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Abstract. We present an ISO Long Wavelength Spectrometer
(LWS) grating spectrum of the carbon-rich circumstellar enve-
lope -CSE- of IRC+10216 between 43 and 197�m. The spec-
trum consists of strong dust emission plus a forest of emission
lines from CO, HCN, H13CN and vibrationally excited HCN
(�2=11,20;2 and�1;3=1). All the CO lines between J=14–13 and
J=39–38 have been detected while lines of HCN with Ju as high
as 48 have also been observed. The molecular emission arises
from the warm and dense gas located in the innermost zone of
the CSE. The CO and HCN emission can be easily explained if
the vibrational and rotational temperatures are around 700-1500
K.

We also report the tentative detection of the bending mode
of the C3 molecule around 62 cm�1 (157.2�m).
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1. Introduction

IRC+10216 (CW Leo) is by far the brightest C-rich evolved ob-
ject in the infrared sky. It has an extended envelope where more
than 30 molecular species have been detected and it is proba-
bly one of the best studied objects at IR and mm-wavelengths
(Cernicharo, Gúelin and Kahane, 1996). This object has a par-
ticularly rich carbon chemistry and many of the species detected
in its molecular envelope are carbon chain radicals (C5H, C6H,
H2C3, H2C4 ,C8H -see Cernicharo 1988 and Cernicharo and
Guélin 1996) which are formed in the external layers of the CSE
(Guélin, Lucas and Cernicharo 1993). The innermost regions of
the envelope are dominated by a chemistry at thermodynamical
equilibrium (Tsuji, 1973). Most of the stable diatomic and a few
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polyatomic species form there efficiently and havebeendetected
at radio and near-infrared wavelengths (CO, HCN, C2H2, SiO,
CS, SiS, ...). Metal-bearing molecules such as the metal halides
NaCl, AlCl, AlF, KCl and MgNC have first been detected in
the CSE of IRC+10216 by Cernicharo and Guélin (1987). The
CSE of IRC+10216 is thus a major laboratory for the study of
circumstellar and interstellar chemical processes.

In comparison with the millimeter/submillimeter domains
where up to now most of the studies have been made, the far-
IR range provides, together with near-IR high resolution spec-
troscopy, a unique opportunity to probe the inner hottest regions
of the CSE. The molecular transitions at IR wavelengths involve
high quantum numbers and it becomes possible to trace the
molecular material in the innermost zones of the CSE. This let-
ter presents a grating spectrum of IRC+10216 between 43 and
197�m obtained with the LWS on board the Infrared Space
Observatory (ISO). The LWS and the calibration of the spectra
obtained with it are described by Clegg et al. (1996) and by
Swinyard et al. (1996), respectively.

2. Observations and results

The LWS grating spectrum of IRC+10216 was obtained during
revolution 198 (June 2nd 1996), using the LWS01 AOT. During
this observation 20 grating scans were taken with 0.5 sec inte-
gration ramps at each commanded grating position. The spectra
were over-sampled, at 1/4 of a resolution element, the latter be-
ing 0.3�m in second order (detectors SW1–SW5;� � 93�m)
and 0.6�m in first order (LW1–LW5;�� 80�m). The total on-
target time was 3400 sec. The flux calibration of the spectra was
relative to Uranus (see Swinyard et al 1996). The smooth and
strong continuum is well fitted with dust emission at a tempera-
ture of 90�10 K and an emissivity index� = 1.7�0.1. The con-
tinuum peaks at wavelengths shorter than 50�m and decreases
at longer wavelengths by more than three orders of magnitude in
F�. The continuum appears to be smooth with no major broad
feature at far-infrared wavelengths. On top of the continuum
many lines are clearly seen at the longer wavelength end where
the continuum emission is weakest. To illustrate the line content
of IRC+10216, the spectrum minus the best fit to the continuum
is shown in Fig. 1 with some of the most important lines la-
belled. Table 1 lists the wavelengths and fluxes of the strongest
features and their identifications with CO and HCN Twenty
six CO pure rotational lines have been detected in IRC+10216,
from J=14–13 up to J=39-38. The CO frequencies have been cal-
culated from the rotational constants of Farrenq et al. (1991).
The CO lines are strong throughout the wavelength range of the
LWS and only show a drop in the intensity levels for the highest
J rotational transitions. Besides the rotational lines of CO, a for-
est of HCN lines from different vibrational states are detected
from J=18–17 to 48–47. The HCN lines from the ground state
are always accompanied by a strong line at shorter wavelengths
through the full LWS range. The spacing between these lines
and their frequency ratios are similar to those of HCN. Hence,
the rotational constants, the mass, and the structure of the carrier
of these lines must be very similar to that of HCN. After elimina-

