
Mon. Not. R. Astron. So. 000, 000{000 (2006) Printed 11 Marh 2006 (MN LATEX style �le v2.2)Near-Infrared Photometry of Carbon Stars?Patriia A. Whitelok1;2;3y, Mihael W. Feast2, Freddy Marang1 andM.A.T. Groenewegen41 South Afrian Astronomial Observatory, P.O.Box 9, 7935 Observatory, South Afria2 Astronomy Department, University of Cape Town, 7701 Rondebosh, South Afria3 National Astrophysis and Spae Siene Programme, University of Cape Town, 7701 Rondebosh, South Afria4 Instituut voor Sterrenkunde, KU Leuven, Celestijnenlaan 200B, B-3001 Leuven, BelgiumReeived date; aepted date ABSTRACTNear-infrared, JHKL, photometry of 239 Galati arbon-rih variable stars is pre-sented and disussed. From these and published data the stars were lassi�ed as Miraor non-Mira variables and amplitudes and pulsation periods, ranging from 222 to 948days for the Miras, were determined for most of them. A omparison of the olour andperiod relations with those of similar stars in the Large Magellani Cloud indiatesminor di�erenes, whih may be the onsequene of sample seletion e�ets. Apparentbolometri magnitudes were determined by ombining the mean JHKL uxes withmid-infrared photometry from IRAS and MSX. Then, using the Mira period luminos-ity relation to set the absolute magnitudes, distanes were determined { to greaterauray than has hitherto been possible for this type of star. Bolometri orretionsto the K magnitude were alulated and presriptions derived for alulating thesefrom various olours. Mass-loss rates were also alulated and ompared to values inthe literature.Approximately one third of the C-rih Miras and an unknown fration of thenon-Miras exhibit apparently random obsuration events that are reminisent of thephenomena exhibited by the hydrogen de�ient RCB stars. The underlying ause ofthis is unlear, but it may be that mass loss, and onsequently dust formation, is veryeasily triggered from these very extended atmospheres.Key words: stars: individual: EV Eri, R Lep, R Vol, IRAS09164{5349, IRAS10136{5743, IRAS16406{1406 - stars: variable: other - dust, extintion - infrared: stars - stars:arbon - stars: AGB and post-AGB - stars: distanes.1 INTRODUCTIONIntrinsi arbon stars are produed when asymptoti gi-ant branh (AGB) stars experiene suÆient dredge-up tohange their surfae arbon to oxygen ratios from C=O < 1to C=O > 1. Exatly how and when this ours depend onthe initial mass and the abundanes of the star in question,but the details remain ontroversial. It has been known fora long while that the majority of the C stars in the Magel-lani Clouds were low mass objets (e.g. Iben 1981), but ithas only reently been possible to model the prodution ofC stars among relatively low mass stars (e.g. Stanli�e et al.2005).In attempting to �nd an appropriate group of loal Cstars to study it is natural to examine the large amplitude? This paper is based on observations made at the South AfrianAstronomial Observatory.y e-mail: paw�saao.a.za

variables. First, the amplitude of their variability identi�esthem as AGB stars and therefore one an be reasonablyertain that their arbon enrihment is intrinsi rather thanthe result of binary mass transfer. Seondly, observations ofextragalati C Miras suggest that they obey a well de�nedperiod luminosity relation (Feast et al. 1989, Whitelok etal. 2003) and it should therefore be possible to establish theirdistanes, provided their periods and apparent luminositiesan be measured.This partiular projet arose from the requirement toidentify a signi�ant loal population of Galati C starswith distanes and radial veloities whih ould be used forkinemati studies. From these it should be possible to gaininsight into the nature, in partiular the ages and masses, ofthe loal C star population whih will be invaluable for om-parison with theory and with similar populations in LoalGroup galaxies (e.g. Menzies et al. 2002).In this paper, the �rst of three, we disuss infrared pho- 2006 RAS



2 P.A. Whitelok et al.tometry of C variables observable from the southern hemi-sphere. Subsequent papers will deal with radial veloitiesand northern C-rih Miras (Menzies et al. 2006, Paper II)and the kinematis of the full sample (Feast et al. 2006,Paper III).2 SOURCE SELECTIONMuh of the JHKL photometry reported here omes fromtwo spei� programmes; �rst, stars seleted from the ata-logue of Aaronson et al. (1989) and seondly, stars seletedfrom the IRAS Point Soure Catalogue (IRAS Siene Team1985), heneforth referred to as the `Aaronson' and `IRAS'samples, respetively. The stars from eah group were mon-itored for several years to determine their pulsation periodsand to establish the harateristis of their variability. Thesedata were supplemented by observations of C stars that hadbeen obtained from SAAO over the years as part of otherprogrammes. In general stars were seleted to be south ofdelination +30o for ease of monitoring from Sutherland.Aaronson et al. (1989) published veloities and JHKphotometry for C stars. The stars seleted for monitoringwere hosen on the basis of their olours ((H �K)0 > 0:8)(using a very rough estimate of the reddening orretion) ortheir K variability as potential Mira variables whih ouldbe used to establish the kinemati properties of the C Miras(the olour riterion may have resulted in the omission ofsome C Miras, but the objetive was to �nd stars with a highprobability of being C Miras rather than to be omplete).These stars are identi�ed with an `A' in olumn 10 (G) ofTable 1. Data are reported here for 60 suh stars, inludingthree whih are probably not C stars.The IRAS sample was seleted from the Point SoureCatalogue (PSC) using the following 3 riteria: spetraltypes 4n, indiating SiC features in the LRS spetra; 25 to 12�m ux ratio, F25=F12 > 0:4; 12 �m ux, F12 > 40 Jy. Theux ratio riterion was intended to isolate stars with dustshells; while the limit to the 12 �m ux was intended to en-sure that the stars would be observable, at least at K andL, on the 0.75m at Sutherland. Note that the spetral-typeriterion will have resulted in the omission of C Miras with-out SiC shells, but again the objetive was to �nd stars witha high probability of being C-rih Miras rather than to beomplete. Some of the stars seleted in this way were alreadybeing observed as part of other programmes; nevertheless,they will be identi�ed as part of the `IRAS' sample for thepurpose of the disussion below. These stars are identi�edwith an `I' in olumn 10 (G) of Table 1. Data are presentedfor 96 suh IRAS soures, inluding �ve whih are unlikelyto be C stars.A further 32 C-stars with IRAS photometry haveF25=F12 > 0:4, but with F12 < 40. These were not hosenon the basis of their IRAS harateristis but are identi�edhere with an `i' in olumn 10 (G) as an interesting group toompare with their brighter ounterparts. Five of the starsseleted in this way are probably not C stars.A number of soures from the Aaronson and IRASsamples were identi�ed by the seletion riteria mentionedabove, but observations proved impossible beause of severerowding.There are only two stars in ommon between the Aaron-

son and the IRAS samples, although another 8 are found inthe faint IRAS sample. This might suggest that the fainterIRAS soures are not simply more distant but that they a-tually have thinner shells than their brighter ounterparts.The names of the C stars are listed in Table 1 in oneof the forms reognizable by the SIMBAD data base, withpreferene being given to a variable star designation (fromSamus et al. 2004, heneforth GCVS) where one exists. IRASnames are also listed, and are used throughout this paperwithout the `IRAS' pre�x. The C numbers listed in the tableare from the updated version of Stephenson's Catalogue ofGalati Carbon Stars (Alksnis et al. 2001). Most of theoordinates were taken from Cutri et al. (2003, heneforth2MASS).At the end of Table 1 18 stars are listed whih wereobserved as part of the programme, but whih are eitherpeuliar in some way or are probably not bona �de C stars.Peuliarities inlude transitional objets, i.e. SC stars.3 INFRARED PHOTOMETRYThe detailed SAAO photometry is reported in Table 3 forthe �rst star only, the full dataset of photometry is availableeletronially. The table gives times of the observations asJulian Date (JD) followed by the JHKL mags measuredfor that date. It is organized in order of right asension withthe dubious C stars (the 18 listed at the end of Table 1)mixed among the de�nite ones. Where measurements werenot made, usually at J or L beause the star was too faint,the olumn is left blank. Most of the JHKL measurementswere made with the MkII infrared photometer on the 0.75-m telesope at SAAO, Sutherland. They are on the urrentSAAO system as de�ned by Carter (1990). A few measure-ments were made on the SAAO 1.9-m and these have beentransformed to the SAAO system1. These are marked `1.9m'in the last olumn of the table.The post-1979 photometry is aurate to better than�0:03 mag at JHK, and to better than �0:05 mag at L;observations with J > 13:0, measured using the 1.9m tele-sope, or J > 10:4 measured using the 0.75m, are good to�0:06 at J . Measurements marked with a olon are aurateto better than 0:1 mag. Some older (pre-1979) measurementswere reported by Cathpole et al. (1979). The measurementslisted here di�er slightly from those in Cathpole et al., be-ause they have been orreted to Carter's improved valuesfor the standard stars. These measurements are slightly lessaurate than the more modern values, but see Cathpoleet al. for details.
1 Transformation from the 1.9-m natural system to the SAAOsystem de�ned by Carter (1990) assumes K1:9 = K and (J �H)1:9 = 0:95(J �H) or (J �K)1:9 = 0:955(J �K). 2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 3Table 1: Stars observed in this survey.name IRAS RA De MSX G C ommentEquinox 2000R Sl 01246{3248 1 26 58 {32 32 36 I 234YY Tri 02152+2822 2 18 6 +28 36 45 I 6028R For 02270{2619 2 29 15 {26 5 56 361EV Eri 04067{0922 4 9 6 { 9 14 12 i 6070[TI98℄0418+0122 04188+0122 4 21 27 + 1 29 14 6075V718 Tau 04284+1732 4 31 22 +17 39 10 714TT Tau 04483+2826 4 51 31 +28 31 37 794R Lep 04573{1452 4 59 36 {14 48 23 833TU Tau 05421+2424 5 45 14 +24 25 12 X 1038Y Tau 05426+2040 5 45 39 +20 41 42 1042QS Ori 05428+1215 5 45 37 +12 16 15 39505418{3224 05418{3224 5 43 43 {32 23 29 I 1045V1259 Ori 06012+0726 6 4 00 + 7 25 52 I 611306088+1909 06088+1909 6 11 48 +19 8 20 X I 1187 1BN Mon 06192+0722 6 21 58 + 7 20 58 X 1246ZZ Gem 06209+2503 6 24 01 +25 1 53 1251V617 Mon 06210+0831 6 23 48 + 8 29 51 X 1254V636 Mon 06226{0905 6 25 1 { 9 7 16 6146V477 Mon 06268+0849 6 29 35 + 8 47 16 X I 1287CR Gem 06315+1606 6 34 24 +16 4 30 X i 1309GM CMa 06391{2213 6 41 15 {22 16 43 i 1357V503 Mon 06422+0953 6 44 57 + 9 50 48 X 1377RT Gem 06436+1840 6 46 35 +18 36 54 138906487+0551 06487+0551 6 51 24 + 5 47 34 X I 1430CG Mon 06487+0517 6 51 27 + 5 13 23 X 1431CL Mon 06529+0626 6 55 37 + 6 22 43 146506531{0216 06531{0216 6 55 40 { 2 20 16 X 1471NP Pup 06528{4218 6 54 27 {42 21 56 147806564+0342 06564+0342 6 59 6 + 3 37 56 X I 1494W CMa 07057{1150 7 8 3 {11 55 24 X i 156507080{0106 07080{0106 7 10 35 { 1 11 26 I 1580VX Gem 07099+1441 7 12 49 +14 36 4 159507097{1011 07097{1011 7 12 8 {10 16 39 X A 1597R Vol 07065{7256 7 5 36 {73 0 52 1599HX CMa 07098{2012 7 12 4 {20 17 23 I 160107136{1512 07136{1512 7 15 57 {15 18 08 X A 163007161{0111 07161{0111 7 18 39 { 1 16 52 I 164207217{1246 07217{1246 7 24 3 {12 52 28 X AI 169607220{2324 07220{2324 7 24 7 {23 30 46 I 169907223{1553 07223{1553 7 24 35 {15 59 52 X A 170107293{1832 07293{1832 7 31 31 {18 39 4 X A 175107319{1940 07319{1940 7 34 6 {19 46 56 X A 1775[W71b℄W007{02 07348{1926 7 37 2 {19 32 54 X A 179807373{4021 07373{4021 7 39 4 {40 28 47 1825[W71b℄W008{03 7 40 55 {26 1 31 X A 1831V471 Pup 07390{2618 7 41 6 {26 25 19 X A 1834[ABC89℄Pup 3 07403{2943 7 42 17 {29 51 4 X Ai 1847[ABC89℄Pup 17 7 49 32 {27 23 36 X A 189707454{7112 07454{7112 7 45 2 {71 19 46 I 1901[ABC89℄Pup 21 07506{2819 7 52 43 {28 26 52 X A 1924V831 Mon 07551{0032 7 57 43 { 0 41 6 196007576{4054 07576{4054 7 59 24 {41 3 16 I 199207582{1933 07582{1933 8 0 25 {19 42 11 I 1993V509 Pup 08004{3023 8 2 26 {30 32 16 X A 2010[ABC89℄Pup 38 08010{2626 8 3 7 {26 34 31 X A 6268FF Pup 08014{2356 8 3 35 {24 4 35 2022[ABC89℄Pup 42 08029{2942 8 4 58 {29 51 26 X A 2043Continued on Next Page. . . 2006 RAS, MNRAS 000, 000{000



