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            NEWLY IDENTIFIED INFRARED CARBON STARS FROM THE IRAS LOW-RESOLUTION SPECTRA P.-S. Chen Yunnan Observatory, National Astronomical Observatories, Chinese Academy of Sciences, P.O. Box 110, 650011 Kunming, China; [email protected] and W.-P. Chen Institute of Astronomy and Department of Physics, National Central University, 32054 Chung-li, Taiwan; [email protected] Received 2002 August 8; accepted 2003 January 2 ABSTRACT We report new identiﬁcations of 63 infrared carbon stars and 24 possible candidates based on the presence of the SiC emission feature at 11.2 lm in their IRAS low-resolution spectra and on their infrared colors. The IRAS spectra of the newly identiﬁed carbon stars are presented. Key words: infrared radiation — stars: AGB and post-AGB — stars: carbon 1. INTRODUCTION The spectral classes of M, S, and C are believed to be an evolutionary sequence for most stars on the asymptotic giant branch (AGB; Iben & Renzini 1983; Chen & Kwok 1993). In this scenario, an initially oxygen-rich (C/O < 1) M star would, as a result of carbon dredge-up from its inte- rior, evolve through a spectral type of S (C/O  1) to become a carbon-rich (C/O > 1) star. The dredge-up causes carbon to bind with oxygen to form CO molecules, leaving insuﬃcient carbon atoms to produce other carbon-rich material. As the oxygen-rich circumstellar envelope dissi- pates into the interstellar medium and more carbon-rich material is brought up, the star gradually becomes a visual carbon star. The accumulation of carbon atoms in the pho- tosphere leads to the formation of carbon-rich dust grains, such as amorphous carbon or silicon carbide (SiC). A carbon-rich dust envelope then forms, and the star becomes a so-called infrared carbon star, characterized by an emis- sion feature at 11.2 lm due to stretching bands of solid SiC (Chan & Kwok 1990; Guglielmo et al. 1993). It has been shown that candidate infrared carbon stars can be identiﬁed by their distinct location in a KL versus IRAS [12][25] color-color diagram (Fouque ´ et al. 1992; Guglielmo et al. 1993, 1997; Guglielmo, Le Bertre, & Epchtein 1998). The IRAS mission carried on board a slitless spectro- meter (the LRS) that recorded low-resolution spectra in the 7.7–22.6 lm region with a spectral resolution of about 20– 60 (IRAS Explanatory Supplement 1988). The IRAS Science Team published the LRS spectra of 5425 sources, among which 538 were listed as class 4n (Atlas of Low Reso- lution IRAS Spectra 1986). Soon after, Little-Marenin et al. (1987) identiﬁed 176 infrared carbon stars based on the LRS 4n classiﬁcation, which they took as an indication of the presence of the SiC emission feature at 11.2 lm. These newly identiﬁed carbon stars were subsequently included in the second edition of the General Catalogue of Cool Galactic Carbon Stars (Stephenson 1989). Chan & Kwok (1990) and Jura & Kleinmann (1990), also on the basis of LRS 4n classiﬁcations, added 145 and 126 infrared carbon stars, respectively, among which 14 and seven had not previously been identiﬁed. However, it is well documented that inter- pretation of the automated LRS classiﬁcations sometimes can be misleading (e.g., Little-Marenin et al. 1987; Baron et al. 1987; Walker & Cohen 1988; Chan & Kwok 1990; Volk et al. 1991; Groenewegen et al. 1992; Omont et al. 1993). It is therefore desirable to investigate whether the infrared carbon stars reported in the literature on the basis of their LRS spectra genuinely exhibit the SiC emission feature, and to search in the LRS database for additional infrared carbon stars with weak SiC signatures. Kwok, Volk, & Bidelman (1997) sorted out the raw data- base of LRS spectra using the letter classiﬁcation scheme proposed by Volk & Cohen (1989) and published an expanded LRS database in which the number of sources reached 11,224. This is more than double the size of the pre- vious LRS Atlas, so it is expected that some previously unknown infrared carbon stars would be included in this new database and misleading identiﬁcations could be cor- rected. In the new LRS database, sources are sorted into 10 classes according to their spectral characteristics, among which class C is considered to have the 11.2 lm SiC emission feature. We therefore took class C as our basic working sample and inspected the IRAS low-resolution spectra for the SiC emission feature at 11.2 lm. All known carbon stars have been excluded from our sample. This resulted in 63 newly identiﬁed infrared carbon stars, and an additional 24 possible ones. The LRS spectra of the 63 newly identiﬁed carbon stars are presented in Figure 2 below. 2. DATA PROCESSING AND RESULTS We started the data processing by extracting the 714 objects in group C from Kwok et al. (1997) and then cross- identiﬁed these IRAS sources with carbon stars reported in the third edition of Stephenson’s General Catalogue of Cool Galactic Carbon Stars (CGCS3; Alksnis et al. 2001), in which almost all carbon stars known up to 2001 are included. A cross-identiﬁcation was considered secured if a CGCS3 star fell within the error ellipse of an IRAS point source (95% reliability positional error ellipse; IRAS Point Source Catalog, Version 2 1988). Every source in class 4n from Little-Marenin et al. (1997), Chan & Kwok (1990), and Jura & Kleinmann (1990) was checked to see whether it belongs to group C in the LRS classiﬁcation scheme of Volk & Cohen (1989). It was found The Astronomical Journal, 125:2215–2226, 2003 April # 2003. The American Astronomical Society. All rights reserved. Printed in U.S.A. 2215 
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NEWLY IDENTIFIED INFRARED CARBON STARS FROM THE IRAS LOW-RESOLUTION SPECTRA
 P.-S. Chen
 YunnanObservatory, National Astronomical Observatories, Chinese Academy of Sciences, P.O. Box 110,650011Kunming, China; [email protected]
 and
 W.-P. Chen
 Institute of Astronomy andDepartment of Physics, National Central University,32054 Chung-li, Taiwan; [email protected] 2002 August 8; accepted 2003 January 2
 ABSTRACT
 We report new identifications of 63 infrared carbon stars and 24 possible candidates based on the presenceof the SiC emission feature at 11.2 lm in their IRAS low-resolution spectra and on their infrared colors. TheIRAS spectra of the newly identified carbon stars are presented.
