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AGBs and Astrochemistry
Why Molecular Astrophysics in AGBs ?
50% of known molecular species in space detected in 

AGBs (most of them in IRC+10216, but also VyCMa)
Determination of the physical conditions of the gas
Determination of the molecular abundances => Chemical evolution=> Chemical 

Complexity=>feedback to the ISM
Determination of the dynamical evolution of circumstellar clouds
Main source of dust grains production in space
Water has been found in C- and O-rich CSM.

Mira Star



A BRIEF INTRODUCTION TO THE STRUCTURE AND EVOLUTION
OF AGB STARS

CHEMISTRY UNDER THERMODYNAMICAL EQUILIBRIUM

THE DUST GRAIN FORMATION ZONE

CHEMISTRY IN THE EXTERNAL SHELLS & THE CHEMICAL 
EVOLUTION OF THE ENVELOPE

WATER IN C-rich AGBs

WHAT ALMA CAN DO IN THE FIELD OF EVOLVED STARS ?





Helium fusion in core



Helium fusion in coreHelium fusion in shell





Porter et al. http://www.lcse.umn.edu/research/RedGiant/



Parameters for some
well known AGB stars

Max
Magnitud

Min
Magnitud 

Period
days

Mira (  Ceti) 2 10,1 331,996
 Cygni 3,3 14,2 408,5

R Hydrae 3,5 10,9 388,87
R Carianae 3,9 10,5 308,71
R Leonis 4,4 11,3 309,95
S Carinae 4,5 9,9 149,9

R Cassiopeiae 4,7 13,5 430,46
R Horologii 4,7 14,3 407,6
U Orionis 4,8 13 368,3

RR Scorpii 5,0 12,4 281,45
R Serpentis 5,16 14,4 356,41
R Centauri 5,3 11,8 546,2

R. Trianguli 5,4 12,6 266,9
R Leporis 5,5 11,7 427,1
R Aquilae 5,5 12 284,2
R Aquarii 5,8 12,4 386,96
U Cygni 5,9 12,1 463,24



AGB stars loss mass through an
isotropic wind

# main source for the reclycing of the 
ISM

# strong absorption of the stellar light

# Mass loss rate varies between 10-3-10-8

Black body
2330 K

ISO spectrum
of IRC +10216

( m)

F(Jy)

Extended dusty and molecular
circumstellar envelope



¿Why is so interesting the study of chemical
composition of IRC +10216 ?

- IRC+10216 is a prototype of C-rich stars

- 50% of the molecules known in space have been detected in its CSE

Chemical study of the envelope

= 10 µmm; ESO/La Silla
B. Stecklum & H.-U. Kaüfl

IRC +10216:

- the carbon-rich star nearest 
to the Earth (~120 pc)

- brightest object in the sky at ~5-10 mm



The Extended Molecular envelope : The millimeter domain

Two type of molecules:

I) Species formed under thermodynamical equilibrium near the photosphere

II) Species formed in the photodominated zone (the external shells of 

the envelope

Leao et al. 2006



IRC+1021
6 (CW 
Leo) 

V=Vsys 
(Guélin et al. 1998)



The large scale 
structure of an AGB
star.

CO J=2-1 with
the 30m IRAM
radiotelescope

Radical Shell



CSE AROUND EVOLVED STARS: BASIC CONCEPTS

* In the last stage of the star evolution stars are submitted to diffe-

rent processes of mass loss. 

* The mass loss rate, dM/dt, can be as high as 10-4 MO yr-1.

* AGB stars inject into the ISM dust grains, molecules and heavy

elements (12C, 13C, N, 17O, 18O,...)

*AGB stars inject momentum and energy into the ISM. O and B

stars play a much more important role in this context but not in 

the chemical aspects.

* ¿ Which is the structure of an evolved star ?



The structure of the envelope depends on the distance to the star. 

The chemical composition will depend on the relative abundance 

of the atoms. 

In the inner layers the abundance of C/O could be very different

from the external layers because the gas is continuously enriched

by the ejection of matter from the central object.

if C/O >  1 stars rich in Carbon

if C/O <  1 stars rich in Oxygen

if C/O 1 stars S

Photosphere :  Temperature < 3000 K.