4 P.A. Whitelok et al.name IRAS RA De MSX G C ommentEquinox 2000V518 Pup 08045{1524 8 6 51 {15 33 23 I 205608050{2838 08050{2838 8 7 6 {28 47 40 X I 2062RU Pup 08053{2246 8 7 30 {22 54 45 2064FK Pup 08073{3608 8 9 11 {36 17 7 X 208608074{3615 08074{3615 8 9 20 {36 24 27 X I 6267[ABC89℄Ppx19 08080{3259 8 10 2 {33 8 29 X A 2091[W71b℄021{05 08083{3145 8 10 18 {31 54 22 X A 2095[ABC89℄Ppx22 08085{3351 8 10 29 {34 0 36 X A 2099V346 Pup 08088{3243 8 10 49 {32 52 6 X AI 2101[W71b℄026{01 08160{3822 8 17 52 {38 32 16 X A 2146RY Hya 08174+0255 8 20 6 + 2 45 56 2150[ABC89℄Ppx40 08197{3447 8 21 41 {34 57 24 X A 2173[W71b℄029{02 08233{4110 8 25 10 {41 20 2 X A 2203[W71b℄029{04 08266{4110 8 28 26 {41 20 43 X A 222408340{3357 08340{3357 8 36 3 {34 7 34 I 2260R Pyx 08434{2801 8 45 31 {28 12 3 2326UW Pyx 08450{3407 8 47 00 {34 18 59 2334T Cn 08538+2002 8 56 40 +19 50 57 238408535{4724 08535{4724 8 55 11 {47 35 56 X I 238908534{5055 08534{5055 8 55 2 {51 7 20 X I 2390IQ Hya 09112{2311 9 13 32 {23 23 31 2450CQ Pyx 09116{2439 9 13 54 {24 51 25 I 632509164{5349 09164{5349 9 18 2 {54 2 27 X I 247309176{5147 09176{5147 9 19 17 {52 0 28 X I 2476[ABC89℄Vel19 9 26 19 {52 6 4 X A 2508[W71b℄046{02 09249{4909 9 26 45 {49 22 25 X A 2512[ABC89℄Vel44 09331{5010 9 34 57 {50 24 30 X A 256309433{6233 09433{6233 9 44 41 {62 47 32 i 6339CW Leo 09452+1330 9 47 57 +13 16 43 I 2619W Sex 09484{0147 9 50 58 { 2 1 43 263509484{6242 09484{6242 9 49 49 {62 56 9 264509513{5324 09513{5324 9 53 7 {53 38 54 X I 265309529{5506 09529{5506 9 54 41 {55 20 16 X I 266009533{6021 09533{6021 9 54 52 {60 35 26 i 266309521{7508 09521{7508 9 52 30 {75 22 28 I 266409586{6150 09586{6150 10 0 9 {62 5 19 i 634410019{6156 10019{6156 10 3 29 {62 10 37 269110023{5946 10023{5946 10 3 58 {60 0 37 X 269210026{5849 10026{5849 10 4 20 {59 4 0 X 634710052{5906 10052{5906 10 6 57 {59 21 25 X 270310098{5742 10098{5742 10 11 35 {57 57 53 X i 635210109{5958 10109{5958 10 12 40 {60 13 30 X 2720RW LMi 10131+3049 10 16 2 +30 34 19 272410130{5703 10130{5703 10 14 49 {57 18 45 X i10136{5743 10136{5743 10 15 27 {57 58 11 X 272910145{6046 10145{6046 10 16 13 {61 1 43 273410149{5919 10149{5919 10 16 43 {59 34 52 X 273510151{6008 10151{6008 10 16 50 {60 23 55 X i 635410175{5957 10175{5957 10 19 17 {60 12 52 X 274510199{5801 10199{5801 10 21 44 {58 16 35 X i 636310220{5858 10220{5858 10 23 49 {59 13 54 X 6366CPD{58 2175 10231{5823 10 24 58 {58 39 17 X i 2760CZ Hya 10249{2517 10 27 18 {25 32 56 2764[ABC89℄Car5 10 29 44 {62 28 29 A 2776[ABC89℄Car11 10 32 22 {60 42 29 X A 2784TV Vel 10324{5358 10 34 28 {54 14 28 2790U Ant 10329{3918 10 35 13 {39 33 45 2793[ABC89℄Car28 10 37 9 {60 59 34 X A 6391[ABC89℄Car32 10366{5950 10 38 29 {60 5 57 X A 2817Continued on Next Page. . .  2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 5name IRAS RA De MSX G C ommentEquinox 2000FU Car 10390{5907 10 41 0 {59 23 13 X Ai 2832[ABC89℄Car54 10442{5809 10 46 16 {58 25 21 X A 2850[ABC89℄Car59 10 48 30 {60 11 32 X A 2862V Hya 10491{2059 10 51 37 {21 15 00 I 2877[ABC89℄Car73 10509{6036 10 52 55 {60 52 10 X A 6426[ABC89℄Car81 10 54 27 {60 19 50 X A 2897[ABC89℄Car84 10 56 45 {60 3 37 X A 2907[ABC89℄Car87 10558{6203 10 57 47 {62 19 16 X A 2911[ABC89℄Car93 10 59 5 {60 31 49 A 2917[ABC89℄Car105 11009{6117 11 3 1 {61 33 28 X Ai 294111145{6534 11145{6534 11 16 39 {65 50 56 I 2987[W65℄ 1 11 20 34 {59 30 51 X 2997[W65℄ 2 11 22 5 {59 38 45 X A 3003[W65℄ 13 11299{6103 11 32 19 {61 20 34 X A 3051[TI98℄1130{1020 11308{1020 11 33 25 {10 36 59 305211318{7256 11318{7256 11 33 58 {73 13 19 3062[ABC89℄Cen3 11 35 54 {60 33 41 X A 3068[ABC89℄Cen4 11339{6012 11 36 17 {60 29 18 X A 307111463{6320 11463{6320 11 48 48 {63 37 28 X I 6455[ABC89℄Cen32 11468{5950 11 49 21 {60 7 5 X Ai 3108[ABC89℄Cen43 11510{6046 11 53 31 {61 3 33 X A 3120[ABC89℄Cen60 11556{6357 11 58 8 {64 14 54 X A 3139[ABC89℄Cen78 12 4 10 {62 42 26 X A 6464CF Cru 12023{6230 12 4 55 {62 47 39 X A 3165[ABC89℄Cen97 12100{6122 12 12 44 {61 39 01 X A 647312194{6007 12194{6007 12 22 10 {60 24 15 X I 3220SS Vir 12226+0102 12 25 14 + 0 46 11 323612298{5754 12298{5754 12 32 41 {58 11 29 X I 3251CGCS3268 12374{5706 12 40 15 {57 22 46 A 326812394{4338 12394{4338 12 42 10 {43 55 03 I 327512421{6217 12421{6217 12 45 7 {62 33 38 X I 6489RU Vir 12447+0425 12 47 18 + 4 8 41 3286V Cru 12536{5737 12 56 36 {57 53 57 X 331012540{6845 12540{6845 12 57 16 {69 1 51 I 3311[ABC89℄Cru17 13022{6400 13 5 26 {64 16 11 X Ai 3327[ABC89℄Cir1 13342{6232 13 37 44 {62 48 28 X Ai 341013343{5807 13343{5807 13 37 41 {58 23 10 X I 341113477{6532 13477{6532 13 51 29 {65 46 56 X I 343913482{6716 13482{6716 13 52 4 {67 30 56 I 344113509{6348 13509{6348 13 54 34 {64 3 23 X I 3446[ABC89℄Cir18 13 55 26 {59 22 24 X A 6547[ABC89℄Cir26 14004{6047 14 4 5 {61 01 50 X Ai 6549[ABC89℄Cir27 14010{5927 14 4 33 {59 41 22 X Ai 3470[W71b℄093{02 14192{6327 14 23 8 {63 41 9 X A 348714395{5656 14395{5656 14 43 14 {57 8 45 X A 352314404{6320 14404{6320 14 44 26 {63 33 28 X I 352514443{5708 14443{5708 14 48 4 {57 20 37 X I 656515082{4808 15082{4808 15 11 41 {48 19 59 I 357015084{5702 15084{5702 15 12 15 {57 13 28 X I 6572II Lup 15194{5115 15 23 5 {51 25 59 X I 359215261{5702 15261{5702 15 30 2 {57 12 46 X I15471{5644 15471{5644 15 51 6 {56 53 24 X I 6600CGCS3660 16 2 44 {41 21 32 366016079{4812 16079{4812 16 11 34 {48 19 51 X I 3670NP Her 16150+2558 16 17 9 +25 51 02 367916171{4759 16171{4759 16 20 50 {48 6 53 X I 3681V Oph 16239{1218 16 26 44 {12 25 36 3698SU So 16374{3217 16 40 39 {32 22 48 3720CGCS3721 16387{5401 16 42 45 {54 7 10 3721Continued on Next Page. . . 2006 RAS, MNRAS 000, 000{000



6 P.A. Whitelok et al.name IRAS RA De MSX G C ommentEquinox 200016406{1406 16406{1406 16 43 27 {14 12 00 i16538{4633 16538{4633 16 57 32 {46 37 47 X I 374716545{4214 16545{4214 16 58 6 {42 19 24 X I 3748T Ara 16584{5459 17 2 33 {55 4 16 i 3756 2V901 So 16595{3239 17 2 46 {32 43 31 X 376217047{2848 17047{2848 17 7 56 {28 52 06 I 3772V2548 Oph 17049{2440 17 7 58 {24 44 31 I 6661SZ Ara 17065{6153 17 11 7 {61 57 15 3774V617 So 17103{3551 17 13 41 {35 55 21 X I 378617105{3746 17105{3746 17 13 59 {37 50 8 X I 6670 317130{3907 17130{3907 17 16 33 {39 10 46 X I 379417209{3318 17209{3318 17 24 15 {33 21 20 X I 6674 417217{3916 17217{3916 17 25 13 {39 19 22 X I 382317222{2328 17222{2328 17 25 18 {23 30 46 I 3825V833 Her 17297+1747 17 31 55 +17 45 21 I 6677V Pav 17389{5742 17 43 19 {57 43 26 386117446{4048 17446{4048 17 48 12 {40 49 36 I 668517446{7809 17446{7809 17 52 35 {78 10 42 I 668717463{4007 17463{4007 17 49 50 {40 7 58 5V348 So 17478{4315 17 51 30 {43 16 23 i 388617581{1744 17581{1744 18 1 6 {17 44 23 X I 392518036{2344 18036{2344 18 6 42 {23 44 22 X I 6709FX Ser 18040{0941 18 6 50 { 9 41 16 I 6711V1280 Sgr 18073{2652 18 10 28 {26 51 58 X 396018119{2244 18119{2244 18 15 1 {22 43 58 X I 672918147{2215 18147{2215 18 17 43 {22 14 39 X I 6733V5104 Sgr 18194{2708 18 22 35 {27 6 29 6738V2548 Sgr 18234{2206 18 26 29 {22 4 15 X I 400718239{0655 18239{0655 18 26 39 { 6 54 4 X I 674318244{0815 18244{0815 18 27 7 { 8 13 10 X iV1076 Her 18240+2326 18 25 6 +23 28 47 I18248{0839 18248{0839 18 27 34 { 8 37 23 X I 401418269{1257 18269{1257 18 29 47 {12 54 58 X I 402418320{0352 18320{0352 18 34 40 { 3 50 14 X I 6750V627 Oph 18321+0910 18 34 34 + 9 12 42 404518367{0452 18367{0452 18 39 22 { 4 48 45 X I 6754 3V1417 Aql 18398{0220 18 42 25 { 2 17 27 X I 407718400{0704 18400{0704 18 42 45 { 7 1 10 X i 6757V821 Her 18397+1738 18 41 55 +17 41 8 I 407818424+0346 18424+0346 18 44 59 + 3 49 35 X I 4093V874 Aql 18 45 41 + 9 38 39 4099V2045 Sgr 18463{1706 18 49 15 {17 3 25 4117S St 18476{0758 18 50 20 { 7 54 28 X 412118475+0926 18475+0926 18 49 55 + 9 30 07 X I 6761AI St 18481{0647 18 50 52 { 6 44 23 X 4124V1418 Aql 19008+0726 19 3 18 + 7 30 45 X I 416219029+2017 19029+2017 19 5 7 +20 22 4 I 676719068+0544 19068+0544 19 9 16 + 5 49 10 X I 6772V1420 Aql 19175{0807 19 20 18 { 8 2 12 I 6780V374 Aql 19276{0056 19 30 15 { 0 50 9 I 4301V1965 Cyg 19321+2757 19 34 10 +28 4 8 X I 434719358+0917 19358+0917 19 38 13 + 9 24 9 I 437819455+0920 19455+0920 19 47 56 + 9 28 9 I 4475R Cap 20084{1425 20 11 18 {14 16 3 4701RT Cap 20141{2128 20 17 7 {21 19 4 4774BD Vul 20351+2618 20 37 18 +26 29 13 4915V442 Vul 20570+2714 20 59 10 +27 26 39 I 5063RV Aqr 21032{0024 21 5 52 { 0 12 42 5120Y Pav 21197{6956 21 24 17 {69 44 2 5239Continued on Next Page. . .  2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 7name IRAS RA De MSX G C ommentEquinox 2000[TI98℄2223+2548 22239+2548 22 26 19 +26 3 38[TI98℄2259+1249 22592+1249 23 1 47 +13 5 14LL Peg 23166+1655 23 19 13 +17 11 33 I 6913RU Aqr 23217{1735 23 24 24 {17 19 9 iIZ Peg 23257+1038 23 28 17 +10 54 37 I 6916CS stars, peuliar and unertain C starsR Ori 04562+0803 4 58 59 + 8 7 49 828 6R CMi 07059+1006 7 8 42 +10 1 26 1561 608276{5125 08276{5125 8 29 8 {51 35 5 i C?08439{2734 08439{2734 8 46 6 {27 45 49 I 2329 7UX Pyx 09075{2758 9 9 41 {28 10 21 i 8MU Vel 09450{4716 9 46 54 {47 29 51 i C?10226{5229 10226{5229 10 24 34 {52 43 29 I C?[ABC89℄Car10 10293{5912 10 31 9 {59 28 16 X Ai 6382 9TU Car 10331{6027 10 34 55 {60 42 35 X A 2795 10V354 Cen 11 50 59 {47 55 21 C?[ABC89℄Cen50 11529{6350 11 55 29 {64 7 23 X A 9BH Cru 12135{5600 12 16 16 {56 17 7 6TT Cen 13163{6031 13 19 34 {60 46 44 X i 3367 6RV Cen 13343{5613 13 37 35 {56 28 33 3412 1116316{5026 16316{5026 16 35 30 {50 32 10 I 8VX Aql 18575{0139 19 0 9 { 1 34 56 X 618595{3947 18595{3947 19 3 2 {39 42 56 I 12V1293 Aql 19306+0455 19 33 6 + 5 1 45 I 13Notes:1. Complex attened irumstellar shell (Rihihi et al. 1998).2. Super lithium rih star (Cathpole & Feast 1976).3. No 2MASS photometry; image blended.4. C star 3500 east of OH353.81+1.45; IRAS probably blend of two.5. 17463{4007 is the only known ool C star in the Bulge as noted from an objetive prism survey by S. Hughes (privateommuniation).6. SC star (Keenan & Boeshaar 1980).7. SC star (Lloyd Evans 1991).8. SIMBAD quotes spetral type other than C.9. S star (Lloyd Evans & Cathpole 1989).10. Not a C star (Aaronson et al. 1989).11. C star with siliate shell (Skinner et al. 1990).12. Not a C star (Chen et al. 2003).13. Not a C star, e.g. Groenewegen (1994) and referenes therein.C? These have been suggested as C rih on the basis of their infrared olours or IRAS spetra, but the evidene is inonlusive.Table 2: Near-infrared data.Name J H K L �J �H �K �L PK Plit Var no.(mag) (day)R Sl 2.02 0.66 {0.08 {0.73 0.86 0.64 0.36 0.28 375 363 20 157YY Tri 9.82 6.81 3.06 1.80 1.74 1.40 624 10 74R For 4.08 2.41 1.21 {0.07 1.10 0.92 0.66 0.58 385 389 11y 100EV Eri 5.55 4.30 3.60 3.00 226 21y 59[TI98℄0418+0122 9.23 7.36 6.01 4.53 1.64 1.42 1.08 0.78 422 10 31V718 Tau 5.92 4.07 2.84 1.63 1.46 1.18 0.78 0.80 388 405 13� 14TT Tau 2.78 1.45 0.97 0.54 166 20 1R Lep 2.49 1.03 0.07 {0.94 0.94 0.78 0.52 0.50 438 427 11y 71Continued on Next Page. . . 2006 RAS, MNRAS 000, 000{000



