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Message du Conseil Scientifique de PCMI
Les études sur la physique et la chimie du milieu interstellaire connaissent un renouveau spectaculaire 
de par une conjonction d’évènements. D’un point de vue observationnel, les missions Herschel et 
Planck dans l’espace et les projets ALMA, NOEMA et NIKA au sol ouvrent de nouveaux horizons. Il est 
possible de faire de l’imagerie grand champ en radio-astronomie sub-millimétrique à plus ou moins 
grande résolution angulaire, de plus en plus souvent couplée à de la polarimétrie ou à l’observation 
simultanée de nombreuses raies. 
Dans le même temps, la puissance des ordinateurs a permis 

•  à la simulation numérique de s’approcher significativement des conditions physiques et chimiques 
à l’œuvre dans le milieu interstellaire 
•  de traiter des systèmes de plus en plus complexes par calculs ab initio. 

Par ailleurs, l’astrophysique de laboratoire française, propose de nombreuses expériences à la pointe 
pour produire et caractériser les analogues de la matière interstellaire et étudier les processus 
physiques fondamentaux régissant les interactions entre le gaz, les grains et leur environnement,  
dans un contexte où de grands instruments physiques (SOLEIL, GANIL, etc.) permettent de reproduire 
diverses conditions de rayonnement et où les données micro-physiques sont archivées dans des bases 
de données structurées.

Tout ceci permet de reconsidérer les questions au cœur de PCMI:
•   Comment le milieu interstellaire évolue dans notre voie lactée et dans les galaxies plus ou moins 
lointaines ? 
•  Comment le gaz et la poussière se structurent, des nuages moléculaires aux systèmes 
protoplanétaires ? 
•  Quelle est l’origine de la complexité de la matière ? 

Nous avons construit le programme du colloque pour permettre à notre communauté de débattre de 
ces questions et de réfléchir à la direction que nous souhaitons collectivement suivre dans les années 
à venir, dans un contexte où l’astrophysique de laboratoire cherche à se structurer au niveau au moins 
européen et où les financements récurrents font en partie place aux financements d’excellence très 
ciblés (ANR, ERC, ...).

Nous remercions la communauté pour s’être fortement investie dans ce colloque : il y a 150 inscrits 
pour environ 300 chercheurs émargeant à PCMI, il y a eu 72 propositions de communications orales 
pour 37 retenues. Nous remercions les invités d’avoir accepté de synthétiser des domaines souvent 
très larges et techniques en peu de temps. Nous remercions nos invités étrangers d’être venus de loin 
pour partager leurs expériences et savoir-faire. Nous remercions nos sponsors institutionnels (le CNRS, 
l’IRAM, l’Université de Rennes 1, l’Institut de Physique de Rennes, la métropole de Rennes et la région 
de Bretagne) ainsi que nos sponsors privés (Edwards, Pfeiffer-Vacuum, Continuum, MKS Instruments, 
Aerochop) sans qui ce colloque ne pourrait se tenir. Enfin, un grand merci au comité d’organisation 
local pour avoir réglé tous les détails pratiques de manière efficace.

Bon colloque à tous,

   Jérôme, Karine, et Jean-Hugues pour le CS de PCMI.
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Informations pratiques

Trajets transport en commun 
De la gare : prendre le métro ligne A jusqu’à République, puis le bus ligne n°C4 ou ligne n°6 jusqu’au campus 
Beaulieu, arrêt Beaulieu/Tournebride

 De l’arrêt de bus Beaulieu/Tournebride, marcher 2 minutes pour accéder au bâtiment 1
(cf plan du campus de Beaulieu)

Info pratique : En début et fin de journée, le bus n°41ex relie la gare et le campus Beaulieu en moins de 10 
minutes.
Consulter les plans et les horaires des lignes sur le site de la STAR : http://www.star.fr/
Du campus au centre de Rennes / République : prendre le bus ligne n°4 ou ligne n°6

Plan de Rennes

Restaurant Lecoq Gadby
156 rue d’Antrain

Place de la Mairie
Beffroi
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Programme 

lundi 27 octobre 2014
09h00-09h50 Accueil et inscription

09h50-10h00 A.Canosa     Introduction      Amphithéâtre A

Magnetic field in the ISM
10h00-10h25 K. Ferrière   Magnetic field in the ISM: Observations (Planck, PILOT, LOFAR) and simulations
10h25-10h45 F. Levrier      Polarized thermal dust emission from Planck
10h45-11h05 M. Alves        The magnetic field structure in the Rosette nebula

