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Revised Notation for Carbon Stars

_-l‘iﬂ Equivalent types for

" oxygen stars R sequence N sequence CH sequence
C O O 1 S t ar S E G4-G6 C-RO C-HO
g, G7-G8 C-R1 C-N1 C-H1
3 51 G9-KO C-R2 C-N2 C-H2
K1-K2 C-R3 C-N3 C-H3
K3-K4 C-R4 C-N4 C-H4
M S C K5-MO C-RS C-N5 C-H5
MI1-M2 C-R6 C-N6 C-H6
M3-M4 C-N7

s Treat - M5-M6 C-N8
M7-M8 C-N9




MOLECULES identified in
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CO, C,, CN, CH
ZrO, LaO, YO

= 8%

TABLE 1. The 40 diatomic, 8 polyatomic, and 3 ionic molecules observed in photo-
spheres of M, S, and C stars and the Sun (photosphere + sunspots).

observed in: observed in:
Molecule Sun M S C notes Molecule Sun M S C notes
Diatomic molecules:
SiN
AlH * L Sio * = % K,S+
AlO * g SnH *
BO * TiH * *
CaH * * CS, dw TiO * *oox K
CaCl * CS TiS *
CeO ¥ MS VO ¥ #
CrO ® YO ¥ # S+
CrH * YS *
Ca * * ZnH *
CH * * * * GKAp,d+|ZrO * ** SC,S+
CN * * % * GKRCHB, |ZrS *
g+,5+
CcO * * * *  K,SN,nova,
g+,5+
Ccs * Molecular ions:
CuH * *
FeH ok K,d+S+ |[H™ *ox x x4y
GeH * SiH* *
H, * * * % cHt %
HF * * * * K
HCI * * Polyatomic molecules:
LaO *
MgH * ¥ F K, dw C.H *
MgO * CoHa
NH * * * CS
NiH * CaOH * K7,dw
OH * K, d+ HCN *
ScO * H,0 * * d+
SiF * SiCz * 8C
SiH * * % % CH4 * bdw

Notes: gi, dw means that the molecule has been observed only in giants or dwarfs, re-
spectively. g+ and d+ refers to the bands of the molecule being stronger in giants than
in dwarfs (g+) or visa versa (d+). S+ refers to the bands being stronger in S stars than
in M type giants. G, K, SC, CS, MS, Ap, RCrB, SN (super nova), and nova, respectively,
refers to the molecule having been identified also in these types of stars. The note bdw for
CH,4 reminds us that CH4 has been observed not in “real M-type dwarfs” but in Brown

Dwarfs only.
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Kurucz synthetic spectra }s‘
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Carbon stars .

General Catalogue of Galactic
Carbon stars by Stephenson (Alknis
at al. 2001.) 6891 stars

T.+1900-4000 K (Bergeat at al.2001)
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Name Class
HD 156074 | C1,2
Ros51 C2,1
C* 888 C2.2
HD 16115 | C23
HD 47396 | C3,1
BD +21.64 | C3,3
V738Mon | C34
DV Lac C4.3
HD 52432 | C44
VX And C4,5
BG Mon C5.2
HD 25408 | C5.3
VW Gem Cs54
V466 Per C5.5
NQ Gem C6,2
HD 92839 | C6,3
TU Gem C64
V Hya C6,5
W CMi G2
HD 183556 | C7.,3
TT Tau C74
UV Aur C8,1
HD 192443 | C8.,2
HD 224855 | C9,1
U Cyg C9,2
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Pavlenko synthetic grid__. oo

e - e

= e~

C/O

T=30000p, £ f’

1.093

W ;

e

iy

1.007

[ 1 1 1 i 1 1 1 1 ] I ] L i 1 [ 1 1 1
8500 8550 8600 8650 8700 A(4)
Carbon abundance sequence



