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ABSTRACT 
We report the detection of CO emission from seven late-type stars selected from the sources observed by 

the IRAS Low Resolution Spectrometer to have 11 /an SiC features. All these sources have no existing catalog 
associations and are typically 10 times weaker at 12 /¿m than previously detected radio carbon stars. We view 
them as being excellent candidates for hitherto unidentified carbon stars. Comparison of these objects with 
IRC +10216 suggests that the distance to IRC +10216 may have been overestimated in the past. 
Subject headings: infrared: sources — interstellar: grains — stars: carbon — stars: circumstellar shells 

I. INTRODUCTION 
The 11.3 gm dust feature was discovered by Treffers and 

Cohen (1974) in emission in late-type stars and is generally 
believed to be due to silicon carbide (SiC) grains in the circum- 
stellar envelope. The presence of this feature, rather than the 
9.7 gm silicate feature, is an indication of the carbon richness 
(C/O > 1) of the circumstellar envelope (Merrill and Ridgway 
1979). Another manifestation of the carbon-rich circumstellar 
envelope is line emissions due to rotational transitions of CO 
molecule (Knapp ei al 1982). Among the 136 evolved stars 
detected to have circumstellar CO emission, ~ 50% are found 
to be carbon-rich. Since the fraction of carbon stars among 
evolved giants in the Galaxy is usually assumed to be small 
( < 10%), the high CO detection probability in carbon stars can 
in part be attributed to the higher carbon abundance in the 
envelope (Knapp 1987). 

The recently-released Low Resolution Spectra (LRS) 
Catalog (IRAS Science Team 1986) of the Infrared Astronomi- 
cal Satellite (IRAS) lists 539 objects with the 11.3 gm SiC 
feature. These sources have LRS characterizations 
(LRSCHAR) of 41-49, with the second digit indicating the 
strength of the 11.3 gm feature. While some of the class 40 
objects can be associated with known variable stars, a 
significant number have no association with existing star 
catalogs. The IRC and AFGL infrared sky surveys have 
discovered many carbon stars with thick circumstellar enve- 
lopes and low color temperatures (the most famous example 
being CW Leo = IRC +10216 = AFGL 1381 = IRAS 
09452+1330); the LRS catalog may contain hitherto unidenti- 
fied carbon stars with low color temperatures and fluxes lower 
than the detection limits of the previous surveys. 

IRC +10216, with a color temperature of ~500 K and a 
pulsation period of ~600 days, is believed to be an advanced 
AGB star currently undergoing rapid mass loss. Its richness in 
carbon-based polyatomic molecules (Olofsson 1987) is prob- 
ably the result of heavy elements dredged up from the stellar 
interior. IRC +10216 is, however, unlikely to be a unique 
object, and it is possible that there are more distant 
IRC + 10216-like objects in the Galaxy. The 12.5 gm flux (Fv) 
of IRC +10216 is 5 x 104 Jy which implies that a similar star 
at 50 times its estimated distance of 290 pc (Herbig and 

1 Publication of the Rothney Astrophysical Observatory, No. 44. 

Zappala 1970) would still be included in the LRS catalog. Its 
3' circumstellar envelope would resemble a point source 
to most millimeter telescopes at a distance of 2-3 kpc, 
while the beam-diluted J = 1-0 brightness temperature 
(13 K x lO-2 » 130 mK) would still be detectable. 

We have therefore undertaken a program to search for 
heavily obscured carbon stars among the IRAS sources with 
the 11.3 gm SiC feature. Observations were made using the 
NRAO 12 m millimeter radio telescope at the 1-0 and 2-1 
lines of CO. Sources with no known associations (with one 
exception), which have a high probability of being variable 
based on the IRAS observations at three epochs and have high 
12.5 gm fluxes were chosen as candidates. 

II. OBSERVATIONS 
The data were taken during 1986 May using the National 

Radio Astronomy Observatory2 12 m antenna and cooled 
dual-polarization receivers tuned to 115 GHz (J = 1-0 
transition) and 230 GHz (J = 2-1 transition). Most sources 
were observed at only one of these frequencies. The spectrom- 
eters were two 256 x 1 MHz filterbanks operated such that 
each filterbank received one polarization. The outputs of the 
filterbanks were then averaged to improve the signal-to-noise 
ratio. This arrangement resulted in velocity resolutions of 2.6 
and 1.3 km s_1 per channel at 115 GHz and 230 GHz, respec- 
tively. Pointing and subreflection focusing corrections were 
determined periodically by observing Jupiter or Saturn. These 
corrections were small and consistent; e.g., the pointing varied 
by 2" to 8" from check to check. The planet data were also used 
to determine the telescope beam widths; the 12 m beam widths 
are - 55" at 115 GHz and - 33" at 230 GHz. 

