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Bright photodissociation regions: the Orion Bar

PDRs are the transition layers between the fully ionized gas directly irradiated 
by strong UV fields and the cold neutral gas shielded from radiation.

o Regions near massive OB-type stars.
o The nuclei of starburst galaxies.
o Boundary of molecular clouds.
o Diffuse clouds.
o Illuminated surfaces of protoplanetary disks.

Active UV-photochemistry
RADICALS: C2H, OH, HCO…
REACTIVE IONS: SO+, CO+, HOC+…

FUV  6.0 < E < 13.6 eV

UV radiation strongly affects 
the chemical state of 

interstellar gas and dust



The Orion Bar

The interface between the Orion Molecular 
Cloud and the HII region illuminated by the 

Trapezium cluster stars.

Prototypical hot PDR, with a Far-UV radiation field 
of  ~104 times the mean interstellar field. 



Inhomogeneous density 
distribution:

Interclump medium: 
- nH = 104-105 cm-3

- Tk = 85 K
- 90% molecular material

Clumps:
- nH ≥ 106-7 cm-3

- Tk = 160-220 K
- 10% molecular material

The Orion Bar



Observed position: 
Dissociation front

The Orion Bar

In colour: CO 6-5 emission (Lis et al. 1998)

Stars: denser clumps/condensations 
detected in H13CN J=1-0 (Lis & Schilke 2003)

White contours: H2*S(1) line emission 
(Walmsley et al. 2000)

What molecules are in an 
environment irradiated by 

intense FUV radiation fields? 



The importance of spectral surveys

 Unveil the molecular content in the region.

 Constrain accurately the abundances of the 
detected species.

 Study their chemical formation routes.

 Study the physical properties of the gas.

 Detect new molecules.



Emir Receivers Backends

 E0      80-118 GHz        FFTS

 E1   129-176 GHz       WILMA 

 E2    202-274 GHz       FFTS

 E3    274-351 GHz FFTS

BROADBAND RESOLUTION

WILMA 8 GHz 2 MHz

FFTS 16 GHz 200 kHz

ESPECTRÓMETROS:

Poster:  The complete millimeter line survey of the Orion Bar PDR 

Atmospheric windows covered by IRAM-30m 
in the millimeter range

IRAM-30m observations



Line assignment: J. Cernicharo’s own spectral catalogue



2 Atoms 3 Atoms 4 Atoms 5 Atoms 6 Atoms

Isotopologues Isotopologues

CO 13CO HCO H2CO HC3N CH3OH

C17O HCO+ H13CO+ HNCO C4H CH3CN

C18O HOC+ H2CS c-C3H2

CN 13CN HCN DCN c-C3H l-H2C3

SO 34SO H13CN l-C3H

S18O HC15N l-C3H
+

SO+ HNC HN13C

CS 13CS SO2

C34S H2S H2
34S

C33S HCS+

SiO C2H
13CCH

NS C13CH

CO+ N2H
+

CF+ OCS

Some of the detected species

o 220 GHz analyzed

o +550 lines already identified

o +30 molecules and 20 isotopologues:

Radicals, reactive ions, complex 

organic molecules…

o+40  H recombination lines

o 5 He recombination lines

o +10 C recombination lines

o +30 unidentified lines

Our observations show the chemical 
richness of the harsh Orion Bar 

environment.



Small Hydrocarbons

 Hydrocarbons are the simplest organic molecules.

 Since the early 1970s it has been evident that hydrocarbons 
are ubiquitous in the ISM.

 Peculiar chemical structures:

 very rigid compounds as polyynes or cumulenes

C2H
13CCH

C13CH

c-C3H

l-C3H

l-C3H+

C4H

c-C3H2

l-C3H2

 quite reactive and polar due to the presence of unpaired 
electrons on the carbon atoms: radicals or carbenes



C2H
We have identified a 

total of 25 lines 



ISOTOPOLOGUES of C2H
≠ isotopic composition

13CCH 
C13CH

6 lines

8 lines

LTE model in red



l-C3H+

 Detected in the ISM by Pety et al. 

(2012), in the Horsehead PDR.

The linear C3H+ is an essential 

intermediate in the gas-phase 

synthesis of hydrocarbons through 

ion-molecule reactions.

9 lines



C4H
40 lines: 

20 successive doublets



Linear and Cyclic isomers

l-C3H: 25 lines c-C3H: 24 lines

l-H2C3: 18 lines c-C3H2: 50 lines



How are these ubiquitous species formed in the ISM?

