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PPRRIISSMMAAS S – Scientific GoalsScientific Goals

How are interstellar molecules formed ?

 What is the role of high temperature reactions in the 
formation of interstellar molecules and how are such 

reactions driven ?

How do grain surface reactions & solid phase processes 
affect the abundance of gas phase molecules ? Vice-

versa how do small molecules participate in grain growth 
in the ISM ?

 



 

Scientific Goals - 1Scientific Goals - 1
Hydrides 

- built in the 
first chemical 
steps starting 
from atomic 
gas

- at the root of 
interstellar 
chemistry 

- Diagnostics of 
physical / 
chemical 
processes

 



 

 Scientific Goals - 2Scientific Goals - 2

Carbon clusters (C
2
,C

3
) are detected in the diffuse ISM with 

visible and (for C
3
) FIR spectroscopy‏

How are they formed ? Gas phase processes ? 
Fragmentation of  PAHs or carbonaceous grains ?   

What about heavier clusters (C
n
 with n >4  ?)?  

Cernicharo et al 
ISO - LWS



 

 Herschel ObservationsHerschel Observations

Absorption spectroscopy :
  

Direct probe of line opacity. easier analysis of molecule 
column density
Excellent sensitivity : reach the same range of column 
density as visible spectroscopy for molecules in common 
(eg CH and CH+) => probe diffuse and transluscent gas 
with Av few mag in the FIR spectral range.
 targeted species
C CH, 13CH, CH+, 13CH+, CH

2

N NH, NH
2
, NH

3
 (o & p), 15NH

3
, ND, NH

2
D, NH+

O OH+,H
2
O+ (o & p),, H

2
O (o & p), H

2
18O, HDO, 

D
2
O

F HF, DF
Cl HCl, HCl+



 

 OObservation strategybservation strategy

 Selection of 8 massive star forming regions with known interstellar 
clouds along the line of sight

 HIFI observations of ground state (+ few excited) transitions in 
DBS mode, single pointing

– 3 LO tunings for each line, v ~ 15 km/s

• Enable sideband assignment

• Relatively safe in cases of spectral confusion 

– 1 'continuum' AOR for each band:

• Fast chop, continuum stabilization

• Strong absorption features

– PSP1: observe all target lines in one source (W31C = G10.62-
0.4) ‏

 PACS scans for complete coverage of FIR spectrum



 

First resultsFirst results

 HIFI observations obtained in March and April 2010

– G10.6-0.4 (W31C) plus W49N, W51 

− Excellent quality : sensitivity and stability 

− Most ground state hydride  lines are detected with strong absorption

− complex  profiles with mixed emission and absorption : high spectral 
resolution adds valuable information

=> Hydrides shape the submillimeter spectrum of the ISM

• PACS observations of W51

− Excellent quality : strong spectral features OI, OH, CII, CO, H
2
O,  ...



 

Oxygen hydridesOxygen hydrides
G10.6-0.4G10.6-0.4

 OH+, H
2
O+,H

3
O+: the gas 

phase route to H
2
O 

=>Strong confirmation of the 
validity of the chemical 
network

 Absorption from the gas 
along the line of sight : 
diffuse and transluscent 
matter.

 OH+,/H
2
O+, > 4

=> OH+ mostly in atomic gas 
with a small fraction of H

2
 (< 

10%)

  [OH+]/(H] > 10(). Gerin et al. 
2010, A&A in 
press)



 

G10.6-0.4 

N(OH+) > 2.5 x 1014 cm-2

N(H
2
O+)  ~ 6 x 1013 cm-2

N(H
3
O+)  ~ 4 x 1013 cm-2

– Small number of reactions involved, all well known

=> Analytic expression 

n( OH+)/n(H
2
O+)=  0.64 + 0.12 (T/300K)-0.5/f(H

2
)

– O+ formed by charge transfer between O and H+ 

=> OH+ & H
2
O+ sensitive to ζ , the ionization rate due to 

cosmic rays  

Meudon PDR model, Av = 1 
mag



 

Hydrogen fluoride HFHydrogen fluoride HF

Fluorine reacts with H
2
, making HF 

= > HF uses all the gas phase F

=> HF reveals H
2

=> HF is present as soon as H
2
 is 

present, even in clouds with no 
detectable CO or H

2
O.

(see talk by D. Neufeld) ‏

Neufeld et al 
2010



 

Carbon hydrides : CH, CHCarbon hydrides : CH, CH++

 CH+  shows strong 
absorption, reaching 
saturation profiles, use 
13CH+ (see poster by E. 
Falgarone) ‏

 Agreement with 13CH+ 
data from CSO 
(Falgarone in prep). 