The sources were observed by switching between the source 
positions and off-source reference positions, which were offset 
5' or 10' in azimuth. A single observation usually lasted 10 
minutes, with total integration times per source of 40-100 
minutes. The data were corrected for atmospheric absorption 
by a chopper wheel, and the results expressed in units of the 
antenna temperature TR* (Kutner and Ulrich 1981). Finally, 
the data were corrected for the beam-to-source coupling effi- 
ciency r¡. In the absence of detailed knowledge of the brightness 
distributions of our sources (except that they are likely smaller 

2 The National Radio Astronomy Observatory is operated by Associated 
Universities Inc. under contract to the National Science Foundation. 
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TABLE 1 
Observations 

R.A. Decl. 
Source (1950) (1950) /n b11 JV-JL <7 (mK) 

141 +3.9 2-1 49 
11 +2.6 1-0 23 

03239 + 6038 
17581-1744 

18369-1036 
18424 + 0346 

18585 + 0900 
19346+1209 

19358 + 0917 

19419 + 3222 
19552 + 3142 
20223 + 6935 
20282 + 3604 
20323 + 3153 
20532 + 5554 
21147 + 5110 
21223 + 5114 

21265 + 5042 
21449 + 4950 
23279 + 5336 

03h29m21s6 
17 48 11.4 

18 36 58.5 
18 42 29.2 

18 58 30.2 
19 34 39.1 

19 35 49.0 

19 41 56.1 
19 55 13.7 
20 22 18.2 
20 28 12.2 
20 32 22.9 
20 53 15.8 
21 14 45.8 
21 22 21.7 

21 26 30.7 
21 44 56.2 
23 27 56.5 

+ 60°38'20' 
-17 44 20 

-10 34 53 
+ 03 46 25 

+ 09 0043 
+ 12 09 52 

+ 09 1715 

+ 32 2211 
+ 31 4217 
+ 69 35 02 
+ 36 04 31 
+ 31 5315 
+ 55 5406 
+ 51 1005 
+ 51 1405 

+ 50 4217 
+ 49 5008 
+ 53 36 34 

22 -2.2 
36 +3.2 

42 +2.0 
49 -4.3 

47 -5.9 

68 +4.3 
68 +1.5 

103 +18.0 
76 -1.7 
73 -4.9 
94 +7.1 
93 +1.6 
94 +0.8 

94 -0.0 
95 -2.6 

111 -7.1 

2-1 24 
2-1 32 
1- 0 27 
2- 1 32 
2-1 47 
1- 0 17 
2- 1 28 
1- 0 25 
2- 1 32 
2-1 23 
2-1 36 
1-0 26 
2-1 35 
2-1 47 
2-1 31 
2-1 123 
1-0 22 
2-1 72 
1- 0 51 
2- 1 25 
2-1 37 

than the beam), we assume that rj « rjMB, where rjMB is the 
fraction of the antenna power contained in the main beam. 
From our planet observations we find that r¡MB « 0.9 at 
115 GHz and ?yMB « 0.6 at 230 GHz. 

III. RESULTS 

The observed IRAS sources are listed in Table 1 together 
with their positions, galactic coordinates, the CO transition 
being observed, and the rms noise in the final observed spec- 
trum. The source positions are taken from the IRAS Point 
Source Catalog and are generally accurate to within 15" 
(Hrivnak, Kwok, and Boreiko 1985). The final observed spec- 
trum consisted of the sum of all the edited scans for the source 
for the appropriate CO transition with a baseline removed 
which was either a first-order or third-order polynomial. The 
calculation of the rms was performed with any observed lines 
removed. 

Table 2 contains a list of the observed line parameters for the 
seven sources toward which we see evidence of broad CO emis- 
sion lines (see also Figs. la-1/). The columns in Table 2 refer to 
(1) the source name; (2) the transition detected; (3) the antenna 
temperature of the line peak 7^*; (4) the velocity of the line 
centroid, F0; (5) the line width at half-maximum intensity AV; 
and (6) the line width at zero intensity AFZ. Except where indi- 
cated, Tr*\ V0, and Av are obtained from Gaussian fits to the 
unsmoothed spectra; AVZ is measured directly from hardcopy 
of the spectra. While the profile of an optically thick line pro- 
duced by an unresolved envelope with constant expansion 
velocity is expected to be parabolic, the Gaussian parameters 
are sufficiently accurate for our present purposes given the 
weakness of the lines and the signal-to-noise ratio. The outflow 
velocity of the material from the star is given by AFz/2. 

