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Forward

The Japan-U.S. workshop A-58 "Assessment of Spectroscopic Data for

Temperature and Density Measurements" was held as part of the U.S.-Japan

Cooperative Fusion Program 1986 at the Institute of Plasma Physics, Nagoya

University, on March 18 through 20, 1987.

Talks were given on the following plasma diagnostic subjects, with

special consideration to the spectroscopic data situation, data needs,

availability and data adequacy:

X-ray spectroscopy,

VUV and visible region spectroscopy,

Plasma edge spectroscopy,

Polarization spectroscopy,

Charge-exchange spectroscopy,

Excitation rate data, and

Spectral radiometry and spectroscopic data tables.

The program of the workshop and abstracts of the talks are given in

the first part of this summary report.

On the last day of the workshop, small groups were formed which deliber-

ated on the spectroscopic data situation in the various diagnostic areas

and especially focused on further data needs. The summaries of the findings

and recommendations are given in the second part of this report.

The workshop was attended by 5. U.S. and 25 Japanese scientists, and

greatly benefitted from the active participation of three guests,

Drs. E. and J. KSllne from JET, Culham, and Dr. B. Schweer, TEXTOR, JUlich.

The names and affiliations of all participants are assembled at the end of

this report.

J. Fujita, IPP Nagoya
W. L. Wiese, NBS

Keypersons of the workshop



Japan-US Workshop A-58 on "Assessment of Spectroscopic
Data for Temperature and Density Measurements"

March 18-20, 1987

Institute of Plasma Physics, Nagoya University

Program

March 18(Wed)

Morning Session (9:30-12:15)

W. L.Wiese(NBS), J. Fujita(IPP) ( 9:30- 9:45)
"Opening Remarks"

A.Sakasai, et al. (JAERI) ( 9:45-10:15)
"Ion Temperature Measurement with Spectroscopy in JT-60"

S.vonGoeler, P. Beiersdorfer, H. Bitter, K.Hill, and
H. Hsuan(PPPL) (10:15-11:15)
"X-Ray Emission from Tokamaks"

S.Horita(IPP) (11:15-11:45)
"X-Ray Spectroscopic Diagnostics on JIPP T-IIU and
Heliotron E"

T.Kato(IPP) (11:45-12:15)

"Helium-like Titanium Spectra from Tokamak Plasmas"

Lunch(12:15-13:30)

Afternoon Session(13:30-18:15)

E.Kallne(JET) (13:30-14:30)
"Spectroscopic Results at JET"
T.Ozaki(IPP) (14:30-15:00)
"Ion Temperature Profile Measurement using Charge
Exchange Recombination Spectroscopy on JIPP T-IIU"

R. J.Groebner, K. H. Burrell, R. P. Seraydarian(GAT)
(15:00-16:00)

"Spectroscopic Measurements of Ion Temperature,
Rotation Speed, and Beam Deposition Profile on DID-D"

Refreshment(16:00-16:15)

K. Sato(IPP) (16:15-16:45)
"Forbidden Transitions as Ion-Temperature Sensitive Line"

W. Moos(Johns Hopkins U) (16:45-17:45)
"Tokamak Studies of Density Sensitive Line Ratios"

T. Fujimoto(Kyoto U) (17:45-18:15)
"Density Diagnostics by Hydrogen Line Intensity Ratios
--Excitation Cross Section between Excited States"
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March 19(Thur)

Morning Session(9:30-12:30)

K. Kondo, et al. (Heldotron, Kyoto U) ( 9:30-10:00)
"Spectroscopic Study of Heliotron E Plasma--Stark
Profile, CXR, Poloidal Rotation and Carbon Coating—"

H. Kaneko(Heliotron, Kyoto V) (10:00-10:30)
"Observation of Injected Silicon in Heliotron E"
R. Isler(ORNL) (10:30-11:30)
"Spectral Diagnostics for Temperature and Density
Measurements on ATF"

K. Takiyama (Hiroshima U) (11: 30-12 -. 00)
"Cascade Fluorescences from Laser-Excited Lithium Atom
for Plasma Diagnostics"

M. Sasao (IPP) (12.- 00-12:30)
"Spectroscopic Data Relevant to Alpha Particle
Diagnostics"

Lunch (12:30-13:30)

Afternoon Session(13:30-17:45)

B. Schweer(IPP, KFA Julich) (13:30-14:00)
"Flux Density Measurements of Neutral Iron in TEXTOR with
Laser Induced Fluorescence"

K.Ida(IPP) (14:00-14:30)
"Measurements of Zeff ProfiJe with a Visible
Bremsstrahlung Continuum Detector Array"
N. Yamaguchi, T. Cho, T. Kondoh, M. Hirata, S. Uiyoshd and
GAMMA 10 Group(Tsukuba U) (14:30-15:00)
"Hot Electron Diagnostics using X-Ray Imaging on Gamma 10"
T. Fujimoto(Kyoto U) (15:00-15:30)
"Polarlization Spectroscopy—Prospect and Data Needs"
Refreshment(15:30-15:45)

Y. Itikawa(ISAS) (15:45-16:15)
"Distorted-Wave-Method Calculation of Electron-Impact
Excitaion of Atomic Ions"

HI. Himura (Osaka City V), et al. (16:15-16:45)
"Intensity Calibration of a VUV System by Branching
Line Pairs"

W. L. Wiese (NBS) (16:45-17:45)
"Availability and Quality of Spectroscopic Data and
Standards for Tokamak Studies"

March 20(Fri)

Morning Session(9:00-12:00)

Discussion and working on future spectroscopic data and
their quality. Preparation of a "wish" list of needed
data and spectral radiation standards.

Closing
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" Ion Temperature Measurement with Spectroscopy in JT-60 "

Akira SAKASAI, Yoshihiko KOIDE, Hirotaka KUBO, Tatsuo SUGIE,
Nobuo AKAOKA, Toshio HIRAYAMA and Hiroshi TAKEUCHI

Japan Atomic Energy Research Institute
Naka Fusion research Establishment
Naka-machi, Naka-gun, Ibaraki-ken

In the JT-60/ the ion temperature is measured by the 2.5m
Johann type crystal spectrometer which has two crystals,, Si
(220) for Ti Ka line and SiO2(2243) for Ni Ka line, for the
center region and by the 1.2m normal incidence vacuum
ultraviolet speqrometer for the peripheral region of the
plasma.

X-ray spectra of the resonance line and satellite lines
of helium-like titanium, TiXXI, and the resonance lines of
hydrogen-like titanium, TiXXII, are observed by the crystal
spectrometer which has the multichannel detector(1024ch).
The resonance line and satellite lines of helium-like
nickel, NiXXVII, is observed with X-ray spectrogram. The
Doppler broadening measurement of the resonance lines of
TiXXI and TiXXII determines the ion temperature of the off-
center region for the neutral beam heated plasma compared
with the ohmically heated plasma. Because the density
profiles of TiXXI and TiXXII and the emission profiles of
the resonance lines depend on the electron temperature and
density of the plasma. So these spatial profiles are
calculated by using 1-D tokamak transport code. The maximum
ion temperature measured by the Doppler broadening of TiXXI
is 6keV in the NBI experiment, Pabs=15MW ne=3.4x10

13cm"3.
The ratios of satellite lines to the resonance line of TiXXI
give the information of electron temperature, electron
density, ionization equilibria and fractional population of
nonthermal electron. In particular, the measurement of
fractional population of nonthermal electron is 'useful in
the lower-hybrid current drive experiment. The LHCD in JT-60
is successful to drive the current of 1.7MA. Now the LHCD
experiments added to NBI are carried out to improve
confinement.

