times

Tp of charged particles are found to be 0.5 -~ 2.5 msec. The energy
confinement time is estimated to be 0.7 msec at § —— 9 msac,lzc) when the
particle confinement time is 1.2 -- 1.5 msec. The average density of

- 14 -
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hydrogen atoms at 8 -- 10 msec are about 109 c¢m ? determined from Fig. 9

by using calculationsg) on the collisional-radiative model.

I | [ | I
e 0.0,
@ 30} i0. .
N o
‘?‘E "
O 'E
. |8 ]
& v
'?o 180 O
< x
w
z 2.0} z
-
! 160 7
T T
& S
@
> L
[ 4140 @
2] =
= 5
'}"—J 1.0+ z
= =
O
z ¢
|_O_. “20 o
O | | 1 I 1 ] O
45 50 55 60 65 70

R , ¢m

Fig. 9 1Integrated, total intensity of Hy-line
measured vertically. (These data are
not inverse-transformed)
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Fig. 12 Time evolution of the particle confinement time
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4., DISCUSSTONS

4.1 Comparisons between doppler temperatures and proton temperatures
from energy spectra of charge-exchanged atoms
In the present experiments simultaneous measurements are performed
of proton temperatures from energy spectra of charge-exchanged atoms with

a 10-channel neutral particle energy analyser.ls) Figure 13 shows

x10" /cm?
~JFT-2a 100
By =+10KG Electrom density
= {averaged olong
L/Tp=11 50 R=63cm)
132 Torr (Hg!
in pienums . 55 5 =
T {eV) v 1c time, msec
. 12k Loep voltage
150 al
L 3l
- 1 | H | 1 | L
10 20 30, 40
|8.35_KA/dw time, m sec
1 H L L i " 1 L
100 0 20 3Q . 40
ime, msec

501

3 6 9 12 15 18 21 24 27 30

TIME, m sec

Fig. 13 Compariscns of time evolutions between proton
temperatures T; and doppler temperatures TD.17)

comparisons of time evolutions between proton temperatures Ti and deppler
temperatures Tp of the hot component in observed profiles. The doppler
temperatures are found to be approximately a half of the proton tempera-
tures. The proton temperatures are determined with the 10-ch energy
analyser, which observes the plasma center horizontally on the equatorial
plane. The spatial resolution in determining the proton temperatures on
JF¥FT-2a plasmas is approximately 3.0 cm in the plasma center. The time
evolution of Tp in the figure is again drawn from Fig. 5.

The values of proton temperatures 60 -- 110 €V shown in Fig. 13 are

determined from energy spectra In a range between 400 eV and 800 eV of
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neutral atoms, as mentioned in ref. 16. Since energy spectra in the
energy range of 400 eV £ E £ 800 eV are particularly representative of
contributions from charge-exchanged, hot particles in the central region
of plasma column, these proton temperatures may indicate preferably the
central values. Ir measurements of profiles of H,-line, on the other hand,
doppler temperatures on the hot components are determined from observed
broadenings at the displacement from the line center A) of between 1.5 A
and 3.5 R, for example, as shown in Fig. 4(A). The range of 1.5 A £ A S
3.5 A is corresponding to an energy range from 24.5 eV to 130 eV.

Therefore it seems most plausible to consider that the observed profiles

at the wings result from the contributions of doppler broadenings due to
charge—exchanged, hot atoms whose temperatures are distributed over an
range from a few ten eV to about one hundred eV because of their spatial
distributions.

Recently, Azumi and Takizukal”) have presented resonable inter-
pretation of the apparent difference between the values of T3 and Tp from
numerical calculations on the transportation of neutral-hydrogen atoms by
solving the Boltzman equation of neutral particles through Monte-Carlo
method and bv considering the charge-exchange and ionization processes.
According to their calculation, the cbserved profiles of Hy-line are
explained to reflect hydrogen atoms in off-center warm layers as well as
the central hot region at the wings of H,—line and to be originating from
Franck-Condon neutrals with their temperatures of a few —— several eV
near at the line center. They have also given a spatial distribution of
doppler temperatures, which is successfully consistent with the experi-
mental one, as shown in Fig. 8. For example, the calculated values at 8
msec are 40 eV and 30 eV at R = 60 c¢cm and 68 cm (or 52 cm) respectively.
These calculated values are simulated from the central proton temperature
100 eV (determined from energy spectra of hot atoms), electron temperature
200 eVlZ)(from,8cattered intensities of a ruby light) and averaged
electron density 1 x 10!3 cm™? and by assuming appropriate distributions
of above-mentioned quantities. These results might indicate that combina-
tions these numerical calculations with observed profiles of hydrogen lines
seem to provide a helpful method to determine real distributions of proton

temperature in tokamak-plasmas.

4.2 iInfluences of impurity-ionizations on the confirement times of

charged particles
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Considering ionizations of impurities existing in tokamak plasmas,
the confinement times of charged particles should be corrected. Equation

(7a) should be replaced by the following, corrected equation, i.e.,

ne
. = — (8)
b dng
iH + EiI - —
dt

where Zi; is the summation of ionization rates of impurities. Recent

spectroscopic measurements on the JFT-2a plasma in a vacuum-ultra-violet,
normal-incidence region have shown that a dominant element of light gas-
impurities is oxygen whose concentration is at most a few percents of proton

density.l) Here Iiy is taken to be
Pip = nen(0¥5)s(546) 0 —mmmmmmmmemmmm————e (9

In this equation, n(0t%) is the density of oxygen ions in the 5-th ionized
state, and S(5+6) rate coefficient of oxygen ionizations from the 5-th to
6-th ionized state. The values of iy, nen(0+5)S(5+6) and dﬁé/dt at 8 msec
are 6.4 x 1015 cm™3% sec™!, (2.5 —- 7) x 101* cw? sec™! and 2.5 x 10%*

cm 3 sec”

