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ABSTRACT

The charge exchange (or transfer) due to collision with hydrogen has important ef-
fects on the physical characteristics of astrophysical plasma. In this paper, collisional
ionization equilibrium in the temperature range of ~ 1,000 — —80,000 K are investi-
gated for C, N, and O ions including the effects of charge exchange. The calculated
ionic abundance fractions are compared with those of previous works. The ionic abun-
dance fractions calculated in the paper can be used in understanding the spectroscopic
properties of warm interstellar medium. It is also found that the ratio between the
degree of ionization of oxygen and that of hydrogen shows big difference with the
previously well-known result for the environment where the collisional ionization is
not important. This implies that investigations on the collisional ionization in the

warm interstellar medium are required.
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1. B
2 E 9] 23} ¥(collisional ionization equilibrium)FEl= AR Ect=ule} Zol Yx 7} Y2 7]
Ao E2H 4L ol Tl oA 713 718 o] H& doltt. House(1964)7F A& 22 FE0)

23 YA 250 wE o] 23| (ionic abundance fraction) A3 o]E 2 AIFA
°]—3§}‘% 9 AAgeo] BAE dvict o ZEE A4bol Y5 o it House(1964)= FE L
YA E AL 3 ARt %— o &gk o] 23} -o-°ﬂ*1 2 3 o] 2 #}(direct ionization) 2}
H AR é‘ﬂ'(radmtlve recombination) %+ T &3tk I F Tucker & Gould(1966)= ©] A A4 A
4 3}(dielectronic recombination)7}A] -73*51'0‘1 FEOI L3P FEE AUt Jordan(1969)2
Azl SE0] 23 FoA I Hol 289 EEAE o] &3 excitation autoionization)7}A] I
Blo] AlAsl it} A 33 B(charge exchange or transfer)®] %842 Field & Steigman(1971)°} 2
A AFog dFH A 15 4 (cosmic ray)ol 9 o] 2519} ALY Ao FHE o F
FEj oA AL a0 FEO T Aue FLAS AT
AN AN E EEAF 0|23 AFv) don ol s A BEEo] FA Tt (Jacobs et
al. 1977, 1980)+& AtAlo] &+2] A @M A Shull & van Steenberg(1982)7} 11712} Q4 o) T3t o] 23k
H & MEA A4t Arnaud & Rothenflug(1985)9}F Arnaud & Raymond(1992)+= FAI7HA] &
BHAG AL S5 288 Ax 24 EA% dEFHCE 52815709 A4 tistod F
Eol 2 H A E A on, Aeade 3t 3 BE Lo st a1yt 7
29 A& Mazzotta et al. (1998)°] o3} +HH YL, TS5 JHAALA AL dig A9
AY L ALATE o83 AREH UA7AY 28708 Fao] taf FEI25F FAE A9
o] 2 &FH E AtsATH
FEOXHF Y Ae N e +uE AT FoAA F LA Arnaud & Rothenflug(1985) ko] A3t
#& neEstgdo a2y, 285 Adtadel & aHE AZASHA st A &irh o] 2 FEF
H] &= Chianti(Dere et al. 1997, Young et al. 2003) ==+ APEC/APED(Smith et al. 2001) 59 &¢}
23 e 7§ (synthetic) *‘il%"“/ﬂ ¢ Se% TS FEEt EA g go] AREH
Chianti®: APEC/APED+ 2% Arnaud & Rothenflug(1985)2} Arnaud & Raymond(1992)°
A A4dg A3 E= Mazzotta et al. (1998)9 A A 4tst AFE o] &3t o webA HItw S
213t & W, Mazzotta et al. (1998)2] A3 A dvht @b A ¢ 271 Aok
o] =& A& Mazzotta et al. (1998)°] A&3F HAtete] S5 AT o3 4 A2 T
A Faote] SEo AT Atudg uejdte, HEENM F23 ALY B4, A4 H A4
3t 2E0)3lH Fof s At w31 £L247HE A (warm interstellar medium, T ~ 104K)
o] AN =23 /‘\P*B] 0].2 314 & (degree of ionization) 2} $49] o] 23 F 9 v && A4
gtk o] AFE 22ANEA A7 A Bo) 201 9+ Field & Steigman(1971)2] 2 3¢} v 7 3}
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Mazzotta et al. (1998)-2 AE&Ao2 FQ33 15719 ¥4 of A= Arnaud & Rothen-
flug(1985)9} Arnaud & Raymond(1992)9lA A3t AxFEol g 0] 28&8 AHE3AL, 2
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al. (1998)7 5 43 = A8 3gich B3], ol 5L oA AAEE B ZE A58 =332
Hustgew Hojx FAIZAA = 74 AFAZ U A5 Azt A EeldM A7) 4=
& Aelstgdoh
Had e 25(< 10°K)oA T4+ o dadt $E3 A8 FAY, == B
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of 7Hgtia & 4= Jrh(Dopita & Sutherland 2003). 4948 HEo 23 A L.
& Ferland(1996)°l 23] 7} & A2/l A Q222 ojE9 AHE o83t 2}, F 10°K 1)
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Atn@d o3 Ak T < 10°KoA o] A=E B3+ 98 ek o 10,500K o] 4o
Mt ol28tE 47 FATLRTG AW A3 o] 23 AE7} RelA & o|f+ Az #wne
X4 HO 5 XO-0tp gt 9142 wrdubgoln, o w2 FPubg o7l B AATL o)
€ "hgol o gA o] miEojch