Star formation
11h05-11h30 F.X. Désert   (Sub-)mm wide-field observations at medium angular resolution: 30m + CCAT + APEX
11h30-11h50 A. Rivera       The Role of Environment in the Formation and Evolution of ISM Filaments
11h50-12h10 P. André         Probing the universality of interstellar filamentary structure: From Herschel to   
               ArTéMiS and beyond
12h10-13h30 Déjeuner - buffet sur place

Observational constraints on dust modeling
13h30-13h50 D. Paradis     Modeling and predicting the shape of the far-infrared/submillimeter emission in  
                ultra-compact HII regions and cold clumps
13h50-14h10 L. Fanciullo   Planck observations challenge existing dust models
14h10-14h30 C. Lefèvre      Dust properties inside molecular clouds from coreshine modeling and observations
14h30-14h50 M. Koehler    Self-consistent modelling of dust growth from the diffuse to dense ISM
14h50-15h20 Discussion 1: Scientific results from Herschel/Planck and analysis of open questions for the   
                scientific community, chaired by M. Gérin (LERMA) and I. Ristorcelli (IRAP)
15h20-15h50 Pause café

Gas phase studies (1)
15h50-16h15 F. Lique          State-to-state molecular collisions: progresses and prospects
16h15-16h35 Y. Scribano   Quantum dynamics study of rate constant for a reactive collision of astrophysical  
                interest : the D+ + H2 reaction
16h35-17h00 S. Le Picard   Gas phase chemical kinetics: experimental advances and prospects
17h00-17h20 J.C. Loison     The interstellar gas-phase chemistry of HCN and HNC
17h20-17h40 M. Fournier   Measurement of rate constants for reactions of C3N with small molecules using the  
                CRESU technique
17h40-18h00 A. Bellili         VUV spectroscopy and photophysics of interstellar and prebiotic molecules
18h00-18h20 X. Michaut    Experimental investigations on nuclear spin-states equilibration of hydrogenated  
                 molecules at low temperature gas-solid interface

18h20-19h20 Visit of the CRESU experiments - Institut de Physique de Rennes - bât. 11C
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mardi 28 octobre 2014
Gas phase studies (2)
09h00-09h20 K. Hickson    CRESU studies of the reactivity of atomic nitrogen at low temperature
09h20-09h40 C. Sleiman    Experimental and Theoretical Study between CN radical and Acetonitrile CH3CN     
                Relevant to Astrochemical Environments
09h40-10h00 L. Margulès  Submillimeter-wave spectroscopy of nitrogen containing molecules of astrophysics  
                interest
10h00-10h15 M.L. Dubernet  The Virtual Atomic and Molecular Data Centre (VAMDC): Science Use Cases and  
        the VAMDC Consortium

From protostars to protostellar disks and comets
10h15-10h35 B. Lefloch  Exploring the Molecular Complexity of Protostellar Environments with ASAI
10h35-10h55 S. Maret    Results of the CALYPSO survey of the youngest protostars: Chemistry, dynamics, and  
           disk formation

10h55-11h25 Pause café

11h25-11h45 M. Gerin  High resolution mapping of the B1b core : the interaction of two young protostars with  
            their environment
11h45-12h10 V. Piétu  (sub-)mm, high angular resolution observations of protoplanetary disks: PdBI/NOEMA &  
        ALMA
12h10-12h35 D. Bockelée-Morvan Between ISM and protoplanetary disks: The  molecular composition of   
      comets (ROSETTA/PHILAE)
12h35-13h00 J. Tennyson   Spectroscopy and chemistry of exoplanets

13h00-14h15 Déjeuner - buffet sur place

14h15-14h45 Discussion 2: Is there any limit for the molecular complexity in space? Multi-wavelength   
               detection, and understanding the formation mechanisms, chaired by Pierre Hily-Blant (IPAG)   
  and L. Margulès (PhLAM)   
14h45-15h45 Sponsor presentations (Amphi A bât. 2)

15h45-17h15 Pause café + Poster session 1

Organisational aspects
17h15-17h40 E. Roueff         The genesis of PCMI
17h40-17h50 J. Tennyson    European Task Force for Laboratory Astrophysics (ETFLA)
17h50-18h00 F. Salama        Laboratory Astrophysics Division of the American Astronomical Society (AAS/LAD)

18h00-19h00 Visit of the CRESU experiments - Institut de Physique de Rennes - bât. 11C