Vacuum ultraviolet spectroscopy applies to measure the
lines of highly ionized light impurities and the forbidden
lines of metal impurities(ex. TiVI 2117.8A and TiXV 2545.6A)
The Doppler broadening of these lines is measured with
higher order by the normal incidence VUV spectrometer which
has the multichannel detector( 32ch and 1024ch ). The
behavior of light impurities, oxygen and carbon, relates to
the wall-plasma interaction in the additional heating
experiment.
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ABSTRACT

for US-Japan Workshop A-58

"Assessment of Spectroscopic Data for
Temperature and Density Measurements"

X-Ray Emission from Tokamaks

S. von Goeler, P. Beiersdorfer, M. Bitter,
K. Hill, and H. Hsuan

The attainment of ion temperatures in the 20 kev region in supershots on
the TFTR tokamak deduced from X-ray and VUV Doppler broadening measurements
has again demonstrated the importance of spectroscopic techniques for
controlled thermonuclear fusion research. Our presentation will concentrate
on the X-ray techniques and falls into two parts.

First, a survey of present status of investigation of the spectral
emission in the X-ray region will be given. This review will place special
emphasis on new results and on unresolved problems. It will cover the
important n = 2 to 1 transitions, i.e., hydrogenlike and heliumlike spectra,
and also n = 3 to 2 transitions, especially neonlike spectra, which have been
studied intensively in recent years.

In the second part of our presentation, the important diagnostic
applications of X-ray spectroscopy like ion temperature measurements or
impurity transport studies will be discussed. Of these applications, the
measurement of plasma rotation velocities has become very important, because
supershots require balanced injection.
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X-Ray Spectroscopic Diagnostics on JIPPT-IIU and HELIOTRON-E

Shigeru MORITA

Institute of Plasma Physics, Nagoya University, Nagoya 464

Activities for x-ray spectroscopy during two years in Nagoya IPP are

reported with emphasis on Ti Ka measurements.

Two crystal spectrometers of Johann type (wide spectral band spectrometer

with small Rowland circle and high-resolution spectrometer with large

Rowland circle) have been constructed for x-ray diagnostics of JIPPT-IIU

tokamak (R=91cm, a»25an, I -300kA, BT=-3T, td=0.2s). The detector is a

position-sensitive proportional counter (PSPC). We use either high-

count rate PSPC (several handreds of kHz) or high spatial resolution

PSPC ( MOOum). A bent crystal is constructed with a new technique

and the accuracy of the bent radius is relatively within 1 urn.

The wide spectral band spectrometer (2R=100cm, A/A\^500) was made for

measuring a full spectrum of Ka transitions. The Ka full spectra are

obtained in both experiments of lower-hybrid current drive and ICRF heating.

In LHCD experiments nonthermal features of Ti Ka lines are observed at

electron densities below ^5x10 cm" . The measured Ti spectra are analyzed

under simply assumed radial profiles of nonthermal electrons. In ICRF

experiments time behaviours of Ti, Cr, Fe and Ni Ka spectra are measured

with time intervals of 10ms to study the impurity transport.

The high-resolution spectrometer (2R=300cm, A/AAa2xlO ) was made to

measure the ion temperature, electron temperature, toroidal rotation and

quantitative contribution of nonthermal electrons. X-ray lines used are

TiXXI He-like and XX Li-like ones. In the ion temperature measurement,

narrowing of Ti He-like resonance line (w) producing the central ion

temperature from its broadening is observed during ohmic heating. It is

due to that the w line intensity increases with existence of the nonthermal

electrons in the plasma outer region where the ion temperature is relatively

low.

Recently, the full Ka spectra from Ti and Fe ions are observed in

Heliotron-E (R«220cm, a=20cm, Bh=2T) ECH and ICRF experiments. Most

abundant ion species in central column of the plasma are determined. It is

found that those spectra are similar to ones from the JIPPT-IIU. The

analyses are done including charge exchange contributions with hydrogen

neutrals. Finally, x-ray spectroscopy on CHS (R-90cm, ¥-20cm, B.-2T)

device which will be operated on next April will be proposed.
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Helium-like Titanium Spectra from Tokamak Plasmas

Takako KATO

Institute of Plasma Physics

Nagoya University Nagoya, Japan

Time resolved measurements of TiXXI-TiXIX X-ray line spectra

from an ohmically heated plasma with neon puffing in the

JIPPT-IIU tokamak were analysed. The spectral analysis has

been done by the use of a collisional radiative model which

includes the cascade contributions from highly excited states

as well as the recombination processes. We have fitted the

observed spectra with synthetic calculations taking all the

possible lines into account. The result indicates that the

plasma is in an ionizing phase at the beginning, reaches

nearly an equilibrium around 80 ms and then turned into a

recombination phase thereafter following the decrease of the

electron temperature. The observed intensity ratios Is/I« and

Iy/Iw were always found more than twice larger than the

theoretical ones. The discrepancies increased in the later

period of the plasma after T. decreased.

He investigated the contribution of ion-ion charge exchange

processes between neon ions and titanium ions on the ion

abundances and the line intensities.

The correlation between He-like forbidden line Is and Li-

like satellite line Iq are studied. The observed intensities

are applied to this correlations and the plasma conditions are

discussed.
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Spectroscopic Results from JET - Some Examples of Data Comparison and Data Needs.

E Kallne

JET Joint Undertaking
Abingdon 0X14 3EA

ENGLAND

The plasma produced in the JET tokamak has now reached peak electron

temperatures of ~8 keV and peak ion temperatures of —1A keV. Various opera-

ting schemes are used to achieve these conditions (i) ohmic heating ( plasma

currents up to 5 MA have been achieved), (ii) neutral beam injection ( mainly

deuterium beams at 80 keV with powers up to 10 MW have been used), (iii) ion

cyclotron radio frequency heating ( with a frequency range of 25 - 55 MHz and

a power up to 7 MW), and (iv) a combined total heating power up to 18 MW.

The overall goal for the JET project is to obtain a plasma with significant

W - particle heating; therefore the operating modes of the machine are con-

stantly changed in order to optimize parameters.

The various diagnostic systems around the machine aim to measure the

radial and temporal behaviour of the main plasma parameters and to extract

any possible systematic trends occurring in these parameters during the various
2

operating scenarios . However, each of the measuring techniques have limi-

tations as to applicability and a combination of the different results become

essential in the data analysis.

The spectroscopic techniques presently employed at JET include wideband

wavelength and spatial scans in the VUV ( soon to be complemented by analogous

systems in the x-ray range), high resolution instruments both in the VUV and

x-ray region, fast imaging and energy selective x-ray and total radiation

systems. An effort is presently underway to combine the analysis of results

from these various spectroscopic systems. Our preliminary conclusions show

that in order to describe the x-ray spectroscopy results we must invoke larger

abundancies of Li-, Be- and B-like ions ( by factors of 2 to 3) in the center

of the plasma than predicted for an ionization equilibrium model including

transport coeffecients. Furthermore, these results have analogy in the obser-

vations of the total x-ray emission where possibly hollow impurity profiles

or radial dependencies of transport coefficients need to be included to de-
4

scribe the observed data . Additionally, the observations of radial profiles
in the VUV show the need for similar assumptions .
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These comparisons of different spectroscopic techniques have thus led

to the need for a careful analysis of available atomic physics data for

ionizat ion equilibrium as wel l as a ca l l for more experimental data with

emphasize on radial prof i l e s in order to be able to better understand

influence of part ic le transport and possible radial dependencies in the

parameters important for part ic le transport.