8 P.A. Whitelok et al.Name J H K L �J �H �K �L PK Plit Var no.TU Tau 3.62 2.25 1.68 1.09 190: 20 1Y Tau 2.13 0.83 0.27 {0.29 242 20 6QS Ori 6.40 4.82 3.80 2.73 1.58 1.44 1.02 1.00 483 476 10 1205418{3224 9.15 6.68 4.86 2.75 1.70 1.56 1.36 1.30 483 11:� 15V1259 Ori 11.29 7.73 3.44 696 10 206088+1909 8.57 6.07 4.26 2.25 1.38 1.20 1.00 0.86 493 10 13BN Mon 4.44 2.99 2.24 1.59 600: 20 3ZZ Gem 5.41 4.02 3.21 2.60 >0.8 >0.6 >0.4 >0.2 316: 317 10 9V617 Mon 7.24 5.45 4.17 2.83 0.88 0.84 0.72 0.62 444 375: 14� 13V636 Mon 5.01 3.13 1.82 0.41 1.62 1.26 0.86 0.56 543 10 15V477 Mon 8.87 6.45 4.55 2.26 1.66 1.48 1.22 0.96 619 820: 10 12CR Gem 3.36 1.91 1.38 0.92 250 20 1GM CMa 4.52 3.10 2.22 1.39 0.76 0.54 0.30 0.22 403 21 94V503 Mon 8.11 6.59 5.69 4.9: 0.60 0.40 0.16 0.16 357 355 20 11RT Gem 6.51 5.21 4.62 4.21 0.76 0.74 0.58 0.72 350 350 10 906487+0551 9.14 6.58 4.62 2.24 1.34 1.20 1.02 0.74 536 10 12CG Mon 5.33 3.96 3.30 2.75 0.82 0.74 0.60 0.70 424 419 10 9CL Mon 4.78 3.06 1.88 0.59 1.28 1.02 0.74 0.52 511 497 10 1006531{0216 6.95 4.89 3.35 1.61 1.32 1.18 0.98 0.64 595: 14� 13NP Pup 2.49 1.38 1.03 0.64 20 306564+0342 10.26 7.59 5.43 2.84 1.50 1.32 1.16 1.02 584 10 12W CMa 2.59 1.40 0.96 0.50 20 1307080{0106 11.5 8.68 6.23 3.49 2.54 1.60 1.04 594 10 12VX Gem 4.96 3.74 3.13 2.78 1.14 1.06 0.66 0.78 391 379 10 907097{1011 8.91 7.04 5.92 4.95 0.50 0.36 0.22 0.24 437 20 13R Vol 5.08 3.14 1.71 0.08 1.46 1.26 0.98 0.80 452 454 11y 88HX CMa 7.92 5.46 3.62 1.42 725 10 107136{1512 8.12 6.50 5.57 4.74 0.36 0.28 0.16 0.10 486: 20 1207161{0111 7.40 5.26 3.58 1.64 23 1207217{1246 8.88 6.32 4.30 1.91 1.42 1.32 1.12 0.88 620: 10 1207220{2324 9.51 6.80 4.77 2.46 1.58 1.24 1.06 0.88 560 10 1307223{1553 7.98 6.23 5.23 4.38 0.56 0.44 0.24 0.18 457 20 1307293{1832 8.80 6.99 6.02 5.17 20 1207319{1940 7.91 6.36 5.64 4.99 20 6[W71b℄007{02 7.85 6.08 4.93 3.79 1.12 0.94 0.70 0.40 460: 13 1507373{4021 5.39 3.52 2.23 0.77 1.40 1.20 0.90 0.78 459 471 13 15[W71b℄008{03 9.50 8.01 7.30 20 6V471 Pup 7.08 5.78 5.13 4.63 1.04 0.98 0.76 0.92 390 10 16[ABC89℄Pup3 7.79 6.31 5.37 4.61 0.24 0.22 0.10 309 20 9[ABC89℄Pup17 9.42 7.86 7.12 6.54 20 607454{7112 8.03 5.08 2.82 0.07 2.08 1.98 1.72 1.46 511 10 11[ABC89℄Pup21 9.27 7.55 6.38 5.34 23 17V831 Mon 6.53 4.99 3.89 2.76 1.38 1.04 0.74 0.58 331 319 10 1307576{4054 9.29 6.62 3.39 1.98 1.80 1.40 519 10 1607582{1933 10.70 7.74 5.39 2.69 1.84 1.82 1.62 1.42 541 10 14V509 Pup 5.95 4.48 3.72 3.01 20 8[ABC89℄Pup38 10.65 8.79 7.43 6.06 1.26 1.08 0.88 1.00 431 10 15FF Pup 6.64 5.38 4.69 4.00 1.10 1.16 0.94 1.06 431 436 10 8[ABC89℄Pup42 8.52 6.97 6.16 5.45 0.28 0.22 0.14 0.06 199 20 15V518 Pup 6.96 4.90 3.52 2.07 1.06 0.94 0.76 0.80 228 448 13 1308050{2838 10.40 7.28 5.08 2.57 2.10 1.80 1.48 1.26 555 13 11RU Pup 3.65 2.52 2.04 1.48 425 20 2FK Pup 3.55 2.16 1.46 0.78 502 20 208074{3615 13.13 9.09 4.50 2.14 1.74 1.46 832 10 13[ABC89℄Ppx19 9.98 7.77 6.11 4.23 1.78 1.30 0.88 0.46 474 13 16[W71b℄021{05 6.66 5.19 4.40 3.71 20: 4[ABC89℄Ppx22 6.59 5.10 4.34 3.62 20: 4V346 Pup 8.67 5.92 3.75 1.16 1.78 1.60 1.38 1.14 568 571 10 51Continued on Next Page. . .  2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 9Name J H K L �J �H �K �L PK Plit Var no.[W71b℄026{01 8.27 6.51 5.58 4.72 20: 4RY Hya 4.36 2.98 2.24 1.46 0.46 0.30 0.14 0.12 516 529 20 61[ABC89℄Ppx40 7.68 6.15 5.36 4.73 1.20 1.04 0.74 0.78 428 439 10 13[W71b℄029{02 9.48 7.28 5.63 3.86 1.06 0.92 0.72 0.52 470 10 19[W71b℄029{04 8.62 6.80 5.82 5.01 20: 408340{3357 11.29 8.14 5.61 2.56 2.32 1.56 1.46 1.16 590 10 18R Pyx 4.55 3.28 2.53 1.81 >0.74 >0.46 >0.22 >0.34 369 365 13 11UW Pyx 4.87 3.46 2.68 1.85 423 10 5T Cn 3.21 1.81 1.07 0.43 482 20 108535{4724 10.78 7.58 4.05 1.84 1.72 1.54 570: 13 1408534{5055 11.96 8.50 4.55 2.56 1.92 1.60 703 10 15IQ Hya 5.68 4.06 2.89 1.64 1.14 0.94 0.70 0.68 382 397 10 15CQ Pyx 9.31 5.98 2.09 1.84 1.82 1.48 659 10 3309164{5349 4.14 2.73 2.11 1.40 25y 1209176{5147 11.57 8.59 6.31 3.63 1.50 1.54 1.36 1.02 431: 13 16[ABC89℄Vel19 10.11 7.98 6.75 5.64 21 20[W71b℄046{02 9.03 7.27 6.38 5.78 1.00 0.76 0.40 0.34 265 10 15[ABC89℄Vel44 8.02 6.25 5.15 4.09 0.74 0.60 0.40 0.32 413 10 1609433{6233 11.33 8.94 7.18 5.17 1.06 1.10 1.10 1.10 590: 13 12CW Leo 7.34 4.04 1.19 {2.54 2.06 2.14 2.06 1.74 651 630 10 37W Sex 5.11 3.95 3.49 3.06 0.32 0.26 0.16 0.12 195 134 20 1709484{6242 7.63 6.27 5.56 4.89 0.06 0.10 0.08 0.06 244: 20 709513{5324 10.92 7.60 5.07 2.04 1.92 1.70 1.54 1.30 630 10 1209529{5506 10.66 7.91 5.82 3.11 2.56 2.08 1.72 1.50 688: 10 809533{6021 12.78 9.54 7.03 4.04 1.96 1.90 1.72 1.38 714 10 1209521{7508 8.11 5.36 3.22 0.70 1.98 1.96 1.74 1.28 539 10 909586{6150 12.02 9.19 5.90 1.78 1.68 1.38 506 10 1110019{6156 7.87 6.55 5.99 5.49 20 710023{5946 6.94 5.53 4.90 4.20 0.32 0.26 0.18 0.12 571: 20 1110026{5849 9.80 7.49 5.90 4.22 1.04 0.94 0.68 0.52 531 13 1010052{5906 7.46 6.47 5.67 0.52 0.38 0.20 0.10 448 20 1210098{5742 10.29 7.55 4.24 1.38 1.26 1.16 585 10 1410109{5958 7.26 5.49 4.27 3.03 0.78 0.70 0.58 0.50 423: 13 11RW LMi 6.18 3.43 1.32 {1.21 1.86 1.72 1.50 1.28 617 640 10 1410130{5703 6.30 4.07 3.07 2.23 20 510136{5743 8.33 6.40 5.23 3.94 15:y 1310145{6046 5.78 4.35 3.65 2.97 20 1110149{5919 6.68 5.18 4.53 3.90 20 610151{6008 9.28 7.86 7.21 6.51 20 610175{5957 8.28 6.61 5.66 4.86 20 1210199{5801 11.81 8.51 6.20 3.52 1.66 1.56 1.28 1.02 675 10 1410220{5858 8.54 6.62 5.39 4.20 0.86 0.64 0.42 0.32 585: 10 11CPD{58 2175 12.33 9.39 7.14 4.54 1.74 1.58 1.42 1.22 548 10 10CZ Hya 4.73 3.32 2.39 1.38 1.42 1.30 0.96 0.92 444 442 10 12[ABC89℄Car5 9.76 8.28 7.53 6.83 0.20 0.20 0.14 168 20 12[ABC89℄Car11 8.50 6.99 6.17 5.41 20: 4TV Vel 5.08 3.82 3.24 2.74 0.60 0.54 0.40 0.40 404 365 10 14U Ant 1.24 0.01 {0.49 {1.11 20 25[ABC89℄Car28 8.95 7.29 6.36 5.47 0.56 0.42 0.24 0.20 495 20 16[ABC89℄Car32 7.67 5.85 4.84 3.90 20 15FU Car 6.41 4.81 3.85 2.89 0.70 0.58 0.32 0.28 431: 365: 20 13[ABC89℄Car54 6.98 5.16 4.26 3.44 0.22 0.22 232: 20 6[ABC89℄Car59 7.22 5.56 4.62 3.78 20: 4V Hya 1.78 0.29 {0.70 {1.86 >0.52 >0.42 >0.30 >0.28 532 531 22y 75[ABC89℄Car73 10.69 8.10 6.34 4.41 1.88 1.32 1.06 0.84 483 10 14[ABC89℄Car81 9.12 7.28 6.28 5.46 20: 3[ABC89℄Car84 8.07 6.37 5.34 4.25 1.00 0.80 0.52 0.46 501 10 15[ABC89℄Car87 8.66 7.10 6.12 5.43 1.08 0.88 0.52 0.38 473 10 9Continued on Next Page. . . 2006 RAS, MNRAS 000, 000{000



10 P.A. Whitelok et al.Name J H K L �J �H �K �L PK Plit Var no.[ABC89℄Car93 8.64 6.64 5.54 4.56 0.72 1.06 0.86 0.44 416 10 12[ABC89℄Car105 7.32 5.47 4.24 2.91 0.90 0.70 0.46 0.34 497 11:� 1511145{6534 10.00 6.93 4.49 1.69 1.72 1.72 1.58 1.46 623 10 12[W65℄ 1 9.16 7.59 6.81 20 8[W65℄ 2 8.03 6.70 6.26 24� 8[W65℄ 13 8.68 6.92 5.85 4.91 0.96 0.74 0.44 0.34 395 10 14[TI98℄1130{1020 7.82 5.68 4.04 2.20 1.38 1.24 1.12 0.94 443 10 2011318{7256 4.01 2.13 0.85 {0.66 1.38 1.14 0.90 0.68 526 535 10 9[ABC89℄Cen3 9.63 7.87 7.00 20: 5[ABC89℄Cen4 7.12 5.53 4.68 3.83 0.76 0.68 0.46 0.44 514 10 1611463{6320 10.39 7.50 5.44 2.99 2.02 2.06 1.80 1.60 615 10 14[ABC89℄Cen32 8.95 6.67 5.05 3.28 1.14 1.04 0.84 0.70 652 10 14[ABC89℄Cen43 9.16 7.18 5.82 4.41 1.36 1.10 0.78 0.50 535 10 13[ABC89℄Cen60 8.66 6.84 5.71 4.56 1.02 0.86 0.60 0.68 414 10 13[ABC89℄Cen78 9.39 7.51 6.48 5.65 0.54 0.34 0.20 401 20 13CF Cru 8.91 7.14 6.21 0.72 0.62 0.42 430 10 15[ABC89℄Cen97 10.3 7.90 6.57 5.27 2.12 1.32 0.80 0.46 23 1412194{6007 9.59 7.00 4.96 2.57 1.66 1.54 1.26 0.94 627 10 12SS Vir 2.93 1.56 0.75 0.01 0.92 0.68 0.36 0.20 359 364 20 5512298{5754 9.28 6.65 4.40 1.70 1.56 1.66 1.54 1.24 580 10 10CGCS3268 5.63 4.28 3.43 2.78 396 10 112394{4338 7.49 4.89 2.91 0.72 1.68 1.62 1.30 1.24 551 14� 1212421{6217 8.47 4.50 2.40 2.02 806 10 8RU Vir 4.86 3.09 1.80 0.29 1.40 1.24 0.98 0.90 444 433 10 46V Cru 4.71 3.46 2.88 2.45 0.76 0.68 0.50 0.64 380 376 10 9612540{6845 8.20 5.52 3.52 1.15 2.04 1.78 1.56 1.30 586 10 10[ABC89℄Cru17 10.16 8.39 7.45 6.15 20: 1[ABC89℄Cir1 7.91 5.95 4.85 3.56 25 1113343{5807 9.75 7.04 4.98 2.57 1.86 1.88 1.62 1.42 556 10 1313477{6532 9.67 6.62 2.78 1.46 1.68 1.36 690 10 1313482{6716 8.47 5.79 3.78 1.49 1.66 1.66 1.44 1.18 500 10 1213509{6348 5.12 2.72 1.70 1.46 1.36 678 10 16[ABC89℄Cir18 10.04 8.27 7.33 6.5 20 13[ABC89℄Cir26 9.13 6.71 5.12 3.36 1.74 1.36 0.96 0.74 495 10 15[ABC89℄Cir27 9.50 7.12 5.27 3.10 1.18 1.22 1.02 0.84 538 13� 12[W71b℄093{02 10.5 8.67 7.41 10: 414395{5656 9.15 7.21 6.01 4.73 0.86 0.66 0.44 0.28 488 10 1114404{6320 11.46 8.32 4.39 2.08 2.18 1.70 643 10 914443{5708 12.77 8.93 4.94 2.98 2.16 1.80 723 10 815082{4808 10.00 7.00 4.36 0.86 1.76 1.68 1.64 1.48 632 10 1315084{5702 10.85 7.33 3.37 2.38 2.36 1.94 948 10 10II Lup 5.92 3.58 1.79 {0.33 1.04 0.92 0.82 0.88 576 580 11y 2815261{5702 8.45 5.96 3.07 2.34 2.02 1.40 716 10 1515471{5644 7.78 10� 1CGCS3660 6.82 5.67 5.38 5.19 20: 216079{4812 10.24 6.85 2.88 2.02 2.32 1.96 710 10 12NP Her 5.79 4.36 3.50 2.79 448 10 116171{4759 9.58 6.89 4.89 2.70 1.26 1.28 1.06 0.86 560 13 14V Oph 3.65 2.35 1.61 0.99 1.20 0.86 0.48 0.38 294 297 10 11SU So 3.08 1.77 1.11 0.56 414: 20 5CGCS3721 6.56 5.08 4.12 3.28 353 10 116406{1406 11.79 8.74 5.10 15:y 2816538{4633 8.84 6.07 4.27 2.30 1.18 1.04 0.84 0.72 527 13 1216545{4214 7.14 4.50 2.52 0.38 1.62 1.68 1.46 1.28 534 10 12T Ara 4.53 3.27 2.77 2.27 0.20 0.12 0.10 0.08 327 20 13V901 So 5.52 4.01 3.18 2.38 0.70 0.58 0.38 0.34 439: 20 1017047{2848 9.45 7.09 5.36 3.28 1.88 1.74 1.52 1.38 531 10 12V2548 Oph 8.48 5.61 1.98 2.08 2.06 1.80 747 10 40Continued on Next Page. . .  2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 11Name J H K L �J �H �K �L PK Plit Var no.SZ Ara 6.16 5.00 4.45 4.06 0.94 0.68 0.44 0.42 222 220 10 8V617 So 4.67 3.15 2.17 1.23 1.42 1.48 1.14 1.04 524 10 617105{3746 9.74 7.16 5.14 2.60 1.98 2.18 2.10 1.82 568 10 1017130{3907 8.92 6.15 4.23 2.09 2.32 1.82 1.36 1.18 628 13 1417209{3318E 12.63 9.04 6.24 3.18 10 417217{3916 9.30 6.42 3.14 1.90 1.94 1.60 630 10 1117222{2328 9.67 6.66 4.60 2.30 1.88 1.74 1.58 1.48 603 13 9V833 Her 9.58 6.66 4.19 1.00 2.36 2.80 2.72 2.10 540 13 13V Pav 2.08 0.76 0.19 {0.39 437 225 20 6917446{7809 7.22 4.69 2.72 0.55 10 417446{4048 8.15 5.54 3.60 1.47 1.34 1.24 1.10 1.18 545 13� 1217463{4007 10.04 8.37 7.22 5.92 1.58 1.32 0.98 0.90 399 10 14V348 So 7.09 6.11 5.66 0.26 0.30 0.26 0.12 274 20 617581{1744 8.26 5.77 4.03 2.12 1.70 1.40 1.08 0.94 628 10 818036{2344 10.71 7.37 4.93 2.17 2.66 2.78 2.22 1.96 664 13� 9FX Ser 7.03 4.45 2.59 0.54 1.70 1.54 1.28 1.02 519 10 26V1280 Sgr 5.33 3.58 2.39 1.02 1.10 1.02 0.78 0.70 532 523 13 5718119{2244 8.39 5.60 2.65 2.24 1.82 1.56 611 10 1218147{2215 9.92 6.50 2.91 10 5V5104 Sgr 9.05 5.87 3.52 0.78 1.80 1.72 1.52 1.34 655 10 44V2548 Sgr 4.47 2.96 2.11 1.22 159 23 1118239{0655 10.31 7.23 4.64 1.69 1.58 1.48 1.44 1.24 635 10 918244{0815 11.4 8.58 5.97 3.27 10 6V1076 Her 9.14 5.84 1.95 2.20 1.98 1.62 609 10 1218248{0839 12.8 9.14 6.13 2.88 2.04 2.04 659: 10 718269{1257 13.1 8.98 5.85 2.53 10� 518320{0352 11.61 8.31 4.45 10 4V627 Oph 7.90 5.97 4.66 3.17 452 10 318367{0452 10.47 7.11 3.17 10: 2V1417 Aql 6.23 3.78 1.96 {0.08 1.30 1.10 0.92 0.72 617 13 2518400{0704 8.28 4.64 10 3V821 Her 5.98 3.68 1.85 {0.25 1.88 1.78 1.52 1.22 524 511 10 1518424+0346 9.73 6.99 4.87 2.48 10 6V874 Aql 8.71 7.61 7.22 6.79 145 10 3V2045 Sgr 6.21 4.50 3.46 2.42 451 10 7S St 2.43 1.13 0.57 0.05 148 20 1618475+0926 5.91 2.36 10 3AI St 6.12 4.50 3.48 2.63 408 10 5V1418 Aql 8.29 5.44 3.14 0.47 2.02 1.74 1.42 1.08 562 577 10 2019029+2017 8.17 5.68 3.87 1.86 10 519068+0544 8.01 5.41 3.75 2.07 10 7V1420 Aql 5.94 3.68 2.08 0.06 1.68 1.44 1.22 1.18 694 676 12 18V374 Aql 4.91 3.30 2.29 1.26 456 20 8V1965 Cyg 7.64 5.00 2.95 0.55 2.52 2.08 1.68 1.26 577 625 13 1119358+0917 11.91 8.36 4.46 10: 119455+0920 12.1 9.32 6.73 3.5 10 5R Cap 5.31 3.94 3.05 2.09 1.42 1.18 0.86 0.96 349 345 10 15RT Cap 2.48 1.15 0.54 {0.06 0.30 0.24 0.14 0.10 359 393 20 23BD Vul 5.84 4.30 3.37 2.63 430 10 4V442 Vul 9.78 6.84 4.22 1.14 2.14 2.28 2.02 1.56 661 10 12RV Aqr 4.68 2.75 1.39 {0.13 1.58 1.32 1.04 0.94 433 454 10 7Y Pav 1.89 0.69 0.26 {0.08 233 20 2[TI98℄2259+1249 6.97 5.78 5.24 4.90 0.78 0.74 0.54 0.68 306 294 10 36LL Peg 10.50 4.27 696 10 7RU Aqr 3.10 2.08 1.78 1.51 69 20 1IZ Peg 10.26 7.09 3.04 1.98 1.94 1.56 486 486 10 103[TI98℄2223+2548 7.19 5.56 4.35 3.06 1.40 1.18 0.90 0.80 343 10 16Continued on Next Page. . . 2006 RAS, MNRAS 000, 000{000