19h15-20h15 Conference grand public au Diapason :

«L’exploration de l’Univers, la révolution ALMA»

Maryvonne Gérin, Directrice du Laboratoire de Radioastronomie de l’École Normale Supérieure,  
Observatoire de Paris. 
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mercredi 29 octobre 2014

Experiments on interstellar ices (1)
09h00-09h25 P. Theulé           Chimie des glaces : formation des molécules complexes et photodésorption
09h25-09h45 P. Ghesquière Diffusion-limited reactivity in interstellar ice
09h45-10h05 J.B. Bossa        UV laser desorption time-of-flight mass spectrometry of VUV photo-processed ices
10h05-10h25 M. Faure          Hydrogen/deuterium exchanges in interstellar ice analogs
10h25-10h45 L. Krim              Formation of hydroxylamine from ammonia and hydroxyl radicals.  
                  An astrochemically-relevant two-step mechanism

10h45-11h15 Pause café

Shock, PDRs, and HII regions
11h15-11h35 A. Gusdorf   The environmental impact of irradiated shocks in the W28 A2 massive star forming  
               region
11h35-12h00 A. Abergel   The JWST project: Applications to PDRs or shocks                
12h00-12h20 P. Pilleri        High spatial resolution observations of key hydrocarbon species in the NGC 7023 PDR
12h20-12h40 O. Berné      Dynamical properties of warm and dense photodissociation regions: from the   
              interstellar medium to protoplanetary disks

12h40-13h50 Déjeuner - buffet sur place

13h50-14h10 P. Tremblin   Impact of ionization compression on turbulent molecular clouds and dating of OB  
              associations
14h10-14h30 P. Gratier    Bright CO clumps resulting from the interaction of the HD34078 runaway star with the  
            diffuse IC405 nebula
14h30-14h55 A. Decourchelle X-ray observations of supernova remnants and the future European X-ray   
         observatory Athena 
14h55-15h25 Discussion 3:Star formation yields, 3D structure of the ISM: The role of magnetic field, turbulence,  
   stellar feedback and cosmic rays, chaired by F. Boulanger (IAS) and B. Commercon (CRAL)

15h25-16h20 Pause café + Poster session 2

H2 formation and extragalactic ISM
16h20-16h45 J. LeBourlot       Formation of H2 in the Galaxy, sub-metallic galaxies, and the early Universe
16h45-17h05 E. Bron                Dust temperature fluctuations and surface chemistry: H2 formation
17h05-17h30 C. Bot                   What does the study of nearby galaxies teach us about the ISM processes?
17h30-17h50 A. Remy-Ruyer Probing the impact of metallicity on the dust properties in galaxies

18h30-19h30 Visit of Rennes center

19h30-23h00 Conference dinner at Lecoq Gadby
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jeudi 30 octobre 2014
Experiments on interstellar ices (2)
09h00-09h25 S. Morisset   Formation of molecules at the gas-surface interface: experimental and theoretical  
                advances
09h25-09h45 H. Chaabouni  Water formation through O2+D pathway on cold silicates and amorphous water  
       surfaces of interstellar interest

Dust formation and lifecycle
09h45-10h10 M. Godard   Hydrogenated Amorphous Carbons: evolution of interstellar carbon dust
10h10-10h35 F. Salama      The formation of solid particles from their gas-phase molecular precursors in cosmic  
               environments
10h35-10h55 M. Guélin     Small scale structure of IRC+10216: a key to time dependent chemistry

10h55-11h25 Pause café

11h25-11h50 C. Joblin    PAHs from circumstellar environments to the interstellar medium.  
           The Nanocosmos project
11h50-12h20 Discussion 4: Nucleation, coagulation, clustering processes, photolysis, formation and desorption  
       of ices. Impact on ISM and protoplanetary disks, chaired by J.H. Fillion (LERMA) and K. Demyk (IRAP)

12h20-13h30 Déjeuner - buffet sur place

ISM phases in and model of our Galaxy
13h30-13h55 V. Wakelam  3D interstellar chemo-physical Evolution (3DICE)
13h55-14h20 J. Black     Visible and near-infrared spectroscopy of interstellar matter with ground-based   
          instruments
14h20-14h40 F. LePetit    The flux of cosmic rays and the physical conditions in the Central Molecular Zone of our
            Galaxy inferred by H3