3. &a2] o|28tEat 42| 0l23818 2 H

Field & Steigman(1971) A Z-E oA o] 23 E 48] U AP 224 A3 2
< $FA0) 8 o] 235, AR} FE AT EANAY L £40 Ao o o] 23513

ENHM)/NHE 582 Byt

°] A3} Reynolds layerztd £+ 244 HEZ Y] A7 YA ohf- F 834 AHE=E 2 )
t}. Weisheit(1977)= A ZH-E A A [0 1] A6300 &4 Haol H]&o] 25 P £49] o] 23 5o
¢ viztsitE A& 2 %t Reynolds(1989) 2 Reynolds et al. (1998)2 F A E A W&F
£ [0 1] X6300 HEAH] AM7E F3%Y Hat vagogn F2AZELY o] A& A+73}
Atk o] &2 o)9} T o2 FRAHTNEAL 0 == BFE ¥ Fo HEAE dNAAH
11 993} 21 McKee & Ostriker(1977)914 &8t = 3 LA4TEIIE thate AL B
th [0 1] 26300 242 FAHLL7F AR FES SR G EH 2 Hoj A off WEE T,
Ho:=HY7} A 48 of 329 ch whekA [0 1] A6300 W& A7 Hadl vl N(O°)/N(H*)d vt
t}. o] gt thA] ol g} 2ol KA Y 4 o0, Field & Steigman(1971)°} A48 N(O1)/N(0°) 2+
N(H?)/N(H®)S) BAE o] 831d £49] oA o AR L ¢ 5 Aok

N(0%) _ N(O) N(H°)/N(H+)+1]
N(H+) ~ N(H) [1+ N(O+)/N(0% |*

Reynolds(1989) 9} Reynolds et al. (1998)& °]& o} &3l F2AHNEAY |23 dHE AF
3tk 218 5904+ Field & Steigman(1971)2) Ao} wiwdt7] 98 N(O°)/N(HN)E 18R
gtk e Aatases vHWUS o] Aoy, FAL AFaAS 1A gt Wy 2
Foith. 29 527 H AFaHe v %S e oF 2,000 - 20,000K2] B NA ~ 1.49)
g e AL ¢ 5 Ak Adades v o 1,000K904 F 8/99] e ZAul Field &
Steigman(1971)2] Aol 2] 25 et A g1 F428S ¢+ Uk 2, BE 2
=3 g tisl N(OT)/N(0°) S EN(HY)/N(H®) S BA € A3 B&sta gtk

A7A, FEHEE FL2 440 FS djade 133A ¢te u 49 o] AR 7L vk
37 W Eol T4 AL FIT XA o]23E 7] AlFgthe Aolth(a Y 13 1Y 49 HA).
27 W g AR dE nH A U 3+, ¥ 2,000 - 20,000K] 2EANA N(OT)/N(O°) =
LAN(H?)/N(H®)& B3 Aok 28u, Asda s 134 Sd AZgEol golA A o
d g A7 7l A A Btk ¥hE ol Field & Steigman(1971)& S8 &3t 13 3HA) 4k,
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ARG Ferzvie] 23HAA 54 7T QAAAA 9 F 23t} Field & Steigman
(1971)2 249 0] 2318 AFAA AZo g HZHEAAAMY Aae] 4L ZReAct
Péquignot(1990)+= /d-2(nebulae) Q-7 JoA 49} 422 FE 23 AL Ho] FANA
9] o X} & 9] & Z (energy level population)oll 4 Z3lA G3& njztie AL Hgch £33 Fo]2
3l(photoionization) AN AT 218 7+ Kingdon & Ferland(1999)°) 23] A1
v glow, ojulx HIAHL v TR TS vk AL Bk

ay, el e dutdo g Aude) & AAE T FUTHAE
W, Mazzotta et al. 1998). WelA] o] =EGNE F2(~ 10°K)e] FEol-L3 Y H el A3}

ol 9% 72 A7 39} Kingdon & Ferland(1999) o] 23} B4 3ol At BN ES
?“i‘?‘""]"“ Al SEol2AF A AAE Aeta o] 93 E3F FAY B oty JdFn dok 2
2L}, o] =FolA 2 uket Zo] 9 35,000K vlvte] 2o A = HMstagte] o3 EHE FAY
At B4 AL A S TR G2 FLuct & 10,000K o]4 52 2504 o] 23}
7 dojubr] ARSI H, a4 oF 3,000K ol ¥ XA o357t dojuyr] A A Y oy R
o] 2315 7] A Fste TE7F FolA & olfE £ AR FoAM ga, A4 R AL E
AAYA 7| ¥he2 PG ol 3, o] 3}A] 7] ¥ %% dyt-go} 7] o o)t

Reynolds(1989) 2} Reynolds et al. (1998)-& F2&4 oA HEREE [O 1] A6300 & A
9] Al71% Had] M71E Blagead 24238249 l E}*‘Eﬂ-— A3ttt Juett, Schulz &
Chakrabarty(2004)&= X-4 #&& 33t F2AMEAY g 019 O 1 F+-A L FS34h
153 B Field & Steigman(1971)8] dTE o] 835 S LAIERA EAL A7 dr) 18
L}, o] =89 A= Field & Steigman(1971)3}= @2 S| 23 FA o4 AbAo] o] 2314
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