12 P.A. Whitelok et al.Name J H K L �J �H �K �L PK Plit Var no.CS stars, peuliar and unertain C starsR Ori 5.82 4.70 4.15 3.76 0.92 1.00 0.78 0.96 381 377 14R CMi 4.03 2.97 2.48 2.22 0.88 0.82 0.86 0.74 335 338 1208276{5125 11.69 6.63 108439{2734 6.56 4.85 3.79 2.40 1.66 1.52 1.28 1.26 475 14UX Pyx 3.93 2.91 2.59 2.26 423 1MU Vel 9.49 5.30 1.54 1.56 1.48 597 3310226{5229 8.89 6.25 4.56 2.60 2.98 2.32 1.86 1.50 756 10[ABC89℄Car10 7.00 5.59 4.99 4.37 1.14 1.00 0.88 0.88 397 15TU Car 7.16 6.07 5.52 4.92 0.78 0.86 0.74 0.58 254 258 10V354 Cen 9.22 8.33 8.04 7.6 0.38 0.32 0.18 150: 150 11[ABC89℄Cen50 9.73 7.54 6.01 4.34 0.92 0.82 0.70 0.60 512 12BH Cru 3.21 2.03 1.56 1.23 0.62 0.66 0.58 0.64 491 421 46BH Cru 3.15 1.98 1.40 1.01 0.72 0.70 0.50 0.64 524 421 36TT Cen 4.35 2.99 2.43 1.91 >0.72 >0.76 >0.68 >0.80 448 462 89RV Cen 3.33 2.08 1.47 1.00 0.68 0.56 0.36 0.46 447 446 8716316{5026 4.28 2.56 1.82 1.00 1.48 0.96 0.84 0.74 565 13VX Aql 4.90 3.59 3.06 2.41 604 218595{3947 3.30 1.52 0.51 {0.69 2.02 1.50 1.10 0.98 449 22V1293 Aql 2.10 1.11 0.83 0.59 5yThese stars are disussed in the setion 11 on long term trends.�These are stars for whih the seond parameter of the variable type depends on the ombination of our observations and pho-tometry from other soures. V718 Tau Ephtein et al. (1990) and 2MASS data obtained before and after SAAO observations,at phases whih are similar to our faintest measurements (i.e. not in the gap) suggest that it has been muh fainter (K=3.94,3.88 respetively, �K � 0:7) and redder, than the faintest SAAO measurements. 05418{3224 An observation by Ephteinet al. (1990) predating ours is 3 and 5 mag brighter at K and J respetively. 2MASS photometry ontemporaneous with oursand Fouqu�e et al. (1992) measurements predating ours are within the range shown in our light urve. We therefore lass thisstar as showing obsuration events, but note that the evidene is very limited. V617 Mon Although Noguhi et al. (1981)present measures distintly di�erent from ours, a omparison with 2MASS suggests they atually observed BD+08o1312, anM star about one armin away from V617 Mon. 06531{0216 Note that the 2MASS (K = 4:45) and Ephtein et al. (1990)(K = 2:89) observations do not agree with the phasing of the SAAO data. The period must therefore be regarded as unertain.[ABC89℄Car105 The Aaronson et al. (1989) observation (K = 5:41), whih predates the SAAO photometry, is muh fainterthan our minimum (K = 4:48). This may indiate an obsuration event. [W65℄ 2 While the 2MASS, the 1985 Aaronson etal. (1989) and the SAAO observations di�er by less than 0.1 mag at K, the 1988 Aaronson et al. photometry is onsiderablyfainter (J = 9:14, K = 7:21). 12394{4338 The Fouqu�e et al. (1992) observation (J = 8:55, K = 4:48) is signi�antlyfainter at K, but not at J , than the SAAO minimum (J = 8:60, K = 3:74), while the 2MASS and Ephtein et al. (1990)observations are omparable to those listed here. [ABC89℄Cir27 The Aaronson et al. (1989) measurement (K = 3:87) issigni�antly brighter than the SAAO maximum (K = 4:57) and may indiate that the soure was obsured during the SAAOobservations. 15471{5644 Too rowded for measurement at JHK, but 2MASS has K = 14:8 and Groenewegen et al. (1993)have K = 11:4, L = 4:6, so it is ertainly a large amplitude variable. 17446{4048 The Fouqu�e et al. (1992) measurement(K = 4:81) is signi�antly fainter than the SAAO minimum (K = 4:21) and may indiate the star was being obsured atthe time the observation was made. 2MASS is also faint (K = 4:65). 18036{2344 The Guglielmo et al. (1993) measurement(K = 6:53) is signi�antly fainter than the SAAO minimum (K = 5:81) and may indiate that the star was in an obsurationphase. 18269{1257 2MASS has K = 8:02 on JD2450937, so all our observations are near maximum and P � 700 days.
 2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 13Some of the photometry disussed in the present paperhas already been published by Whitelok et al. (1994, 1995,1997, 2000), Olivier et al. (2001), Feast et al. (1985, 2003),Groenewegen et al. (1998) or by Lloyd Evans (1997). Allof these data are inluded in the eletroni table for easeof referene. A small number of measurements were madeat SAAO as part of other programmes by T. Lloyd Evansand/or by S. Bagnulo and I. Short. These are used in themeans quoted and in the diagrams, but the basi data will bepublished elsewhere. Individual observations of some objetsalso appeared in other papers without dates (e.g. Gaylard &Whitelok 1988; Gaylard et al. 1989); these measurementsare inluded in the present tabulation.3.1 IRAS and MSX dataBeause energy distributions of C stars typially peak be-tween 3 and 10 �m, a measure of the energy output be-yond the L band is important for estimating their bolomet-ri ux. Following earlier work (e.g. Whitelok et al. 2000,2003) we use the IRAS 12 and 25 uxes and, where possible,supplement these with data from the MSX survey (Eganet al. 2003) using the A- (8:28�m), C- (12:13�m) and D-(14:65�m) bands.IRAS photometry was taken preferentially from theIRAS Faint Soure Catalogue (FSC Moshir et al. 1989) orfrom the PSC (IRAS Siene Team 1989). The IRAS uxesfor CW Leo were taken from the PSC rather than the FSC asthese were more onsistent with omparable values from theliterature (Gezari, Pitts & Shmitz 1997). The IRAS pho-tometry was olour orreted using the presription fromthe IRAS explanatory supplement for the purpose of al-ulating bolometri magnitudes only. For the disussion ofolours et. the raw magnitudes were used.There are 18 stars whih have no IRAS uxes, but 13 ofthese have been measured in the MSX A-band. The remain-ing 5 soures all have K �L < 1:0 and the long wavelengthuxes will not make a signi�ant ontribution to their bolo-metri magnitude (in fat one of them, V354 Cen, is proba-bly not a C star and only two, V874 Aql and [ABC℄Car93,are lassed as C Miras).The MSX data were extrated from the ompleteMSX6C atalogue in the Galati Plane (jbj 6 6o) andthe high latitude, jbj > 6o, subsetions only. A few ofour soures have detetions in the low reliability soures([ABC89℄Car5) and singleton soure (extrated from a sin-gle san but with good uxes: Y Tau, CL Mon, 07080{0106, 07220{2324, FF Pup, 08340{3357, MU Vel, 09533{6021, 10145{6046, TV Vel, 11145{6534) setions of the at-alogue, but a lose examination suggested these were unreli-able, e.g. some singleton soures showed unphysial olours.The very bright soures appear to be saturated in theMSX-A band, whih is more sensitive than any of the others,as an be seen in the plot of A� C against C (Fig. 1). Thefour very bright stars are II Lup, V1417 Aql, V1418 Aql andV1965 Cyg. Their MSX-A magnitudes are inonsistent withother MSX and IRAS magnitudes, although this is not learfrom the ags provided with the atalogue. It appears thatamong this type of objet anything brighter than 270 Jy atC will be saturated at A.Note also from Fig. 1, the di�erene in the A�C oloursof stars, partiularly Miras, that are brighter and fainter

Table 3. Individual JHKL Observations (Full table availableeletronially).JD J H K L Tel.(day) (mag)R Sl2443123.5 1.75 0.60 {0.03 {0.622443405.5 2.04 0.76 0.01 {0.542444187.2 1.87 0.61 {0.04 {0.672446265.8 2.17 0.74 {0.05 {0.792446300.5 2.44 0.95 0.09 {0.742446303.5 2.53 1.03 0.13 {0.612446334.5 2.55 1.07 0.15 {0.642446356.5 2.55 1.06 0.13 {0.652446373.5 2.46 0.98 0.10 {0.702446391.2 2.43 0.96 0.10 {0.692446640.5 2.02 0.62 {0.14 {0.832446655.5 2.15 0.71 {0.09 {0.802446662.5 2.18 0.75 {0.07 {0.842446690.5 2.40 0.91 0.02 {0.762446695.5 2.44 0.97 0.08 {0.682446712.5 2.53 1.02 0.11 {0.672446741.5 2.54 1.04 0.13 {0.632446749.5 2.50 1.00 0.11 {0.622446754.2 2.45 0.98 0.09 {0.672446775.2 2.31 0.88 0.05 {0.622446782.2 2.26 0.85 0.03 {0.642446805.2 2.14 0.77 0.02 {0.562446984.8 1.61 0.33 {0.28 {0.902447014.5 1.80 0.44 {0.26 {0.942447056.5 2.15 0.69 {0.13 {0.882447073.5 2.28 0.79 {0.09 {0.842447113.5 2.32 0.86 {0.03 {0.742447144.2 2.19 0.75 {0.07 {0.792447176.2 2.07 0.67 {0.07 {0.652447191.2 2.03 0.67 {0.08 {0.662447364.8 1.62 0.32 {0.35 {0.982447379.5 1.70 0.36 {0.31 {1.032447394.5 1.73 0.41 {0.32 {1.012447427.5 2.02 0.61 {0.19 {0.942447447.5 2.16 0.73 {0.12 {0.892447497.2 2.36 0.92 0.01 {0.692447512.2 2.30 0.88 0.01 {0.732447534.2 2.19 0.80 {0.04 {0.722447732.8 1.56 0.27 {0.35 {0.932447745.5 1.55 0.25 {0.38 {1.032447761.5 1.57 0.26 {0.39 {1.012447779.5 1.74 0.38 {0.31 {1.012447805.5 2.03 0.61 {0.18 {0.882447816.5 2.14 0.74 {0.09 {0.882447821.5 2.21 0.78 {0.06 {0.842447841.5 2.42 0.96 0.05 {0.772447873.5 2.54 1.11 0.16 {0.612448073.8 1.98 0.65 {0.05 {0.682448077.8 1.96 0.64 {0.05 {0.732448109.8 1.91 0.55 {0.14 {0.742448141.8 2.00 0.61 {0.12 {0.772448172.5 2.13 0.70 {0.08 {0.782448211.2 2.43 0.96 0.08 {0.672448224.5 2.50 1.03 0.11 {0.692448252.2 2.53 1.06 0.14 {0.612448280.2 2.41 0.97 0.10 {0.582448492.5 1.76 0.46 {0.19 {0.872448519.5 1.92 0.55 {0.16 {0.852448873.5 1.82 0.47 {0.22 {0.882448900.5 2.03 0.62 {0.15 {0.87ontinued in the next olumn... 2006 RAS, MNRAS 000, 000{000



14 P.A. Whitelok et al.Table 3. ontinued...JD J H K L Tel.(day) (mag)2448933.5 2.29 0.81 {0.04 {0.822448960.2 2.41 0.92 0.04 {0.752448990.2 2.42 0.94 0.04 {0.732449000.2 2.41 0.94 0.04 {0.702449022.2 2.26 0.86 0.02 {0.652449146.8 1.83 0.56 {0.08 {0.652449204.8 1.61 0.35 {0.27 {0.842449212.8 1.62 0.35 {0.28 {0.862449271.5 1.63 0.35 {0.28 {0.872449223.5 1.65 0.35 {0.28 {0.882449236.5 1.67 0.37 {0.29 {0.852449263.5 1.85 0.48 {0.24 {0.922449282.5 2.01 0.60 {0.18 {0.882449289.5 2.09 0.65 {0.15 {0.922449296.2 2.14 0.69 {0.14 {0.862449346.2 2.37 0.90 0.01 {0.762449497.8 1.73 0.47 {0.16 {0.692449518.8 1.68 0.44 {0.17 {0.702449581.5 1.46 0.24 {0.34 {0.902449614.5 1.64 0.34 {0.29 {0.952449637.5 1.88 0.50 {0.22 {0.892449642.5 1.93 0.56 {0.19 {0.962449668.5 2.33 0.89 0.03 {0.782449672.5 2.37 0.92 0.04 {0.722449709.2 2.57 1.11 0.16 {0.622449728.2 2.53 1.09 0.16 {0.642449772.2 2.25 0.85 0.03 {0.652449941.8 1.71 0.43 {0.16 {0.702449975.5 1.84 0.51 {0.18 {0.832449986.5 1.95 0.58 {0.12 {0.732450019.5 2.25 0.83 0.00 {0.722450029.2 2.34 0.90 0.04 {0.662450052.5 2.52 1.04 0.13 {0.612450057.2 2.54 1.08 0.15 {0.642450062.2 2.55 1.09 0.15 {0.652450082.5 2.59 1.13 0.18 {0.622450109.2 2.50 1.03 0.14 {0.592450144.2 2.24 0.84 0.04 {0.552450260.8 1.81 0.55 {0.07 {0.602450274.5 1.69 0.45 {0.14 {0.662450299.5 1.48 0.28 {0.27 {0.822450317.5 1.43 0.24 {0.30 {0.842450362.5 1.73 0.42 {0.25 {0.882450398.2 2.19 0.76 {0.07 {0.802450414.5 2.37 0.91 0.03 {0.712450420.5 2.43 0.96 0.06 {0.692450437.2 2.55 1.05 0.14 {0.702450469.2 2.52 1.04 0.10 {0.662450471.2 2.50 1.01 0.08 {0.642450503.2 2.25 0.83 {0.02 {0.692450681.5 1.61 0.35 {0.26 {0.772450712.5 1.67 0.38 {0.27 {0.832450721.5 1.73 0.42 {0.26 {0.822450753.5 2.03 0.63 {0.13 {0.802450792.2 2.33 0.87 0.00 {0.762450830.2 2.40 0.92 0.02 {0.712451025.2 1.64 0.40 {0.20 {0.762451052.2 1.56 0.34 {0.26 {0.792451115.5 1.87 0.50 {0.20 {0.862451154.2 2.26 0.82 {0.01 {0.822451186.2 2.49 1.01 0.10 {0.692451417.5 1.61 0.38 {0.22 {0.752451481.5 1.64 0.31 {0.33 {0.95ontinued in the next olumn...