+

14h40-15h00 S. Vaupré  Cosmic-ray induced ionization of a molecular cloud shocked by the W28 supernova  
           remnant
15h00-15h20 P. Lesaffre Attempts at characterizing the structures of high dissipation in the interstellar medium

15h20-15h35 Pause café

15h35-16h00 L. Cambresy   What do we learn from surveys (GAIA, PANSTARR, VISTA, etc) concerning  the structure 
    and phases of the ISM (3D ISM, extinction curve and diffuse bands studies)
16h00-16h25 F. Bournaud   What is the status of the current models of our Galaxy?
16h25-16h40 Languignon  SO5 - Plateforme MIS & Jets
16h40-17h10 Discussion 5: How to model the physics/chemistry of ISM (1D PDR, 1D shock, 3D MHD, 3D radiation 
    transfer,...). Impact of the accuracy limitations and predictive capability of models?  
    chaired by F. Le Petit (LERMA) and P. Lesaffre (LERMA).
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Précisions programme

lundi 27 et mardi 28 octobre
Visite expérience CRESU - Institut de Physique de Rennes- Bâtiment 11C

Lundi de 18h20-19h20 et mardi de 18h00-19h00 / sur inscription / (cf plan campus Beaulieu)

mardi 28 octobre
19h15 : Conférence Grand Public au Diapason sur le Campus de Beaulieu 

Entrée Libre

«L’exploration de l’Univers, la révolution ALMA»

Maryvonne Gérin, Directrice du Laboratoire de Radioastronomie de l’École Normale Supérieure,  
Observatoire de Paris.

Résumé : Depuis la détection du premier signal en ondes radio depuis l’espace, l’exploitation des signaux dans 
les gammes de fréquences centimétriques et millimétriques en  astrophysique s’est largement répandue.
L’interféromètre ALMA, un ensemble de 66 antennes sur le plateau d’Atacama au Chili, est le dernier instrument 
mis en service. Il apporte des capacités inédites pour l’étude de l’univers, depuis les objets du système solaire 
jusqu’aux galaxies les plus lointaines. 
Cet exposé présentera l’instrument, le cheminement scientifique qui a  conduit à le réaliser et une sélection 
des premiers résultats. ALMA a déjà obtenu des résultats spectaculaires dans le domaine de la formation 
des étoiles et des planètes en offrant une vision détaillée des régions obscures où se forment ces objets, 
inaccessibles à l’observation directe avec des télescopes opérant dans les longueurs d’onde visibles.
L’analyse des mesures effectuées avec ALMA fait appel aux résultats les plus actuels en physique moléculaire 
et nécessite une collaboration étroite entre astrophysiciens, physiciens et chimistes. 
Des exemples issus des travaux des équipes françaises seront présentés. 

mercredi 29 octobre
18h30-19h30 : Visite guidée du vieux Rennes / sur inscription

 Rendez-vous devant le beffroi de la mairie à 18h30

La visite se termine à 19h30 rue d’Antrain au niveau du restaurant Lecoq Gadby

19h30-23h : Diner de Gala au restaurant Lecoq Gadby

        156 Rue d’Antrain - 35700 Rennes - 02.99.38.05.55
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Discussion 1:  

Scientific results from Herschel/Planck and analysis of 
open questions for the scientific community  

chaired by  Maryvonne Gérin1, Isabelle Ristorcelli2 
1 Laboratoire d’Etudes du Rayonnement et de la Matière en Astrophysique et 

Atmosphères, 

 2Institut de Recherche en Astrophysique et Planétologie  
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Measurement of rate constants for reactions of C3N with 
small molecules using the CRESU technique Martin Fournier1, Jean-Claude Guillemin2, Ian R. Sims1 

1 Institut de Physique de Rennes, UMR CNRS-UR1 6251, Université de Rennes 1, 263 
Avenue du Général Leclerc, 35042 Rennes Cedex, France   

2Ecole Nationale Supérieure de Chimie de Rennes, CNRS UMR 6226, 11 Allée de 
Beaulieu, CS50837, 35708 Rennes Cedex 7, France 