  N(CH+) >3 x 1014 cm-2 



 

CH+ : a product of turbulence driven CH+ : a product of turbulence driven 
chemistry !chemistry !

Godard et al 
2009,2010



 

CH : complex CH : complex 
profilesprofiles

CH ground state 
triplet at 532 & 
536 GHz.

 lines not 
saturated

combination of 
emission & 
absorption

N(CH) ~ few 1014 
cm-2



 

Nitrogen  Hydrides NH, NHNitrogen  Hydrides NH, NH
22, NH, NH

33, NH, NH++

• Complex profile 
with multiple 
hyperfine 
components

• NH & NH
2
 have 

similar opacities

• N(NH) ~ 1.5 
N(NH

2
)

• NH+ : no 
detection so far.

Persson, Black et al in 
prep



 

Carbon clustersCarbon clusters
C3 ro-vibratoinal band at 1.8 THz, 3 linesC3 ro-vibratoinal band at 1.8 THz, 3 lines

 ??

Giesen, 
Mookerjea  et 
al in prep



 

Complementary PACS Range Scans (~57-190 µm)

Dust:
continuum

CO:
from J=14-13
       to  21-20
H2O:
absorption
(several)
OH:
absorption
(several)
CH:
absorption
OI:
Abs/emi

CII, OIII, NII,
NIII…



 Goicoechea, Cernicharo et al. (2010, in prep.)

Example:
OI and OH line absorption/emission toward W51 IRS1

SEE POSTER  P1.20



 

Future perspectivesFuture perspectives

Herschel gives access to new probes of interstellar medium and 
processes :

• Gas with small fraction of H
2
 : HF, OH+, CH+

• Cosmic ray ionization rate : OH+, H
2
O+

• Dissipation of turbulence CH+, H
2
O+, H

3
O+, 

• ...

Valid for local ISM and throughout the Galactic plane

=> Strong spectral features in external galaxies including high 
redshift objects ?

 



 

AcknowledgementsAcknowledgements

The PRISMAS team is grateful to

the Herschel project team

the HIFI consortium

the PACS consortium 

for the excellent performances of the satellite, telescope and 
instruments   



People and institutes instrument development/ICC

• Th. deGraauw, F.P.Helmich, T.G. Phillips, J. Stutzki, E.Caux, A.G.G.M.Tielens, N.D.Whyborn, P. Dieleman, P.R.Roelfsema, H.Aarts, R.Assendorp, R. Bachiller, 
W.Baechtold, A. Barcia, D.A.Beintema, V. Belitsky, A.Benz, R. Bieber, A.Boogert, C.Borys, B. Bumble, P.Caıs, M. Caris, P.Cerulli-Irelli, G. Chattopadhyay, 
S.Cherednichenko, M. Ciechanowicz, O.Coeur-Joly, C.Comito, A. Cros, A. de Jonge, G. de Lange, B.Delfrges, Y.Delorme, T. den Boggende, J.-M.Desbat, C.Diez-
Gonzalez, A.M.DiGiorgio, L.Dubbeldam, K. Edwards, M. Eggens, N. Erickson, J. Evers, M. Fich, T. Finn, B. Franke,  .Gaier, C.Gal, Gao, J.R., J.-D.Gallego, S.Gauffr, 
J.J.Gill, S.Glenz, H.Golstein, H.Goulooze, T.Gunsing,  R Guesten, P.Hartogh, W. A.Hatch, R.Higgins, E.C.Honingh, R.Huisman, B.D. Jackson, H. Jacobs, K. Jacobs, C. 
Jarchow, H. Javadi, W. Jellema, M. Justen, A.Karpov, C.Kasemann, J.Kawamura, G.Keizer, D.Kester, T.M.Klapwijk, Th.Klein, E.Kollberg, J.Kooi, P.-P.Kooiman, 
B.Kopf, M.Krause, J.-M.Krieg, C.Kramer, B.Kruizenga, T.Kuhn, W. Laauwen, R. Lai, B. Larsson, H.G. Leduc, C. Leinz, R.H. Lin, R. Liseau, GS Liu, A. Loose, I. Lopez-
Fernandez, S. Lord, W. Luinge, A.Marston, J.Martın-Pintado, A.Maestrini, F.W.Maiwald, C.McCoey, A.Megej, M.Melchior, L.Meinsma, H.Merkel, M.Michalska, 
C.Monstein, D.Moratschke, I.Mehdi, P.Morris, H.Muller, J.A.Murphy, A.Naber, E.Natale, W.Nowosielski, F.Nuzzolo, M.Olberg, M.Olbrich, R.Orfei, P.Orleanski, 
V.Ossenkopf, T. Peacock, J.C. Pearson, I. Peron, S. Phillip-May, L. Piazzo, P. Planesas, M. Rataj, L.Ravera, C.Risacher, M. Salez, L.A. Samoska, P. Saraceno, R. 
Schieder, E. Schlecht, F. Schloeder, F. Schmuelling, M. Schultz, K. Schuster, R.Shipman, O. Siebertz, H. Smit, R. Szczerba, R. Shipman, E. Steinmetz, J.A. Stern, 
M. Stokroos, R. Teipen, D. Teyssier, T. Tils, N. Trappe, C. van Baaren, B.-J. van Leeuwen, H. van de Stadt, H.Visser, K.J.Wildeman, C.K.Wafelbakker, J.S.Ward, 
P.Wesselius, W.Wild, S.Wulff, H.-J.Wunsch, X. Tielens, P. Zaal, H. Zirath, J. Zmuidzinas, and F. Zwart