 Key words: infrared radiation — stars: AGB and post-AGB — stars: carbon
 1. INTRODUCTION
 The spectral classes of M, S, and C are believed to be anevolutionary sequence for most stars on the asymptoticgiant branch (AGB; Iben & Renzini 1983; Chen & Kwok1993). In this scenario, an initially oxygen-rich (C/O < 1)M star would, as a result of carbon dredge-up from its inte-rior, evolve through a spectral type of S (C/O � 1) tobecome a carbon-rich (C/O > 1) star. The dredge-up causescarbon to bind with oxygen to form CO molecules, leavinginsufficient carbon atoms to produce other carbon-richmaterial. As the oxygen-rich circumstellar envelope dissi-pates into the interstellar medium and more carbon-richmaterial is brought up, the star gradually becomes a visualcarbon star. The accumulation of carbon atoms in the pho-tosphere leads to the formation of carbon-rich dust grains,such as amorphous carbon or silicon carbide (SiC). Acarbon-rich dust envelope then forms, and the star becomesa so-called infrared carbon star, characterized by an emis-sion feature at 11.2 lm due to stretching bands of solid SiC(Chan & Kwok 1990; Guglielmo et al. 1993). It has beenshown that candidate infrared carbon stars can be identifiedby their distinct location in a K�L versus IRAS [12]�[25]color-color diagram (Fouque et al. 1992; Guglielmo et al.1993, 1997; Guglielmo, Le Bertre, & Epchtein 1998).
 The IRAS mission carried on board a slitless spectro-meter (the LRS) that recorded low-resolution spectra in the7.7–22.6 lm region with a spectral resolution of about 20–60 (IRAS Explanatory Supplement 1988). The IRASScience Team published the LRS spectra of 5425 sources,among which 538 were listed as class 4n (Atlas of LowReso-lution IRAS Spectra 1986). Soon after, Little-Marenin et al.(1987) identified 176 infrared carbon stars based on the LRS4n classification, which they took as an indication of thepresence of the SiC emission feature at 11.2 lm. These newlyidentified carbon stars were subsequently included in thesecond edition of the General Catalogue of Cool GalacticCarbon Stars (Stephenson 1989). Chan & Kwok (1990) andJura & Kleinmann (1990), also on the basis of LRS 4nclassifications, added 145 and 126 infrared carbon stars,respectively, among which 14 and seven had not previouslybeen identified. However, it is well documented that inter-pretation of the automated LRS classifications sometimes
 can be misleading (e.g., Little-Marenin et al. 1987; Baronet al. 1987; Walker & Cohen 1988; Chan & Kwok 1990;Volk et al. 1991; Groenewegen et al. 1992; Omont et al.1993). It is therefore desirable to investigate whether theinfrared carbon stars reported in the literature on the basisof their LRS spectra genuinely exhibit the SiC emissionfeature, and to search in the LRS database for additionalinfrared carbon stars with weak SiC signatures.
 Kwok, Volk, & Bidelman (1997) sorted out the raw data-base of LRS spectra using the letter classification schemeproposed by Volk & Cohen (1989) and published anexpanded LRS database in which the number of sourcesreached 11,224. This is more than double the size of the pre-vious LRS Atlas, so it is expected that some previouslyunknown infrared carbon stars would be included in thisnew database and misleading identifications could be cor-rected. In the new LRS database, sources are sorted into 10classes according to their spectral characteristics, amongwhich class C is considered to have the 11.2 lmSiC emissionfeature. We therefore took class C as our basic workingsample and inspected the IRAS low-resolution spectra forthe SiC emission feature at 11.2 lm. All known carbon starshave been excluded from our sample. This resulted in 63newly identified infrared carbon stars, and an additional 24possible ones. The LRS spectra of the 63 newly identifiedcarbon stars are presented in Figure 2 below.