Table 3. ontinued...JD J H K L Tel.(day) (mag)2451502.5 1.75 0.38 {0.31 {0.942451575.2 2.33 0.86 {0.04 {0.782451600.2 2.39 0.91 0.01 {0.712451738.8 1.80 0.54 {0.09 {0.702451743.8 1.76 0.51 {0.11 {0.682451782.5 1.55 0.33 {0.24 {0.832451785.5 1.58 0.33 {0.25 {0.872451859.5 1.75 0.41 {0.27 {0.982451869.5 1.81 0.46 {0.25 {0.932451881.2 1.89 0.52 {0.20 {0.942451809.5 1.57 0.29 {0.31 {0.902451831.5 1.62 0.32 {0.31 {0.912451929.2 2.26 0.81 {0.04 {0.792452182.5 1.57 0.30 {0.28 {0.872452208.5 1.55 0.26 {0.35 {1.002452226.2 1.63 0.32 {0.34 {0.982452241.2 1.72 0.38 {0.30 {0.952452257.2 1.88 0.50 {0.25 {0.942452285.2 2.14 0.71 {0.09 {0.862452321.2 2.45 0.98 0.06 {0.682452529.5 1.76 0.49 {0.15 {0.782452572.5 1.69 0.38 {0.27 {0.882452602.2 1.75 0.43 {0.26 {0.892452691.2 2.32 0.87 {0.01 {0.752452888.5 1.64 0.39 {0.23 {0.812452932.5 1.61 0.37 {0.28 {0.892452960.5 1.69 0.38 {0.28 {0.96Some of these observation of R Sl were published by Lloyd Evans(1997) and by Whitelok et al. (1995, 1997).than C � 1 mag. This ours beause the bright Miras areintrinsially di�erent from the faint ones - the stars withlarge olour indexes, i.e. the \red" stars, are all relativelybright. There are various seletion e�ets ontributing tothis, but ritially we would have been unable to performJHK photometry of faint red stars. A similar dihotomyis seen in the IRAS data, in that most of the Miras with[12℄ > 0 have [12 � 25℄ < 0:5 and those with [12℄ < 0 have[12� 25℄ > 0:5. There are, however, some notable faint non-Miras with [12 � 25℄ > 1: EV Eri (see Setion 11) , 10151{6008, [ABC89℄Cru17 and [ABC89℄Cir1.Figs. 2 & 3 illustrate the types of two-olour diagramwhih are frequently used to distinguish between O- and C-rih stars (e.g. Ortiz et al. 2005) using IRAS and MSX datarespetively. The solid line on both �gures is the blakbodylous, while the dashed line provides a rough division be-tween C- and O-rih stars, whih in the ase of the MSX�gure has been opied diretly from Ortiz et al. The divi-sion is far from being a preise one and stars lose to the linemust be regarded as having unertain hemial type unlessspetrosopi information is available. Nevertheless, most ofthe programme stars fall in the region you would have ex-peted given their C-rih nature. A similar separation anbe ahieved using slightly di�erent ombinations of olours,as was disussed, e.g., by Guglielmo et al. (1993).In the MSX diagram the four peuliar non-Miras ly-ing above the upper line are: 09164{5349 (see Setion 11),[ABC89℄Cir1, V2548 Sgr and [ABC89℄Cru17, the latter be-ing the only point well away from the line (NB the di�er- 2006 RAS, MNRAS 000, 000{000
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Figure 1. The MSX A � C olour as a funtion of the MSX-Cmagnitude. Symbols: rosses: well observed Miras without ob-vious peuliarities; open rosses: other Miras; open irles: wellobserved small amplitude variables without obvious peuliarities;lose irles: other non-Miras. The four soures with large A�Colours are saturated in the A band. Note the di�erene betweenthe typial A � C olour for the stars brighter and fainter thanC � 1, partiularly the Miras.enes between Miras and non-Miras and between `peuliar'and `normal' relate to the variability harateristis and aredesribed in Setion 4.2). The normal non-Mira above theline is [ABC89℄Pup3. The stars in a omparable position onthe IRAS diagram are these same peuliar non-Miras plusEV Eri and 10151{6008, while the normal non-Miras areR Sl (whih has a detahed dust shell, Bujarrabal & Cer-niharo 1994) and T Ara (whih is super lithium rih, Feast1954).4 PULSATION CHARACTERISTICS4.1 Pulsation PeriodsPeriods (PK) were determined from a Fourier transformof the K light urve for all of the stars with SAAO near-infrared observations on 8 or more dates; these are listedin Table 2. Where a pulsation period has been publishedelsewhere it is listed in olumn 11 (Plit) of Table 2. Theseare taken from the following soures, in order of preferene:GCVS, Le Bertre (1992), Jones et al. (1990), Hipparos(ESA 1997) or Pojma�nski (2002). Figure 4 shows our periodplotted against the value from the literature. The agreementis generally better than 5 perent and a brief disussion ofthe exeptional ases follows:V477 Mon The original period is from Ma�ei (1966)who indiated it as \M? P=820:: days". The near-infraredobservations are not onsistent with this value and we usethe newly determined 619 days whih provides a very good�t to these data.

Figure 2. Combined IRAS near-infrared two-olour diagram;symbols as in Fig. 1. The solid line is the blakbody lous whilethe dashed line roughly separates C- from O-rih stars. Note thatsoures seleted aording to the IRAS seletion riterion de-sribed in Setion 2 will only �nd soures with [12� 25℄ > 0:565.Symbols are the same as in Fig. 1.

Figure 3. Combined MSX near-infrared two-olour diagram;symbols and lines as in Fig. 2.V1965 Cyg The original period is from Jones et al.(1990) (who inorretly assoiates AFGL 2417 with V1129Cyg) and there is evidene for rather errati behavior inboth their and our light urves. Analyzing the two data setstogether (using only the 6 observations atually listed intheir paper) suggests a period of 617 days.BH Cru This is known to have a lengthening period(Bateson et al. 1988; Walker et al. 1995; Zijlstra et al. 2004) 2006 RAS, MNRAS 000, 000{000



16 P.A. Whitelok et al.

Figure 4. Periods, PK , derived from data disussed here plot-ted against those from the literature, Plit; Symbols: rosses areMira C-stars (outstanding points represent V477 Mon and V518Pup), open irles are non-Mira C stars; solid squares are vari-ous peuliar soures inluding non-C stars, SC stars and C-starswith siliate shells (the two outstanding points represent BH Cru,whih has a variable period, at di�erent times).and our data, whih were obtained in two bathes with agap in the middle, suggests a hange from 491 to 524 days,between 1984/9 and 1997/2004.V617 Mon The GCVS period is 375: days with whihthe near-infrared observations are not onsistent. We use thenewly determined 444 days whih provides a very good �tto our data.FU Car The GCVS variability type and period of M:and P=365: days respetively, ome from Luyten (1927) whoreords FU Car's variability along with that of another starand notes \The available plates are insuÆient for a deter-mination of the light urves, but the possibility is indiatedthat both variables have a period of nearly one year, and arange of at least two magnitudes". This is onsistent withour determination of 431 days and our assertion that it isnot a Mira.TV Vel GCVS reords this as variability type M withP=365 days and no indiation of any unertainty. There isno lear soure for the period. We also lassify TV Vel asa Mira, but it is ertainly a border-line ase. Our data areinonsistent with the 365 day period.W Sex The di�erene between the GCVS period of134 days and the Hipparos period of 200 days was notedby Whitelok et al. (2000). Our newly determined period of195 days is onsistent with the Hipparos value. It is not aMira.RT Cap This is not a Mira and the GCVS period of393 days is inonsistent with the 359 days derived here.V518 Pup The 448 day period omes from the ASASdatabase of Pojma�nski (2002) who also lassi�es it as a Mira.The 228 day period derived from the IR data is inonsistentwith the ASAS data. While 228 days is the best �t to the

infrared photometry, 448 days is also a possible solution. Inthis ase 448 days would be preferred and is in fat the valuewe adopt, but the Mira lassi�ation must be regarded asunertain.Figs. A-1 and A-2, in the appendix, illustrate for Mirasand other variables, respetively, the K light urves plottedas a funtion of phase for the stars with suÆient data todetermine a period.From this it an be seen that the auray of the de-rived periods and amplitudes varies onsiderably from onestar to the next, depending on the number of observations,their distribution in time and the stability of the light urveover the sampling interval. Most of the illustrations showthe K magnitude phased at the period determined from theK data. Where satisfatory periods ould not be determinedfrom our data they are shown phased at the GCVS period.For 10220{5858 a period of 585: days is given, but 290: isalso possible. Although we use the 585 day period in the fol-lowing disussion the blue olours and low amplitude would�t better with the shorter period.4.2 Variability ClassIn view of the fat that we wish to use the Mira Period-Luminosity (PL) relation to estimate the distane to theC-stars it is vital that we deide if partiular stars an belassed as Miras or not. Aording to the lassial GCVS def-inition Miras have harateristi late-type emission spetra(Ce in the ases we are disussing) and V light amplitudesgreater than 2.5 mag. Their periodiity is well pronouned,and periods lie in the range from 80 to 1000 days. For manyof the stars of interest very little is known about the V mag-nitude and we must make the best estimate we an fromother soures of information. Unfortunately the distintionbetween Miras and other types of long period variable is notas learut for C-rih stars as it is for O-rih ones, wherethe JHKL olours of Miras and non-Miras are distintlydi�erent (e.g. Whitelok et al. 1995).Where there are suÆient observations we determine ifa star is a Mira or not on the basis of the SAAO infraredphotometry; if it is learly periodi and has a peak-to-peakK amplitude over 0.4 mag we all it a Mira and assign it tolass 1n. If the variations are not periodi or are less than0.4 mag at K we assign it to lass 2n, and all it a non-Mira. If there are insuÆient data to do this we use theGCVS or ASAS lassi�ation if there is one. Otherwise, ifour K magnitudes di�er from published values (Aaronson,2MASS ...) by 0.4 mag or more we assign it to lass 1n elseto lass 2n. Stars lassi�ed in this last way are labeled witha olon after the lassi�ation in Table 2 as they are learlyless ertain than the others. There are 74 lass 2n and 165lass 1n in the table.The assignment of the seond digit, or sub-lass, ofthe variability lassi�ation is desribed in Table 4. Thesub-lass to whih a variable is assigned obviously dependsstrongly on how many observations we have, e.g. many ob-jets of type 13 would probably be lassed as type 11 givenmore data. There is atually only one star, V1420 Aql, at-alogued as type 12, whih is illustrated in the last panelof Fig. A-1, although there are several marginal ases, e.g.[ABC89℄Cir27, as an be seen from the illustrated lighturves. Even with V1420 Aql there is some unertainty in 2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 17Table 4. Seond parameter, n, of the variability type 1n or 2n.n desription of light urve0 sinusoidal and reasonably repeatable1 evidene of obsuration events or a long term trend2 for pronouned seond peak in light urve (Miras only)3 for errati behavior, inludes large amplitude non-Miras4 inonsistent with other published photometry5 star with peuliarities desribed in textits period and if it is plotted at the other period given in Ta-ble 2 (676 days from Le Bertre 1992) then the seond peakis less pronouned.Our lassi�ation agrees reasonably well with the GCVSfor most of the 102 stars in ommon and we briey disussthe 10 di�erenes here. We lassify the following stars asMiras whereas the GCVS provided the lassi�ation givenin parenthesis after the name: V471 Pup (SR:), V518 Pup(SR: also Mira in ASAS), UW Pyx (Lb: also Mira in ASAS),RW LMi (SRa), CF Cru (Lb), FX Ser (Lb:). The ASASlassi�ation, based on optial data, is relevant as they havemany more observations than we do and an do a betterjob with lassifying visually bright variables. However, weagree with the GCVS lassi�ation of V374 Aql (SR) ratherthan the M: assigned by ASAS. The following were lassedas Miras in the GCVS: FU Car, V354 Cen, V348 So andV503 Mon, but are lassed as non-Miras here, beause theirK amplitudes are muh less than expeted from Miras.The Mira nature of 10220{5858 is unertain, it has alow amplitude and small K � [12℄ for its period and limiteddata suggest an errati light urve.A number of authors have noted that the IRAS oloursof [ABC89℄Cir1 are those expeted for a siliate shell (e.g.Chen et al. 1993 and referenes therein) and it has beeninvestigated on this basis. We note that it has a slightlylarger K � L than normal non-Miras.Of the 57 C stars in the Aaronson sample, 26 are Miras,and periods in the range 265 to 652 days have been deter-mined for 24 of them, while the other 31 are errati or lowamplitude variables.Of the 93 C-stars in the IRAS sample, 86 are Miras andperiods ranging from 431 to 948 days were determined for69 of them, while the other 7 are low amplitude or errativariables. Of the 26 C-stars in the faint IRAS sample 12are Miras, and periods in the range 495 to 714 days weredetermined for 10 of them, while the other 14 are errati orlow amplitude variables.4.3 Mean Magnitudes and AmplitudesTable 2 gives the Fourier-mean magnitudes and amplitudesfor all of the stars disussed here. These were derived by�tting �rst order sine urves to the light urves, and thepeak-to-peak amplitudes of those urves are also tabulated.The number of points used in the �t is listed in the lastolumn. This may be less than the full number of observa-tions available, as it is for stars showing obsuration eventswhere we have exluded yles showing heavy obsuration(see setion 11). This is somewhat subjetive and the resultsdependent on how well any partiular light urve is overed.

The pulsation amplitude generally dereases with in-reasing wavelength, although there are a few examples of�J < �H. Where the soure is faint at J a low amplitudemay indiate ontamination of the J ux by another sourein the aperture; there are, however, examples, e.g. CW Leo,where the measured amplitudes are de�nitely a true ree-tion of the C star variations. Fig. 5 shows the dependeneof pulsation amplitude on olour. Although there is a greatdeal of satter, the amplitude and olour are learly or-related. While there will be several e�ets ontributing tothis dependene, the primary one will be the amplitude'sdiret or indiret dependene on temperature utuationsof the star. We also antiipate a orrelation betweenthe stellar pulsation amplitude, as measured by �K,and the mass-loss rate, as measured by K�[12℄ whihis proportional to the optial depth of the shell (seesetion 6 and Whitelok, Pottash & Feast (1987).It is not possible to separate the e�ets of temper-ature utuations and pulsation amplitude hangeswith the available information.The peaks of the energy distributions for these stars isat wavelengths over 2.5�m (the ombined e�et of lowtemperature and thik irumstellar dust shells),therefore at J and H and usually also at K and L,we are sampling the Wien part of the energy distributionwhih is extremely sensitive to temperature utuations.The ooler the star the larger the ux hanges at JHKLthat will be aused by small hanges of the stellar temper-ature. Moleular opaity utuations in the JHKL bands,also in response to temperature hanges of the star, willserve to magnify the amplitude dependene on stellar tem-perature. Thus to a �rst approximation we might expetthe JHKL amplitudes to tell us more about the tempera-ture of the C star, and hanges in its temperature aroundthe pulsation yle, than about the bolometri amplitudeof the pulsations themselves. The olours that we disusshere, inluding K � [12℄, are muh more strongly inuenedby reddening of the irumstellar shell than they are by thetemperature of the underlying star (see Setion 6). Never-theless, the ooler stars will tend to have the thiker dustshells, so we still understand the orrelation in Fig. 5 tobe very onsiderably a onsequene of utuations in thestellar temperature, but with a good deal of satter as thethikness of the shell is not a simple funtion of the temper-ature of the star.5 MIRA PERIOD-LUMINOSITY RELATIONThe existene of a PL relationship for Mira variables was dis-ussed in detail by Feast et al. (1989) for O- and C-rih Mirasin the LMC. Subsequently Whitelok et al. (2003) disussedthe PL relation for longer-period, thik-shelled Miras also inthe LMC, inluding photometry from IRAS and ISO. Thestudies by Feast et al. and by Whitelok et al. enompassedstars with multiple near-IR observations and therefore wellde�ned mean magnitudes. Groenewegen &Whitelok (1996)used data for spetrosopially on�rmed C stars only, butinluded those with single observations to provide a largersample of LMC stars. All of these papers found rather sim-ilar bolometri PL relations for the C stars.Here we ombine the data from Feast et al. (1989) and 2006 RAS, MNRAS 000, 000{000
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Figure 5. For the Miras, K � [12℄ olour as a funtion of thepulsation amplitude at K, �K. Symbols as in Fig. 1.Whitelok et al. (2003) to derive a PL relation for the C starsthat overs the period range of interest for the Galati Cstars under disussion. We omit four stars lassed by White-lok et al. as C-rih: WBP14 for whih the data were uner-tain; 04496{6958 and SHV05210{6904, whih lie above thePL relation (Whitelok et al. suggested that this maybe the result of extra energy from hot bottom burn-ing, although that onlusion is ontroversial for aarbon star and more detailed studies are requiredto investigate these luminous stars); 05128{6455 whihMatsuura et al. (2005) have shown to be O-rih. Thus wehave 38 C-rih Miras whih are illustrated in a PL diagram(Fig. 6), for whih a least squares �t gives:Mbol = �2:54 log P + 1:87; (� = 0:17) (1)assuming that the distane modulus of the LMC is 18.50mag. This is lose to the relationships given in the variousreferenes ited above and is what we use in Setion 9 toderive distanes. Some of the 0.17 mag dispersion will beintrodued by the limited temporal overage of IRAS (thesatellite did not observe long enough to provide mean mag-nitudes for these long period stars).This PL is distintly di�erent from that derived for O-rih Miras (Feast et al. 1989; Whitelok et al. 2003). Dueto the di�erenes in slope the relations, whih are lose atshort periods, diverge at long period. At a period of 500days the C-Miras are 27 perent fainter than their O-rihounterparts at the same period. Part of this di�erene maybe due to the di�erent energy distributions of the O- andC-rih stars whih an lead to di�erent systemati errorsa�eting the estimates of total luminosity (e.g. the strongwater features whih are present in O-rih, but not C-rihMiras). However, the large di�erenes at long periods sug-gest that there may be real luminosity di�erenes betweenthe two types of Mira at a given period.The PL relationship is revisited in Paper III of this se-ries, where the kinematis of the Galati C Miras are usedto derive a zero-point.