1 respectively. In Fig. 12 are also shown the values of
determined from Egs. {8) and (9) and measured values of n(0+5).
Corrections due to impurity-ienizations decreases the values of Tp by
10 —- 20 percents, in this rough estimation,

Precise measurements on metal impurities, in the present experiments,
have not been performed yet. Therefeore, influences of ionizations of the
metal impurities cannot be here evaluated. We are now preparing measure-

ment in a grazing-incidence region, which is expected to give helpful

information on metal-impurities.
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SUMMARY
In concluding the present report, we ave summarizing our results in

following way;

Detailed measurements of Balmer Hy-line emitted from tokamak plasmas
in JFT-2a device have been performed under the typical operating
condition of JFT-2a device, toroidal magnetic field By = 10 kG,
plasma current I, = 15 kA, ratio of divertor current to plasma
current Ip/I, = 1.1, and plenum pressures of fast acting valves 132
Torr in Hs;.

The broadenings of H,-line have been measured with a 100 cm Czerney-
Turner spectrometer horizontally on the equatorial plane along
perpendicular and tangential optical paths to the teroidal magnetic
field, and vertically along different three paths in the minor
cross-section.

The observed profile of Hy-line has comsisted of a bright, peaked
component at the line center and a broad, hot component at the line
wings superposed on the central narrow intensity.

The central portion of observed profiles has been Interpreted to

be due to Franck-Condon neutrals from dissociations of molecular
hydrogen neutrals or ions originating near the plasma surface.
Broadenings at the line wings have been determined to indicate
contributions from charge-exchanged, hot hydrogen atoms.

The central portions of observed profiles have given temperatures
of a few -~ several eV, which are nearly constant both during the
whole peried of JFT-2a discharge and in the whele minor cross-
section.

The broadened profiles at the line wings have provided the doppler
temperatures of 25 —- 56 eV. The doppler temperature has rised with
time after an initizl formation stage of JFT-Za plasma and attained
to the maximum value of 56 eV at 10 -- 12 msec.

The profiles observed tangentially to the toreoidal magnetic field
direction are very similar to those observed perpendicularly to the
toroidal field direction.

Doppler temperatures determined from perpendicular and tangential
profiles have fairly accerded each other within a few percents.
This result have indicated that protons have isotroplc velocity

distributions to the direction of magnetic field.
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(9) Spatial, horizontal distributions of doppler temperatures Tp have

seemed to accord with
Tp(X) = Tp(0) » [1 - (X/a)*]

where X = (R - 60) cm and the minor radius a is assumed to be 11 cm.

(10) The values of doppler temperatures have been about a half of proton
temperatures measured from energy spectra of charge-exchanged atoms
in an energy range from 400 eV to 800 eV. Numerical calculations by
Azumi and Takizuka on the transportation of neutral particles have
presented reasonable interpretation of the apparent difference
between doppler and proton temperatures and successfully explained
the observed profiles of H,-line. In addition the calculations
have seemed to provide a helpful method to determine distributions
of proton temperatures in tokamak-plasmas.

(11) Horizontal distributions have been measured of total intensities
integrated vertically. Photon numbers are about 1018 cm™2 sec”! and
6 x 1015 em~2 sec™! along R = 60 cm at 8 msec and 10 msec.
Horizontally integrated intensities at three points in the toroidal
direction have been found to accord each other within about ten
percents.

(12) The ionization numbers of hydrogen atoms per second and per unit
length of the toroidal direction have been (1 -- 2) x 107 18geclepm™!
at 8 —— 10 msec.

(13) The (apparent) particle confinement times Tp have been determined
to be 0.5 —— 2.5 msec, by neglecting the effects of impurity-
ionizations. The value of t. has been 1.2 —— 1.5 msec at 8 -— 9 msec,

p
when the energy confinement time 1y is about 0.7 msec.
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Spatial, horizontal distributions of doppler temperatures Tp have

seemed to accord with
Tp(X) = Tp(0) + [1 - (X/a)*]

where ¥ = (R - 60) cm and the minor radius a is agsumed to be 11 cm.
The values of doppler temperatures have been about a half of proton
temperatures measured from energy spectra of charge—exchanged atoms
in an energy range from 400 eV to 800 eV. Numerical calculations by
Azumi and Takizuka on the transportation of neutral particles have
presented reasonable interpretation of the apparent difference
between doppler and proton temperatures and successfully explained
the observed profiles of H,-line. 1In addition the calculations

have seemed to provide a helpful method to determine distributions
of proton temperatures in tokamak-plasmas.

Horizontal distributions have been measured of total intensities

1

integrated vertically. Photon numbers are about 10!% cm 2 sec”! and

6 x 1015 em~?2 sec™! along R = 60 cm at 8 msec and 10 msec.
Horizontally inteprated intensities at three points in the toroidal
direction have been found to accord each other within about ten
percents.

The icnization numbers of hydrogen atoms per second and per unit
length of the toroidal direction have been (1 -- 2) x 107 ¥sec™l.cm™?
at 8 —— 10 msec. '

The (apparent) particle confinement times Tp have been determined

to be 0.5 -— 2.5 msec, by neglecting the effects of impurity-
icnizations. The value of 1. has been 1.2 -— 1.5 msec at 8 -— 9 msec,

b
when the energy confinement time 1y is about 0.7 msec.
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