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Abstract
Jons and electrons in plasma recombine to become atoms in the ground state. The effective rate of

recombination is determined by a complex of collisional and radiative processes.

For the system of pro-

tons and electrons, details of the recombination process are explained, and an approximate expression of
the effective rate of recombination, or the collisional-radiative recombination rate coefficient, is given.
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Fig. 1 Effective (collisional-radiative) recombination rate

coefficient. The closed circles show the lower limit
of the high-density region given by Eq.(18). The
situation is different in high temperatures (quoted
from [3]).
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Fig. 2 The high-density-limit value of the collisional-radia-
tive recombination rate coefficient (divided by ns) in
Fig. 1. The solid line in the low temperatures is
given by the approximate expression, Eq.(16)
{quoted from [3]).
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Fig. 3 Population density distribution among the excited
levels in the recombining plasma. Te = 10°K
(quoted from[3]).
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Fig. 4 Schematic diagram of the flow of electrons (popula-

tions) among the excited levels and the ground
state for the recombining plasma. T¢ =10° K and ne
— o _ All the arrows represent collisional transi-
tions, and the width of an arrow indicates the mag-
nitude of the flow. The downward arrow on the right
represents the magnitude of the collisional-radiative
recombination flow. The filled arrow at the left-top
corner represents the net downward flow through a
high-lying level, p = 10 in this example. The dashed
line between p = 6 and 7 represents Byron’s bound-
ary (quoted from [3]).
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Similar figure to Fig. 4, except that n. = 10%° m™,

The hatched arrows represent radiative transitions.
The dashed line between p = 3 and 4 represents
Griem’s boundary (quoted from [3]).

Fig. 5
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Fig. 6 The phase diagram of the recombining plasma

(quoted from [3]).

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

IS 1. Bk

H & T OENMANOWEBIEHE L 4 4 V20 OB EEE
OMPZDOESEG2B L1245, REEOBRTIE
IR AOE R ARML 2 5.
SECTRRII) BENNLZBREERS 252586
BRI (HEEEEES) ETORREI RV,
LLHSRTwAE X IHic, BHERRLE  OREhHERE
WARFERE LTI ABEhSE., BREOENN B
DEFBEEZO L) REVEIRELOBMOBRTHI
i, EoE@mroHL»R L), FoESIZETREIC
FEALEORV. BFREXES-2Y, BEFREEDR
TH5EEFHEOBEIHLNLS.

1.4 BbHUIZ
SEFCTREFORESAEBICE~Y I A7 = VG5 Ai %
RELTE2. LLLEFS, HEOTI X Tlkdi
5F LD FDRBIIEELL 2\, 728 21, OFL 75
AR TCRZOFEESAIET 7 AT 2 VITIERL, &K
1279 A ERERIEZRITHEZH oM LIS S
WTERDL. 20 X)) HEIE, 3EERHEGOHEE
BEELTRADICHESL I LIZTER Y., 20X 25
AR L CAMLRBEREG TWEREL 254em s hz(7].
LA Lads, ZOBRLIE—HEHIEILLEZV 220
RED LIZ/zoTEY, LIrDZORmIFIEEFOZ L
FHESRTwRY, T2, BEA L2 L oFEEl
oW THX D 2 EICHELZ Y. IRHIZDOWTENR
DOERIWZBRBEZ L & L.,

AHEITE, BHTA4 v EBTFOERNZEHEAEREIC
DVTRZ. b L, 7IXRHHTA T VBB 5 L,

541

HERT TV FNODPHEETHREEDETS. 2
L2, FTAF U5 BIClRR 70 L EP o H S
WEESITmZ, MEREEENETE. 2+ VR ED
THAGTFA K220 OBBEEERHBEETCHE T TFHES
N o/ L) REFRE~NOBEEVPELTHEL L
W kb oTE8]. T/, FHAKESFIEE
G RET S, S TEELEHE Molecule Activated
Recombination) ®DB@FEHDH 5 LIBEINTWSH[9].

ZEZEXB
[1] P. Mansbach and J.C. Keck, Phys. Rev. 181, 275
(1969).
L. Vriens and A.-HM. Smeets, Phys. Rev. A 22, 940
(1980).
F. Devos, J. Boulmer and J.-F. Delpech, J. Phys.
(France) 40, 215 (1979).
T. Fujimoto, J. Phys. Soc. Japan 49, 1561 (1980); J.
Phys. Soc. Japan. 49, 1569 (1980).
T. Kawachi and T. Fujimoto, Phys. Rev. E 51, 1440
(1995). ‘
S. Byron, R.C. Stabler and PI Bortz, Phys. Rev.
Lett. 8, 376 (1962).
HR. Griem, Plasma Spectroscopy (McGraw-Hill,
New York, 1964).
T. Ditmire, Phys. Rev. E 54, 6735 (1996).
G.B. Ramos, M. Schlamkowitz, J. Sheldon, K. Hardy
and J.R. Peterson, Phys. Rev. A 52, 4556 (1995).
SI. Krasheninnikov ef al., Phys. Lett. A 214, 285
(1996).

[2]

(3]

[4]

[5]

(6]

(7]
(8]

[9]

NI | -El ectronic Library Service