 2. DATA PROCESSING AND RESULTS
 We started the data processing by extracting the 714objects in group C from Kwok et al. (1997) and then cross-identified these IRAS sources with carbon stars reported inthe third edition of Stephenson’s General Catalogue of CoolGalactic Carbon Stars (CGCS3; Alksnis et al. 2001), inwhich almost all carbon stars known up to 2001 areincluded. A cross-identification was considered secured if aCGCS3 star fell within the error ellipse of an IRAS pointsource (95% reliability positional error ellipse; IRAS PointSource Catalog, Version 2 1988).
 Every source in class 4n from Little-Marenin et al. (1997),Chan & Kwok (1990), and Jura & Kleinmann (1990) waschecked to see whether it belongs to group C in the LRSclassification scheme of Volk & Cohen (1989). It was found
 The Astronomical Journal, 125:2215–2226, 2003 April
 # 2003. The American Astronomical Society. All rights reserved. Printed in U.S.A.
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that four Little-Marenin et al. sources do not belong togroup C but have been classified into other groups.These are IRAS 04357+4323 = CGCS 735 (in group S),IRAS 05447+1321 = CGCS 1063 (in group F), IRAS06267+2033 = CGCS 1285 (in group U), and IRAS06348+3114 = CGCS 1327 (in group F). It was also foundthat a Chan & Kwok source, IRAS 14284�5245, belongs togroup F. These five sources should be deleted from the infra-red carbon star list. A total of 113 objects in group C do notappear in the CGCS3, among which 13 are carbon starsalready reported in the literature (Table 1) and so shouldalso be removed from our working sample. Thus we are leftwith 100 stars in group C that remain as candidate infraredcarbon stars.
 Possible counterparts in the Hubble Space TelescopeGuide Star Catalog (GSC; STScI 1989) or the USNO-Acatalog (Monet et al. 1996) for each candidate were thensearched for, and the CGCS3 and GSC/USNOmagnitudeswere compared in order to further ascertain the cross-identification between the CGCS3 and the IRAS sources. Ifthere was more than one GSC or USNO source within theIRAS positional error ellipse, the USNO B and R magni-tudes were used as a guide in choosing the most probablecounterpart, following Bessell (1990). The GSC/USNOcounterpart positions are given in Table 1.
 On the other hand, van der Veen & Habing (1988) andOmont et al. (1993) have pointed out that the IRAS[12]�[25] versus [25]�[60] color-color diagram can be aneffective and simple tool for classification of AGB andpost-AGB stars. In the diagram there are 10 regions (vander Veen & Habing 1988), each occupied by a certainkind of object with distinct infrared colors. Because mostcarbon stars with the 11.2 lm SiC emission feature havecharacteristic IRAS colors, van der Veen & Habing wereled to identify a special region in the IRAS color-colordiagram where the majority of the sources are carbon-rich stars (their region VII; see also Omont et al. 1993).Therefore, in addition to the SiC emission feature at 11.2lm, the location of a star in or very close to region VII
 was adopted as another selection criterion for candidateinfrared carbon stars.
 In our final sample, 60 objects out of the original 100 havegood-quality fluxes at 12, 25, and 60 lm for use in the IRAScolor-color diagram, as shown in Figure 1. It can clearly beseen that most of the sources are indeed located in or veryclose to region VII. Note that a 15% flux uncertainty, com-mon for IRAS sources, would lead to a �0.13 error in thecolor indexes. There are only about 10 sources definitelyoutside region VII. Furthermore, only a few sources have[12]�[25] color indexes that are not within the range ofregion VII. Therefore, as already pointed out by Guglielmoet al. (1997), the [12]�[25] color index alone could be a use-ful selection criterion for those sources with poor-quality orno IRAS 60 lm flux. Of the 100 sources, there are 40 suchobjects.
 TABLE 1
 Sources Not in the CGCS3 But Previously Known as Carbon Stars
 IRAS (B1950) GSC/USNO (B1950)
 No. IRASName LRS R.A. Decl. R.A. Decl. Refs.
 1.................. 04340+4623 C (42) 04 34 01.2 +46 23 27 . . . . . . 1, 2
 2.................. 05261+4626 C (43) 05 26 09.1 +46 26 33 . . . . . . 2
 3.................. 06447+0817 C (17) 06 44 42.5 +08 17 18 . . . . . . 3
 4.................. 07113�0025 C 07 11 19.8 �00 25 48 . . . . . . 4
 5.................. 15261�5702 C (43) 15 26 06.3 �57 02 27 15 26 08.09 �57 02 34.5 5
 6.................. 16373�4732 C 16 37 19.2 �47 32 10 16 37 19.82 �47 32 03.3 4
 7.................. 17092�3905 C 17 09 12.1 �39 05 48 17 09 13.61 �39 05 47.2 4
 8.................. 18240+2326 C (42) 18 24 01.2 +23 26 53 18 24 02.45 +23 26 53.8 6, 7, 8
 9.................. 18244�0815 C 18 24 24.0 �08 15 04 18 24 24.09 �08 15 01.9 1
 10................ 19029+0839 C (16) 19 02 57.0 +08 39 21 19 02 58.31 +08 39 16.1 9
 11................ 20159+3134 C (43) 20 15 58.9 +31 34 50 20 15 57.79 +31 34 55.0 2
 12................ 20340+5338 C (42) 20 34 05.3 +53 38 54 . . . . . . 2, 10
 13................ 21265+5042 C (43) 21 26 30.7 +50 42 17 . . . . . . 11
 Note.—Units of right ascension are hours, minutes, and seconds, and units of declination are degrees,arcminutes, and arcseconds.