13C /14

——
=
=
—

o
e

’1 /14N
i

T T T T T T

Y

8500 @550 8600 8650 8700 AR _ | 1l
i :.i"' b Y | | | .i_ | ' .Ii 0 a8 i M M%
M. A pegmez g WAl |
2C/13C isotopic ratio -

T = 3000
C/O =1.35

FILFE IR




Name Class

HD 22649 S4/2 —— e -

HD 283350 | S3+/3

HD 286892 | S5.5/1

BD+15.1200 | S4/2

BD+79.156 | S4/2 \w

HD 110813 | S3/6

—_——

BD+23.3093 | S3/3

HD 170970 | S3/1

HD 187796 | S7/1.5¢

HD 190629 | S6/3 |

V441 Cyg | S4/6

HD 195665 | S5/5 e
HD 198164 | CS (
HD 200527 | S4/1

CV Cep S7/1.5

BD+28.4592 | S2/3:
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Model spectra 3000K logg=0.0 M=2M,
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Strong Molecular band heads:

8742.4
8722.3
8700.0
8685.4
8675

8652.2
8626.0
8624.0
8619.8
8613.3
8611.1
8597.8
8585.5
8571.5
8557.8
8541.8
8488.9
8451.2

NF
N,
SrO

degraded blue —

~ degraded blue

NiCl

N,

CaO

TiS
VO
NO
SO
CrH
O,

C,0

BaF
C,0
N,

PrO
BaH

degraded blue -

atmospheric
- degraded blue
degraded blue
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S

8643.4 VO
8666.6 VO
8624.0 VO
8604.0 VO
8575.3 VO
8537.7 VO
8744.2 ZrO
8734.0 ZrO
8721.3 ZrO
8709.3 ZrO
8695.3 ZrO
8622 C,H,
8563 HCN
8608 HCN



Ve (B=Vk  Speciml [FeiH] Var. @ 7 Vene SN Refs. HID va M
Typ= name { kmjaec) (—245 1000 (kmfzec)