1. P P Lal l ia and the JET team, An Overview of the JET 1986 Results ,
Toledo, Spain, 1986, Workshop on the European Tokamak Program

2. K Behringer et a l , Nuclear Fusion 25,751 (1986)

3. F Bombarda, R Giannella, E Kallne and G Tal lents , Observations and
Comparisons with Theory of H- and He-like spectra of Ni from the JET
Tokaraak, to be published 1987.

4. A Weller et a l , Soft X-Ray Radiation Losses During Additional Heating
in JET, APS Plasma Physics, Baltimore Nov 1986.

5. K H Behringer, C Breton, C deMichelis, G Magyar, J Ramette and B Saoutic,
Space Resolved Measurements of Impurity Radiation in the JET Tokamak,
Varenna .Workshop on Basic and Advanced Fusion Plasma Diagnostic Techniques,
Varenna, I t a l y , Sept. 1986
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Ion Temperature Profile Measurement using Charge

Exchange Recombination Spectroscopy on JIPP T-IIU

T. Ozaki

Institute of Plasma Physics, Nagoya University, Nagoya 464

We have been performing the charge exchange spectroscopy measurement

using the heating neutral beam for obtaining the ion temperature profile,

the plasma rotation and the beam deposition. This measurement have become

remarkable as the the diagnostic tool for fusion plasma parameters. In

our experiments, the typical charge exchange reactions in the ultra-violet

or visible region

tf+C^-lf+C?4- ,hv = 3435 A (1)

and,

if + tf * - HT + 07* , hv = 2ST77 A (2)

were used in the JIPPT-IIU tokamak. Fully ionized carbon and oxygen atoms

are widely distributed in the tokamak plasma so that plasma parameters in

the plasma center can be obtained. The heating hydrogen beam of 33 keV,

30 A and 900 kW was almost radially injected. The viewing arrangement was

tangentially set for observing the radial variation of plasma parameters.

The light was transported to the Czerny-Turner spectrometer of 1 m using

the quartz fiber of 20 m and spectral lines were detected by the photo

diode array. The DARSS system was used as the data accumulation and

processing system.

The typical ion temperature of 820 eV in the plasma center was

obtained from Doppler broadenings of both lines (d),(2)) when the ohmic

and the neutral beam heating and, 1.6 keV was observed when the additional

heating of the ion cyclotron resonance wave was applied. The ion tempera-

ture profile could be approximated by the quadratic curve. These results

were in good agreements with the results of another diagnostic measure-

ments (the fast neutral particle analysis, the cristal spectroscopies in

the x-ray region and the neutron meaurements). The results of the plasma

rotation and the beam energy reduction will be also mentioned in the

session.
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SPECTROSCOPIC MEASUREMENTS
OF ION TEMPERATURE, ROTATION SPEED,

AND BEAM DEPOSITION PROFILE ON DIII-D*
R.J. Groebner, K.H. Burrell, R.P. Seraydarian

G.A. Technologies Inc., P.O. Box 85608, San Diego, CA 92138 USA

Two eight-chord spectrometers, one with a vertical view and one with a tangen-
tial view, are being implemented on the DIII-D tokamak to measure ion temperature
profiles Ti(r) and rotation velocity profiles Vr(r) via charge exchange recombination
(CER) between neutrals in an 80 keV heating beam and plasma impurities. Based on
the success of a similar instrument on the Doublet III tokamak, the primary lines of
interest are O VIII 2975 Aand He II 4686 A. C VI is also a desireable candidate but
has proven difficult to use due to a bright component excited by electron impact or
CER with thermal neutrals. A single chord, spatially-scannable spectrometer (1400-
3000 A) coverage will be used primarily to obtain near edge Ti and V̂  measurements
from C V 2271 A, O V 2781 A, and O VII 1623 A. Any available magnetic dipole
lines of intrinsic Ni, Cr, and Fe will also be used. The spatial location of the lines
will be measured by another instrument with a rapidly vibrating, spatially-scanning
mirror. These instruments will also be used to study '-he beam deposition profile by
examining the relative intensities of the three Doppler-shifted H a lines emitted from
the neutral beam. Initial studies on the Doublet III tokamak showed that appropri-
ate analysis will evidently have to include splitting of these lines due to the motional
Stark effect and the Zeeman effect.

•Supported by U.S. DOE contract no. DE-AC03-84ER51044.
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Forbidden Transitions as Ion-Temperature Sensitive Lines

Kuninori Sato
Institute cf Plasma Physics, Nagoya University, Nagoya 464

The effect of heavy particle (proton and deuteron) collisions on the
intensity of forbidden lines of highly ionized ion will be described.
Except for the excitation of plasma impurity ions by charge-exchange
recombination with neutral hydrogen, the effects of inelastic collisions
between heavy particles are not generally considered to be significant
excitation processes in plasma, because of the low velocity of the
impinging particle compared to electrons. However, that heavy particle
excitation is not completely lacking is borne out by evidence of large
proton-induced excitation rates between closely spaced levels in ground
state configuration of highly ionized ion in the plasma heated at a high
proton temperature.

The intensity ratio of forbidden line to allowed line of Pe XVIII was
measured during rf heating on the JIPP TII-U tokamak. The results at low
electron density indicated a noticeable effect of proton collisions on the
intensity of the forbidden line at the time of heating. In the PLT
deuterium discharges, two line ratios : a forbidden line to an allowed
line of Fe XXII, a forbidden line to a forbidden line of Fe XIX, have been
measured as the ir ;-temperature-sensitive line ratios during rf heating.
Measured relative intensities are compared with those estimated from
calculation which include the excitation by deuteron collision between the
levels of the ground configuration. The agreement between the observed
and calculated ratios will be discussed.

K. Sato, M. Mimura, M. Otsuka, T. Watari, M. Ono, K. Toi, Y. Kawasumi, K.
Kawahata and T. Oda, Phys. Rev. Lett. 56, 151 (1986)

K. Sato, S. Suckewer, A. Wouters and E. Hinnov, propose for Phys. Rev. A
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Abstract for workshop "Assessment of Spectroscopic Data for Temperature
and Density Measurements", March 17-20, 1987, Nagoya, Japan.

TOKAMAK STUDIES OF DENSITY SENSITIVE LINE RATIOS

Warren Moos

Johns Hopkins University

Baltimore, Maryland

A number of different elements were injected into the TEXT Tokamak

in order to study the emission spectra in the 15 to 2000 X range. A

number of lines were identified for the first time. The relative brightnesses

of the spectral lines were measured by instruments with photoelectric

detectors which were photometrically calibrated against synchrotron radiation.

Line pair ratios were measured as a function of Z along isoelectronic sequences.