Figure 6. The PL relation for C-rih Miras in the LMC. Therosses and irles represent stars from Feast et al. (1989) andfrom Whitelok et al. (2003), respetively. The straight line is thelous given by equation 1.6 INFRARED COLOURSIn the following analysis we ompare various data on Gala-ti C-rih Miras with omparable measurements of LMC ob-jets. The LMC samples are taken from Feast et al. (1989)(with updated periods from Glass & Lloyd Evans (2003))and Whitelok et al. (2003). Note that the Feast et al. stars,whih were optially seleted, do not have L or IRAS ob-servations; many of the Whitelok et al. sample, whih wereseleted from IRAS soures, do not have J measurements;thus not all the stars appear in all the diagrams. Two brightLMC C stars with distintly blue olours for their period arealways distinguished in the illustrations. These stars, whihalso lie above the bolometri period-luminosity relation, arethought to be undergoing hot bottom burning (Whiteloket al. 2003).Figs. 7 and 9 illustrate the olours prior to orretionfor reddening. The stars illustrated here are those with 10and 20 lassi�ations in Table 2 and with at least 9 ob-servations ontributing to the mean. Thus they representwell-haraterized normal Miras and non-Miras as far as itis possible to de�ne them.It is lear that the Miras spread to muh redder oloursthan the non-Miras as one might expet given their highermass-loss rates and resultant irumstellar shells. At theblue extreme the non-Miras and Miras follow slightly dif-ferent loi in the two-olour diagrams, but the di�erenesare subtle and it is not possible to distinguish between indi-viduals in the two groups simply on the basis of their olours.This is in marked ontrast to the situation for O-rih stars(e.g. Whitelok et al. 1995).The lines illustrated in these two �gures represent amaximum likelihood �t to the Mira data and are given inequations 7 and 8, whih are disussed later.The reddening-orreted olours for the Miras only areillustrated in Figs. 8 and 10 where they are ompared to theolours of Miras in the LMC (the derivation of the redden-ing orretions is given in Setion 9, below). The olours ofthe Miras with peuliarities (lass 1n, n=1,5), whih are il- 2006 RAS, MNRAS 000, 000{000
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Figure 7. A two-olour diagram omparing Miras (rosses) hav-ing known periods, with non-Miras (open irles); stars from bothgroups are well observed (at least 9 measurements) and lak ob-vious peuliarities. The lous for the Miras, given in equation 7,is illustrated as is a reddening vetor for AV = 10 mag.

Figure 8. As Fig. 7, but after orreting for interstellar extin-tion as desribed in setion 9 and showing only the Miras, butinluding those with peuliarities (open rosses). The �lled irlesare the LMC Miras, with the two large open irles representingLMC stars suspeted of undergoing hot bottom burning.lustrated as open rosses, do not di�er signi�antly from thelass 10 Miras. The loi illustrated in the two �gures were�tted by maximum likelihood to the lass 10 objets only:(H �K)0 = �0:549 + 1:002(J �H)0; (� = 0:010); (2)(K � L)0 = �0:252 + 1:295(H �K)0; (� = 0:014); (3)Note that the J values for some of the faint LMC soures

Figure 9. As Fig. 7, but for alternative olours. The lous de-sribed by equation 8 is shown.

Figure 10. As Fig. 9, but after orreting for interstellar extin-tion as desribed in setion 9 and showing only the Miras; thesymbols are as in Fig. 8.in Fig. 8 are unertain by up to 0.2 mag, as are the H valuesfor the faintest LMC soures in Fig 10. There appears to be asmall shift between the LMC and the Galati JHK oloursin that (J�H) for the LMC soures is on average 6 0:1 magless for the LMC stars than for the Galati ones at the same(K � L). Cohen et al. (1981) disuss a olour di�erene be-tween Galati and LMC C-stars in the same sense, but fewof their sample are Miras and their stars are in the olourrange 0:4 < (H � K)0 < 0:8. For (H � K)0 < 0:8 we �ndthat LMC and Galati C-rih Miras oupy the same partof the two-olour diagram. This diagram is obviously rathersensitive to reddening orretions and to errors in transfor- 2006 RAS, MNRAS 000, 000{000
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Figure 11. Period (H � K) olour relationship for Galati(rosses) and LMC (losed irles) C stars. The open rosses rep-resent Galati Miras with 1n (n>1) lassi�ations. The two LMCpoints with irles around them are luminous Miras thought to beundergoing hot bottom burning. The lous desribed by equation4 is shown.

Figure 12. Period (K � L) olour relationship with symbols asin Fig 11. The lous desribed by equation 5 is shown.mation between di�erent photometri systems, whih tendto be largest for J .The Galati (H � K)0 and (K � L)0 period-olourrelationships are ompared to those for Miras in the LMCin Figs. 11 and 12. There is no obvious di�erene betweenthe lass 10 and lass 1n (n>1) Miras. There appear to bedi�erenes between the distributions of LMC and GalatiMiras in these �gures, but there is a great deal of overlapbetween the two samples and the di�erenes ould plausibly

Figure 13. K � [12℄ as a funtion of period for all of the Miras(lass 1n) disussed here, ompared with C stars from the LMC(losed irles) C stars. The two LMC points with rings aroundthem are luminous Miras thought to be undergoing hot bottomburning. The lous desribed by equation 6 is shown.be attributed to the very di�erent seletion e�ets in theGalati and LMC samples. In partiular it is possible thatwe would have been unable to measure the H ux for anyLMC Miras with extremely red olours (H �K > 2:8). It isalso likely that our seletion riteria for the Aaronson and forthe IRAS samples would have exluded most short periodMiras. The relatively blue (H �K) and (K � L) olours ofthe Galati Miras, ompared to the LMC ones, with periodsless than 500 days is notable.Although neitherH�K norK�L shows a linear depen-dene on period there is ertainly a trend to larger olours atlonger period. The least-squares �t to the Galati data inFigs. 11 and 12 (omitting the points at the shortest period,SZ Ara, in both �gures and the one with the largest K �L,LL Peg, in Fig. 12) gives the following relationships:(H �K)0 = �15:69 + 6:412 log P (� = 0:48); (4)and(K � L)0 = �20:56 + 8:300 log P (� = 0:61): (5)Fig. 13 shows K� [12℄ as a funtion of period and om-pares it to LMC data. The straight line is a least squares �tto the Galati data, whih yields:K0 � [12℄ = �43:0 + 17:7 log P (� = 1:5) (6)K � [12℄ is a very good indiator of the optial depthof the dust shell and hene of the dust mass-loss rate (e.g.Whitelok et al. 1994). There has been some disussion inthe literature of di�erenes in mass-loss rates between theMagellani Clouds and the Galaxy. Suh di�erenes mightbe expeted if Magellani Cloud Miras have lower metal-liity than their Galati ounterparts and therefore formdust with lower eÆieny. If, however, the pulsation periodof the Mira is a funtion of its metalliity, as it is for O-rih Miras (Feast & Whitelok 2000), di�erenes between 2006 RAS, MNRAS 000, 000{000
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Figure 14.As Fig. 13 but showing only stars from the IRAS sam-ple (asterisks), the faint IRAS sample (rosses) and the Aaronsonsample (open rosses); note that four of the Aaronson sample arealso faint IRAS soures. The line is equation 6.the two systems will be more subtle. A reent analysis byvan Loon (2006) suggests that, while the situation is veryomplex, there is no evidene for a mass-loss rate depen-dene on metalliity. The di�erenes seen in Fig. 13 seem tobe relatively minor and may be due to seletion e�ets inthe various samples rather than to fundamental propertiesof the two galaxies.The very large e�et of seletion riteria is well illus-trated by Fig. 14 whih shows only the Galati C stars, butdistinguished aording to the original sample from whihthey were drawn. Note that there is almost no overlap be-tween the bright IRAS seleted stars, most of whih haveK� [12℄ > 5 mag, and the optially seleted Aaronson sam-ple whih all have K � [12℄ 6 5 mag. It is lear that the CMiras show a large range of olour at a given period and thatseletion riteria will determine how this range is sampled.7 APPARENT BOLOMETRIC MAGNITUDESThe bolometri magnitude was alulated by spline �ttingto the JHKL, 12 and 25 �m ux as a funtion of frequeny,as desribed in Setion 6 of Whitelok et al. (1994) and/orby spline �tting to JHKL MSX-A ux in the same way.Some preliminary tests were done to ompare the re-sults of using spline �ts to JHKL and MSX-A, -C and -Duxes with those on JHKL and MSX-A. This beause therewere only 67 stars with the full data set. These tests indi-ated that a small olour orretion was neessary if theintegrations using only MSX-A were to give the same re-sult as the full dataset. Thus the bolometri magnitudesderived by spline �tting JHKL and MSX-A were orretedby 0:0119 � 0:0148 � (K � L); its largest e�et is to hangethe bolometri magnitude by only {0.055 mag.There were 91 Miras with both MSX-A and IRAS dataand the mean di�erene in the bolometri magnitudes de-

rived from the two sets (IRAS{MSX) was �0:02�0:03 mag,with extreme values of {0.73 and +0.35. The orretionswith the largest absolute values were always for the reddersoures, as the mid-infrared is less important for the bluersoures.Where there is no value for J (24 stars), H (3 stars)or L (1 star) an estimate is made from one of the follow-ing relations, for the purpose of alulating the bolometrimagnitude:(H �K) = �0:642 + 1:011(J �H); (7)(H �K) = +0:233 + 0:769(K � L): (8)These loi are illustrated in Figs. 7 and 9. If the 12 �m uxhas been measured, but the 25 �m ux has not, the olourorreted [25℄ is estimated from:([12℄� [25℄) = 0:0337 + 0:109(K � [12℄): (9)Beause it is only for very red stars that J orH were notmeasured, and only for blue ones that [25℄ was not measured,these estimates do not ompromise the quality of the �nalbolometri magnitude. The L ux is muh more important,but only one Mira with a known period, CF Cru, does nothave a measured value for L, whih is estimated from H viaequation 8 above.Given that we hose to rejet the faint yles for the verywell observed stars we examine briey the di�erene it wouldmake to the bolometri magnitudes if we used faint ratherthan bright yles, assuming that the ause of the hangeis line of site obsuration and that the IRAS and/or MSXuxes remain onstant. R For would go from mbol = 4:54to 4.97, R Lep from mbol = 3:52 to 4.13 and II Lup frommbol = 3:89 to 4.07, the size of the hange being stronglydependent on the relative ontributions to the total ux fromJHKL and from the mid-infrared.8 BOLOMETRIC CORRECTIONSThe main interest in bolometri orretions is their use whenlimited data are available. With this in mind we provide, inTable 5, the oeÆients of the best �t least squares fourthorder polynomials to the bolometri orretion at K, BCKas a funtion of the olour (x� y):BCK = 0+1(x�y)+2(x�y)2+3(x�y)3+4(x�y)4;(10)for a variety of olours. The table also inludes the max-imum (max) and minimum (min) values of the olour forwhih the �t was determined (this type of �t should not beextrapolated), the error (�) assoiated with an individualobservation and the number of stars used in the �t (No).Two examples of these �ts are shown in Fig. 15 for(J � K)0 and K0 � [12℄. It is learly possible to derive anaurate bolometri orretion if observations in widely sep-arated bands, suh as K and [12℄, are available. In pratieit will often only be possible to use something like (J �K)when dealing with photometry from e.g. the 2MASS sur-vey or typial measurements that are now being done onextragalati C stars with large telesopes.The urves listed in Table 5 provide exellent �ts tothe LMC C-star bolometri orretions disussed by White-lok et al. (2003) and illustrated in their �g. 13, although 2006 RAS, MNRAS 000, 000{000



22 P.A. Whitelok et al.Table 5. CoeÆients for alulating the bolometri orretion as a funtion of olour aording to equation 10.(J �K)0 (H �K)0 (K � L)0 (K � [12℄)0 (K � A)00 0.972 2.360 3.228 2.801 3.1301 2.9292 3.1729 0.8720 0.7101 0.48072 {1.1144 {2.5747 {0.7042 {0.1958 {0.16553 0.1595 0.5462 0.06350 0.01032 0.0022414 �9:5689 10�3 �0:043014 �1:6341 10�3 �2:2054 10�4 �2:2405 10�4max 6.5 4.0 6.2 14 10min 1.5 0.5 0.3 1.2 0.5� 0.23 0.27 0.17 0.11 0.13No. 123 142 144 144 70the LMC data do show more satter beause the stars arefainter. There is no evidene of any di�erene between Cstars in the Galaxy and the LMC in respet of the bolomet-ri orretions as a funtion of olour.The lak of satter in Fig. 15 is largely a onsequene ofthe way the bolometri magnitudes are alulated. Thus, forexample, if we examine II Lup during a bright yle ( �K =1:79 mag) we derive K� [12℄ = 5:92 and BCK = 2:15, whileduring a faint yle ( �K = 3:0 mag) we obtainK�[12℄ = 7:12and BCK = 1:2; both of these points �t on the urve inFig. 15. The bolometri magnitude derived from these data,mbol = 0:48 and 0.52, are not very di�erent beause theJHKL ux is only a small part of the total. In ontrast, forR Lep we obtain K� [12℄ = 2:81 and BCK = 3:47 when it isbright ( �K = 0:07 mag) andK�[12℄ = 3:54 and BCK = 3:36when it is faint ( �K = 0:8 mag). Again the points fall loseto the urve in Fig. 15, but the resulting bolometri magni-tudes, mbol = 3:52 and 4.13, di�er onsiderably beause theJHKL ux is a major ontributor to the total.Fig. 15 also shows a omparison with the bolometriorretion derived by Guandalini et al. (2005) for a slightlydi�erent olour (K � [12:5℄). The two relations di�er by atmost 0.19 mag in the region in whih there are many points,3 < K� [12℄ < 4, and this di�erene goes up to 0.36 mag atK � [12℄ = 14.9 INTERSTELLAR REDDENING ANDDISTANCESWe assume that the Galati C-rih Miras obey the LMCbolometri PL relation as disussed above (Setion 5). Thusa �rst estimate an be made of the distane to the starby omparing the measured and absolute bolometri magni-tudes. The extintion is then estimated using the Drimmelet al. (2003) three dimensional Galati extintion model,inluding the resaling fators that orret the dust ol-umn density to aount for small sale struture seen in theDIRBE data, but not desribed expliitly by the model. Themeasured mean JHKL magnitudes are orreted for extin-tion following the reddening law given by Glass (1999) andthe bolometri ux is realulated. This proess of alulat-ing distane, extintion and bolometri magnitude is theniterated as neessary, typially two to �ve times, until thedistane modulus hanges by less than 0.01 mag. The extin-tion values, AV , derived in this way are listed in Table 6.