 Since the first detection of radical species in the interstellar medium, attention has grown on polyynes, cyanopolyynes and corresponding radicals. This family encompasses a large number of species, from the very basic HCN to the largest linear compound to date, HC11N. The key to the growth of larger members is the reactivity of intermediate sized ones, such as C3N detected in multiple environments1. Astrochemical models were established for molecular clouds, planet atmospheres and circumstellar envelopes to explain the formation of these species. Encouraged by previous work on C4H2  rate constant measurements over a large range of temperature and by using the CRESU (Cinétique de Réaction en Ecoulement Supersonique Uniforme) method we have measured the rate constants over the [24-300] K range for reactions of C3N with CnHx compounds (n=1…3), CO, H2, O2 and NH3. These results are the very first experimental data on C3N reaction rates. Unlike expected from theoretical models and analogy with the isoelectronic species C4H, the C3N proved extremely reactive at low temperature for almost all of these species, and quite reactive even at low temperature with H2. The resulting measurements should be of significant interest for astrochemical models that essentially rely on similarity between compounds and extrapolation to fill the gap of insufficient experiment data.  Experimental data was acquired using pulsed laser photolysis on a synthesized precursor, BrC3N, generating the radical in-flow and laser-induced fluorescence detection. LIF detection was based on experimental data acquired by Hoshina and Endo3. 
References 
[1] Bell, M. B.; Feldman, P. A.; Travers, M. J.; McCarthy, M. C.; Gottlieb, C. A.; Thaddeus, P., Astrophysical 
Journal Letters, L61, 483 (1997) 
[2] Berteloite, C.; Le Picard, S. D.; Birza, P.; Gazeau, M.-C.; Canosa, A.; Bénilan, Y.; Sims, I. R., Icarus, 2, 194 
(2008) 
[3] Hoshina, K.; Endo, Y., J. Chem. Phys., 18, 127 (2007)  
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X-ray observations of supernova remnants and the future 
European X-ray observatory Athena Anne Decourchelle 

SAp/AIM, UMR7158 du CNRS, CEA Saclay, l'Orme des Merisiers, 91191, Gif sur 
Yvette Cedex – France 

 I will present a review of X-ray observations of supernova remnants in the era of XMM-Newton and Chandra satellites. These observations provide a wealth of information both on the enriched hot ionized plasma ejected by the supernova, and on the particles accelerated at the main shock in the surrounding interstellar medium, constraining the supernova evolution and particle acceleration at their shock. I will then introduce the future European X-ray observatory, Athena, L2 mission of the ESA cosmic vision programme, to be launched in 2028.  







What does the study of nearby galaxies teaches us about the 
ISM processes? 

Caroline Bot1 

1 Observatoire astronomique de Strasbourg, Université de Strasbourg, CNRS, 
UMR 7550, 11 rue de l’Université, F-67000 Strasbourg, France 

 
It is much more common to think about “how our knowledge of interstellar medium 

(ISM) processes from the lab or from detailed studies in our Galaxy impacts what we know 
about nearby galaxies” than the reverse. This is mainly due to the idea of going from high to 
low resolution, going from individual regions to integrated ones, etc.  

However, the increase in resolution of infrared to millimeter observations and the 
rise of very large surveys in the optical and radio domain give us the possibility to study the 
ISM of nearby galaxies with more and more precision. Furthermore, nearby galaxies enable 
us to sample a wider range of environments, for example in metallicity. Also, studying 
different regions within a nearby galaxy is a unique opportunity to be free of the effect of 
distance and to get an outsider view (no -or fewer- confusion along the line of sight), two 
uncertainties that are making studies in our Galaxy more difficult. Finally, if the galaxy is 
observed with enough resolution and fully covered, one can get a global picture of all the ISM 
phases in a galaxy. Studies of nearby galaxies hence bring important clues on different 
processes at stake in the interstellar medium.  

I will review different studies of nearby galaxies, with some bias toward the 
Magellanic Clouds since these galaxies are the easiest to observe due to their proximity and 
location on the sky. In particular, I will touch upon the evolution with metallicity of the 
structure of molecular clouds and their interface, dust mass budgets, molecular clouds/star 
formation evolutionary sequences, ... 
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Breakdown curves of carbon-based molecules for 
astrochemistry 

 M. Chabot1, A. Jallat1, K. Béroff2, N. Aguirre3, J.P. Sanchez3, M. Alcami3, F.Martin3, P.A. Hervieux4, V.Wakelam5  
1 IPNO CNRS and University Paris Sud, 91405 0rsay Cedex, France 
2 ISMO CNRS and University Paris Sud, 91406 0rsay Cedex, France 

3 Departamento de Química, C-9, Universidad Autónoma de Madrid, Spain 
4 Institut de Physique et Chimie des Matériaux de Strasbourg, Strasbourg, France 

5 CNRS and University of Bordeaux, LAB UMR 5804, F-33270 Floirac, France 

 