In Table 3 are listed derived parameters for the seven CO 
line sources. The 2-1 line parameters are used in all cases for 
the reason that the 2-1 spectra have twice the velocity 
resolution and higher antenna temperature. In the first column 
are given estimated source distances D. These values are kine- 

matic distances obtained from the values of the system velo- 
cities, F0, and the rotation model of Burton (1974, Fig. 4.5). In 
those cases where two distances were possible, the adopted 
distance is the smaller of the two values. For one source 
(20532 + 5554) the velocity of —0.6 km s-1 gives a 0.1 kpc dis- 
tance, but the slightly more negative velocity of —5.0 km s-1, 
also consistent with the observed spectrum of Fig. If, gives a 
1.2 kpc distance. Therefore for this source we adopt a distance 
of 1 kpc, realizing the large uncertainty. Our distances are 
probably reliable to within a factor of less than two for the 
remaining sources. 

The mass-loss rates M given in Table 3 are obtained from 
equation (5) of Knapp and Morris (1985), which assumes that 
the envelopes are optically thick in the CO J = 1-0 and 
J = 2-1 transitions and unresolved by the telescope beam. The 
mass-loss formula used here is : 

M = 7.04 x lO“8 V(2-1)(AFz/2)2D2 M0 yr“1 . (1) 

TABLE 2 
Observed Line Parameters 

V Vo af af2 Source Jv~Jl (mK) (km s J) (km s ^ (km s A) 
(1) (2) (3) (4) (5) (6) 

17581-1744a .... 1-0 47 36.6 35 47 
2-1 64 27.3 30 39 

18424 + 0346b .... 2-1 79 7.6 35 40 
19346+1209..... 1-0 46 73.1 25 29 

2-1 58 70.5 15 24 
20532 + 5554   2-1 132 -0.6 17 27 
21147 + 5110   2-1 249 -48.8 20 23 
21223 + 5114°   1-0 160 -11.8 26 26 

2-1 168 -6.7 25 30 
21449 +4950a .... 2-1 66 -32.3 29 40 

a Non-Gaussian line shape; V0 from line moment, A F measured directly 
from spectrum. 

b Broad pedestal with 9 km s ~1 wide line superposed. 
c Line profile contaminated by interstellar emission and absorption. 
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Fig. 1.—Observed spectra for lines listed in Table 
2, labeled by the source designation and CO J = 1-0 
or 2-1 transition observed. The antenna temperature 
is plotted for each channel as a function of velocity. A 
third-order polynomial baseline has been removed 
and the line fitted by a Gaussian as shown. 
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LEAHY, KWOK, AND ARQUILLA 

The distance D is in units of kpc, velocity in units of km s"1, 
and temperature in K. We take the CO to H2 abundance ratio 
to be 8 x 10 “4, appropriate to carbon-rich stars, since our 
sources display the SiC feature in their infrared LRS spectra. 
The numerical coefficient has been adjusted from Knapp and 
Morris (1985) by a factor of 0.42 to correct for the difference 
between the NRAO and Bell Labs millimeter telescopes (see 
Fig. 8 of Knapp and Morris). The numerical coefficient also 
includes a conversion factor for TÄ*(2-l)/TÄ*(l-0), given by 
[ Tb(2- 1 )/ 7¿( 1-0)] [0( 1-0)/0(2-1 )] 2 [nx( 1-0)/nx(2-1 )] (see Knapp 
et al 1982). We assume intrinsic source brightness tem- 
peratures of 7i(l-0) = 13 K and 7^(2-!) = 28 K as in IRC 
+ 10216 (Kwan and Hill 1977); use the NRAO beamwidths 
0(1-0) = 55", 0(2-1) = 33"; and use nx(l-0) = 3 x 103 cm-3, 
nx(2-l) = 1.4 x 104 cm-3 (Knapp et al 1982) to get 
Tr*(2-1)/Tr*(1-0) = 1.28. Note that this is equal to the 
observed values, within uncertainties, of these ratios for the 
three sources detected in both lines: 17581 — 1744, 
19346+1209, and 21223 + 5114. Also no case occurs where a 
source is observed at both frequencies with a detection in one 
line, either J = 2-1 or 1-0, and not in the other. This is confir- 
mation that the modeling is essentially correct and that the 
sources are optically thick and unresolved as assumed. The 
inferred mass loss rates are substantial, with M » 2 
x 10-5-10“4 Mq yr-1 for four of the seven objects. It is 
important to note that M depends strongly on the source dis- 