Table 1.CO and some HCN far-IR lines in IRC+10216

�obs Flux Molecule �vac Transition
�m W cm�2 �m

188.610 0.4 10�19 HCN �1=11 188.449 J=18-17
HCN �3=11 188.491 J=18-17

188.162 0.3 10�19 HCN 188.153 J=18-17
HCN �2=11 188.182 J=18-17 c

187.640 1.7 10�19 HCN �2=20 187.511 J=18-17
187.234 2.6 10�19 HCN �2=11 187.236 J=18-17 d

HCN �2=22 187.305 J=18-17 d
187.062 1.3 10�19 HCN �2=22 186.987 J=18-17 c
186.040 6.0 10�19 CO 185.999 J=14-13
179.510 0.8 10�19 HCN �1=1 179.505 J=19-18

HCN �3=1 179.544 J=19-18
178.278 3.9 10�19 HCN 178.276 J=19-18

HCN �2=11 178.304 J=19-18 c
177.690 1.2 10�19 HCN �2=20 177.703 J=19-18
177.385 2.2 10�19 HCN �2=11 177.408 J=19-18 d

HCN �2=22 177.474 J=19-18 d
177.080 0.7 10�19 HCN �2=22 177.408 J=19-18 c
173.678 5.2 10�19 CO 173.631 J=15-14
170.564 0.8 10�19 HCN �1=1 170.556 J=20-19

HCN �3=1 170.593 J=20-19
169.460 3.4 10�19 HCN 169.389 J=20-19

HCN �2=11 169.415 J=20-19 c
169.033 1.2 10�19 HCN �2=20 168.878 J=20-19
168.641 2.0 10�19 HCN �2=11 168.564 J=20-19 d

HCN �2=22 168.628 J=20-19 d
168.202 0.7 10�19 HCN �2=22 168.275 J=20-19 c
162.780 5.0 10�19 CO 162.812 J=16-15
153.358 7.5 10�19 CO 153.267 J=17-16
144.780 7.0 10�19 CO 144.784 J=18-17
137.170 5.2 10�19 CO 137.196 J=19-18
130.358 10.7 10�19 CO 130.369 J=20-19

HCN 130.441 J=26-25
124.206 8.3 10�19 CO 124.193 J=21-20
118.610 13.2 10�19 CO 118.581 J=22-21
113.484 15.9 10�19 CO 113.458 J=23-22
108.840 11.1 10�19 CO 108.763 J=24-23
106.144 11.0 10�19 HCN 106.134 J=32-31
104.440 11.2 10�19 CO 104.445 J=25-24
100.428 8.8 10�19 CO 100.461 J=26-25
96.753 11.7 10�19 CO 96.773 J=27-26
93.401 11.1 10�19 CO 93.349 J=28-27
90.177 11.4 10�19 CO 90.163 J=29-28
87.196 8.6 10�19 CO 87.190 J=30-29