Very complex physical processes. Pulsation.  Shocks



Theoretical values for isotropic mass loss rate :

Mass loss

Density

Temperature

Velocity field



At  10 stellar radii (R* 6.7 1013 cm)

the  temperature is  450 K while in the zone 

of 1-2 stellar radii the gas must be at a 

temperature close to 1500 K. The density 

in innermost zone is of the order of

1010-12 cm-3
.

However, at 10 stellar radii is only of  108-9 cm-3

and at 100 stellar radii of  106 cm-3.

The evolution time scale for the 

envelope is given by

r15 and V6 are the distance and velocity (units of 1015 cm, 106 cm/s)

For r15 = 1-100 and V6 = 1 the dynamic time scale varies between 

30 and 3000 years



From Sedlmayr and coworkers



IRC+10216 at a distance of 100 pc
0.05”         0.25”             1.5”    5.0”  400”

Weak CO 
emission

detected up to 
R=300”

From Decin et al., 2010, Nature



MODELS UNDER THERMAL EQUILIBRIUM

Reaction rates and the path to form molecules are not important. 

Molecular abundances are determined by their value at thermo-

dinamical equilibrium. 

That means that two and three body reactions must be much

faster that the time scale for dinamic evolution.

Of course, these models will provide reasonable results only

for the most dense and warm regions. In the external layers of

the envelope molecular abundances will be strongly dependent

on the chemical kinetics and on the UV photons entering the

envelope.



First studies for cold stars under the hyphotesis of  ET :

Russell (1934)

Fujita (1939, 1940, 1941)

These models were able to predict the abundances of the most

conspicous diatomic molecules detected in red giant stars (VO, TiO, 

CN, CH,…). These models also predicted the presence of  some

Polyatomic molecules that were detected 50 years later.

The models (Fujita) clearly indicated the role of the atomic abun-

dances H:C:N:O  in the abundances of diatomic species determi-

ned in ET. Russell was even able to apply his models to the Sun and

to predict the presence of CO, CN and C2 for temperatures below

4000 K.

Tsuji 1973 : 

Very detailed study of the chemistry under ET in cold stars. He

considered 36 elementos and hundreds of molecules



McCabe in 1979 introduces the concept of molecular freezing. 

* Molecules are formed in the innermost region of the envelope. 

* Refractory species condensate and form dust grains. 

* Radiation pression over dust grains and the star pulsation ini-

tiate the expansion of the envelope

* When  the density and temperature of the gas decrease due to

the expansion chemical reactions become very slow. The time

scale for dinamic evolution is faster that the formation rate of

molecules.

* The molecular abundances in the external layers reflect the

abundances produced under ET in the innermost region.

* OK for many species but of very difficult justification for

radicals and large carbon-chains.



If A, B y M are neutral species then k1 10-11 cm3s-1 and k2 10-10

cm3s-1 , but  k3 10+11 s-1, and

dn(AB)/dt 10-32 n(A)  n(B)   n(M)  cm-3s-1

The best case in the ISM occurs for A=B=M= H

H + H + H H2 + H

For hydrides (BH) the optimal case will correspond to A=H, M=H

and B (C,N,O), i.e., n(B) 10-4 n(H) and

dn(BH)/dt 10-36 n3(H) cm-3 s-1 B (C,N,O)



O-rich star
[C]/[O] < 1

C-rich star
[C]/[O] > 1

O-bearing molecules:
H2O, SiO, OH, …

C-bearing molecules:
C2H2, HCN, CS, …

O-rich or C-rich,  that is the question !!



C-rich Stars (IRC+10216)

Carbon-bearing Molecules                      



What happens if we consider big carbon-rich molecules?