 Carbon-based molecules are ubiquitous in astrophysical environments. A collaboration between experimentalists and theoreticians aims at providing to the astrochemistry community branching ratios (BR) for important physical (photo-dissociation, dissociative recombination) and chemical (neutral-neutral, ion-neutral, ion-pair) processes involving carbon and hydrocarbon species.  The experimental group in Orsay (France) has developed a dedicated set-up (AGAT) for fragmentation recording of molecules and clusters of known charge and internal energy.  Recently they showed how these data could be used to provide, within a statistical fragmentation context, BR for numerous physical and chemical processes of astrophysical interest. The method relies on the construction of Breakdown curves (BDC, which are energy dependent BR) constrained by the experimental measurements. With this method, BRs for reactions forming Cn(0, +) species (n=3-10), CnH (0,+) species (n=1-4) and C3H2 (0,+) species were extracted [1].  In the future, BDC for all CnHmq+ species (n≤5, m≤4 q≤2) will be theoretically constructed by the Madrid group and benchmarked with new measurements of the Orsay group. BR of processes involving these species in the ISM will be then derived.  These BR will be included in the international astrochemical database KIDA (http://kida.obs.u-bordeaux1.fr). Also the impact of extracted BR in some astrophysical environments (dark clouds and photo-dissociation regions) will be studied. 
  

 

 

   [1] Chabot M, Béroff K, Gratier P, Jallat A, Wakelam V The Astrophysical journal, 771:90 (2013)  
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The effects of two internal rotations in the microwave 
spectrum of ethyl methyl ketone. H.V.L. Nguyen1, V. Van2, W. Stahl2 and I. Kleiner1 

1Laboratoire Interuniversitaire des Systèmes atmosphériques (LISA), CNRSUMR 
7583/IPSL et Universités Paris Est et Paris Diderot, 61 av  Général de Gaulle 94010 

Créteil, France 
2Institut für Physikalische Chemie, RWTH Aachen University, Landoltweg 2, 52074 

Aachen, Germany 

 Ethyl methyl ketone CH3CH2COCH3 is of interest for astrophysics, since it is a potential candidate to be observed in the interstellar medium. This molecule has already been investigated very early in 1969 by Pierce et al. but only rotational transitions in the vibrational ground state and only the internal rotation of the acetyl methyl group -COCH3 were reported [1]. Twenty years later, Pozdeev et al. determined the barrier to internal rotation of the ethyl methyl group CH3CH2CO-, also obtained from measurements in the microwave region [2]. The higher barrier of the ethyl methyl group could only be determined from very few resolvable splittings of some transitions in the ground state with high J and high K quantum numbers. Recently, new data of ethyl methyl ketone were recorded in the microwave and millimeter-wave regions from 8 GHz to 1 THz. However, also in that work only the internal rotation of the lower-barrier acetyl methyl group was studied [3]. Using two molecular beam Fourier transform microwave spectrometers in Aachen both, the torsional fine structure with all five rotational-torsional species arising from two inequivalent methyl groups could be fully resolved and analyzed in a global fit using the BELGI-Cs-2Tops and XIAM. Molecular parameters like the rotational constants and the centrifugal distortion constants were determined with very high accuracy. The acetyl methyl group has a relatively low barrier to internal rotation causes splittings up to 1.2 GHz in the spectrum. Splittings due to the internal rotation of the ethyl methyl group are much smaller, in the order of a few hundred MHz up to 4 MHz. We found that for this molecule, the program BELGI-Cs-2Tops is much more suitable to analyze the spectrum compared to the XIAM code. For the first time, the spectroscopic work was supplemented by quantum chemical calculations for this molecule. On the other hand, quantum chemical calculations were validated by rotational spectroscopy [4].  
References 
 [1] Pierce L., Chang C. K., Hayashi M., Nelson R., J. Mol. Spectrosc., 32, 449 (1969). [2] Pozdeev N. M., Mamleev A. K., Gunderova L. N., Galeev R. V., J. Struct. Chem., 29, 52 (1988). [3] Kroll J. A., Shipman S. T., Weaver S. L. W., J. Mol. Spectrosc., 295, 52 (2014). [4] Nguyen H.V.L., Van V., Stahl W., Kleiner I., J. Chem. Phys., 140, 214303 (2014).  
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Spectroscopy of astrophysical molecules containing 
internal rotors A. Jabri1, V. Van2, H. V. L. Nguyen1, F. Kwabia Tchana1, L. Manceron3, W. Stahl2, B. Tercero4, I. Kleiner1 and J. Cernicharo4. 