tance, since M cc D2 ; the two nearby objects, 18424 + 0346 and 
20532 + 5554, have low inferred mass-loss rates. While the 
stellar distances are difficult to estimate, we do not believe that 
erroneous distance determinations alone can explain our high 
values of M because the distances are probably reliable to 
within a factor of less than 2, leading to a factor of less than 4 
uncertainty in the mass-loss rates, and because it does not seem 
likely that we have drastically overestimated D for all five of 
the remaining sources. 

In addition to D and M in Table 3, we have listed total 
infrared fluxes and luminosities for the sources derived from 
IRAS data. The IRAS Point Source Catalog fluxes at 12,25, 60, 
and 100 jim are plotted in Figures 2a-2g together with the 
LRS spectra. The broad-band fluxes have been color-corrected 
according to the procedure described by Kwok, Hrivnak, and 
Milone (1986). The 11.3 gm SiC feature is evident in all LRS 
spectra. The LRS characterization (LRSCHAR) and spectral 
qualities (1 = good, 2 = moderate, 3 = acceptable) for the 
short-waveband and long-wavebands are given in each figure. 
Detail descriptions of these quantities are given in the IRAS 
Explanatory Supplement (1985). Also plotted are eye-fitted 
blackbody curves (normalized to the 60 pm point) to the 
observed IRAS data. In all cases the IRAS data are well fitted 
by a blackbody curve. The best-fit temperatures are shown at 
the upper right of each figure. These values are also listed in 
column (5) of Table 3. Since near-infrared measurements are 

TABLE 3 
Derived Stellar Parameters 

D M FlK Tc Lir 
Source (kpc) (M0 yr-1) (ergs cm-2 s-1) (K) (L0) Var 0bb 

(1) (2) (3) (4) (5) (6) (7) (8) 

17581-1744  3.8 2.5 (-5) 5.1 (-8) 675 2.3 (2) 99% 0':014 
18424 + 0346  0.6 8.0 (-7) 3.0 (-8) 555 3.4(2) 97 0.016 
19346+1209  6.1 2.2 (-5) 1.8 (-8) 525 2.0(4) 99 0.013 
20532 + 5554  1.0 1.7 (-6) 3.7 (-8) 500 1.2(3) 99 0.021 
21147 + 5110  5.8 7.8 (-5) 3.2 (-8) 450 3.3 (4) 88 0.024 
21223 + 5114  1.4 5.2 (-6) 2.6 (-8) 350 1.6 (3) 82 0.036 
21449 + 4950  4.1 1.2 (-4) 3.4 (-8) 525 1.8 (4) 68 0.018 
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not available for most of the sources, these temperatures 
cannot be considered to be definitive. The infrared fluxes in 
column (4) are estimated from the area under the Planck curve. 
Assuming that the infrared flux constitutes the bulk of the total 
flux, the infrared luminosity in column (6) would correspond to 
the total radiative luminosity of the star. 

Also listed in Table 3 are the blackbody sizes (0bb) of the 
infrared emitting region 

0bb = {FJ[_nB%{Tc)VS
l¡1 , (2) 

where v = c/60 /an. The small values found for 0bb 
(corresponding to blackbody radii of 10-140 AU) suggest that 
the circumstellar envelopes are not optically thick at 60 /an. 

Having determined mass loss rates and radiative lumin- 
osities for the seven sources, it is appropriate to address the 
question of whether radiation pressure can account for the 
observed values of mass loss rates. In Figure 3 are plotted the 
momentum flux into the mass flow, MAI^/2, versus the 
momentum flux of the radiation field, LIR/c. Although both 
quantities are sensitive to the distance, which is not well deter- 
mined, the ratio is independent of D. Errors in D will move the 
points parallel to the line MAVJ2 = LlR/c. Three of the seven 
stars have mass loss momentum flux ~ 2 times higher than the 
photon momentum flux, whereas the other four show near 
equality. This is consistent with the results of Knapp et al 
(1982, Fig. 17) for nearby carbon stars. 