 References.—(1) Kastner et al. 1993; (2) Chan & Kwok 1990; (3) Jiang et al. 1997; (4) Guglielmo et al. 1993;(5) Allen, Kleinmann, & Weinberg 1993; (6) Jura 1986; (7) Chan & Kwok 1988; (8) Groenewegen et al. 1992;(9) Barnbaum, Kastner, & Zuckerman 1991; (10) Jura &Kleinmann 1990; (11) Leahy, Kwok, &Arquilla 1987.
 Fig. 1.—IRAS two-color diagram for the candidate newly identifiedinfrared carbon stars.
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TABLE
 2
 NewlyIdentifiedCarbonStars
 IRAS(B1950)
 GSC/USNO(B1950)
 No.
 IRASName
 LRS
 R.A
 .Decl.
 R.A
 .Decl.
 BV
 RF12
 F25
 F60
 Note
 1..................
 03156+5828
 C(80)
 031540.6
 +58
 2854
 ...
 ...
 ...
 ...
 ...
 8.22
 2.81
 ...
 2..................
 04297+2941
 C042945.2
 +29
 4149
 ...
 ...
 ...
 ...
 ...
 40.97
 20.84
 4.90
 OH
 nondetectiona
 3..................
 05342+4439
 C(16)
 053417.2
 +44
 3917
 ...
 ...
 ...
 ...
 ...
 10.77
 3.58
 0.76
 4..................
 05521�2242
 C(16)
 055206.6
 �224217
 055206.57
 �224217.8
 15.4
 14.3
 11.2
 13.32
 4.03
 0.98
 5..................
 06196�2409
 C(16)
 061936.5
 �240955
 ...
 ...
 ...
 ...
 ...
 11.46
 5.61
 1.63
 6..................
 06585�4111
 C(23)
 065834.4
 �411140
 065834.50
 �411141.7
 16.2
 ...
 10.3
 29.39
 10.79
 2.38
 7..................
 07036�2220
 C(14)
 070337.2
 �222030
 070337.30
 �222024.5
 20.2
 ...
 18.7
 18.67
 10.81
 2.62
 8..................
 07085�0018
 C(22)
 070833.7
 �001812
 070833.29
 �001815.9
 17.7
 ...
 15.5
 36.53
 18.66
 4.78
 SiO
 nondetectionb
 9..................
 07593�1452
 C(01)
 075920.4
 �145236
 075920.91
 �145237.2
 19.0
 13.4
 10.6
 12.91
 3.49
 0.76
 10................
 08017�3651
 C(14)
 080147.7
 �365155
 080147.39
 �365153.9
 20.7
 ...
 18.2
 9.20
 5.70
 1.16
 11................
 08107�3355
 C(15)
 081045.3
 �335556
 081045.24
 �335555.2
 19.8
 ...
 13.9
 10.37
 3.98
 0.94
 12................
 08195�4027
 C(16)
 081930.1
 �402728
 081930.17
 �402727.7
 19.5
 ...
 17.7
 16.03
 8.32
 2.06
 13................
 08546�4350
 C(18)
 085436.4
 �435053
 085434.61
 �435045.3
 20.5
 ...
 17.6
 9.89
 4.47
 ...
 14................
 09006�5310
 C(22)
 090041.5
 �531001
 090040.39
 �530958.2
 19.7
 ...
 17.8
 21.07
 12.61
 3.13
 15................
 09088�5050
 C(32)
 090850.5
 �505015
 090850.06
 �505007.3
 16.4
 ...
 15.9
 14.42
 5.36
 ...
 16................
 09238�5309
 C(15)
 092349.5
 �530938
 092349.84
 �530933.5
 22.7
 ...
 19.7
 25.89
 14.75
 2.82
 OH
 nondetectionc
 17................
 10130�5703
 C(14)
 101302.0
 �570349
 101301.57
 �570354.2
 21.1
 ...
 18.4
 24.30
 13.68
 ...
 18................
 10255�5559
 C(14)
 102533.0
 �555940
 102531.10
 �555927.3
 21.5
 ...
 18.3
 15.69
 9.27
 2.68
 19................
 10591�5848
 C(15)
 105910.2
 �584859
 105911.04
 �584918.8
 17.2
 ...
 14.0
 17.53
 11.32
 ...
 20................
 11079�6211
 C(44)
 110758.3
 �621133
 ...
 ...
 ...
 ...
 ...
 21.87
 14.37
 3.59
 OH
 nondetectionc
 21................
 11496�6136
 C(16)
 114939.9
 �613659
 114939.66
 �613654.4
 21.7
 ...