With PAHs                                               Without PAHs



With PAHs                                            Without PAHs



Molecular abundances in O-rich stars

O-rich                                                 C-rich             



O-rich



METHODS

Astronomical Observations at all frequencies

optical, infrared and radio telescopes

Radiative transfer modeling

Chemical modeling



Three different approaches (single dish or interferometric observations):
I) Systematic observation of selected molecular lines in a large sample of
objects:

-Physical conditions derived from each molecule
-Statistical studies
-Good estimation of mass loss rates

II) Systematic frequency coverage of a few prototypical objets:
-Full census of molecular lines. Spectroscopy in space
-Physical and chemical conditions
-New molecules. Chemical complexity

IRC+10216, CRL618, VyCMa, IK Tau, OH231

III) Identical to II but with spatial information:
-In most cases interferometric observations are needed
-But for a few cases (nearby objects)  single dish observations
can be used to get a complete line survey at different positions
=> Physical structure of the envelope.

IRC+10216

Herschel : HIFISTARS & MESS + Some Open Time proposals



The Physical and Chemical
Conditions in the dust 

formation zone in IRC+10216
The first step to understand the 
chemistry of the whole envelope

Tools: Line Surveys in the Mid and 
Near Infrared with ISO & Ground 

Based Telescopes



Cernicharo et al., 1996, A.&A., 315, 201

IRC+10216 a C-rich Circumstellar Envolope :: HCN (in all ) + CO; 300

ISO-LWS





Observations of
C2H2 and HCN
observations
with TEXES at the IRTF

PhD of J.Pablo Fonfría
(Fonfría et al., 2008, ApJ)

TEXES::Lacy et al., 2002, 
PASP, 114, 153

720-900 cm-1

11.1-13.9 m

Spectral resolution 75000
4 km/s

C2H2 vibrational levels

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSpectral resolution 7500000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
4 km/s







Fonfría et al 2008, ApJ, 673, 445



Fonfría et al 2008, ApJ, 673, 445





DATA
MODEL  C2H2 + HCN + ISOTOPES

Fonfría et al 2008, ApJ, 673, 445



RESULTS

x(C2H2)
Z  I   7.5 10-6

Z II   8.0 10-5

ZIII   8.0 10-5

x(HCN)
Z  I   2.5 10-5

Z II   5.0 10-5

ZIII   5.0 10-5

12C/13C=41

Z  I  1- 5 R*
Z II  5-20 R*
ZIII  > 20 R*

Fonfría et al 2008, ApJ, 673, 445

P1 is a metastable level

( 4)



The middle envelope, Herschel data



Cernicharo et al., 2010, A&A, HIFI special issue; 
HCl has been detected with PACS/SPIRE (Cernicharo et al., 2010, A&A, 518, L136)



Cernicharo et al. 2010, HIFI special issue

SiC2 abundance enhanced
in the external layer through

Si + CCH
and

Si + C2H2



The radio data (30m IRAM, SMA, PdBI, …)

Chemical Modelling of the envelope
PhD of Marcelino Agúndez

Physical and chemical properties of the dust formation zone

C2H2 & HCN in the inner shell
PhD of J.Pablo Fonfría





Cernicharo et al. 2000

Cernicharo et al. en preparación



METHODS: Radio astronomical observations

Line survey at =3 mm carried out with the IRAM 30-m radio 
Telescope:

- 80.05-115.75 GHz
- 1339 emission lines (~37 lines/GHz)
- 886 assigned to rotational transitions of 60 molecules 

(different isotopoloques and vibrationally excited states)
- 453 unassigned lines (only 31 with TA* > 10 mK)
- high sensitivity: rms(TA*) < 1 mK for most frequencies 

Rest frequency (GHz)



TA*(K)

VLSR (km s-1)

NaCl

Results

RESULTS: THE INNER ENVELOPE

LVG multishell models



HCN

NH3
CN
HC3N

C3N

HC5N
HNC

CH3CN

HC7N

HC9N
CH2CN
HC2N
C5N
HCCNC
C2H3CN
C5N-

HC4N
C3N-

HNCCC

CO

H2O

OH

H2CO

C3O

HCO+

C2H2

CH4
C2H
C4H
C2
C3

C5
l-C3H
C6H
C5H
c-C3H2
CH3C2H
c-C3H
C2H4
H2C4

C8H

C7H
H2C6
C6H-

C8H-

H2C3

C4H-

10-3

10-4

10-5

10-6

10-7

10-8

10-9

10-10

1(-3)