Thronson et al. (1987) find an empirical relationship between 
the CO derived mass-loss rates and the infrared excess of the 
following form : 

log (M/Me yr-1) = -4 - 0.112[FV(12 /xm)/Fv(60 /un)] . (3) 

Figure 4 shows a plot of the mass-loss rate versus the 12- 
60 fim flux ratio for the seven stars in this paper. While there is 

no apparent correlation, the data points are within the scatter 
of the corresponding diagram of Thronson et al. (1987). The 
only conclusion one can draw is that carbon stars with thick 
circumstellar envelopes (such as those in our sample) have, on 
the average, higher mass loss rates than optical carbon stars 
(Knapp and Morris 1985). 

IV. NOTES ON INDIVIDUAL SOURCES 

With the exception of one, all the detected sources are new 
infrared objects. 

17581 — 1744.—Although the IRAS catalog does not list a 
catalog association for this object, its position is close to that of 
AFGL 2047. Gosnell, Hudson, and Puetter (1979) give a posi- 
tion of 17h57m59s3, —17°44'34" with a 17" beam, whereas Ney 
and Merrill (1980) give a position of 17h58mlls, -17°44'00" 
with a 26" beam. Both positions are in agreement with the 
IRAS position of 17h58mlls4, —17°44'20". Previous ground- 
based observations have been taken from the Catalog of Infra- 
red Observations (Gezari, Schmitz, and Mead, 1984) and are 
plotted together with IRAS data in Figure 2a. The combined 
spectrum confirms that AFGL 2047 and 17581 — 1744 are 
indeed the same object. The best-fit blackbody temperature is 
~675 K, refining the upper limit of 1000 K of Gosnell, 
Hudson, and Puetter (1979), who also classified this object as 
carbon rich based on 2-4 and 8-14 /mi spectrophotometry. 

18424 + 0346.—The circumstellar CO line of this source is 
contaminated by the presence of a strong interstellar line at 
13.9 km s-1. The 1-0 transition of the interstellar component 
has a FWHM of 5.1 km s-1 and a peak antenna temperature 
of 560 mK, or a factor of 4 greater than the peak temperature 
(120 mK) of the 2-1 line. Because of this contamination 
problem, the detection of the circumstellar line must be viewed 
as tentative. 

212233-5554.—Besides the 11.3 gm feature in the LRS spec- 
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Fig. 3.—Mass-loss rate vs. infrared luminosity (LIR) for the seven sources detected in CO 
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trum (Fig. 2/), there is a prominent broad feature at 8 /un 
which is probably due to a dust feature yet unidentified. 

v. DISCUSSION 
The color temperatures of the detected sources are generally 

near 500 K, very similar to the color temperature of 
IRC +10216. Such low color temperatures suggest that the 
circumstellar envelopes are optically thick in the near-infrared, 
a conclusion supported by the high mass-loss rates estimated 
from the CO antenna temperature. While the light curves of 
the IRAS objects have not been determined, their high prob- 
abilities of variability suggest that they are also pulsating as 
IRC +10216, which has a period of ~ 600 days. 

Figure 5 shows the IRAS spectrum of IRC +10216. Its 
resemblance to our sources is evident. Also plotted are the 
near-infrared measurements given in Bergeat et al (1976) and 
McCarthy, Howell, and Low (1980). Although the three sets of 
measurements were not obtained at the same phase, the com- 
bined data points can be reasonably fitted by a blackbody 
curve. Its color temperature of ~ 500 K is similar to the 
other sources. The strength of the 11.3 /mi feature is weak 
{log C(^)u /iJ^Aontinuum] = 0.19}, which could be the result 
of a slightly higher optical depth. The integrated infrared flux, 
estimated in the same way as the other sources, is 2.02 x 10~5 

ergs cm-2 s-1, with an uncertainty of ~0.15xl0-5 ergs 
cm-2 s-1. This implies a bolometric luminosity of 5.3 x 104 

L0 at the distance of 290 pc, 4 times the mean luminosity of 
our sample of seven sources, and greater than the luminosity 
limit for AGB stars. 

It is difficult to accept that IRC —10216 is a unique object 
in the Galaxy. Its 12 jam flux of 4.7 x 104 Jy is, however, 
50 times stronger than the next brightest object 
(23320 + 4316 = AFGL 3116 = IRC +40540) in the 40-49 
LRS class and 1000 times stronger than the average 12 jam flux 
of the sources in our sample. AFGL 3068, another well-known 

carbon star, is 70 times weaker than IRC +10216. Even if 
oxygen-rich stars are included for consideration, the apparent 
brightness of IRC +10216 is still remarkable. The next bright- 
est object at 12 /¿m is VY CMa [Fv(12 /¿m) = 9.9 x 103 Jy] is 
a core-burning supergiant and has much higher intrinsic 
luminosity than AGB stars. The next brightest objects, IK Tau 
and W Hya, are both oxygen-rich and are 10 times fainter than 
IRC +10216 at 12 /mi. 