 19.1
 18.57
 10.05
 2.04
 22................
 12142�6410
 C(15)
 121415.6
 �641029
 121416.62
 �641031.9
 11.9
 11.7
 13.2
 21.92
 13.07
 2.44
 OH
 nondetectionc
 23................
 12352�6317
 C(15)
 123515.0
 �631708
 123515.99
 �631725.2
 22.6
 ...
 18.5
 19.88
 14.79
 3.34
 OH
 nondetectionc
 24................
 12407�6234
 C124046.5
 �623435
 124043.91
 �623435.9
 22.2
 ...
 17.9
 11.51
 2.74
 ...
 25................
 12533�6118
 C125323.4
 �611825
 125322.2
 �611823.6
 23.2
 ...
 20.6
 31.31
 20.81
 3.67
 OH
 nondetectionc
 26................
 14358�6303
 C(14)
 143551.2
 �630308
 143553.64
 �630305.1
 20.4
 ...
 16.8
 57.53
 38.31
 7.89
 OH
 nondetectionc
 27................
 14457�5836
 C144543.7
 �583646
 144546.27
 �583644.2
 21.7
 ...
 16.6
 13.76
 5.81
 ...
 28................
 15312�5821
 C153116.2
 �582130
 153117.26
 �582126.7
 19.5
 ...
 16.5
 10.95
 6.54
 2.00
 29................
 16081�5042
 C160809.1
 �504239
 160808.85
 �504232.6
 ...
 10.4
 10.4
 91.52
 45.91
 ...
 30................
 16409�4500
 C164058.1
 �450018
 164557.61
 �450017.7
 21.9
 ...
 17.6
 15.13
 6.18
 ...
 31................
 16473�4041
 C164719.1
 �404110
 164718.72
 �404107.7
 17.7
 ...
 11.2
 10.30
 3.62
 ...
 32................
 17120�3939
 C171203.3
 �393948
 171205.67
 �393947.5
 20.4
 ...
 17.2
 13.68
 9.97
 ...
 33................
 17151�3629
 C171509.2
 �362919
 171511.37
 �362918.7
 20.5
 ...
 16.9
 12.88
 5.03
 ...
 34................
 17199�3512
 C(32)
 171959.5
 �351253
 ...
 ...
 ...
 ...
 ...
 92.21
 51.69
 12.91
 35................
 18008�2840
 C(01)
 180051.2
 �284053
 180051.33
 �284050.5
 18.1
 ...
 17.8
 10.36
 4.41
 ...
 36................
 18110�1909
 C181100.5
 �190920
 181102.01
 �190926.4
 17.6
 ...
 15.7
 48.42
 20.04
 ...
 37................
 18250�1818
 C182502.2
 �181804
 182501.10
 �181807.4
 19.8
 ...
 16.4
 9.88
 4.24
 ...
 38................
 18356�0951
 C183540.3
 �095142
 183541.33
 �095141.9
 19.7
 ...
 16.5
 55.08
 28.30
 5.18
 39................
 18379�0417
 C183755.0
 �041742
 183756.31
 �041731.2
 20.5
 ...
 17.4
 12.36
 7.16
 ...
 40................
 18487+0135
 C(17)
 184843.7
 +01
 3532
 ...
 ...
 ...
 ...
 ...
 19.27
 8.19
 ...
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TABLE
 2—Continued
 IRAS(B1950)
 GSC/USNO(B1950)
 No.
 IRASName
 LRS
 R.A
 .Decl.
 R.A
 .Decl.
 BV
 RF12
 F25
 F60
 Note
 41................
 18542+0430
 C(15)
 185414.5
 +043013
 185415.33
 �043014.1
 20.9
 ...
 17.0
 10.24
 6.55
 ...
 OH
 nondetectiond
 42................
 19109+0657
 C(50)
 191057.9
 +065747
 191057.93
 +06
 5750.6
 21.1
 ...
 17.3
 14.16
 4.80
 0.78
 OH
 nondetectione
 43................
 19151+1037
 C191507.4
 +103758
 191507.24
 +10
 3757.3
 20.4
 ...
 17.6
 8.12
 3.46
 ...
 44................
 19236+2404
 C192339.4
 +240457
 192339.74
 +24
 0453.6
 18.2
 ...
 16.3
 7.79
 5.25
 0.95
 OH
 nondetectionf
 45................
 19293+2002
 C(50)
 192918.3
 +200207
 192918.44
 +20
 0211.9
 15.2
 13.1
 12.3
 11.30
 6.23
 2.56
 46................
 19317+2159
 C(44)
 193144.5
 +215921
 ...
 ...
 ...
 ...
 ...
 13.35
 7.85
 1.50
 47................
 19363+2652
 C(01)
 193618.3
 +265212
 193618.67
 +26
 5215.0
 18.7
 ...
 16.0
 10.28
 5.45
 1.35
 OH
 nondetectiona
 48................
 19399+2404
 C(16)
 193956.3
 +240440
 193955.27
 +24
 0435.9
 19.1
 ...
 16.3
 8.07
 2.57
 ...
 49................