1(-7)

4(-8)

1.3(-8)

2(-9)

7(-10)

8(-5)

3.5(-6)
3(-6)

2.5(-6)
1(-6)
1(-6)

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

1.4(-8)

8(-9)

3(-9)
3(-9)
3(-9)

1.5(-9)
1.5(-9)

3(-10)

2(-5)

2(-6)
1.7(-6)
1.4(-6)

4(-7)

2(-7)
1(-7)

3(-8)

2(-8)

8(-9)
7(-9)
6(-9)
4(-9)
4(-9)
4(-9)

2.3(-9)
2(-9)

1.1(-9)

5(-10)

CS

C2S

C3S

H2CS

H2S

C5S

5(-7)

3(-8)

1.2(-8)

7(-9)

4(-9)

1.2(-9)

SiC2
SiS

SiH4
SiO

SiC

SiN

c-SiC3
SiC4
SiCN
SiNC

1.2(-6)
1(-6)

2.2(-7)
1.2(-7)

4(-8)

8(-9)

4(-9)
3(-9)
2(-9)

1.1(-9)

HCP

CP
PH3

PN
C2P

2.5(-8)

1(-8)
8(-9)

1(-9)
1(-9)

AlCl

NaCN

MgNC
AlF

NaCl
AlNC
MgCN
KCl

3.5(-8)

8(-9)
7.5(-9)

1(-9)
1(-9)

5(-10)
2.5(-10)



RESULTS: THE OUTER ENVELOPE  --- Chemical kinetic models

C & H bearing species

C, N,  H bearing species

Si, S, O , P bearing species



RESULTS: THE OUTER ENVELOPE  --- Chemical kinetic models

C & H bearing species

C, N,  H bearing species

Si, S, O , P bearing species





2006 C6H- en IRC +10216 y TMC-1 (McCarthy et al.)

2007 C4H- en IRC +10216 (Cernicharo et al.)

2007 C8H- en IRC +10216 y TMC-1 (Remijan et al.; Brünken et al.)

2008 C3N- en IRC +10216 (Thaddeus et al.)

2008 C5N- en IRC +10216 (Cernicharo et al.)

2010 CN- en IRC +10216 (Agúndez et al.)
C6H- en L1527 (Sakai et al. 2007)
C4H- en L1527 (Agúndez et al. 2008)
C6H- en L1544 y L1521F (Gupta et al. 2009)

IRC +10216
Is the only source where all anions have been observed

C4H-, C6H-, C8H-, C3N-, C5N-, and CN-

ANIONS



C4H- C3N- C5N-

RESULTA: SPECIFIC RESULTS : ANIONS



The origin of water in C-rich objects



Hasegawa 2006 (ODIN results)

Melnick 2001, Ford & Neufeld 2001,
Ford et al., 2003
(SWAS results)

H2O, OH and abundant NH3
in a C-rich star (IRC+10216)

Derived water abundance in these papers 
has to be reduced by a factor 10 due to
efficient IR pumping of the rotational levels
(Agúndez & Cernicharo 2006)



Neufeld et al., 2010

Justtanont et al., 2010

HIFISTARS results
H2O in all stars, C/O>1,  1   & <1

-see also MESS results-



Decin et al., 2010 Nature



Detailed chemical modeling of clumpy envelopes : H2O, OH and H2CO
could be abundant in C-rich AGBs. HC3N abundance enhanced in the 
inner envelope.
Agúndez, Cernicharo & Guélin 2010, ApJ, in press

Oxygen atoms available from the photodissociation of 13CO and SiO
Agúndez & Cernicharo 2006