 From small to bigger molecules in gas-phase?
Observations towards diffuse interstellar clouds and
low-illumination PDRs suggest :

Inferred abundances  >>  pure gas-phase model predictions 

 Photodestruction of PAHs and small carbonaceous grains?

e.g., Fossé et al. 2000
Fuente et al. 2003

Pety et al. (2005)  observed a good spatial correlation 
between the hydrocarbon emission and the PAHs 
emission towards the Horsehead PDR.

Small Hydrocarbons

large aromatic molecules and small carbon grains may 
fragment and feed the ISM with small carbon clusters 

and molecules in significant amounts. 

PAHs = Polycyclic 
aromatic hydrocarbons



How are these ubiquitous species formed in the ISM?

How are the small hydrocarbons formed in the Orion Bar? 

The Orion Bar has >300 times higher 
FUV radiation fluxes than the Horsehead

o Line Survey (+200 rotational lines of 9 hydrocarbons)

 carry out a detailed analysis to constrain  their abundances 

 comparison with models

o High frequency maps of C2H and c-C3H2

 investigate the spatial distribution at <10’’ resolution 

 comparison with PAH emission

C2H
13CCH

C13CH

c-C3H

l-C3H

l-C3H+

C4H

c-C3H2

l-C3H2

Different chemical processes
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Observations vs. Models

1)  Inferred column densities: Rotational diagram technique.

2)  Gas-phase photochemical models: Meudon PDR code 1.4.4 (J.R. Goicoechea)

Our simple gas-phase models can 
reasonably match the observed 

column densities of most 
hydrocarbons (within a factor 2-3)

with  χUV ~2x104 (Draine units)  

Le Petit et al. 2006; Le Bourlot et al. 2012



Spatial distribution of C2H, c-C3H2 and PAHs

colour scale: The Spitzer 8 μm extended emission due to PAHs and very small grains.

black contours: The H2 v=1-0 emission (Walmsley et al. 2000)  trace the molecular

dissociation front  peaks deeper inside the PAH emitting region.

white contours: C2H and c-C3H2 integrated line-intensity maps (250GHz)  similar 
distribution delineating the “bar” structure of the PDR and peaking 
closer to the cloud edge.

Spatial stratification
[PAH]/[H2]/[Hydrocarbons]



How are the small hydrocarbons formed in the Orion Bar? 

Evidences:

1. Our simple gas-phase models can reasonably match the 
observed column densities of most hydrocarbons.

2. The observed spatial distribution of the C2H and c-C3H2

emission is similar but does not follow the PAH emission.

The photodestruction of PAHs is not a 
necessary requirement in hot PDRs to 

explain the observed abundances of the 
smallest hydrocarbons.



How are the small hydrocarbons formed in the Orion Bar? 

Gas-phase formation of small hydrocarbons in hot PDRs

C+ + H2* CH+ + H  (endothermic by 4300 K)

CH+ + H2 CH2
+ + H2 CH3

+ (barrierless)                   CH+, CH2
+ + e-  CH, CH2

CH + C+ (or C + CH+)   C2
+ + H   (and the chemistry with 2 C atoms starts)

C2
+ + H2 C2H+ + H2 C2H2

+ + H2 C2H3
+   + H  (barrierless)  e- C2 and C2H

C2 + H2C2H + H (1500K)     C2H + H2 C2H2 + H (539K)     C2H, C2H2 + C+
C3H+…

The difference with low-illumination PDRs is that the molecular gas in 
Orion Bar attains much higher temperatures and new gas-phase 
formation routes and endothermic reactions, become efficient.



Summary

 We performed a complete millimeter line survey towards the Orion Bar

dissociation front covering a bandwidth of 220 GHz using the IRAM-30m telescope.

 40% of the detected lines C2H, C13CH, 13CCH , c/l-C3H, l-C3H+, C4H, c/l-C3H2

 N = 1011-1014 cm−2. C2H is the most abundant of the detected hydrocarbons.

 Our simple gas-phase models can reasonably match the observed N.

 The observed spatial distribution of the C2H and c-C3H2 emission is similar but

does not follow the PAH emission.

 The photodestruction of PAHs is not a necessary requirement in hot PDRs to

explain the observed abundances of the smallest hydrocarbons.

 Gas-phase endothermic reactions between C+, radicals and H2 can dominate their

formation.
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