3 2 3
For Be-like ions the brightness ratio of the 2s2p P. - 2p P to the

resonance 2s S - 2s2p P̂ ^ line was measured for various ions from C III

to Ne VII (low Z) and from Cl XIV to Cr XXI (intermediate Z). A comparison

with theoretical predictions showed that for low Z, agreement was obtained

with calculations using the R-matrix technique. For intermediate Z, when

the R-matrix and distorted wave calculations appear to converge, the ratio

of the experimental to distorted wave theoretical values was 1.01 ± 0.19

indicating good agreement.
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Density diagnostics by hydrogen line intensity ratios:

Excitation cross section between excited states

Takashi Fujimoto

Department of Engineering Science, Kyoto University, Kyoto 606

Neutral hydrogen in a tokamak plasma is a typical example of the

ionizing-phase plasma. Characteristics of excited-state populations

as a function of electron density and temperature have been discuss-

ed in ref. 1. In the lower-density regions than Griem's critical

density the excited state is in the corona phase, and its population

is proportional to no . In the higher density regions it enters

into the saturation phase, and its population is controlled by the

multistep ladderlike excitation mechanism, deviating from the linear

dependence. For the upper levels of practical interest, n = 2,

3, 4, 5, 6, the critical density lies between 1O10 and 1014 cm 3,

which is relevant to the tokamak plasma. Thus, there is a possi-

bility of applying the Lyman or Baliner line intensities to the de-

termination of the electron density as well as to the ionization

flow and the hydrogen-atom density.

For that purpose we need a set of reliable excitation cross

sections between various states. The present status of our know-

legde is reviewed, and it is shown that we lack some essential cross

section data.

1. T. Fujimoto, J. Phys. Soc. Jpn. 47, 273 (1979).
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Spectroscopic Study of Heliotron E Plasmas

Stark profile, CXR, Poloidal rotation and Carbon coating

K.Kondo, H.Zushi, S.Nishimura, K.Okazaki*, T.Oda**, H.Kaneko, H.Okada,

S.Besshou, T.Mizuuchi, Y.Takeiri, N.Noda, K.Akaishi, T.Mutoh, F.Sano,

S.Sudo, M.Sato, O.Motojima, S.Morimoto, T.Obiki, A.Iiyoshi and K.Uo

Plasma Physics Laboratory, Kyoto Uhiversity, Uji, Kyoto, Japan

•The Institute of Physical and Chemical Reserch, Wako, Saitama,Japan

••Faculty of Engineering, Hiroshima Uhiversity, Higashi Hiroshima, Japan

1. Stark Profile

Pellet injection is considered one of the most promissing method on

obtaining' high density plasmas, and it is important to analyze ablation

mechanism. The Hg emission is used to estimate the ablation rate and the

spectran profiles of H ^ and H A show Stark broadening if high density

electron cloud surrounding the injected pellet exist. The analysis on

various plasma parameters are presented.

2. Charge Exchange Recombination (CXR)

CXR emissions have been widely used to estimate ion temperature in

large machines with high power neutral bean injection. The neutral beam

(2(K30 kV, 80 A) is used as a diagnostic beam, and ion temperatures are

obtained by observing C VI(3435 A ) , He 11(4686 A), and H^D^) emissions.

3. Poloidal Rotation

The doppler shifts of line emission ( C V, O V) provide the macroscopic

motion of plasmas. The preliminary measurements showed that the poloidal

rotation in the neutral beam heated plasma was the direction of E x B drift

derived by negative potential.

4. Carbon Coating

The glow discharge with CH. + H, mixture gases for carbon coating on

the vacuum vessel wall was performed. The identification of the spectrum

and the estimation of the rotational temperature of CH and H, molecules

are presented.
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Observation of Injected Silicon in Heliotron E

H.Kaneko, Heliotror. E Group

Plasma Physics Laboratory, Kyoto University

Silicon was injected into the Heliotron E plasmas in order to examine the

impurity transport. The observed brightnesses of VUV lines (Si XI 30.33nm and Si

XII 49.94nm) and SX (Si XIII, Si XIV and continuum) were compared with the code

prediction, which describes the transport, the ionization balance and the

radiation. In the numerical code, the diffusion coefficient D and the inward flow

velocity V are used in a usual 1-D transport equation in the cylindrical geometry:

~df=~r7F?r(-D~§7
For the rate coefficients, the processes of electron impact ionization,

radiative and dielectronic recombination are taken into account. In the stationary

plasmas with continuous gas puffing, the transport equation was satisfactorily

used. But discrepancy was observed clearly in a low density ECU plasma of about

1X1013/C,3. The radially resolved SX data were used to determine the gross

transport coefficients D and V as shown in Fig.l. The correspondence to the time

history of the VUV lines and SX brightness is shown in Fig.2. In order to explain

the difference between the observations and the code predictions, two processes

must be included in the description: the CX recombination due to neutral hydrogen

atoms and the inner shell excitations. Although the quantitative measurement of the

neutral density at the plasma center has not yet been satisfactory, the

contribution from the CX recombination is estimated to be too much to be neglected

in the ionization balance of the impurities. The inner shell excitations and

radiations can be usually neglected in the calculation of radiation losses under

ionization equilibrium, but substantial radiations are expected from rapidly

ioni2ing impurities. This is particularly important in the transport analyses in

case with the comparable or faster time scale of transport than the ionization
time. T* 4ms 8ns 12ms

i K
20ns 40»s

Fit.I Chord profile or SX and predictions.
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Spectral Diagnostics for Temperature
and Density Measurements on ATF

Optical spectroscopy is frequently used for measuring the temperatures and densities
of both electrons and ions in many types of plasmas. But, in present day toroidal fusion
devices, i.e , tokamaks and stellarator-like configurations, only the ion temperatures are
regularly obtained by spectroscopic methods. The techniques to be used for evaluating T t

from Doppler broadened lines in the Advanced Toroidal Facility (ATF) are described in this
presentation. Transitions in the range from 1100 A - 3000 A will be used most extensively.
These include the 23P —» 235 lines of helium-like carbon, oxygen, nitrogen, and neon as
well as the lines of hydrogen-like ions which are produced by charge-exchange excitation
from the neutral-particle heating beams. The properties of electrons in fusion devices are
ordinarily obtained by techniques other than passive optical spectroscopy. Nevertheless,
various possibilities exist for assessing Te and n« from plasma radiation, and the methods
which could be employed in ATF will be discussed. Some of these exploit intensity ratios
of transitions that are widely separated in wavelength, thereby requiring accurate relative
calibrations of spectrometers. The use of charge-exchange excitation (CXE) for obtaining
such calibrations from about 12 A to 1200 A will be discussed; possibilities for extending
these calibrations into the visible region will also be addressed.
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Cascade Fluorescences from Laser-Excited Lithium Atom
for Plasma Diagnostics

Ken Takiyama

Department of Applied Physics, Faculty of Engineering
Hiroshima University

We measured the local electric field and electron density in
a plasma by observing the cascade fluorescences from laser-excited
Li atom. First of all, we made a model-type experiment. A
thermal Li beam is injected into the static electric field
applied between a pair of disc electrodes installed in a vacuum
vessel. The lithium atom is excited from the ground level 22S to
the upper level 42D via the middle level 22P by using two set of
dye-laser (RLE: real level excitation). Then, the forbidden
transition down to the level 32D takes place due to the Stark
mixing of the level 42D with the near-by level 42F. This results
in a visible cascade fluorescence via the level 32D to 22P (Lil
610. 4nm), whose intensity is a function of the electric field
strength. We were able to measure the electric field of as low
as 1 kV/cm by observing the fluorescence.