The predicted H2O abundance profile
fits well the PACS/SPIRE data

Decin et al., 2010, Nature



HCN

NH3
CN
HC3N

C3N

HC5N
HNC

CH3CN

HC7N

HC9N
CH2CN
HC2N
C5N
HCCNC
C2H3CN
C5N-

HC4N
C3N-

HNCCC

CO

H2O

OH

H2CO

C3O

HCO+

C2H2

CH4
C2H
C4H
C2
C3

C5
l-C3H
C6H
C5H
c-C3H2
CH3C2H
c-C3H
C2H4
H2C4

C8H

C7H
H2C6
C6H-

C8H-

H2C3

C4H-

10-3

10-4

10-5

10-6

10-7

10-8

10-9

10-10

1(-3)

1(-7)

4(-8)

1.3(-8)

2(-9)

7(-10)

8(-5)

3.5(-6)
3(-6)

2.5(-6)
1(-6)
1(-6)

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

1.4(-8)

8(-9)

3(-9)
3(-9)
3(-9)

1.5(-9)
1.5(-9)

3(-10)

2(-5)

2(-6)
1.7(-6)
1.4(-6)

4(-7)

2(-7)
1(-7)

3(-8)

2(-8)

8(-9)
7(-9)
6(-9)
4(-9)
4(-9)
4(-9)

2.3(-9)
2(-9)

1.1(-9)

5(-10)

CS

C2S

C3S

H2CS

H2S

C5S

5(-7)

3(-8)

1.2(-8)

7(-9)

4(-9)

1.2(-9)

SiC2
SiS

SiH4
SiO

SiC

SiN

c-SiC3
SiC4
SiCN
SiNC

1.2(-6)
1(-6)

2.2(-7)
1.2(-7)

4(-8)

8(-9)

4(-9)
3(-9)
2(-9)

1.1(-9)

HCP

CP
PH3

PN
C2P

2.5(-8)

1(-8)
8(-9)

1(-9)
1(-9)

AlCl

NaCN

MgNC
AlF

NaCl
AlNC
MgCN
KCl

3.5(-8)

8(-9)
7.5(-9)

1(-9)
1(-9)

5(-10)
2.5(-10)

CONCLUSIONS

(a) COMPOSITION OF THE CSE of IRC +10216
(1a) IRC +10216 is one of the riches sources in molecules in the sky with 76 

species (50% of the total number of known molecules in space).

(2a) Only a few O-bearing species (H2O, CO, SiO, CCCO, OH, H2CO)

(3a) Chemistry is dominated by unsaturated carbon chain molecules (H/C<1)

(4ª) Only a few species saturated (CH4, NH3, SiH4 PH3)

(5a) Only ~5 % of S, Si, P are in form of molecules in the gas phase.

(6a) Metal bearing species. HCl & HF recently detected with Herschel

(7a) Silicon Dicarbide is the most abundant (polar) SiC-bearing molecule. SiC is a
photodissociation product of SiC2.

(b) ORIGIN OF THE MOLECULES
(1b) Molecules formed in the inner shell (observed abundances in agreement with

thermodynamical chemical equilibrium)

(2b) Molecules formed in the external envelope (carbon chain radicals, Metal
isocyanides):Chemical models explain most abundances but fail for the longest ones
probably due to the lack of reactions between Cn CnH CnHn and their anions
Photodestruction rates are in most cases crude estimates.

(3b) PAHs are not significantly formed in the gas phase in the inner layers of IRC 

Our understanding of molecular complexity is limited by the lack of 
laboratory data and limited completness of chemical networks.

(3b) H2O, H2CO and OH explained by the clumpy structure of the envelope. HC3N
abundance enhanced in the inner envelope



THE FINAL PRODUCT
• New Molecules
• Abundances for all species
• Isotopic abundances (nuclear evolution)
• Clear differentation of the different layers 

of the CSE
• Chemistry of exotic species (anions)
• A detailed study of missing reactions in 

present chemical networks



Millimeterwave survey of the Protoplanetary Nebula CRL 618 and 
complete model

Juan R. Pardo and José Cernicharo / CSIC (Madrid)

Outline

C-rich Post-AGB objects as efficient 
factories of complex molecules.

The PPN vs AGB phase.

Characteristics of CRL 618.

Previous mm data.

ISO data.

80-275 GHz survey of CRL 618

Observational features.

Analysis and model. Physical 
conditions. Chemical abundances.

