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colors and plasma constituents

e plasmas show
different colors with
different working
gas o0:00:00

e guessing
constituents of the
plasma is a kind of
plasma spectroscopy

oo- 27k

e however, color is
unsuitable for
guantitative analysis
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spectral measurement
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radiance and irradiance
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« mean distance from earth
[=1.496x 10" m

e mean diameter
D=1.392x10°m

a6 8 107

apparent surface area of the sun
solid angle of Tm2 area on earth



radiance (1 o*Wm?nm’ sr'1)
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SMARTS (Simple Model of the Atmospheric
Radiative Transfer of Sunshine)
http://www.nrel.gov/rredc/smarts/
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Figure 2: Arrangement for the direct observation of the solar radiation.
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Figure 1: Optical arrangement for sensitivity calibration.
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NIFS-PE423

e heliotron-type device,
l.e., no inductive
plasma current

e advantageous for
steady-state operation
(no disruption)

achievements
Te 20 keV

T 10 keV

Ne 1021 m-3

12



e spectroscopic diagnosis can be classified
into two categories

e high wavelength resolution measurement
- shift, broadening, splitting, etc.
e wide wavelength range measurement

- intensity distribution of various emission
lines, line intensity ratio, continuum



observable obtainable
shift ion velocity
Zeeman magnetic field
splitting

Stark electric field

Doppler Ti

broadening
Stark Ne
intensity ratios Te, Ne

intensity distribution

ionizing or recombining

Intensity

ni

high resolution

low resolution
measurement

measurement



line intensity distribution

e various emission lines are simultaneously
measured

e population distribution over excited levels
gives information on the plasma state

e collisional-radiative model is used for the
analysis






main discharge with helium gas
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corona equilibrium

n(3)
C(1,3)nen(1) =

A(3,1)

3 A(3,2)n(3) {\)
AN [A(3,1) +A(3,2)]n(3)
hv
aVAVAVA
2
hv
aVAVAVA

more generally

C(1,p)nen(1) = »_ A(p,q)n(p)

C(17p)ne

1 n(p) = n
C(1.3)nen(1) > A(p,q)
g<p

(1)
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corona model cannot explain

observation results
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spectroscopy is a fundamental diagnostic
method for fusion plasmas

collisional-radiative model is essential for
analyzing measured line intensities



Te and ne analysis with helium lines

measurement has been made with single
collimated line-of-sight
dominant line emission is known to be localized at

edge region
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f(Ton) =)

P

( ncal(p) o nmes(p)

2
with p € {3!S, 3'D, 3°S
Mimes(P) ) { /

e |east-squares fitting is attempted with an error
function which describes the difference between
the model and measurement results
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Te and ne derived seem to be reasonable and
fitting looks to be going well
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2 A(p)A(p,1'S
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A(p)iscalled
118 escape factor

reabsorption effectively works to reduce the
transition probability of spontaneous radiative
transition and to increase the upper level

populations
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2
(T n AQ'P),AGIP),..) = 3, (”@L— fzr;e;(p) )

e accurate evaluation of escape factors is difficult

e onheideaistoinclude the escape factorsinthe
fitting parameters, but restrictions should be
given for the escape factors



e escape factors can be theoretically evaluated
for some simplified geometries such as slab or

cylindrical structures
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e restrictionis added as aregularization term to
the error function

2
1 (D) = Niyeg(P) 1 A(g) — A¥12(g)
T9 e’A21P ,A 31P,... —_ c -I— —_—
Flene AEELAEE. - N, ; ( Nmes(P) ) -y Z ( AS1ad(g) )

with p € {all upper levels}, q € {an}, and hyperparameter u
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e oOptimizations for the hyper parameter 1z and
for the number of escape factors considered in
the error function are attempted through bias-
variance analyses
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polarization spectroscopy

e anisotropy in EVDF could play a critical role
for the plasma confinement

e polarization spectroscopy is a promising
technique for that purpose

¢ polarization measurement is attempted for
Lyman-a line in LHD

e anisotropy in EVDF is evaluated with a help
of atomic model
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e guantitative analysis of polarization requires a
simulation model

* a sophisticated formulation has been developed
by Fujimoto (Plasma Polarization Spectroscopy,
2008 Springer)
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e under axisymmetric condition, density matrix in
spherical tensor representation is written by two

terms  p(p) = p)(0) 73" (0) + A3 (P) T3 (1)

a(p) / n(p) is related to P or AL

po(p)  Po(p)
C22(p, p)
n(p) ap) —

C0,0(1,p) A(p:1) CO’2(1IP)
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Fr(v) = 2K2+ ! /f(v,H)PK(COS 0) sin 6d6



0.04 —
L 0021 -
o i i
ol))
O
o = —
<
S i _
5
= -0.02 —
=
o B -
aw

-0.04 — 5c]8 —

_006 ] | ] | ] |

0 20 40 60



® Perpendicular NBI (8 MW)
® Tangenital NBI (4 - 12 MW)

m ECH(1.5-2.7MW)

0.06

0.04
I (keV)

0.02

I =

—@

— @

0.8

_
\©
S

("1 /1) oney

® Perpendicular NBI (8 MW)
® Tangential NBI (4 - 12 MW)

m ECH(15-2.7MW)

0.8

19

3 4x10

2

3
n.(m )atrs=0.67m

1

("r /') oney



polarization in Lyman-a is detected for plasma of
magnetically confined fusion experiment

anisotropy in EVDF is evaluated in terms of T,/ T, with
the population-alignment collisional-radiative model

Ty < T, is always true, that is understandable when
particle motion characteristics in the edge plasma are
taken into consideration

anisotropy shows a clear dependence on T rather
than ne
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