When the second laser is tuned to the virtual level with the
same energy to that of the level 42F (VLE: virtual level
excitation) the same cascade fluorescence is appeared again,
which was about seventy times as intense as at the RLE. The
reason is that the fluorescence intensity at the VLE is linear to
the laser power for weak field while the fluorescence is easily
saturated at the RLE. Thus, much more weak electric field of 0.2
kV/cm was detected.

In order to explain the observed intensity of the cascade
fluorescence, rate equations containing various relevant radiative
processes were solved numerically. Further this calculation also
revealed the effect of the collisional transfer due to electron
impact in plasmas on the fluorescence: In the case of VLE, as the
electron density increase, the cascade fluorescence was decreased,
while the new fluorescence, from 42D to 22P (460. 3nm), due to the
collisional transfer from 42F to 42D was occurred; its intensity
is proportional to the electron density. Therefore, we can also
measure the electron density as well as the electric field by
measuring both fluorescences simultaneously.

As an application of our method (VLE), we measured the space
distribution of both electric field for rf plugging and electron
density in the line cusp in RFC-XX-M device at IPP, Nagoya, and
found that the electric field was enhanced in the sheet plasma.
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Japan-U.S. Workshop A-58 on "Assessment of Spectrcscopic Data
for Temperature and Density Measurements", March 18-19, 1987

Spectroscopic Data Relevant to Alpha Particle Diagnostics

M. Sasao

Institute of Plasma Physics, Nagoya University

In order to measure fast alpha particles confined in the magnetic

field, it is necessary to use an active method through various inter-

action with them. One- and two- electron transfer reactions are thought

to be the most promising interactions.

He++ + Aq+ + He+*(n, «.) + A(q +D+ (1)

> He+ (g.s.) + hv +A(q +U +

He++ + Aq+ + H eo + A(q+2)+ (2)

q = 0, 1, 2

Here, A^+ represents a probing atom injected as a beam or a pellet.

In the diagnostic scheme using the process (1), decaying photons

emitted from He (n, a) ions are measured, and the alpha-particle

velocity distribution is obtained from the Doppler broadening of the

spectral lines.

A short comment will be given on the cross sections for the

reaction (1) into various (n, l) states, the Bremsstrahlung background

levels in the region of the spectral lines and the effect of the

collisional processes.
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Flux Density Measurements of Neutral Iron in TEXTOR

with Laser Induced Fluorescence

B. Schweer

KFA Jillich, Institut filr Plasmaphysik

Association EURATOM-KFA

In a tokamak erosion of the first wall material can lead

to high impurity concentration in the core plasma. Large

ratios of the flux densities between limiter and wall were

observed in TEXTOR, but for the determination of the total

impurity fluxes the erosion mechanism has to be known. The

flux density of Fel in TEXTOR at different radial positions

was determined from the measurement of the particle density

and their velocity distribution using laser induced fluores-

cence. The method will be described in respect to the absolute

calibration of the iron density and the spectral resolution

of the Doppler broadened resonance line.
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Measurements of Ze// profile with a visible bremsstrahlung

continuum detector array

Katsumi Ida

Institute of Plasma Physics, Nagoya University, Nagoya 464, Japan

Visible bremsstahlung continuum detector array system was installed

in PBX (R=i.35m, a=0.35m, 8,=1.5T) and JIPP T-IIU (R=0.91m, a=0.23m,

Bt=3.0T) to provide 16- or 8-channel midplane tangential view of the

plasma. The wavelength measured through a interference filter is near 5230

A in both tokamak with the passband of 6 A (PBX) and 20 A (JIPP T-IIU).

The value of Ze// measured with bremsstrahlung radiation consistents with

that derived from Spiter resistivity within the error due to the

calibration of a detector array and the uncertainty of the current density

profile in the plasma.

Effective impurity density n<> (Ze// -1) in ohmic heated plasma is

roughly proportional to 1/n,. in both tokamaks, which indicates higher

influx of impurities (maybe metallic impurities) in lower density plasma

operation. In the NBI or ICRF heated plasma, Ze// rises at the on-set of

neutral beam injection (PBX) or ICRF pulse (JIPP T-IIU), and the Zelt

value during auxiliary heating increases as input power is increased. No

significant difference of impurity amount in terms of Ze// between NBI and

ICRF heating plasma. Impurity accumulation was observed typically in PBX

H-mode discharges, however the accumulation is suppressed by moderate gas

puff, while low gas puff operation results in impurity accumulation even

in L-mode. No impurity accumulation was observed with no extended gas puff

in the typical ICRF heated plasma in JIPP T-IIU, since enhanced gas

recycling replaces the role of gas puff and increase electron density.

Time evolution of the Ze// profile is quite helpful to study global

impurity transport, since it is usually difficult to measure impurity

density profile for each charge state which is extremely sensitive to

electron temperature. Coupled with the measurements of oxygen and metallic

impurity radial profile, time evolution of the Ze// profile in the

presence of sawtooth oscillations yield a diffusion coefficient of D = 1 x

103 cm z/s for all species and an inward convective speed of v = 2.2 x

lCr^r/a) cm/s for oxygen and carbon and v = 1.1 x 103 (r/a) cm/s for

metals in PBX H-mode plasma.
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H o t E l e c t r o n D i a g n o s t i c s U s i n g X - R a y I m a g i n g

o n G A M M A 1 0

N.Yamaguchi,T.Cho,T.Kondoh,M.Hirata.S.Miyoshi and GAMMA1G Group

Plasma Research Center,University of Tsukuba

In a tandeM mirror the electrostatic potential at the end mirror cell plays a key role

for plugging intrinsic ion loss in a single mirror. In the GAMMA10 axisymmetmed tandem

Mirror with thermal barrier, hot electrons are produced in both end mirrors through electron

cyclotron resonance heating (ECRH). The electrostatic potential formed at the electron

cyclotron resonance ( < J = W C « ) is for end plugging,and that at the second harmonic resonance

(co=2uc«) is for the thermal barrier which is a deep potential well to reduce electron

thermal conduction across the barrier,allowing selective heating of plug electrons related

to the higher plug potential. One critical issue of GAMMA10 is to confirm experimentally

that hot electrons are actually produced in a radial distribution with peaked or abundantly

filled on the magnetic axis.

Bremsstrahlung x-ray is directly related to hot electrons, therfore the distribution of

hot electrons can be reduced from x-ray imaging diagnostics. The temperature of hot electrons

is measured to be about 50keV. Taking into account the energy range of x-rays emitted from hot

electrons, MCP's are used as position sensitive x-ray detectors. The two types of x-ray

imaging system is now operated. One is an x-ray pinhole camera and the another is a multi-

chord detection system. The former is suitable for two-dimensional imaging with medium time

resolution, and the latter is for fast time response imaging.

From x-ray intensity distribution measured it has been confirmed that hot electrons

distribute in a shape where the peak exists on the magnet axis. The ratio of x-ray intensities

through different filters is also applied to determine the spatial profile of hot electron

temperature. The detection efficiency of MCP's has been measured by using radiations from

a storage ring and an x-ray tube, which is utilized to the above analyses.