 19455+2319
 C(44)
 194531.2
 +231906
 194531.95
 +23
 1910.4
 15.3
 13.2
 12.7
 27.36
 16.91
 3.21
 OH
 nondetectiond
 50................
 19470+2603
 C194704.5
 +260334
 194704.93
 +26
 0337.3
 12.4
 11.9
 12.2
 10.93
 7.08
 1.89
 OH
 nondetectiond
 51................
 19485+3235
 C194832.6
 +323552
 194831.10
 +32
 3546.1
 17.5
 ...
 13.9
 29.96
 21.00
 3.87
 OH
 nondetectiond
 52................
 19535+2635
 C(44)
 195334.1
 +263509
 195333.79
 +26
 3517.8
 13.4
 13.1
 12.9
 13.44
 5.25
 2.04
 53................
 19541+2807
 C(17)
 195408.3
 +280705
 195409.92
 +28
 0701.5
 19.1
 ...
 16.5
 14.57
 8.36
 1.96
 OH
 nondetectiond
 54................
 20080+4022
 C200804.0
 +402212
 200804.74
 +40
 2229.6
 19.7
 ...
 17.3
 8.10
 4.25
 ...
 55................
 20108+3347
 C201050.9
 +334729
 201050.47
 +33
 4649.9
 19.6
 ...
 17.7
 8.31
 3.06
 ...
 56................
 20185+3848
 C(15)
 201832.5
 +384859
 ...
 ...
 ...
 ...
 ...
 17.32
 9.52
 3.07
 57................
 20228+3558
 C202249.7
 +355827
 ...
 ...
 ...
 ...
 ...
 20.55
 4.60
 ...
 58................
 20333+3746
 C(45)
 203321.7
 +374650
 203321.19
 +37
 4648.4
 20.9
 ...
 17.8
 13.93
 4.59
 1.77
 59................
 20379+4036
 C203757.3
 +403619
 ...
 ...
 ...
 ...
 ...
 27.58
 14.92
 ...
 60................
 20391+4023
 C(43)
 203909.1
 +402313
 203910.44
 +40
 2331.1
 15.3
 13.5
 13.9
 21.32
 9.36
 ...
 61................
 20424+5921
 C(16)
 204229.4
 +592159
 ...
 ...
 ...
 ...
 ...
 11.54
 4.19
 0.81
 62................
 22395+5831
 C(17)
 223934.5
 +583139
 ...
 ...
 ...
 ...
 ...
 16.98
 5.51
 1.58
 63................
 22562+6310
 C(15)
 225617.6
 +631028
 ...
 ...
 ...
 ...
 ...
 14.12
 7.03
 2.43
 aLew
 is1994.
 bJiangetal.1996.
 cTeLintelH
 ekkertetal.1991.
 dChengaluretal.1993.
 eSivagnanam
 etal.1990.
 fLew
 is,E
 der,&
 Terzian1990.
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TABLE
 3
 PossibleCarbonStars
 IRAS(B1950)
 GSC/USNO(B1950)
 No.
 IRASName
 LRS
 R.A
 .Decl.
 R.A
 .Decl.
 BV
 RF12
 F25
 F60
 Note
 1..................
 00050+7357
 C000505.1
 +73
 5741
 000511.57
 +735745.9
 20.3
 ...
 16.5
 7.45
 2.40
 0.54
 Noisy
 2..................
 01022+6542
 C010212.6
 +65
 4254
 010212.75
 +654256.0
 19.7
 ...
 13.9
 20.36
 8.19
 0.80
 Could
 alsobeFa
 3..................
 01327+6503
 C(16)
 013245.1
 +65
 0320
 013246.85
 +650319.6
 17.9
 ...
 15.0
 11.86
 5.97
 1.24
 Verynoisya
 4..................
 06242+2830
 C(14)
 062415.2
 +28
 3020
 ...
 ...
 ...
 ...
 ...
 17.77
 11.18
 2.44
 Noisya
 5..................
 07439�3612
 C074355.7
 �361224
 074355.91
 �361204.4
 16.5
 ...
 13.6
 10.79
 7.73
 1.78
 Noisya
 6..................
 08151�3934
 C(15)
 081511.4
 �393419
 ...
 ...
 ...
 ...
 ...
 16.94
 9.62
 2.39
 Noisya
 7..................
 08363�4837
 C(01)
 083620.9
 �483732
 083620.64
 �483733.1
 11.2
 ...
 9.1
 8.79
 3.59
 0.82
 Noisya
 8..................
 10239�5818
 C(15)
 102354.2
 �581824
 102354.64
 �581835.5
 11.4
 ...
 9.9
 38.45
 25.73
 7.97
 Could
 alsobeFa
 9..................
 11251�5946
 C112510.0
 �594645
 112509.47
 �594640.9
 16.6
 ...
 15.2
 8.24
 3.31
 ...
 Noisya
 10................
 13366�6338
 C133638.9
 �633853
 133638.57
 �633851.1
 ...
 12.8
 ...
 12.21
 6.23
 ...
 Noisy
 11................
 14063�6104
 C140619.1
 �610424
 140618.64
 �610430.4
 21.2
 ...