HD 130817 GIEL 4040 2V —-039 /-051 ~15 4.5, , .0 Tlad - 120
HD 152835 4719 408l F21b nsv 2021 5 35 x20 1d, .o, 1l TI0g - 06
HD 81752 6337 4045 F3V —D246+0044 90430 4.8k, , 11 6513 - 177
HD 10160 3790 4046 F4V —082/-074 <15, 4.5, L .0 6315 + 162
HD 71433 BT 4055 F4 111 +D.100+0.100 20 4 m, , L1 9514 + 108
HD 87141 5764 4052 F3 ¥ +0.047 £0.053 150430 4 .6b, ., .l 3516 - 107
HD 171300 3418 4040 F5 111 +0.10 B ~E 4.5, 151 7703 - 279
HD 193370 5235 4071 F5lb +000 NSV 1299 5 100 1d,5b, 10, .11 708 - 150
HD 30902 1E66 4055 F31b —oo2 HSVOLLS 5 178210 le7 1o, L1 919.3 - 173
HD 147860 3882 4052 Fo v -0201+0047  HSVOTI0  © L 1D 1db, 10,15.11 Tlad + 172
HD 124550 4126 4055 Fe 11l -0129+0043 MEVOSSM C 0 L 1S 4 m, 915,11 6355 + 193
HD 53373 6376 +047 v ~3 4 A1 6314 - 140
HD 14667 6353 4084 F71b WV 440 Pat s 100 4, .9, .11 9513 - 132
HD 171635 4537 4088 F1b L  45=+23 b, 501 TI04 - 196
HD 9039 4550 4056 FEV —D220+0.136 L 1o 4 gb, 15,11 6513 + 181
HD 47703 6538 4053 F8 11 ~6 IR i1 955.4 + 117
HD 100570 3M48 4081 RV +D.180+0044 c ~5 leg , 9, L1 6364 + 140
HD 74462 8790 +112 Goln —161/-136 3afa, . . 5655 - 152
HD & 110 6230 +0EZ ol ~4 4, ., ., .1 7705 - 141
HD 1601 3534 +lol GOlblla +001 L 6322 lasa, l4.ll s65.4 - 136
HD 119606 5655 4088 GO1b-lla +011 b5, , ., 655.4 + 197
HD &5445 6151 4076 Gl ~24 IR § 6554 + 203
HD 153650 3E6T  +40E7 Glib1l —040 c b3k, 9, 7156 - 164
HD 74395 4716 4082 Gllb —odl L 75 IhSa, 1411 9554 + 100
HD 76151 apeE 4074 Qv +0.132 0051 B lexll lagk, 14,11 955.5 + 107
HD 67594 4456 +111 arlb w7z la, . .l412 8514 + 136
HD 71148 6390 4089 a5V H <13 4., .51l 655.4 - e
HD 71368 3436 4087 Giln -DMMi+006l  HSVOMINI  C L -3 laga, 8,14.11 5654 + 126
HD SE609 735 +l0l ailn —301/-2.10 Sk, , . 365.6 - 148
HD 9900 3ee6 +les G5 Lab: —-D144 %0121 L 5510  Saga, L1513 5654 - 205
HD 1l0184 8431 +l32 =3} —256/-1.18 Sk, . . 569.6 + 132
HD 117043 6574 4056 Gev 4. ... a5le - 143
HD 79452 6070 4083 Gelll —D625 £0072 B -de 4 m, L1411 G564 + 234
HD &7767 3E06 4082 aTv 5 N 4, ,914, 655.3 - 167
HD 77912 4653 +l.19 G lla +0.38 B 441l lajfa, 1411 6563 + 208
HD 101501 3380 4083 GEV -D0T0=+0134 HSVOSI9L 5 W 21308 laghb, 814,11 6514 - 138
HD 11313 1817+l GE 1llab +0041 0042 NSVOSDsd 5 L -25 lagalola,ll G564 - 208
HD 80125 64l 4114 =31 4. ... 6363 - 187
HD 108225 5017 +lp9 @ —0001 0052 C L l4x12 1btn, 914,11 9516 - 158
HD 136447 6452 +137 KOV C 4, .8 . Ti54 - 153
HD 44391 7823 +lsel KOlb +021 2b%, . . 3306 - 150
HD 100224 3EIE 414l KOS 1k —D3E5+ UM NSVOSIE 5 W 112013 Ik 01411 3307 - 231
HD 21835 4800 +152 KOS 1L —-020/-015 NSV 144@ 5 0H -4 1bSa, 914,11 Tlae - 198
HD 108351 4466 +132 Kilu +D.085 %0043 B 1610 lben, 14,11 278.5 + 185
HD 24600 5.155 4127 Kl —0.187 £0078 13210 4@, , .U G514 - 187
HD E1148 4599 4145 K2 L1k — D028 +0.058 M <le laga, 14,11 279.4 + 150