Figure 15. The bolometri orretion at K as a funtion of (top)(J � K)0 and (bottom) K0 � [12℄. The urves are fourth orderpolynomials with the parameters given in Table 5. The lower �g-ure also shows LMC values (solid irles) from Whitelok et al.(2003). The dashed urve is the relation forK�[12:5℄ from Guan-dalini et al. (2005) �g. 5.They range up to AV � 5:8 and therefore have a signi�ante�et on the JHKL olours and on the derived distanes.We have 70 stars in ommon with those of Groenewegenet al. (2002) for whih the derived distanes an be om-pared. Groenewegen et al. alulate distanes either fromthe PL relation of Groenewegen & Whitelok (1996), forstars with known periods longer than 390 days, or from the12 �m ux, with a bolometri orretion that depends onthe 25 to 12 �m ux ratio, for the others. The statistialagreement is good, with the average distane alulated byGroenewegen et al. for the 70 stars in ommon being only 8perent larger than our value.
 2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 23Table 6: Derived data for Miras with pulsation periods.name dist AV mbol (J �H)0 (H �K)0 (K � L)0 K0 � [12℄ K0 log _M BCK(kp) (mag) (M�yr�1) (mag)YY Tri 2.25 0.24 6.53 2.99 3.74 8.43 6.79 {4.45 {0.26R For 0.70 0.04 4.54 1.67 1.20 1.28 3.62 1.21 {5.87 3.33[TI98℄0418+0122 6.42 0.37 9.24 1.83 1.33 1.46 3.61 5.98 {5.73 3.26V718 Tau 1.46 1.35 6.12 1.70 1.15 1.15 3.42 2.72 {5.85 3.41R Lep 0.47 0.25 3.52 1.43 0.94 1.00 2.81 0.05 {6.03 3.47QS Ori 2.65 0.69 7.17 1.50 0.98 1.04 3.08 3.74 {5.89 3.4305418{3224 2.73 0.04 7.24 2.47 1.82 2.11 5.49 4.86 {5.19 2.3806088+1909 2.37 1.18 6.91 2.37 1.74 1.96 4.98 4.15 {5.08 2.76ZZ Gem 1.76 0.61 6.75 1.32 0.77 0.58 1.85 3.15 {6.65 3.60V617 Mon 2.94 1.01 7.48 1.68 1.22 1.29 3.05 4.08 {5.96 3.41V636 Mon 1.09 0.45 5.11 1.83 1.28 1.39 3.39 1.78 {5.76 3.34V477 Mon 2.61 1.01 6.86 2.31 1.84 2.24 5.12 4.46 {4.83 2.40RT Gem 3.43 0.54 8.08 1.24 0.56 0.39 1.44 4.57 3.5106487+0551 2.40 0.80 6.84 2.47 1.91 2.34 5.47 4.55 {5.36 2.29CG Mon 1.99 0.75 6.69 1.29 0.61 0.52 1.53 3.23 3.46CL Mon 1.11 0.47 5.22 1.67 1.15 1.27 3.34 1.84 {5.85 3.3806531{0216 2.01 0.86 6.35 1.97 1.49 1.70 3.86 3.27 3.0706564+0342 2.99 0.83 7.24 2.58 2.11 2.55 5.84 5.35 {5.27 1.8907080{0106 3.76 0.16 7.70 2.80 2.44 2.73 6.63 6.22 {4.71 1.48VX Gem 1.88 0.03 6.66 1.22 0.61 0.35 1.92 3.13 {6.54 3.53R Vol 0.88 0.49 4.84 1.89 1.40 1.61 3.83 1.67 {5.70 3.18HX CMa 1.68 0.74 5.73 2.38 1.79 2.17 5.81 3.55 {4.90 2.1807217{1246 2.18 0.84 6.47 2.47 1.97 2.35 5.64 4.22 {4.98 2.2407220{2324 2.75 1.13 7.09 2.59 1.96 2.26 5.22 4.67 {5.22 2.42[W71b℄007{02 4.34 1.33 8.29 1.62 1.07 1.08 2.85 4.81 3.4907373{4021 1.09 0.54 5.30 1.81 1.26 1.44 4.21 2.18 {5.51 3.12V471 Pup 4.17 1.43 8.39 1.14 0.56 0.44 1.85 5.00 3.3907454{7112 0.83 0.45 4.60 2.90 2.23 2.73 6.08 2.78 {5.14 1.82V831 Mon 2.33 0.09 7.31 1.53 1.09 1.13 3.29 3.88 {6.05 3.4307576{4054 2.86 1.25 7.26 2.59 3.17 7.45 6.51 {5.18 0.7507582{1933 2.49 0.44 6.91 2.91 2.32 2.68 6.51 5.35 {5.02 1.56[ABC89℄Pup38 12.30 0.98 10.63 1.75 1.30 1.33 3.75 7.34 3.29FF Pup 3.77 0.58 8.06 1.20 0.65 0.66 2.65 4.64 3.42V518 Pup 2.03 0.10 6.67 2.05 1.37 1.45 4.08 3.51 {5.68 3.1608050{2838 2.63 0.97 7.01 3.01 2.14 2.47 6.04 4.99 {5.10 2.0108074{3615 2.40 1.52 6.37 3.94 4.52 10.80 8.95 {4.32 {2.59[ABC89℄Ppx19 5.89 2.19 8.93 1.97 1.52 1.78 4.12 5.91 3.01V346 Pup 1.36 0.88 5.57 2.65 2.11 2.55 6.40 3.67 {4.85 1.90[ABC89℄Ppx40 5.13 1.54 8.74 1.36 0.69 0.56 1.71 5.22 3.52[W71b℄029{02 4.88 3.04 8.53 1.87 1.46 1.63 3.41 5.35 3.1708340{3357 2.26 0.83 6.60 3.06 2.48 3.01 7.17 5.53 {4.84 1.07R Pyx 1.35 0.38 6.00 1.23 0.73 0.70 2.07 2.50 {6.38 3.50UW Pyx 1.50 0.67 6.11 1.34 0.74 0.80 2.36 2.62 {6.28 3.4908535{4724 3.51 4.53 7.64 2.91 3.33 8.07 7.17 {4.53 0.4708534{5055 4.29 2.20 7.90 3.32 3.85 9.22 8.30 {4.24 {0.40IQ Hya 1.55 0.53 6.26 1.56 1.14 1.23 3.10 2.84 {6.05 3.42CQ Pyx 1.14 0.49 4.99 3.30 3.87 9.30 5.94 {4.76 {0.9409176{5147 3.17 3.64 7.69 2.58 2.05 2.52 6.49 5.98 {4.77 1.71[W71b℄046{02 5.12 5.63 9.26 1.15 0.54 0.35 1.37 5.87 3.40[ABC89℄Vel44 4.18 3.34 8.33 1.41 0.89 0.91 2.46 4.85 3.4809433{6233 8.66 0.90 9.60 2.29 1.70 1.97 5.31 7.10 {5.02 2.50CW Leo 0.14 0.07 0.40 3.29 2.85 3.73 9.25 1.18 {4.65 {0.7809513{5324 1.79 1.87 6.05 3.12 2.41 2.95 6.75 4.90 {4.82 1.1509529{5506 2.80 1.82 6.90 2.55 1.98 2.63 6.87 5.65 {4.69 1.2509533{6021 4.81 1.48 8.03 3.08 2.42 2.92 6.97 6.90 {4.74 1.1409521{7508 1.12 0.72 5.19 2.67 2.09 2.49 5.83 3.15 {5.19 2.0309586{6150 9.13 1.03 9.80 2.77 3.24 7.46 9.10 {4.75 0.71Continued on Next Page. . . 2006 RAS, MNRAS 000, 000{000



24 P.A. Whitelok et al.name dist AV mbol (J �H)0 (H �K)0 (K � L)0 K0 � [12℄ K0 log _M BCK(kp) (mag) (M�yr�1) (mag)10026{5849 5.68 4.73 8.72 1.79 1.29 1.47 3.71 5.47 3.2510098{5742 3.91 3.54 7.81 2.52 3.15 7.55 7.23 0.5810109{5958 2.95 1.70 7.55 1.58 1.11 1.16 3.05 4.12 3.43RW LMi 0.46 0.09 3.10 2.74 2.10 2.53 6.35 1.31 {4.94 1.7810199{5801 4.39 4.33 7.90 2.83 2.04 2.49 5.82 5.81 {4.10 2.0910220{5858 5.45 3.73 8.52 1.51 1.00 1.02 2.67 5.05 3.47CPD{58 2175 5.76 4.53 8.72 2.45 1.96 2.40 6.04 6.73 1.99CZ Hya 1.35 0.13 5.80 1.40 0.92 1.00 3.05 2.38 {6.06 3.42TV Vel 1.84 1.08 6.57 1.14 0.51 0.45 1.53 3.14 3.43[ABC89℄Car73 6.05 4.52 8.97 2.10 1.48 1.73 3.83 5.93 3.04[ABC89℄Car84 4.54 4.45 8.30 1.21 0.75 0.89 4.93 3.36[ABC89℄Car87 7.09 3.46 9.33 1.18 0.76 0.53 1.28 5.81 3.53[ABC89℄Car105 2.95 2.57 7.37 1.57 1.07 1.21 3.15 4.01 3.3611145{6534 1.73 1.51 5.96 2.91 2.34 2.73 6.37 4.35 {4.82 1.61[W65℄ 13 5.38 4.53 8.93 1.27 0.78 0.74 1.86 5.44 3.49[TI98℄1130{1020 2.16 0.09 6.82 2.13 1.63 1.84 4.82 4.03 {5.56 2.7911318{7256 0.66 0.56 4.07 1.82 1.24 1.48 3.47 0.80 {5.66 3.27[ABC89℄Cen4 4.00 1.68 8.00 1.41 0.74 0.77 2.49 4.53 3.4711463{6320 3.13 2.77 7.27 2.59 1.89 2.33 5.56 5.19 {4.84 2.08[ABC89℄Cen32 4.40 2.58 7.94 2.00 1.46 1.65 3.75 4.82 {5.45 3.12[ABC89℄Cen43 6.06 3.93 8.85 1.55 1.11 1.23 2.77 5.46 3.39[ABC89℄Cen60 5.25 3.50 8.82 1.44 0.91 0.99 2.85 5.39 3.43CF Cru 5.88 5.80 9.03 1.14 0.56 1.79 5.68 3.3512194{6007 2.84 2.21 7.04 2.35 1.90 2.29 5.44 4.76 {5.21 2.2812298{5754 1.85 1.58 6.19 2.46 2.15 2.63 6.00 4.26 {4.86 1.93CGCS3268 2.05 1.36 6.83 1.20 0.76 0.59 2.39 3.31 3.5212394{4338 1.33 0.34 5.53 2.56 1.96 2.17 4.76 2.88 {5.41 2.6512421{6217 4.87 5.42 8.03 3.73 8.76 7.98 {4.24 0.06RU Vir 0.91 0.08 4.94 1.76 1.28 1.51 4.08 1.79 {5.69 3.15V Cru 1.47 0.98 6.16 1.14 0.52 0.39 1.49 2.79 3.3712540{6845 1.37 0.65 5.52 2.61 1.96 2.34 5.89 3.46 {4.71 2.0613343{5807 2.40 1.94 6.82 2.50 1.94 2.32 5.66 4.80 {5.14 2.0113477{6532 2.32 1.36 6.49 2.96 3.78 8.24 6.50 {4.52 {0.0113482{6716 1.70 0.87 6.17 2.59 1.96 2.25 5.17 3.70 {5.20 2.4713509{6348 2.98 2.30 7.06 2.30 5.89 4.91 {5.16 2.15[ABC89℄Cir26 3.81 4.11 7.93 1.97 1.33 1.58 3.53 4.75 3.18[ABC89℄Cir27 3.57 4.14 7.70 1.93 1.59 1.98 4.50 4.89 {5.35 2.8014395{5656 6.58 3.41 9.13 1.57 0.99 1.13 2.71 5.70 3.4314404{6320 3.62 2.55 7.53 2.98 3.82 8.83 8.09 {4.75 {0.5514443{5708 5.17 3.43 8.27 3.62 3.84 9.08 8.62 {4.15 {0.3515082{4808 0.95 0.60 4.65 2.93 2.60 3.47 7.92 4.31 {4.67 0.3515084{5702 3.48 3.58 7.05 3.29 3.80 8.36 7.00 {4.10 0.04II Lup 0.64 0.48 3.89 2.29 1.76 2.10 5.92 1.75 {4.82 2.1515261{5702 3.31 1.51 7.23 2.40 2.82 6.44 5.82 {4.72 1.4116079{4812 2.13 3.36 6.28 3.18 3.82 8.36 6.54 {4.69 {0.26NP Her 2.44 0.17 7.07 1.41 0.85 0.70 2.22 3.48 {6.37 3.5916171{4759 2.84 2.70 7.16 2.40 1.83 2.07 5.35 4.64 2.52V Oph 0.78 0.90 5.06 1.20 0.68 0.58 1.55 1.53 {6.95 3.53CGCS3721 2.71 1.29 7.56 1.34 0.88 0.78 2.24 4.00 3.5616538{4633 2.42 2.57 6.88 2.49 1.64 1.85 4.65 4.04 {4.67 2.8416545{4214 1.03 0.75 5.01 2.56 1.93 2.11 5.23 2.45 {5.02 2.5617047{2848 3.22 1.31 7.49 2.22 1.65 2.02 5.62 5.24 {5.07 2.25V2548 Oph 1.09 0.87 4.75 2.82 3.59 9.15 5.53 {4.47 {0.78SZ Ara 2.44 0.47 7.84 1.11 0.52 0.37 1.40 4.41 {6.48 3.44V617 So 1.29 1.19 5.52 1.39 0.91 0.89 2.88 2.06 3.4617105{3746 2.73 3.20 7.07 2.23 1.82 2.40 5.81 4.85 {4.75 2.2217130{3907 2.24 1.62 6.52 2.59 1.82 2.07 5.13 4.08 {4.90 2.4417217{3916 2.88 2.03 7.10 2.75 3.19 7.60 6.24 0.8617222{2328 2.64 2.58 6.92 2.73 1.90 2.18 4.84 4.37 {5.14 2.55Continued on Next Page. . .  2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 25name dist AV mbol (J �H)0 (H �K)0 (K � L)0 K0 � [12℄ K0 log _M BCK(kp) (mag) (M�yr�1) (mag)V833 Her 1.07 0.14 5.08 2.90 2.46 3.18 7.17 4.18 {4.68 0.9117446{4048 1.40 0.80 5.66 2.52 1.89 2.09 5.89 3.53 {5.06 2.1317463{4007 10.55 1.22 10.38 1.54 1.07 1.24 3.82 7.11 3.2717581{1744 2.34 1.72 6.62 2.30 1.63 1.83 4.67 3.87 {5.25 2.7518036{2344 2.25 2.61 6.47 3.06 2.28 2.64 6.32 4.69 {4.59 1.78FX Ser 1.13 1.39 5.25 2.43 1.77 1.99 4.66 2.46 {5.12 2.78V1280 Sgr 1.34 1.03 5.59 1.64 1.13 1.32 3.55 2.30 {5.71 3.2918119{2244 2.21 1.67 6.54 2.68 2.87 6.84 5.45 {4.78 1.09V5104 Sgr 1.05 0.63 4.82 3.11 2.31 2.71 6.92 3.46 {4.70 1.3618239{0655 1.74 1.64 5.96 2.90 2.49 2.88 6.73 4.49 {4.53 1.47V1076 Her 1.14 0.36 5.07 3.28 3.87 9.05 5.81 {4.64 {0.7318248{0839 2.29 1.58 6.53 3.49 2.91 3.18 7.83 5.99 {4.56 0.54V627 Oph 3.34 0.85 7.75 1.84 1.26 1.45 4.13 4.58 {5.59 3.16V1417 Aql 0.87 0.36 4.49 2.41 1.80 2.02 5.17 1.93 {4.85 2.56V821 Her 0.75 0.69 4.34 2.22 1.79 2.07 5.17 1.79 {5.36 2.55V2045 Sgr 2.22 1.07 6.86 1.59 0.97 0.99 2.80 3.36 {5.98 3.50AI St 2.15 1.06 6.90 1.50 0.95 0.80 3.09 3.38 {5.64 3.52V1418 Aql 1.04 0.77 4.96 2.77 2.25 2.64 6.08 3.07 {4.90 1.89V1420 Aql 1.00 0.52 4.66 2.20 1.57 2.00 4.95 2.03 {5.04 2.62V1965 Cyg 1.13 0.56 5.11 2.58 2.01 2.37 5.55 2.90 {4.89 2.21R Cap 1.62 0.46 6.45 1.32 0.86 0.94 2.85 3.01 {6.57 3.45BD Vul 2.22 0.62 6.92 1.47 0.89 0.71 2.22 3.31 {6.14 3.60V442 Vul 1.41 0.58 5.45 2.88 2.58 3.05 6.81 4.17 {4.82 1.29RV Aqr 0.75 0.18 4.54 1.91 1.35 1.51 3.94 1.37 {5.71 3.17[TI98℄2259+1249 4.15 0.49 8.65 1.14 0.51 0.32 1.55 5.20 {5.88 3.45LL Peg 1.05 0.09 4.75 6.23 13.96 10.49 {4.28 {5.74IZ Peg 1.70 0.19 6.20 3.16 4.04 9.14 7.07 {4.86 {0.87[TI98℄2223+2548 2.84 0.16 7.69 1.61 1.20 1.28 3.37 4.34 {5.94 3.36

 2006 RAS, MNRAS 000, 000{000



26 P.A. Whitelok et al.There are, however, some individually large di�erenesand some systemati trends. For the bluer soures (K �[12℄ < 6) our distanes tend to be smaller beause the ap-parent bolometri ux we derive is larger and there is alear trend with olour. The Groenewegen et al. results forthe 34 stars with K � [12℄ < 5:9 are 24 perent more dis-tant than we �nd. The most extreme ase is R Cap (20084{1425), K � [12℄ = 2:85, for whih we �nd 1.52 kp whileGroenewegen et al. get 3.45 kp (Le Bertre et al. (2001) got1.33 kp; see below). The main soure of this di�erene isin the apparent bolometri magnitudes, whih di�er by 1.25mag, although the absolute magnitudes also di�er in suha way as to inrease the di�erene in derived distane. Ourresults suggest that Groenewegen et al. systematially un-derestimated the ontribution from HKL to the total ux,thereby underestimating the apparent bolometri ux forblue soures. This will have had very little e�et on the redsoures that make up the bulk of their C-star sample.For the redder soures our distanes tend to be slightlylarger than the Groenewegen et al. ones, but there is nosystemati trend with olour for stars with K � [12℄ > 6and the e�et is not large. For the 36 stars with K � [12℄ >5:9 Groenewegen et al. get distanes 6.5 perent less thanours. The most extreme examples are RW LMi, K � [12℄ =6:35, for whih we and Groenewegen get 0.32 and 0.46 kprespetively, and 08534{5055, K� [12℄ = 9:22, for whih thedistanes are 3.10 and 4.29 respetively. For RW LMi thedi�erene is entirely in the apparent bolometri magnitudeand for 08534{5055 it is largely so.Le Bertre et al. (2001) alulate distanes using a [2.20-3.77℄�m dependent bolometri orretion to the [2.20℄ mag,applied to observations obtained with the Japanese IRTS.For this purpose they assumeMbol = �5:01 mag for all theirsoures (this is the bolometri magnitude we would assoiatewith a Mira with a period of 530 days) indiating a fator of1.8 unertainty for the distanes of individual soures owingto this latter assumption. They have only 3 soures in om-mon with us, R Cap, HX CMa and 11318{7256, for whihthey estimate distanes 9 to 30 perent smaller than we do.CW Leo is a very well studied, thik-shelled, C star forwhih numerous distane estimates, in the range 0.11 to 0.17kp, have been made. It is also one of the few stars for whiha geometri distane, of 0.145 kp, has been measured usingthe dust outow speed ombined with the proper motion ofthe shell (Tuthill et al. 2000). This value is in good agree-ment with our estimate of 0.14 kp.Guandalini et al. (2005) tabulate distanes (their tables1 and 2) for various C stars inluding some Miras. For thefour stars in ommon in their table 1 (whih they desribe ashaving \astrometri, or reliable, distane estimates") theirdistanes are, in the mean, 7 perent larger than ours. Forthe 8 stars listed in both our Table 5 and in their table 2, themean di�erene is zero. The distanes in table 1 of Guan-dalini et al. (2005), whih are desribed as \astrometri" aretaken from Bergeat & Chevallier (2005) and are based on aproedure of Knapik et al. (1998) who orreted the Hippar-os parallaxes by a semi-empirial statistial method of theirown. Contrary to a standard Lutz-Kelker type approah tothis problem, whih would have resulted in negative orre-tions to the parallaxes and absolute magnitudes, both posi-tive and negative orretions result from their method. Theydo not disuss the unertainties in the orretions applied.