This implies that there is no other object similar to 
IRC +10216 within a volume of [(50)1/2 x 290 pc]3 æ 
8.6 kpc3, and certainly none with [(10)1/2 x 290 pc]3 æ 
0.8 kpc3. In comparison, Thronson et al (1987) derive a surface 
density of ~6 kpc-2 for carbon stars in the solar neigh- 
borhood. It is tempting to consider that the carbon star candi- 
dates in our sample are just more distant counterparts of 
IRC +10216. If IRC +10216 is indeed located at a distance of 
290 pc, then the sources in our sample would have distances of 
(1000)1/2 x 290 pc ä 9 kpc, which is clearly unacceptable for 
the Galactic location of these objects. Conversely, if we adopt 
an average distance for these objects as 5 kpc, then the distance 
to IRC +10216 would be ~5 x (1000)-1/2 » 150 kpc. This 
will reduce the volume of exclusion from 8.6 kpc3 to 1.2 kpc3, a 
much more reasonable value. We note that Zuckerman, Dyck, 
and Claussen (1986) have also argued that IRC +10216 could 
be as close as 100-150 pc, based on its low expansion velocity 
(15kms_1) in comparison with the expansion velocities 
observed for stars near the tip of the AGB. 

VI. CONCLUSIONS 
We have detected circumstellar CO emission from seven 

sources in the IRAS LRS catalog which show the 11.3 /mi SiC 
dust feature. The infrared fluxes of these sources are approx- 
imately 10 times weaker than the evolved stars detected to 
have CO emission (Knapp and Morris 1985; Zuckerman and 
Dyck 1986) and these new CO sources are probably the most 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
87

A
pJ

. 
. .

32
0.

 .
82

5L
 

© American Astronomical Society Provided by the NASA Astrophysics Data System 

W
 a
v
e
le

n
g
th

(j
u
m

) 

Fi
g.
 5

.—
Th

e 
IR

A
S 

sp
ec

tru
m

 o
f I

RC
 +

10
21

6.
 A

lso
 p

lo
tte

d 
ar

e 
th

e 
ne

ar
-in

fra
re

d 
m

ea
su

re
m

en
ts 

(c
irc

les
) o

f M
cC

ar
th

y,
 H

ow
ell

, a
nd

 L
ow

 (1
98

0)
, a

ve
ra

ge
d 

ov
er

 a
 p

er
io

d 
of

 
~ 

10
00

 d
ay

s 
as

 g
iv

en
 in

 G
ez

ar
i, 

Sc
hm

itz
, a

nd
 M

ea
d 

(1
98

4)
. A

no
th

er
 s

et 
of

 n
ea

r-i
nf

ra
re

d 
m

ea
su

re
m

en
ts 

co
m

pi
le

d 
by

 B
er

ge
at
 e

t a
l. 

(1
97

6)
 is

 p
lo

tte
d 

as
 tr

ia
ng

le
s. 

Th
e 

50
0 

K
 

bl
ac

kb
od

y 
cu

rv
e i

s n
or

m
al

iz
ed

 w
ith

 re
sp

ec
t t

o 
th

e 6
0 

/a
n 

IR
A

S 
po

in
t. 



19
87

A
pJ

. 
. .

32
0.

 .
82

5L
 

CO OBSERVATIONS OF IRAS SOURCES 841 

distant radio carbon stars detected to date. Our results suggest 
that carbon stars as far as the Galactic center can probably be 
detected with larger millimeter telescopes such as the IRAM 
30 m and the Nobeyama 45 m, where the effects of beam dilu- 
tion is much reduced. 

The infrared spectra of these objects imply color tem- 
peratures of ~500 K, a value close to that of IRC +10216. 
The similarities in CO and infrared spectra between 
IRC +10216, and these sources suggest that they are also 
carbon stars advanced in the evolution on the AGB. It is only 
their low color temperatures and low infrared fluxes that have 
kept them from being discovered earlier. If they are indeed 
distant counterparts of IRC +10216 then the large apparent 

brightness of IRC +10216 suggests that it may be closer to the 
Sun than previously thought. 
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