HD 85503 4013 +148 K2 11 +0243 £0027 B =24 laga, 1411 5615 + 199
HD 50877 404l 4213 K2 lab —oul @' Chila MM =20 lag , 9.14,11 5704 + 184
HD 102378 3398 +151 K25 b +D223 %0048 B llx10 lben, 14,11 561.5 + 154
HD 127064 asll 4132 K3V 4, L, . . 9355 - 9g
HD 125560 4881 +147 K311 +0133+0053 HSVOeeIl 5 W <lo 4 10,1411 6355 - 261
HD 150567 E10  +l44 K311 +034 3b3b, L, 3926 - 119
HD 9133 4895 +183 K311 —-D452 0080 W o<lo laga, 1413 563.3 + 219
HD 107325 5643 +1328 K311 +0191£0093  NSVOSSH 5 <10 Lbén,10, 1L 79.5 - e
HD 131877 3EE0  +13% KA W +D0l6=+0.133 H -l Lheb, 14,11 655.5 + 190
HD 79354 5457 +l90 K411 HEV M4 S H  30=1D la, , 91411 279.3 - 188
HO 12053 5075 +l70 K411 —0.184 0064 H 2013 4 ., L1411 6555 - 260
HD 219978 68955 4177 K435 1b —015 NSV 14501 5 87,9, , T7LS - 246
HD 237025 FE6E 4259 K3 B0 a L .. 9193 - 177
HD 17708 4735 +l8e K55 111 -0335+0089 NSVOM&E 5 0 0H o «ls laga, 914,11 5304 + 121
HD 80493 3381 +lEe K& 11 -0191+0200 THSVO443% 5 Bl lagalo,ld, aiad + 205
HD 95578 4812 +183 Mo —-023 NSVOS0$® 5 0 H <20 lajga, 914,11 593.5 - 189
HD 10007 3857 +l84 MO nsvos23al 5 H ik, 9,14, 79.4 + 187
BO +56.595 5409 4254 MO lab Pei OB1 WV 439 Pai L a, L9 . 563.3 - 173
BO+632073 10408 +33% MD1b 3, .. 7975 - 105
HOD 102212 4208 4179 BLIL NSV SIlE 5 H 1k, 9,14, G564 + 263
HD 33601 TI6T 4270 BMlSlabdb  —024 V36T Am 5 Iasa, 9, . 5634 - 241
HD 14330 5210 4249 Billab Pei OBL FZ Pei 5 Za, L9 . 5423 - 147
HD 117675 4597 4182 B235 1L HSVOSST 5 H 1, 9,14, 9355 + 117
HD 307380 6EET 4282 B21b +007 5V 13808 W lh5, 8 . 3946 - 202
HD 13136 7884 4271 B2 1ab b Per OB 1 la, . . . 534 - 246
HD 36389 4639 4244 B2 1ablb +oul CETan BB lajsa, 9,14, 563.5 + 156
HD 217908 1654 +l8e M50 -0dl APeg 5 H lh, 9,14, Tlae + 205
HD 120933 4840 +184 B3-1 +050 AW C¥n 5 H 51zxlD 1bSa, 914,11 569.5 - 218
HD 76327 4843 4182 M3 NSV M3 5 H 13, , 9,14, 279.3 + 168
HD 84335 3311 +187 B3I €5 Ubla 5 la, .8 . 6353 + 294
HD 236871 EES4 4185 B13 1ab b VI Ce Bl I3, .9 . 9514 - 134
BO +602613 d10 4328 BM3la FZ Cm L b .9, 795 - 182
HD 117300 3577 +lE0 B3+ 111 -008 /-D1l6  NSVOEDX 5 Bl lh, 9,14, s5l6 -z 156
HO 101153 5457 +l76 M4 -0 w Vit 5 45,8 . 3516 + 193
HD 11401 5140 4231 JRES] NSV a7 5 I3, 10, , 7975 + 173
BO +56512 9705 4211 141k Per OB1 BU Pet L Za, L8 . 5315 - 232
HD 12401 053 4242 141k Pet OB1 XX P Bl 7, 9, 9513 - 160
BO +62207 9618 +325 B4 1a HIC= L Za, L8 . 7975 - 166
HD 123657 5394 4174 145 W —-0o03 BY Boo 5 M b5, 9,14, 9355 - 257
HD 76330 6518 +180 1145 1L N5V 4312 5 la, .8 . 9515 +2 287
HD 130144 602l +154 115 Tllab NSV osTEs L 4, .9 715.4 - 413
HD 53680 341 +184 BI5+111 N5V Bdss M la, o, . 9514 - 130
HD 24705 alls  +l4s BI55 1L VY Lo BB 13, , 9,14, 9315 - 782
HO 148783 5047 4152 Ble-111 —006 / +002 £ Het L lhfa, 9,14, 9517 + 277
HD 15191 5851 +l47 Ble-111 RZ A Bl la, .8 . 9513 + 311
HD 25725 8745 +le3 BT+1 W Eni L la, .8 . 9513 + 315