HCN 87.250 J=39-38
85.076 4.6 10�19 HCN 85.096 J=40-39
84.410 6.0 10�19 CO 84.411 J=31-30
83.041 2.6 10�19 HCN 83.047 J=41-40
81.813 4.2 10�19 CO 81.806 J=32-31
79.357 7.7 10�19 CO 79.360 J=33-32

HCN 79.236 J=43-42
77.044 8.4 10�19 CO 77.059 J=34-33
74.850 5.7 10�19 CO 74.890 J=35-34
72.700 6.0 10�19 CO 72.843 J=36-35
71.056 9.6 10�19 CO 70.907 J=37-36

HCN 71.110 J=48-47
68.975 3.5 10�19 CO 69.074 J=38-37
67.310 2.1 10�19 CO 67.336 J=39-38
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Fig. 1. Continuum subtracted LWS grating spectrum of IRC+10216 from 75 to 197�m (thick line). An offset has been introduced to the
continuum to show simultaneously the computed emission of the CO v= 0, 1,13CO v= 0, HCN and H13CN v= 0, and HCN�2 = 1, 2�1;3= 1
(thin line). See text for the adopted model parameters. The rotational transitions of CO, HCN, and HCN�2=1,2 and�1;3=1 are indicated by
arrows at the top and bottom of each panel. The weak lines in the model correspond to H13CN, 13CO and to the stretching modes of HCN.

tion of a few obvious species for which the frequencies are well
known (e.g. HNC), the best candidate appears to be HCN itself,
but in bending vibrational excited states. HCN has a bending
mode,�2, at�713 cm�1, and two stretching modes�1 and�3,
at 2096 and 3311 cm�1 respectively. From the rotational con-
stants of De Lucia and Helminger (1977) we have computed the
frequencies for HCN in different vibrational states and we con-
clude that after removing the CO lines, all the remaining strong
features in the far-IR spectrum of IRC+10216 are due to HCN.
The blue feature appearing near the HCN lines corresponds to
the�2=1 l=1c component, while the l=1d is blended with HCN
itself. The HCN lines have similar intensities to those of CO, a
situation which is very different to what is observed in the PPN
AFGL 2688 where HCN is very weak compared to CO (Cox et
al. 1996). The difference between the emission in both sources
can be related to their different evolutionary stages, with an im-
portant contribution to the CO emission in AFGL 2688 coming
from shocked gas at moderate temperature.

Some of the weak features remaining in the far-IR spectrum
of IRC+10216 could be assigned to rotational transitions of CS
and SiO. However, the limited spectral resolution avoids any

certain identification for these features. We have searched for
NaH, MgH, CaH, NH, CH, FeH, NiH, SH, SiH, CH2, and other
light molecular species without success. However, we report a
tentative detection of the Q(2,4,6,8) lines of the bending mode of
triatomic carbon, C3, around 157.2�m (see Figure 1 top panel).

3. Discussion

The most spectacular result from the ISO/LWS spectrum of
IRC+10216 is the forest of lines arising from the different vi-
brational levels of HCN. This result could have been expected
in view of the strong maser emission found by Lucas and Cer-
nicharo (1989) in the�2=1 state and the strong thermal emission
in the J=2-1 and J=3-2 lines from the other vibrational levels
of HCN. For a gas thermalized at 1000 K, 19% and 15% of
the HCN molecules will be in the�2=11 and in the�2=20;2

levels respectively. At 1500 K the�1 level will contain 5% of
the HCN molecules and, together with the�3 level, could start
to contribute to the forest of HCN lines in IRC+10216. The
typical shape of the HCN lines, after convolution with the grat-
ing response, corresponds to a double peaked line (�2=0, 1, 2)



L204 J. Cernicharo et al.: LWS spectrum of IRC+10216

with a red shoulder arising from the rotational lines in excited
stretching modes and a weak blue shoulder from the bending
levels�2=3,4. From the observed intensities of the�2=1 l=1c
components it appears that HCN rotational transitions in the
ground state have intensities similar to those of the�2=1 lev-
els. However, due to the large opacity of the HCN lines in the
ground state, with most of them populated through the whole
CSE, the observed line intensity ratios cannot be used to derive
abundances for the HCN vibrational levels. The HCN opacity
is so large that we have been able to detect, for the first time,
a HCN l-doubling line (�J=0) with the 30-m radiotelescope
corresponding to J=19–19 at 84919.2 MHz (Cernicharo et al.
1996).