For diagnostics of bulk electrons or impurities instead of hot electrons, it is required

some energy-resolved measurement. A simple two-dimensional x-ray spectrometer is also

considered.
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Polarization spectroscopy: Prospect and data needs

Takashi Fujimoto

Department of Engineering Science, Kyoto University, Kyoto 606

When the excitation of atoms and ions is anisotropic, alignment

is produced in the excited level and the emitted radiation has a

spatially anisotropic intensity distribution and is polarized.

Thus, these radiation characteristics is closely related to the

anisotropic or non-thermal characteristics of the plasma. Devia-

tion from the Maxwellian distribution of electron velocities is one

of the cases. The produced alignment may also be destroyed by an

isotropic collisional or radiative process.

A general formalism of the alignment collisional-radiative

model is presented, in which alignment production by electron col-

lisions and by charge transfer and disalignment by electron colli-

sions are taken into account.

The details of these elementary process for the alignment

production and its relaxation is discussed. Our recent observation

of disalignment by electron collisions1 is reported. It has been

found that the disalignmentrate coefficient is closely related to

the Stark broadening, and its explanation is given.

1. A. Hirabayashi, Y. Nambu, M. Hasuo and T. Fujimoto, Phys. Rev. A

(submitted).
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Distorted-wave-method calculation of electron-impact excitation

of atomic ions

Yukikazu Itikawa

Institute of Space and Astronautical Science, Komaba, Meguroku, Tokyo 153

Electron-impact excitation of ions is an elementary process

in plasmas. Cross sections for the process are the fundamental

data needed for plasma spectroscopy. It is, however, very difficult

to obtain them experimentally. Only very fragmentary data are

available from the experiments reported so far. •* We have to resort

to theoretical calculations to obtain the relevant cross sections.

Here we report a rather simple but widely applicable method of

calculation which have been recently proposed. " '

Our method is one of the variations of the distorted-wave

approximation. It has several unique features: (1) the same

distortion potential is used both for the initial and for the final

states, (2) electron exchange is considered only between the

interacting two electrons, and (3) use is made of very accurate

(Cl-type) target wavefunctions. The method has been successfully
21

applied to the calculations for (i) He- and Be-like ions, ' (ii)
3) 4)

C-like ions, ' and (iii) innershell excitation of Li-like ions.

The present method is now being extended to the calculation

of differential cross sections (DCS). There have been very

few studies of the DCS for electron-ion collisions. ' The DCS,

however, is quite useful in understanding the collision mechanism

and in assessing the validity of theoretical approximations. As

a first step, a calculation of the DCS for He-like ions is in progress.

1) For a bibliography of electron-ion collisions, Y. Itikawa,

K. Takayanagi, and T. Iwai, Atomic Data Nucl. Data Tables 31. 215 (1984),

2) Y. Itikawa and K. Sakimoto, Phys. Rev. A jH 1319 (1985).

3) Y. Itikawa and K. Sakimoto, Phys. Rev. A 33 2320 (1986).

4) Y. Itikawa, K. Sakimoto, and S. Nakazaki, submitted to Phys. Rev. A.
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Intensity Calibration of a VUV System by Branching Line Pairs

Mikio Mimura
Research Institute for Atomic Energy, Osaka City University,

Sumiyoshi-ku, Osaka, 558 Japan

Kuninori Sato, Ryuichi Akiyama, and Masamoto Otsuka
Institute of Plasma Physics, Nagoya University, Nagoya, 464 Japan

Nine VUV line pairs of carbon, oxygen, and iron are selected
to make in situ calibration of a VUV monochromator installed on
the JIPP T-IIU Tokamak. Relative intensity calibration in the
wavelength region from 75A through 1230A is made by measuring
the intensity ratios of these line pairs and by arranging them
by the simple proportional allotment method proposed in the
paper (1). Table I shows the list of the line pairs together
with their intensity ratios used for the calibration. The
relative sensitivity curve thus obtained is shown in Fig. 1.

c
c
Fe
C
0
0
0
0

o

Line Pairs

IV
IV
XXI
III
VI
VI
VI
VIII
V

1230 A/296
948 A/244
786 A/585
609 A/322
536 A/132
498 A/129
447 A/115
292 A/ 75
286 A/172

A
A
A
A
A
A
A
A
A

Ratio
of Sensitivity

0.014
0.025
0.42
0.45
0.15
0.13
0.12
0.12
0.39

Table I. 5 0 0 1000

WAVELENGTH ( A )

Fig. 1.

1500

(1) K.Sato,M.Otsuka, and M. Mimura, Applied Optics 23(1984)3336-3340
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Availability and Quality of Spectroscopic Data and Standards for

Tokamak Studies

W.L. Wiese

Spectroscopic data for moderately and highly ionized species

of magnetic fusion interest are reviewed, mainly with respect to

their availability and quality. Especially line identifications,

wavelengths, energy levels and oscillator strengths for light

elements and the transition metals are discussed, and a few re-

presentative examples are given to indicate the progress that has

been recently achieved. New spectroscopic data tabulations are

also listed and reviewed, and an overview on the availability of

spectral radiation standards is given, especially for the vacuum

ultraviolet.
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I. X-Ray Spectroscopy

(Notes mainly by S.v.Goeler, E.Kallne and S.Morita)

A. General Comments:

- Diagnostic techniques for very high temperature plasmas, such

as generated in TFTR, JT-60, JET, CIT, etc. need to be

developed. Elements heavier than Ni, especially with Z =

30-36, are becoming important for ion temperature and

impurity transport measurements.

- K/? spectra should be very useful, but need to be analyzed

first.

- Non-thermal features of X-ray emission, such as polarization

of the emission, collisional excitation and ionization of

ions by energetic electrons are not well understood and need

further study. Also, the polarization characteristics of

curved crystals are not known.

B. Data Needs:

1. Additional wavelengths need to be determined for the H and

H-like lines including the satellites (presently, theories

do not include the x, y and z satellites). Especially

absolute wavelength measurements are needed.

2. Data comparisons and evaluations of their accuracy need to

be done. To quote two examples: there are inconsistencies

among quasi-absolute wavelength measurements, although 2d
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spacing of the crystal is not determined accurately, and

the polarization characteristics are not known, and there

are discrepancies among the lines ratios x/w, y/w and z/w

between experiment and theory.

3. Data analysis should not assume a single temperature

plasma, and should also consider variations along the

line-of-sight. For example, in taking line intensity

ratios, it is not justified to neglect the density

dependence since the line intensities are usually

integrated along radial profiles of density and

temperature.

4. Good cross-section data are still missing for reliable

application of the charge-exchange technique for

helium-like ions, and also for excited neutral hydrogen.

5. Extended "Kelly-Palumbo" type wavelength tables, including

availability on computer tape, are needed for the X-ray

region. This should be kept up to date and be easily

retrievable. It would be also desirable to include

excitation rate coefficients when available.