Future research.



THE POST-AGB PHASE IS INTERESTING FOR THE FORMATION OF 
COMPLEX MOLECULES IN SPACE, SPECIALLLY IN C-RICH OBJECTS

• Relatively low Temperatures

• Relatively high densities

• UV radiation

• Shocks

• Grains 



Cernicharo et al. ApJ 
546, L123 (2001)

POST-AGB OBJECTS ATRACTED GREAT ATTENTION FROM THE MOLECULAR 
CHEMISTRY POINT OF VIEW WITH THE DISCOVERY OF C6H6 IN CRL 618



Research Program: Chemical evolution in the Post-AGB Phase

Methodology
• Line surveys at mm, submm and FIR wavelengths of a sample of objects representing the AGB to PN evolution 
phase: IRC10216, CRL2688, CRL618, NGC7027.

• Develop the most complete line catalogs.

• Develop radiative transfer models: LTE, LVG, 2D, 3D...

• Develop chemical models. 

• Include dynamics and morphology in the models.

• Coordinate efforts with the rest of the community (Herschel GT and OT proposals).

IRC+10216

SiC2 Map

CRL 2688 CRL 618 NGC 7027

HST HST HST

Instruments: IRAM-30m, CSO & ISO (ALMA & Herschel in the future)

AGB PN
Hale 200 inch

Omicron Ceti

HST

Lira Nebula



Cernicharo et al. 2001

Molecular complexity: AGB vs PPN

TA*

Complete line surveys of CRL 618 have 
being carried out



Short description of CRL 618

• It is the best example of a protopla-
netary nebula with a dense envelope.

• Central star is of B0 type surrounded  
by an ultracompact HII region.

• Its distance is only 1.7 kpc.

• It displays a high velocity wind  (200 kms-1).

• It is experiencing a very fast evolution 
(PPNe ~1000 years). 

•The mm continuum flux is variable. 

•There is a large chemical richness 
being created thanks to the 
presence of shocks, dust  and 
intense UV radiation.

HIGH VELOCITY WIND: originally 
seen in CO but also visible in some 
other abundant molecular species. 

Cernicharo et al. ApJ 
222, L1 (1989)



The IRAM 30m millimeterwave survey of CRL 618

• Observations conducted between 1994 and 2002.

• Image sideband rejection always > 12 db.

• 8 receivers (82-116, 130-184, 201-258 y 240-276 GHz)

• Pointing and focus always on CRL 618.

• Wobbler switching (60")  / Spectrometers: ~ 1 MHz.

• System temperatures in the range 100 and 800 K.

IRAM 30m
Complementary Observations: 

CSO



Results: continuum flux

This data have been obtained from  the pointing 
scans on CRL 618 itself. Variability may be hidden 
in the dispersion of the data points.

Pardo et al. ApJ 
615, 495 (2004)



• There is evidence of variability.

• The average over 8 years provides TA* following a horizontal 
line in the 80-276 GHz frequency range.

• The flux increases from 1.75 Jy at 90 GHz to 3.4 Jy at 240 GHz.

• The observed flux is well reproduced considering a central 
source as follows: 

• A size in the range 0.22" - 0.27" 

• An effective temperature at 200 GHz between 3900 - 6400 K. 

• An spectral index ~ -1.15, -1.12.

• The emission mechanisms seem to be: 

• Free-free emission.

• Dust.

Analysis of the continuum flux



~ 3 mm ~ 2 mm

~ 1.3 mm ~ 1.0 mm

Results: Spectral Lines



• We have detected more than 3100 lines of more than 20 
molecular species + recombination lines of H and He.

• The spectrum is dominated by HC3N and HC5N, with ~ 85% 
of the total number of features detected.

• In general the absorption part of the P-Cygni profiles is less 
deep as frequency increases.

• The lines of some species do not display absorption.

• Abundant molecules, such as CO, HCN, HCO+, display lines 
with wide wings, corresponding to a high velocity outflow. 

General characteristics of the mm-wave lines in CRL 618

The large number of transitions for each molecular species available in the 
survey should allow to probe the object with a lot of detail even if the 
angular resolution is limited. 