1 Laboratoire Interuniversitaire des Systèmes atmosphériques (LISA), CNRSUMR 
7583/IPSL et Universités Paris Est et Paris Diderot, 61 av  Général de Gaulle 94010 

Créteil, France 
2Institut für Physikalische Chemie, RWTH Aachen University, Landoltweg 2, 52056 

Aachen, Germany 
3Ligne AILES, Synchrotron SOLEIL, L’Orme des Merisiers, F-91192 Gif-sur-Yvette, France, 

et MONARIS, CNRS UMR 8233, 4 Place Jussieu, F-75252 Paris Cedex, France 
4Department of Astrophysics, CAB. INTA-CSIC. Crta Torrejon-Ajalvir, km. 4. 28850 

Torrejon de Ardoz. Madrid. Spain 

Many organic compounds with internal rotation have been assigned and detected in the interstellar space. The identification of most of those molecules was based on intense laboratory work followed by observations in the interstellar medium by means of microwave, (sub)millimeter-wave telescopes. In this poster we report on the recent laboratory spectroscopic work on the methyl acetate molecule CH3COOCH3 and its subsequent first detection in space using the IRAM 30-m telescope [1]. The challenge of analyzing the spectra of methyl acetate is the internal rotation of two inequivalent methyl groups with one low (102.413(20) cm-1) and one intermediate barrier (424.580(56) cm-1) which results into a splitting of the energy levels and into five transitions (AA, AE, EA, and EE (E3 and E4) of symmetry species). 
The poster will also show results on another non-rigid molecule, dimethyl sulfide CH3SCH3 (DMS) whose astronomical detection is considered as possible. DMS has two equivalent internal rotors with internal rotation barriers of about 720 cm-1. The microwave spectrum of the DMS molecule has been re-measured in the 2-40 GHz frequency range, using two spectrometers in Aachen [2], with an instrumental uncertainty of a few kHz for unblended lines. A part of the millimeter spectra has been also measured for the first time in the 50-110 GHz range using the millimeter spectrometer in Aachen with an uncertainty of 40 kHz.   
A fit including the new measurements and previous transitions from the literature [3] for 
the ground torsional state vt = 0 has been performed using two different theoretical models 
and codes (the XIAM and the BELGI codes). The far-infrared spectrum has also been 
recorded for the first time at high resolution using the Fourier-transform spectrometer and 
the newly built cryogenic cell at the French SOLEIL synchrotron [4].  The assignments for 
the vt=10 torsional band under course will be presented and discussed in the poster. 

[1] B. Tercero, I. Kleiner, J. Cernicharo, H. V. L. Nguyen, A. López, G. M. Muñoz Caro, ApJS; 770L 
(2013)  
[2] U. Andresen, H. Dreizler, J.-U. Grabow, W. Stahl, Rev. Sci. Instrum. 61, 3694 (1990). 
[3] J. M. Vacherand,G. Wlodarczak, A. Dubrulle and J. Demaison, Can. J. Phys., 65, 1159 (1987) 
[4] F. K. Tchana, F. Willaert, X. Landsheere, J.M Flaud, L. Lago, M. Chapuis, P. Roy and L. Manceron, 
Rev. Sci. Instrum, 84, 093101 2013. 
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Methylcyanobutadiyne (CH3-CC-CC-CN) and Pentadiynal 
(H-CC-CC-CH=O): two compounds of interest for the 

Interstellar Medium  Cédric Rouxel, Nicolas Kerisit, Yann Trolez  & Jean-Claude Guillemin. 
 Ecole Nationale Supérieure de Chimie de Rennes, UMR6226 du CNRS, 11 allée de 

Beaulieu, CS 50837, 35708, Rennes Cedex 7 – France  

 Among the about 180 molecules detected in the Interstellar Medium (ISM), the cyanopolyynes (H-(CC)n-CN) (n=1-5) constitute the most abundant family. The methylated derivatives corresponding to the two simplest derivatives (Me-(CC)n-CN) (n=1-2) have also been observed in the ISM. Although the first element of each series are easily synthesized in lab conditions, the two derivatives bearing two CC triple bonds are more challenging to form and the first preparation on gram-scale has been reported quite recently by our lab.1,2 

 The synthesis of such compounds in the ISM could proceed by addition of the CN radical on the corresponding alkyne as proposed by Kaiser.3 Thus we performed some photochemical studies to show the presence of compounds 1 and 2 in various mixtures of gases and under UV irradiation at 185, 193 or 254 nm. 1,2 

 On the other hand, on the basis of the huge abundance of carbon monoxide in the ISM and the detection of propynal,4 we thought that series of aldehydes similar to the ones of cyanopolyynes could be present in the interstellar medium. We thus investigate the synthesis of the corresponding derivatives in the aim to record their microwave spectra as a tool to detect them in the ISM if they are present in this medium. The first results will be presented. 
 