6. Full spectral searches are needed in the X-ray region,

especially 1 - 20 A, to understand total features of X-ray

lines.
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. Vacuum UV and Visible Region Spectroscopy

(Notes mainly by H.Kubo, W.Moos, A.Sakasai and K.Sato)

A. General Comments:

The next generation of tokamak devices will produce

large neutron fluxes, making many ultraviolet and soft x-ray

detectors unusable. In this environment, the detector and

spectrograph must be moved a large distance from the machine

and the emitted light must be transferred by relay mirrors or

fiber optics. This approach will work only for wavelengths

above 400 A. Emission at wavelengths above 1200 A and

2000 A are even easier to transfer. Thus, there will be an

increased emphasis on using these emissions. However, there

is much less information available on the atomic data

necessary to convert the observed intensities to impurity

densities. A related problem concerns the use of ratios of

line-pairs to measure electron densities and temperatures.

These values are routinely determined by Thomson scattering

and far-infrared interferometry at one or two toroidal

points. For complex magnetic geometries such as those of

stellarators, it is essential to determine the electron

density and temperature at the same point in the plasma where

an impurity emission is measured. Fortunately, modern

detectors for spectroscopic instruments provide information

on large numbers of spectral lines simultaneously. Thus,
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appropriate line pair ratios need to be selected and

calibrated in existing tokamaks in preparation for the next

generation of experiments.

B. Data Needs:

1. Energy level structures for highly stripped ions of heavier

elements Z > 28 need to be established, especially:

2s22p(c - 2s2pfcvl type transition arrays

2s22pk ground state configurations.

2. Transition probabilities for these highly ionized atoms

need to be determined for applications of line-pair ratios.

3. Wavelength data need to be very accurately known to avoid

misidentification.

4. Cross-sections for charge-transfer at low energies and

cross-sections for excitation by protons and deuterons are

needed.
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I. Plasma Edge Spectroscopy

(Notes mainly by S.Schweer and K.Kadota)

A. General comments:

The edge of a high temperature plasma is a complex

region with steep temperature and density gradients. To

study this region requires a variety of techniques that

involve spectroscopy, such as emission spectroscopy, atomic

teams, laser induced fluorescence studies or combinations of

these. From the knowledge of line intensity ratios remote

measurements of density and temperature without introducing

perturbing probes can be derived, and such measurements are

particularly valuable for studying the poloidal and toroidal

asymmetry. However, some of the theoretically computed

ratios need to be checked in real tokamak plasmas before they

should be used, to provide confidence in the theoretical

approaches and confidence that no unsuspected excitation

mechanisms are present.

The principal goals of plasma edge diagnostics are the

determination of the H and impurity fluxes (both light

element and metal impurities), to check the recycling of

impurities and also to determine N , N , and N .

B. Data Needs:

1. Emission Spectroscopy:
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Atomic lifetimes, transition probabilities and branching

ratios of good accuracy are needed for the spectra of

neutral atoms and low stages of ionization. The impurities

and spectra of interest are:

Stainless Steel Components: Fe, Cr - Fel, Fell, CrI, CrU

Inconel: Ni, Cr - Nil, NiH, CrI, CrU

Mo: - Mol

TiC, Ti getter ing: Ti - Til, Till

Light Impurities: C - CI - CVI

0 - 01 - OW

2. Atomic Beam Probes (mainly Li-beams, but ablation

techniques are used with C, Ti and Al):

Excitation and ionization rate coefficients for Li, C, Ti

and Al of high accuracy.

For temperature measurements (T ) one needs excitation rate

coefficients:

Ti, Al, C + e - Ti*, Al*, C* + e (mainly for lines in the

visible) and ionization rate coefficients:

Ti, Al + e - Ti+, AL+ + 2e

3. Laser Induced Fluorescence:

For applications of this technique, one needs branching

ratios and transition probabilities of singly ionized atoms

- Fell, Til. Of special interest are intercombination

lines and lines originating from higher excited states.
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4. Molecular Spectroscopy:

Wavelengths and oscillator strengths of molecular lines in

the visible spectrum and excitation and ionization rate

coefficients, mainly for neutral and singly ionized H2, CH,

CH2. CH3, CH+, C2 and CO.
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IV. Polarization Spectroscopy

(Notes mainly by T.Fujimoto and W.Moos)

A. General comments:

The use of circular-polarization and linear-polarization

spectroscopy to measure poloidal magnetic fields in tokamaks,

to study magnetic geometries and to analyze the anisotropy of

plasmas, such as from non-thermal velocity distribution of

electrons under BCR heating, appears to be attractive and

important. Experimental feasibility studies of polarization

effects in tokamak plasmas, and an examination of polarization

in neutral beam excited emissions are desirable.

B. Data needs:

1. Electron collisions:

1-1. a'2) (£): alignment excitation cross sections:

Definitions: Excitation i — p, polarization observation

p - r

with the longitudinal alignment of the p — r emission

+ 2 V
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and the usual excitation cross-section at0) (E).

Alignment excitation rate coefficient is expressed as

C(i,p)C2)- /(2)(iW2)(v)dv

with the quadrupole moment /(2)(W of the electron

velocity distribution.

In polarization spectroscopy o(2>(£) is needed for

various excitation transitions, especially from the

ground-state atoms and ions. A theoretical calculation

of excitation cross-section ac0'(£) is automatically

accompanied by the calculation of a(2'(£). Theoreticians

are urged to provide us with the data of a(2)(£) in their

work on a^(E). It is noted that the conventional

method of calculating o(2)(£) is incorrect since it

neglects the post collision interaction effect by the

outgoing electron.

1 -2. Disal ignment

Data are needed. k disalignment cross-section may

easily be calculated in the calculation of Stark

broadening.

Relationship between the disalignment cross-section and

the Stark broadening should be established.

2. Ion collisions

2-1. Alignment excitaion

Cross-sections for charge transfer recombination and

direct excitation are needed. An "alignment excitation
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cross-section" is preferred to the conventional

cross-section for the individual m. or m, population.

2-2. Disalignment

For Holtsmark electric mirofields an analytical

expression for disalignment should be derived.
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V. Charge Exchange Spectroscopy

(Notes mainly by R.Groebner and R.Isler)

A. General comments:

Charge exchange spectroscopy has become a very attractive

diagnostic approach, since it permits observations in the

convenient optical (or air) region of the spectrum. Thus,

relatively inaccessible plasma areas may be observed using

fiberoptics and optical signals may be focussed, enhanced and

transmitted to spectrometers in radiation-safe locations.

B. Data Needs:

1. Cross-sections for line emission due to charge transfer

reactions of neutral hydrogen atoms with H-like and fully

ionized impurities.

a). Energy range: 10 keV/AMU to 120 keV/AMU.

b). Lines of interest are the An = 1 and An = 2 emission

lines from the visible, near UV and VUV range of

wavelengths for He-like and H-like ions of H, He, Li, C,

N, 0 and Ne.

c). Emission cross-sections have already been calculated in

which cascades have been included for the extreme cases

of no I-mixing and complete /-mixing. To be useful, a

new calculation should include the following effects:

- j-mixing due to Stark effect

-35-



- j-mixing due to Zeeraan effect

- excited states in hydrogen beam

d). Since every machine has a different combination of

densities, magnetic fields, beam energies and beam

species mix, it would be most useful if a computer code

were made available so that interested users could

calculate emission cross-sections for their particular

set of circumstances.

2. Cross-sections for line emission due to charge transfer

reactions of probe atoms with alpha particles.

a). Energy range: 4 keV/AMU to 14 MeV/AMU.

b). Lines of interest are the 304, 1640 and 4686 A lines of

He n.

c). Include collisions of alphas with H, He, Be, Li and C

atoms.