MORFOLOGY - PHYSICAL CONDITIONS - CHEMICAL ABUNDANCES - DYNAMICS



• 3 bending modes de (doubly dege-
nerated) y  4 stretching modes.

• Bending modes : ( 7, 6, 5): Energies 
up to 663 cm-1

• Stretching modes: 4 at 881 cm-1, the   
others above 2000 cm-1 (non detected).

• 14 different vibrationally excited  
states detected, with energies up to 
1100 cm-1. 

• The line profiles in CRL618 show: 
high velocity wind, slowly expanding 
envelope, cold circumstellar shell. Most 
lines have P-Cygni profiles, specially at 
low frequencies..

HC3N Spectroscopy Observational characteristics of CRL618

H     C      C     C      N

T A
*(

K
)



Probing CRL 618 step by step                         Region
of formation of P-Cygni profiles (innermost envelope)

Tool: HC3N lines in vibrationally excited states

Help: Previous studies, interferometric maps



HC3N

Pardo et al. ApJ 615, 495 (2004)



HC3N

Pardo et al. ApJ 615, 495 (2004)



TEMPERATURE AND HC3N COLUMN DENSITY IN THE INNER 
SLOWLY EXPANDING ENVELOPE OF CRL 618 FROM FITTING 

OF LINES IN VIBRATIONALLY EXCITED STATES OF HC3N





HIGH 
VELOCITY 

WIND

SLOWLY EXPANDING 
ENVELOPE

PDR

COLD CIRCUMSTELLAR SHELL

Probing CRL 618 step 
by step:            Cold
Circumstellar Shell 

Tool: HC3N & HC5N in the 
ground vibrational state COLD CIRCUMSTELLAR SHELL

To Earth



IRAM 30m 
beam at 270 

GHz

A
L
M
A



HC3N, 
ground 
vibrational 
state

Pardo et al. ApJ 
628, 275 (2005)



HC5N, ground vibrational state

Pardo et al. ApJ 
628, 275 (2005)





HIGH 
VELOCITY 

WIND

SLOWLY EXPANDING 
ENVELOPE

PDR

COLD CIRCUMSTELLAR SHELL

Probing CRL618 step 
by step                 High

Velocity Wind 

Tool: CO,HCN, HCO+
COLD CIRCUMESTELLAR SHELL

a la Tierra



Pardo et al. 
ApJ 



High-angular resolution CO mapping

L+H ~1” v~5km/s 
~3 tracks

OVRO 1” resolution CO J=2-1 mapping of the PPN CRL618

Sánchez Contreras et al. 2004, ApJ 617,1142



Probing CRL618 step by step  - CHEMICAL 
ABUNDANCES

Introducing all detected molecules in the 
model stablished with the previous analysis, 

we can try to fit the data using only the 
chemical abundances as free parameter.

Pardo et al. ApJ Submitted



Pardo et al. ApJ Submitted







3 mm WINDOW: Data and final model



2 mm window: Data and final model



1.3 mm window: Data and final model



1 mm window: Data and final model



These results are 

complementary of 

our previous infrared 

studies with ISO



Cernicharo et al. ApJ 
546, L127 (2001)



Growth of 
Carbon chains 
according to 

these schemes 
is very efficient 

in CRL618

Cernicharo, ApJ 608, 
L41 (2004)

Detected with ISO

Detected IRAM-30m



Summary: Steps forward in the understanding of CRL 618 achieved with 
this work            

• Getting around the problem of the poor angular resolution, we have 
been able to establish with a great accuracy, :

• The morphology.

• The physical conditions.

• The chemical abundances at least of the polar species.

• The results obtained are being used in chemical models to try  to 
explain the formation of species of biological interest, such as 
benzene (already detected).

• The spectroscopic model obtained for this object is the most detailed 
up to date. Only 80 features in the data remain unknown. All the 
others are assigned and, for the most part, modelled.

• These results pave the way for future works with ALMA and 
Herschel, that should allow a much better angular resolution, and 
larger frequency coverage.
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