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What do spectra tell us?
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The collisional-radiative (CR) model is introduced as an improvement to the corona model. Its formulation indicates
that the population of every excited level is divided into two independent components, i.e., the ionizing and recom-
bining plasma components. For the pulsed discharge with helium gas in a Pyrex tube which exhibits intense line
radiations twice, the first and second peaks are found to correspond to the ionizing and recombining plasmas, re-
spectively, from the different population distributions over the n®D levels. The spectrum taken in the stationary
phase of the main discharge in the Large Helical Device (LHD) with helium gas suggests an ionizing plasma, and
for the other two spectra taken in the plasma terminating phase, the first and the second spectra indicate the re-
combining plasmas of ionized and neutral helium, respectively. In all these analyses, the electron temperature and
density are the variable parameters and are determined as a result of fitting of calculation to the experimental data.
The spectrum observed in the helium glow discharge cannot be reproduced by CR model calculations even if the
quasi-steady-state approximation for metastable states of neutral helium is removed. The opacity effect may be the
origin of this difficulty.
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Fig.2 Schematic diagrams of the atomic processes in Fig. 1: (a)
spontaneous transition, (b) electron impact excitation, (c)
electron impact ionization, and (d) photoionization. The en-
ergy transfer between the atom and the electron or photon
is also indicated, where x in (c) and (d) stands for the ioni-
zation potential of the left hand side atoms in level p.
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Fig. 3 Teand ne dependences of the population coefficients of the

p=3 level of neutral hydrogen.
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Fig. 4 Schematic diagram of the structure of excited level popula-
tions. The population consists of two independent compo-
nents, each of which is proportional to the ground state atom
density or the ion density, respectively. These components
are named as the recombining-plasma component and the
ionizing-plasma component, respectively. The formation of
the excited level populations is accompanied by the recom-
bination andionization fluxes as indicated with arrows. They
will be discussed in detail in Chapter 3.

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Journal of Plasma and Fusion Research  Vol.80, No.1 January 2004

TRARY PVEBEMELT, ADPIT-728FTETLRA
oW THMNTE, B, F1ETCITFEHESTLED
A= WRELDEIAN) T LFEFDRRT MV ThHoTe
DT, TZTHFIIANV Y LET 2R E LR 51T
V. FBIEDOFig S5 WIRLAE NS, N AFEFIEAE
T LT EZDZ 3N F - ORESHEMET, Bl
NDFMDIEREDN S EREICE L0, DX ) LR
HEITIDIZEDBELTVB LD VR L, AYTLETFD
2 OHEREEETEF VL Refs.[4,5] THASH TV S,

2.4 EBEEITSSOX<
FTRCOFFREMDEY 2L — 3 3 ¥ AL IR
RETHEICATL2EHSTTEShLEX, DF D,

n(p)=Ri(p)nn(l) (6)

EREINDBEE, FOTIAHBEET T A< LI
A,
KERETBLOAZERA L IC0T2 R(Q) DETER
EBXOETEREKRENE, 2L T KIEHIZ Ref[7] T
LERRONT WS, BEE#EIT T X< I12B1F AN
DRV —Ya VICHTAEHTREMEIE, Homuy
BIEEDOT T,

n(p)igp)ocp ® (7)

EVIBBRAEED IO XIIIEBIETHBIT]. T T,
& (p) TN p DIEFTITERT, 738 1) ORI P fil¢-
¥, FORMICFARFICHEETE 2 RKOETFOMBUITIE
T5 KERTOERBTErOEMIZH L TIZ
g)=2p> %%, hPEANY Y AFFIIN L TIE 2 0B
&, MLACYBIUOMEAESHERE TR (Fh2h, S
BIUOL TERY) 2808 MHNORE 2L —Y 3 V5HIC
S LTHEATAIENTE, ZOHA, ¢0) 3@z
T,

n(n**L)yocn (8)

kb, 20X BERIE, TARAVF-HIIEWEMNITE
B LR K, TGS, THOBTEED LG
I ALF—#fr e LTSRS (7],
FBIETHALASVARED €0 Al ICHIET 5
Yalb—3 g yphi%, Fig 5iCH8$ 2525 20U
CBRMLTWAI EWbhrb, ZOHKRIE, Fhrs Rk
Do AKIRBORTEIR6x10%2m 32 b L, #H%E
WA ETVEH ALY, Te=45%10°K (39
eV) BIUPn =10x10m 3 CTRLHHTXS., #£54%
Fig. 513 F. SO L) LM T T, 3°D TE 2+
(8)DBAMBMNICH B Z Lhbh b, [E¥Hh AlX, WE
MWD, 77 X< kS NBEEBRREIEAICREL T
LREWICHIRTS2LE26N5DT, ZORE 2L —
Ya vV EEET 7S A THETE A L0 ) BRI
ZHTHD.

T T T T TTTT

111

Hel (n°D)

T T T TTT7TT

T T T
Ll

population (m-3)
=
T T T T TrT ||
1 1111 ll

o experiment
+ calculation (ionizing)

10°F B E

o TC=4.5><IO K .

r n,=1.0x 10° m” ]

Fon's)=6x 107 m? 1
IOI4 | | | S I |

2 3 4567 10 20

principal quantum number, 7

Fig. 5 Population distribution over the Hel n3D levels for the first
radiation peak of the pulsed discharge in a Pyrex tube [8]
as shown in Fig. 6 of Chapter 1. The ionizing plasma com-
ponentin the CR model calculation with 7o =4.5 x 104K (3.9
eV), ne=1.0x 1099 m=3, and n(1'S) =6 x 1022 m=3is also
shown. They agree well with the expected distribution, n(n3
D) o<n78,
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Fig. 6 Comparison between (a) Fig. 10(d) in Chapter 1 and (b) the
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Fig. 11 Population distribution over the Hel nD levels from Fig.

10(f) in Chapter 1. The recombining plasma component
of the CR model calculation with 7o = 0.4 eVand ne = 8
x 1018 m=3 is also shown.
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Fig. 12 Comparison between (a) Fig. 10(f) in Chapter 1 and (b) the

recombining plasma component of the CR model calcula-
tion for neutral helium with T, = 0.4 eV and ne =8 x 1018
m™s.
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