3. Cross-sections for line emission due to charge transfer

reactions of thermal neutral hydrogen atoms with many low-Z

ions.

a). Energy range: 10 eV/AMU to 2 keV/AMU.

b). Lines of interest are the An = 1 and An = 2 emission

lines from the visible, near UV and VUV range of

wavelengths for H, He, Hell, CM, CIV, CV, CVI, N1V, NV,

NVI, NVD, 0V, OVI, OVD, OVI, NeVH, NeW, NeK, NelO.

c). These cross sections should include:

- cascades
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- charge transfer from excited states of neutral H.

4. Cross-sections for line emission due to charge transfer

reactions of neutral dydrogen atoms with high-Z impurities.

a). Energy range: 10 keV/AMU to 120 keV/AMU.

b). Lines of interest are the An = 0 and An = 1 emission

lines from the visible, near UV and VUV range of

wavelengths for Li-like, He-like and H-like ions to Ti,

Cr, Fe and Ni.

c). Very little is known about such emission lines. Their

wavelengths and transition probabilities must first be

calculated.

d). Effect of excited atoms in hydrogen beam must be

investigated.
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VI. Excitation Rate Data

(Notes mainly by T.Kato and Y.Itikawa)

A. General comments:

Excitation rate coefficients (or cross sections) are of

key importance for the interpretation of observed spectral

line intensities in low density plasmas. But accurately

determined rate coefficients (desired are accuracies of order

10-20%) are still very rare.

B. Data Needs:

1. Low-Z elements in low temperature plasmas : H. C, 0

a; Temperature sensitive line pairs.

An = 1 transitions and An = 0 transitions

e.g. I(2s2 'S - 2s3p !P / I(2s2 !S - Is2p 'Pi

b) Density sensitive line pairs

transitions relating to metastable states

e.g. I(2s2p 3P2 - 2p
2 3P2 / I(2s-

 ]S - 2s2p 'P>

c) Hydrogen atoms

n = 1 - n > 3

n = 2 - n > 3

d) Excitation from highly excited states

2. High-Z elements in high temperature plasmas: Ne. Si, Al,

Ti, Fe, Ni

a) H-like ions
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Kci, Ka2 ••• density sensitive

to He-like ions

Is2 'S - Is2p !P, Is2p 3P, Is2s 3S

••• temperature, density sensitive

satellite line — temperature, sensitive

Is2s 3S - Is2p 3P ••• density sensitive

c> Temperature and density sensitive line pairs should be

investigated for L-shell isoelectronic sequence ions.

3. Cross-sections including relativistic effects by high

energy electrons ( > 10 keV) for the excitation of the

resonance line, the inner-shell excitation and the

inner-shell ionization for high-Z (Ti, Fe, Ni) ions.

4. Proton impact excitation among fine structure levels of the

ground state for Fe VI - Fe XXE, Ni XI - Ni XXV ions,

e.g., 2s^ ¥3/2 - as^p 2 P1/2

5. Recombination processes for Ti, Fe, Ni ions:

Dielectronic recombination rate coefficients

Radiative recombination rate coefficients
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VI. Radioaetry

(Notes mainly by W.Moos and M.Mimura)

A. General comments:

Any careful spectroradiometric calibration requires a good

deal of effort, and for the extreme VUV region calibrations

with a synchrotron as primary standard are especially complex

and involved. Thus the much simpler in-situ calibrations

utilizing branching ratios of line pairs are often practiced,

for which accurate transition probability data are required.

With the much increased use of multielement detectors, one

must address the problem that these detectors often have small

variations in their sensitivity and zero light level which are

sufficiently large to affect the usefulness of the spectra.

Image intensified silicon diode arrays (Reticons) can usually

be corrected by a simple subtraction of a frame of data taken

in the dark prior to a shot. Other detectors, such as image

intensified CCDs, also have significant pixel sensitivity

variations. The variations can be accounted for by using

continuous light sources such as a synchrotron. An

alternative and possibly more desirable approach may be to

incorporate the ability to flood the detector within the

diagnostic instrument, permitting flat field corrections with

the instrument in position on a plasma machine.
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B. Data Needs:

1. Development of convenient secondary standards (light

sources) for the VUV, especially the extreme VUV below

1000A.

2. Studies of possible polarization of plasma emission and its

effects on absolute radiometric measurements.

3. Very accurate transition probability data (uncertainties

< ± 5%) for branching-ratio applications.
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Naka Fusion Research Establishment
Naka-machi, Naka-gun, Ibaraki 311-02

H. Kubo Japan Atomic Energy Research Institute
Naka Fusion Research Establishment
Naka-machi, Naka-gun, Ibaraki 311-02

J. Kailne Japan Atomic Energy Research Institute
Naka Fusion Research Establishment
Naka-machi, Naka-gun, Ibaraki 311-02

On leave from
JET Joint Undertaking
Abingdon, Oxon, 0X11 3EA

E. K9llne Japan Atomic Energy Research Institute
Naka Fusion Research Establishment
Naka-machi, Naka-gun, Ibaraki 311-02

On leave from
JET Joint Undertaking
Abingdon, Oxon, OX14 3EA

T. Shirai Japan Atomic Energy Research Institute
Tokai Research Establishment
Tokai-mura, Naka-gun, Ibaraki 319-11

N. Yamaguchi Plasma Research Center
The University of Tsukuba
Sakura-mura, Niihari-gun, Ibaraki 305

Y. Itikawa Institute of Space and Astronautical Science
Komaba, Meguro-ku, Tokyo 153

H. Suzuki Faculty of Science and Technology
Sophia University
Kioi-cho, Chiyoda-ku, Tokyo 102

T. Fujimoto Department of Engineering Science
Faculty of Engineering
Kyoto University
Yoshidahon-machi, Sakyo-ku, Kyoto 606
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H. Suemitsu Department of Engineering Science
Faculty of Engineering
Kyoto University
Yoshidahon-machi, Sakyo-ku, Kyoto 606

H. Zushi Plasma Physics Laboratory
Kyoto University
Cokasho, Uji 611

K. Kondo Plasma Physics Laboratory
Kyoto University
Gokasho, Uji 611

H. Kaneko Plasma Physics Laboratory
Kyoto University
Cokasho, Uji 611

M. Mimura Research Institute for Atomic Energy
Osaka City University
Sugimoto, Sumiyoshi-ku, Osaka 558

T. Oda Department of Applied Physics
Faculty of Engineering
Hiroshima University
Saijo, Higashihiroshima 724

K. Takiyama Department of Applied Physics
Faculty of Engineering
Hiroshima University
Saijo, Higashihiroshima 724

A. Nagao Research Institute for Applied Mechanics
Kyushu University
Kasuga, Fukuoka-ken 816

K. Ida Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

H. Iguchi Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464
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Y. Ogawa Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

S. Ohtani Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

T. Kato Research Information Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

J. Fujita Fusion and Plasma Diagnostics Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

K. Kadota Fusion and Plasma Diagnostics Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

S. Morita Fusion and Plasma Diagnostics Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

T. Ozaki Fusion and Plasma Diagnostics Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

M. Sasao Fusion and Plasma Diagnostics Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

B. Schweer Fusion and Plasma Diagnostics Center
Institute of Plasma Physics
Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464

On leave from
Institute for Plasma Physics
KFA JUIich
West Germany
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