• M.Aykilmaz, R. Assendorp, I.M.Avruch, N.Biver, J.Braine, T.Cavalie, J. Cernicharo, E. Debeck, F. Flederus, F.Herpin, D.R.Higgins, A.Hoac, R. Lombaert, A.Lorenzani, 
M.Marseille, M.Melchior, R.Moreno, Z.Nagy, Y.Okada, D.Rabois, J.Rector, M.Rengel, H.Sagawa, W.Salomons, E.Sanchez-Suarez, M.Soldati, B.Thomas, C.Vastel, 
Q.Xie, M.Xilouris, M.van der Wiel

• And many people in the workshops of all the institutes involved

• SRON Netherlands Institute for Space Research;  Leiden Observatory, University of Leiden; Joint Alma Observatory, Santiago; Physics Department, California 
Institute of Technology, Pasadena; KOSMA, I. Physik. Institut, Universit¨at zu K’¨oln, K¨oln; Centre d’Etude Spatiale des Rayonnements, Universit´e de Toulouse 
[UPS], 31062 Toulouse; CNRS/INSU, UMR 5187Toulouse; Observatorio Astron´omico Nacional (IGN), Madrid; 9 Observatorio Astron´omico Nacional (IGN), Centro 
Astronomico de Yebes, Guadalajara; Chalmers University of Technology, Goteborg; Astronomical Institute, ETH, Zurich; Jet Propulsion Laboratory, Pasadena; 
Universite de Bordeaux, Laboratoire d’Astrophysique de Bordeaux, Bordeaux;  CNRS/INSU, UMR 5804, Floirac; MPI fur Radio Astronomie, Bonn; Istituto Fisica 
Spazio Interplanetario INAF, Roma; Department of Physics and Astronomy, University of Waterloo,Waterloo; MPI fur Sonnensystemforschung, Katlenburg-Lindau; 
Laboratoire d’Etudes du Rayonnement et de la Matiere en Astrophysique, UMR 8112 CNRS/INSU, OP, ENS, UPMC, UCP, Paris; LERMA, Observatoire de Paris, Paris; 
21 Institute fr Hochfrequenz Techniques, ETH, Zurich, Zurich, Switzerland ETH HF;  Department of Astronomy, Stockholm University, Stockholm, ; Space Research 
Center of the Polish Academy of Sciences, Warsaw; University of Massachusetts, Astronomy Dept., Amherst; N. Copernicus Astronomical Center, Torun; 
Experimental Physics Department, National University of Ireland, Maynooth; Netherlands Organisation for Applied Scientific Research (TNO); Applied Physics 
Department, Delft University; Northrop Grumman Aerospace Systems, Redondo Beach; Centro de Astrobiologıa (INTA-CSIC), Madrid; Institut de Radioastronomie 
Millimetrique, IRAM, St Martin d’Heres; Osservatorio Astrofisico di Arcetri-INAF Florence; European Space Astronomy Centre, ESA, Villanueva de la Canada; 
European Organisation for Astronomical research in the Southern Hemisphere, Garching

       