 18.2
 38.86
 34.25
 12.90
 RegionIIIa
 12................
 16229�4947
 C(43)
 162254.4
 �494742
 162255.68
 �494745.5
 22.4
 ...
 18.9
 24.03
 29.93
 ...
 RegionIIIa
 13................
 16567�2408
 C(16)
 165643.4
 �240824
 165643.23
 �240825.0
 17.4
 ...
 15.2
 14.56
 5.09
 1.25
 Could
 alsobeFa
 14................
 17252�3359
 C172517.4
 �335902
 172515.37
 �335852.7
 23.3
 ...
 17.8
 11.39
 6.45
 ...
 Noisya
 15................
 17314�3314
 C173125.2
 �331422
 173124.88
 �331424.2
 22.2
 ...
 18.6
 34.20
 20.85
 ...
 Could
 alsobeF
 16................
 17594�1910
 C(43)
 175925.3
 �191037
 175924.10
 �191044.4
 18.4
 ...
 15.6
 28.13
 14.21
 ...
 Could
 alsobeF
 17................
 19118+1020
 C(15)
 191148.9
 +10
 2034
 191149.85
 +102038.9
 20.3
 ...
 16.0
 9.38
 3.70
 ...
 Questionablea
 18................
 19240+2322
 C(14)
 192401.9
 +23
 2242
 192403.33
 +232250.3
 18.4
 ...
 15.6
 14.59
 8.36
 1.71
 Could
 alsobeFa
 19................
 20091+3645
 C200907.8
 +36
 4520
 200907.64
 +364528.3
 17.9
 ...
 15.6
 9.03
 3.15
 ...
 Noisy
 20................
 21136+5705
 C(18)
 211337.7
 +57
 0536
 ...
 ...
 ...
 18.17
 5.72
 1.35
 ...
 Noisya
 21................
 21167+5148
 C211647.3
 +51
 4837
 ...
 ...
 ...
 9.38
 6.17
 ...
 ...
 Noisya
 22................
 23086+6325
 C230840.8
 +63
 2550
 230841.93
 +632606.1
 19.6
 ...
 17.0
 11.05
 4.20
 0.84
 Could
 alsobeF
 23................
 23148+6836
 C231448.9
 +68
 3624
 ...
 ...
 ...
 8.92
 3.88
 0.71
 ...
 Could
 alsobeFa
 24................
 23183+6151
 C231823.4
 +61
 5145
 231824.01
 +615156.0
 17.9
 ...
 14.5
 8.11
 4.31
 1.44
 Noisya
 aKwoketal.1997.
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TABLE
 4
 SuspectedCarbonStars
 IRAS(B1950)
 GSC/USNO(B1950)
 No.
 IRASName
 LRS
 R.A
 .Decl.
 R.A
 .Decl.
 BV
 RF12
 F25
 F60
 Note
 1..................
 12139�6103
 C121357.6
 �610345
 121356.17
 �610332.6
 18.4
 ...
 15.1
 7.18
 4.72
 2.11
 Noisy,V
 Iba
 2..................
 13064�6433
 C(42)
 130625.5
 �643356
 130624.55
 �643400.1
 20.0
 ...
 17.4
 23.76
 26.13
 6.86
 Noisy,IIIa
 3..................
 14061�5839
 C140606.8
 �583944
 140609.18
 �583952.9
 21.2
 ...
 18.9
 7.52
 3.70
 1.66
 Noisy,V
 Iba
 4..................
 15057�5934
 C150543.9
 �593441
 150544.49
 �593442.3
 20.5
 ...
 17.2
 10.47
 11.73
 3.10
 Noisy,IIIa
 5..................
 16136�5020
 C161341.9
 �502000
 161343.59
 �501959.5
 19.5
 ...
 16.9
 8.63
 8.92
 ...
 Questionable,IIIa
 6..................
 16210�4957
 C(49)
 162100.7
 �495700
 162100.60
 �495701.2
 20.8
 ...
 18.6
 10.99
 8.96
 11.65
 Questionable,V
 Iba
 7..................
 16455�4349
 C(73)
 164534.1
 �434941
 164132.85
 �434936.2
 21.1
 ...
 18.3
 28.30
 18.96
 10.03
 Questionable,V
 Iba
 8..................
 16458�4425
 C164550.0
 �442507
 164549.55
 �442459.1
 17.6
 ...
 16.1
 8.63
 7.55
 ...
 Noisy,IIIaa
 9..................
 16589�4024
 C165858.5
 �402439
 165859.04
 �402436.2
 20.2
 ...
 17.6
 8.80
 7.18
 10.60
 Noisy,V
 Iba
 10................
 18040�2028
 C180405.4
 �202834
 180404.34
 �202807.9
 19.3
 ...
 14.8
 8.67
 5.34
 10.07
 Noisy,V
 Ib
 11................
 18111�1645
 C181108.1
 �164513
 181107.64
 �164509.8
 20.6
 ...
 16.5
 13.98
 17.19
 ...
 Noisy,IIIb
 12................