In order to compute the line intensities of HCN and CO we
have made LVG models for their ground state and we have as-
sumed that the vibrational levels of HCN are populated only in
the inner envelope, r< 50 R�, where they are thermalized to the
kinetic temperature of the gas. Taking into account the highmass
loss rate of IRC+10216 these assumptions, Tvib(r)=Tgas(r),
seem reasonable in the inner CSE. More detailed calculations
will require the collisional cross sections for vibrational tran-
sitions which are, so far, unknown. The adopted gas kinetic
temperature in our models is 1200 K forr<6 1014 cm and
T(r)=1200 (6 1014/r)0:7 for larger radii. The CO abundance is
adopted to be 4.5 10�4 and the12C/13C abundance ratio has
been fixed to 45 (Cernicharo et al. 1991). A first analysis of the
HCN lines indicate that the abundance of this molecular species
must be considerably larger (around 10�5) in order to fit the ob-
served line intensities of its different vibrational states of. The
adopted radius, mass loss rate, distance and terminal velocity
for IRC+10216 are 3.5 1013 cm, 1.5 10�5 M� yr�1, 200 pc,
and 14:5 km s�1, respectively. The inner and external radii of
the CSE are taken to be 5 1013 and 1017 cm, respectively. Forty
levels have been included for CO v=0, 1 and13CO v=0, and
50 levels for HCN in its different vibrational states. Collisional
cross sections for CO and13CO are taken from Schinke et al.
(1985). Values for J>20 have been extrapolated from the low J
ones. The collisional cross sections for HCN have been adopted
to be the CO values corrected for the different mass of both
molecules.

The best agreement between the observations and the
model results (which are shown in Figure 1) is obtained for
HCN/CO=0.1 which corresponds to an HCN abundance of
3 10�5, a value that agrees with that derived from millimeter
observations (Cernicharo et al 1987). Several lines of H13CN
are detected corresponding to the rotational transitions J=18–17,
19–18, 21–20, 22–21, 23-22 and 26–25 Some weak and broad
features present in Figure 1 could also correspond to the�2=1,2
levels of H13CN. The calculated intensities for the stretching
modes of HCN are understimated in our models. It could be
possible to get a better fit to these lines by increasing the vibra-
tional temperature of the�1 and�3 levels. However, that of the
bending modes must be be maintained around 1000 K in order
to fit the intensities of their rotational lines. Taking into ac-
count the uncertainties associated with the data calibration and
with the baseline used to remove the continuum, the agreement

between the observations and our model results is reasonably
good. The residuals of the model–fit indicate the presence of a
few strong lines without any systematic spectral pattern. One
of them, at 89.2�m agrees with a line from atomic aluminiun.
However, such an identification needs confirmation from higher
spectral resolution observations. In the far-IR,�>70 �m, the
power emitted in the HCN lines is 0.44 L� while that of CO is
0.28 L� (even when the millimeter and sub-millimeter lines of
CO and HCN are included). Hence HCN is the main coolant of
this C-rich CSE where it plays a similar role to that of water in
O-rich CSEs.
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Cernicharo J., Gúelin M.:1996, A.&A. 309, L27
Clegg et al. 1996, A.&A. this volume
Cox et al. 1996, A.&A. this volume
De Lucia F.C., Helminger P.A. 1977, J. Chem. Phys., 67 4262
Farrenq R., Guelachvili G., Sauval A.J., Grevesse N., Farmer C.B.

1991, J. Mol. Spectrosc. 149, 375 and
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