This work is supported by the Action sur Projets de l’INSU (PCMI), the CNES and ANR-13-BS05- 
0008-02 IMOLABS. 

References  [1] Y. Trolez, J.-C. Guillemin, Angew. Chem., Int. Ed. 44, 7224 (2005). [2] N. Kerisit, L. Toupet, Y. Trolez, J.-C. Guillemin, Chem. Eur. J., 19, 17683 (2013) [3] N. Balucani, O. Asvany, L.C.L. Huang, Y.T. Lee, R.I. Kaiser, Y. Osamura, H.F. Bettinger, Astrophys. J., 
545: 892 (2000). [4] W. M. Irvine, R. D. Brown, D. M. Craig, P. Friberg, P. D. Godfrey, N. Kaifu, H. E. Matthews, M. Ohishi, H. Suzuki, and H. Takeo, Astrophys. J. 335:L89 (1988) 
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Can interstellar benzene be formed in a simple neutral-
neutral reaction? 

Ian R. Sims1, Jessica F. Lockyear2, Martin Fournier1,3, Jean-Claude 
Guillemin3, Craig A. Taatjes4, David L. Osborn4 and Stephen R. Leone2 

1Institut de Physique de Rennes, UMR CNRS-UR1 6251, Université de Rennes 1, 263 
Avenue du Général Leclerc, 35042 Rennes Cedex, France 

2Departments of Chemistry and Physics, University of California at Berkeley, and 
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA 

 3Ecole Nationale Supérieure de Chimie de Rennes, CNRS UMR 6226, 11 Allée de 
Beaulieu, CS 50837, 35708 Rennes Cedex 7, France 

4Combustion Research Facility, Mailstop 9055, Sandia National Laboratories, 
Livermore, California 94551-0969, USA  

 Benzene, the simplest closed-shell aromatic ring, is likely to be a key primary reactant in PAH chemistry and it has been detected in circumstellar envelopes, [1] Titan’s atmosphere [2] as well as in many combustion studies; thus, many reactions have been postulated to explain its formation. It is vital to investigate critical ring-forming reactions to understand PAH generation. Recently, Jones et al. [3] have reported crossed molecular beam experiments combined with electronic structure and statistical calculations to show that benzene can be synthesized via the barrierless, exoergic reaction of the ethynyl radical and 1,3-butadiene, C2H + H2CCHCHCH2 → C6H6 + H, under single collision conditions. In order to test this proposal we have probed the products formed in the reaction of C2H radicals with 1,3-butadiene at 4 Torr and 298 K using photoionization time-of-flight mass spectrometry. The reaction takes place in a slow-flow reactor, and products are ionized by tunable vacuum-ultraviolet light from the Advanced Light Source. The principal reaction channel involves addition of the radical to one of the unsaturated sites of 1,3-butadiene, followed by H-loss to give isomers of C6H6. The photoionization spectrum of the C6H6 product indicates that fulvene is formed with a branching fraction of (60 ± 10)%. At least one more isomer is formed, which is likely to be one or more of 3,4-dimethylenecyclobut-1-ene, 3-methylene-1-penten-4-yne or 3-methyl-1,2-pentadien-4-yne. An upper limit of 30% is placed on the branching fraction of benzene. This newly discovered cyclisation reaction yielding the 5-membered ring compound fulvene will be discussed in the context of the formation of complex organic molecules in space. 
References [1] Cernicharo, J., Heras, A. M., Tielens, A., Pardo, J. R., Herpin, F., Guelin, M., & Waters, L., Astrophysical Journal, 546, L123 (2001) [2] Vuitton, V., Yelle, R. V., & Cui, J., Journal of Geophysical Research-Planets, 113 (2008) [3] Jones, B. M., Zhang, F. T., Kaiser, R. I., Jamal, A., Mebel, A. M., Cordiner, M. A., & Charnley, S. B., Proc Natl Acad Sci U S A, 108, 452 (2011) 
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