However, it is lear from table 1 of Bergeat et al. (1998)that these orretions are often large. Knapik et al. (1998)also say (their setion 5), \: individual values [of the orre-tions℄ may oasionally be wrong and a few suh ases weredeteted from data at hand...... In suh ases the ataloguevalue an be kept if positive or the star is abandoned".So far as C-Miras are onerned, the possibility ofusing Hipparos parallaxes to alibrate the zero-point ofthe PL(K) relation was investigated by Whitelok & Feast(2000). A de�nitive result was not obtained due primarilyto the small number of C-Miras with parallaxes of signi�-ant weight. It may be possible to re-investigate this matterwhen the revision of the Hipparos atalogue is ompleted(see van Leeuwen 2005, van Leeuwen & Fantino 2005).The distanes tabulated here probably represent thebest urrently available for arbon Miras, partiularly forthose where the light urve has been well haraterized overmany yles. Noting the disussion in the last paragraph ofSetion 7 there is a potential problem in alulating aurateapparent bolometri luminosities during obsuration events(see also Setion 11). If we had made JHKL observations ofa C star with a thin dust shell (where most of the bolometriux is emitted at near-infrared wavelengths) only during anobsuration event, then we would have underestimated itsluminosity and overestimated its distane. It also remainspossible that we have failed to identify a small number ofbright hot-bottom-burning stars for whih we will have un-derestimated the distanes.10 MASS-LOSS RATESMass-loss rates an be derived for many of these stars usingthe expression given by Jura (1987):_M = 1:7 � 10�7v15d2kpL�1=24 F�;60��1=210 M�yr�1; (11)where v15 is the outow veloity in units of 15 kms�1, d isthe distane in kp, L4 is the luminosity in units of 104L�,F�;60 is the ux from the dust at 60�m and �� is the meanwavelength of the light emerging from the star and its shell inunits of 10 �m. Note that this equation assumes a onstantdust-to-gas ratio. The results are given in Table 6.For the outow veloity (v15) we use the expansion ve-loities tabulated by Groenewegen et al. (2002) while notingthat those authors, in their own alulation of mass loss addan additional drift veloity (of the order of 2 or 3 kms�1) totheir expansion veloities to determine the outow veloity.For the stars in our sample whih have no measured expan-sion veloity we assume 19 kms�1, this being the mean forthe 68 stars in our sample whih have all the other param-eters neessary to alulate _M . We �nd that �� varies from0.23 to 1.42, i.e. it is generally somewhat larger than the 0.3assumed by Groenewegen et al. partiularly for the very redstars whih onstitute the bulk of their sample.For F�;60 we use the IRAS ux at 60�m, and wherethere is no IRAS ux at this wavelength we do not attemptto alulate mass-loss rates. Note that this approah willresult in an overestimate of the mass-loss rate if the shellis very thin and a signi�ant fration of the 60�m ux a-tually originates from the underlying star. We an estimatethe e�et by assuming the stars radiate as blakbodies atthe temperatures given by Bergeat et al. (2002) and using 2006 RAS, MNRAS 000, 000{000



Near-Infrared Photometry of Carbon Stars 27the K mag given in Table 6 to estimate the stellar ontri-bution to the measured 60�m ux. Bergeat et al. tabulatetemperatures for 4 of the 5 stars (none for R Cap) listedwith log _M < �6:4M�yr�1 in Table 6. For V Oph, ZZ Gem,VX Gem and SZ Ara the stellar ontribution to the 60�mux will be approximately 39, 32, 23 and 12 perent, re-spetively. For these 5 stars (inluding R Cap, where theontribution from the star is estimated at 20 perent) themass-loss rates given in the table have been adjusted by theamount indiated; for all the others the e�et will be negli-gible.For very lose stars the 60�m ux will have been spa-tially resolved and therefore not entirely inluded in theIRAS PSC estimate. In whih ase the mass-loss rates wouldbe underestimated. The 3 stars with distanes under 500 pare the only ones where the extended nature of the soureis likely to be signi�ant; these are CW Leo, R Lep and RWLMi. Two of these stars (CW Leo and R Lep) were exam-ined by Young, Phillips & Knapp (1993) who found extendedontributions from both, amounting to about 10 perent ofthe PSC ux. The mass-loss values tabulated for these threestars have therefore been inreased by 10 perent. For all theother stars the e�et will probably be insigni�ant, but er-tainly less than 10 perent.A number of authors have alulated mass-loss rates forC-rih Miras and the results di�er quite signi�antly fromone paper to another. There are many fators whih on-tribute to these di�erenes, but unertainty in the distane,whih appears squared in equation 11, is always a majorfator. This aspet has already been disussed in Setion 9.Whitelok et al. (1987) showed that mass-loss rates ofrelatively thin shelled O-rih Miras depended on their pul-sation amplitudes, providing strong support for the role ofpulsation in driving mass loss. While it would be very inter-esting to do a similar exerise for the C Miras under disus-sion, it is unfortunately not pratial. As shown in Fig. 5 anddisussed in Setion 4.3 the JHKL amplitudes tell us littleabout the pulsation amplitude of the star. Ideally we shouldmeasure the bolometri amplitude, but this must await mon-itoring at mid-infrared wavelengths.Fig. 16 shows how the mass-loss rates depend on olour.The line is a polynomial �t to the Galati C Miras:log _M = �7:668 + 0:7305(K � [12℄)�5:398 � 10�2(K � [12℄)2 + 1:343 � 10�3(K � [12℄)3: (12)The LMC Miras disussed by Whitelok et al. (2003) areshown for omparison. The two groups follow the same trendand the slight displaement of the LMC points with respetto the Galati ones should not be seen as signi�ant in viewof the di�erent assumptions that went into the mass-loss ratealulations (see van Loon et al. 1999 for the LMC data).The relationship is also qualitatively similar to that foundfor O-rih stars (Whitelok et al. 1994 �g. 21) and overs thetransition from an optially thin dust shell, K � [12℄ < 5, tooptially thik one K � [12℄ > 7.11 LONG TERM TRENDS, OBSCURATIONEVENTS AND THE RCB PHENOMENONThe very extended atmospheres of Miras are intrinsiallyunstable and all their light urves show some level of vari-

Figure 16. Mass-loss rate as a funtion of K � [12℄ olour, forGalati C Miras (rosses) and LMC C Miras (losed irles, vanLoon et al. 1999), the line is equation 12.ability from one yle to another. However, some Miras showmuh greater variability (typially around �K � 1 mag ontop of the normal pulsation), whih an be understood asthe result of dramatially hanging obsuration from dust.Detailed desriptions have been given for R For (Whiteloket al. 1997) and II Lup (Feast et al. 2003) where the obsu-rations are attributed to the ejetion of dust pu�s in our lineof sight. It is lear from these referenes that the dust eje-tion annot be in the form of a spherially symmetri shell.A similar phenomenon has been noted in the photographired magnitudes of northern C stars, measured over a periodof 30 years (Alksnis 2003).These obsuration events in C-rih Miras are phe-nomenologially similar to those observed in the H-de�ientRCB C stars. The RCB stars are haraterized by appar-ently random delines in brightness of 7 mag or more invisual light. The brightness variations are a onsequene ofthe ejetion of pu�s of material at random times and in es-sentially random diretions (e.g. Feast 1996). C-rih dustondensing in these pu�s of material is responsible for theobserved extintion. There is as yet no onsensus on theevolutionary status of, or the mehanism for mass-loss from,RCB stars.As disussed by Feast et al. (2003) there are di�erenesin the details of obsuration events in Miras and RCB stars,but these are to be expeted given the di�erenes in the sizes,outow veloities and temperatures of the stars involved.In this setion we look at the additional informationprovided on this phenomenon by the data presented here.The frequeny of ourrene is obviously important; we seelear obsuration events in 5 out of 18 Miras for whih wehave at least 25 observations. This should probably be re-garded as a lower limit as some of those with photometryover a limited time may eventually show obsuration eventsif observed for long enough. We therefore estimate the fra-tion of C-rih Miras exhibiting obsuration events at veryroughly one third. Furthermore, we demonstrated above (seeFigs. 8 to 13) that there is no di�erene in the infrared prop-erties of the Miras in whih obsuration events have beenobserved and those in whih they have not. It is therefore 2006 RAS, MNRAS 000, 000{000



28 P.A. Whitelok et al.
Figure 17. EV Eri at K; note the obsuration event at aroundJD 2450700.possible that all Miras will be seen to do this if monitoredfor long enough.Although, as we disuss below, the phenomenon is alsoobserved among non-Miras, the statistis for this group arenot reliable. Our primary interest in this work has been theMiras and we generally stopped observing other stars whenwe had suÆient observations to establish that they werenot large amplitude variables.In the following some individual examples are brieydisussed. Given in brakets after eah star name is thevariability type (M or SR) and the number of SAAO near-infrared observations that are available. Although more dataare presented here we do not reonsider the behaviour of RFor (M 209) or II Lup (M 264) mentioned at the start ofthis setion.EV Eri (SR 92) was disussed by Whitelok et al.(1997) who estimated its period at 228 days, not signi�antlydi�erent from the 226 days derived here from a slightly largerdataset. Sine then it has undergone an obsuration phase(Fig. 17) similar to those shown by the Miras R For (White-lok et al. 1997) and R Lep (see below and Fig. 18). Atits dimmest EV Eri was fainter than usual by �J � 1:1,�H � 0:9, �K � 0:8 and �L � 0:7 mag. Gigoyan et al.(1998) lassi�ed it as C-type (R or N) on an objetive prismspetrum and identify it with CGCS611 (Ste85-21), presum-ably inorretly as the oordinates di�er signi�antly (EVEri: 04 09 07.48 -09 14 12.0; CGCS611: 04 03 39.20 -09 1317.3 (Equinox 2000)). In view of the similarity of the lighturve of EV Eri to those of RCB stars it would be interest-ing to see what a higher resolution spetrum revealed. Asdisussed above this star shows IRAS olours (see Fig. 2,where K � [12℄ = 2:14 and [12℄ � [25℄ = 1:02) that are un-usual among non-Mira C-rih variables. RCB stars show anexess at near-infrared wavelengths (e.g. Feast et al. 1997;Feast 1997).R Lep (M 154) was disussed by Whitelok et al.(1997). The light urve from the larger dataset is illustratedin the top part of Fig. 18, while the bottom part shows theK urve after removing the 438 day periodi term (modelledas a sine urve plus its harmoni). The smoothness of thisresidual is a measure of the regularity of the underlying 438day pulsation. An analysis of data from the AAVSO arhivegives a period of 436 days and shows an earlier deep mini-mum around JD2443700 in addition to the one illustratedhere.R Vol (M 88). There is little to add to the disussionby Whitelok et al. (1997), but to note that R Vol is brighternow, at JHK and L than it has ever been in the 24 years we

Figure 18. (top) R Lep at K. (bottom) R Lep atK after removalof the 438 day pulsations.have been observing it. The most reent maximum reordedby the AAVSO, around JD2453000, is the brightest in al-most 100 years. The star may be emerging from a prolongedobsuration event.09164{5349 (SR 14) has a rather remarkable lighturve, illustrated in Fig. 19, whih was typial of a very lowamplitude SR variable for more than 1000 days before itstarted a slow deline, hanging in brightness by �K > 2:0mag and �J > 3:5 mag over the next 800 days. Ephteinet al. (1990) reported JHKLM photometry from January1986, i.e. almost 10 years before our �rst observations, at thesame bright quiesent level as our early measurements withK = 2:14. Beause of its unusual IRAS olours (e.g. it liesabove the dashed line whih separates most O- and C-rihstars in Fig. 2) 09176{5147 has been identi�ed by variousauthors as a potential C star with siliate dust shell (e.g.Chen et al. 1993) although no evidene was found for any-thing other than a normal C-rih shell. The olour hangesduring the fading event suggest an inrease in dust absorp-tion. This partiular objet di�ers from most others showingdust obsuration events in that it does not show evidenefor pulsation or other types of large amplitude variability.Groenewegen et al. (2002) did not detet CO emission.If 09164{5349 is indeed exhibiting the same type of ob-suration event as the other stars disussed in this setion itis partiularly important beause its existene proves thatthe phenomenon is not neessarily assoiated with large am-plitude pulsation (10136{5743 and 16406{1406 may not bepulsating, but that is not proved beyond any doubt).10136{5743 (M: 13) has a large amplitude, �K > 1mag, but is not obviously periodi (Fig. 19), although a pe-riod of the order of 1000 days is possible if the light urveis errati. There has been very little published on this ob-jet beyond on�rmation that it is a arbon star. It may besimilar to 16406{1406.16406{1406 (M: 28) is one of the most peuliar starsin the survey. It is also one of the few objets for whihwe have no spetrosopi evidene for its C-type lassi�-ation, and this must therefore be regarded as unertain. 2006 RAS, MNRAS 000, 000{000
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Figure 19. 09176{5147, 10136{5743 and 16406{1406 at K; the# in the bottom plot is an observation from 2MASS.There has been very little published about it. Kwok et al.(1997) desribe the IRAS spetrum as type-F, i.e. showinga featureless ontinuum. It is very red 3:3 < K � L < 4:0,and has large amplitude variations, �K > 1:5 mag, with noevidene for periodiity unless it is with a period of about1800 days and very errati. Its olours, e.g. K � [12℄ = 8:62and [12� 25℄ = 0:89, are ertainly typial of a C star with amoderately thik shell. It is in the Galati Centre quadrant,but well out of the Galati plane (` = 4:1, b = 20:2).16406{1406 has similarities to 10136{5743. It is alsopossible that it is like R For and that the periodiity hasbeen totally disrupted by an obsuration event. In Table 2we tentatively lassi�ed it as a Mira beause of its large am-plitude variability, but the light urve of Fig. 19 does notsuggest Mira-like periodiity.In summary, these obsuration events our in veryroughly one third of C-rih Miras and in an unknown fra-tion of other C-rih variable stars. It is possible that theyare related to the RCB phenomenon as disussed above andit would ertainly be worth making a more detailed studyof the abundanes and other properties of these stars. It isalso possible that these stars are in binary systems with lowlevel interations. It may even be that the RCB-like massloss is triggered by binary-related e�ets. Although obsu-ration events are not seen among solitary O-rih Miras theyare very ommon among symbioti Miras (Whitelok 1987),where they are thought to be a onsequene of binary starinteration. It is also worth noting that the well studied C-
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Figure A-1. K light urves for the Mira variables; eah point isplotted twie to emphasize the periodiity.

Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves.
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Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves.
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Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves. The urve forV833 Her extends beyond the range shown here. 2006 RAS, MNRAS 000, 000{000
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Figure A-1. ontinued K Mira light urves.

Figure A-1. ontinued K Mira light urves.

Figure A-2. K light urves for semi-regular variables on thesame sale as the Miras.

Figure A-2. ontinued K SR light urves. 2006 RAS, MNRAS 000, 000{000
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Figure A-2. ontinued K SR light urves.
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