 19315+1807
 C193132.5
 +18
 0721
 193133.77
 +180716.3
 20.8
 ...
 18.3
 16.72
 13.84
 ...
 Noisy,IIIa
 13................
 19429+2721
 C194254.6
 +27
 2116
 194255.48
 +272112.6
 19.4
 ...
 17.8
 12.47
 7.22
 0.91
 Noisy,IIIa
 aKwoketal.1997.
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From our final sample of 100 sources, we thereforeselected as newly identified infrared carbon stars those witha clear presence of the SiC emission feature at 11.2 lm, andwith IRAS colors within region VII or, for those lacking a60 lm flux, with their [12]�[25] colors within the range ofregion VII. A total of 63 such candidate carbon stars havebeen found, and they are listed in Table 2. Their LRSspectra fromKwok et al. (1997) are presented in Figure 2.
 In Table 2, the first three columns give respectively a run-ning number, the IRAS name, and the LRS classificationfrom Kwok et al. (1997) and the LRS Atlas index (if any).The next two columns list the IRAS coordinates, followed
 by the GSC or the USNO position. The next three columnsgive B, V, and R magnitudes taken from the GSC or theUSNO catalog, followed by the 12, 25, and 60 lm fluxes injanskys from the IRAS Point Source Catalog; only fluxesthat were flagged as good-quality are listed. The last columnindicates the results of searches for 1612 MHz hydroxyl orSiO maser emission. Among the 16 sources that have beenobserved, none were detected.
 In Table 2, it can be seen that 22 out of the 63 sources arenot listed in the IRAS Atlas but are present in the new LRSdatabase. In addition, some sources belong to class 1n or 2nin the IRAS Atlas. This is hardly surprising, because as
 Fig. 2.—IRAS low-resolution spectra of the 63 newly identified infrared carbon stars
 INFRARED CARBON STARS 2221
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pointed out in the Atlas, sources with index 14–16 may havecarbon-rich envelopes. Baron et al. (1987) and Omont et al.(1993) suggested that among class 1n and 2n sources, manywould actually be carbon stars that display weak emissionat 11.2 lm. To test this, we investigated the LRS spectra of aclass 1n source, IRAS 10255�5559, and a class 2n source,IRAS 07085�0018, in detail. After matching a blackbodyenergy distribution to the continuum around 11 lm andsubtracting it, in each case the 11.2 lm emission feature isevident (Fig. 3).
 Presented in Table 3 (with the same structure as Table 2)are 24 additional possible infrared carbon stars. Sources
 listed in Table 3 either have noisy or ambiguous LRSspectra (albeit being classified in group C according toKwok et al. 1997, and located in region VII in Fig. 1) orhave good-quality LRS spectra but are located in regionIIIa, which Omont et al. (1993) suggested as a possible loca-tion for cool carbon stars. Finally, 13 sources suspected tobe infrared carbon stars are listed in Table 4, again withthe same structure as Table 2. All sources listed in Table 4have poor-quality LRS spectra but were classified in groupC by Kwok et al. (1997), and all fall outside of region VII.
 In Table 3, IRAS 16229�4947 is listed as a possible infra-red carbon star though Epchtein, Le Bertre, & Lepine (1990)
 Fig. 2.—Continued
 2222 CHEN & CHEN Vol. 125
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considered it to be a probable oxygen-rich star by virtue of itslocation in the K�L versus [12]�[25] diagram. Additionalsources that should be noted are IRAS 13064�6433 andIRAS 16210�4957, listed in Table 4 as suspected carbonstars. Both sources are located in the K�L versus [12]�[25]diagram in a region mainly populated with oxygen-rich stars(Epchtein et al. 1990). However, Groenewegen et al. (2002)recently made CO (1–0) and CO (2–1) observations of IRAS13064�6433, which indicate that it should be a carbon star.Regarding IRAS 16210�4957, Buss, Tielens, & Snow (1991)have pointed out that it might not be a carbon-rich giant. Inorder to clarify the chemical nature of IRAS 16229�4947
 and IRAS 16210�4957, further observations with higherspectral resolution in the infrared or at millimeter wave-lengths are needed.
 3. SUMMARY
 We have compiled a list of candidate carbon stars byinspection of the 11.2 lm SiC emission feature in the latestIRAS LRS database (Kwok et al. 1997) and by use of theircharacteristic IRAS colors. A total of 63 infrared carbonstars, plus 24 possible ones, have been identified. Our contri-bution enlarges the sample of known carbon stars, which
 Fig. 2.—Continued
 No. 4, 2003 INFRARED CARBON STARS 2223
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serves as a basis for further observations and statisticalstudy of various species of AGB stars.
 This work was partially supported by grants from theNational Natural Science Foundation of China and grant91-N-FA01-1-4-5 from the Ministry of Education and the
 National Science Council of Taiwan. We thank the refereefor useful comments to improve the manuscript, andMr. C.-W. Chen for typesetting some of the tables. P.-S. C.acknowledges the hospitality of National Central Univer-sity during his visit. This work has made use of NASA’sADS database and the SIMBAD database.
 Fig. 2.—Continued
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