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Objectives

Star formation is often shrouded in mystery by the parentsitydinterstellar medium. However, the
absorbed energy induced by deeply embedded young sourtz@gaty reradiated at submillimeter and
far-infrared wavelengths. This cooling emission provittes key tool to study the interplay between the
ISM and star formation. FIR emission from gas and dust thigsvalto study the role of the ISM in the
cycle of matter in widely different environments, from higlgalaxies to local star formation in the Milky
Way. In the forthcoming years, new ground- and space bassshadtories with unprecedented sensitivity
and high resolution will invigorate this field. Herschel @@FIA in particular will offer for the first time
the possibility to observe spectrally resolved Extragadaand Galactic FIR cooling lines of the ISM on a
regular basis.

The main goal of this workshop is to stimulate the exchandenofvledge on the structure and compo-
sition of the ISM, near and far, bringing together modelkang observers. It thus follows-up and extends
on the Onsala workshop 2005 (www.0so0.chalmers.se/wopishbhe workshop will consist of invited
talks, contributed talks, and poster contributions.

Key questions

e Chemical tracers: What are the key chemical tracers of thsigdl conditions of the ISM in differ-
ent environments in the Milky Way and in external galaxies?

e Heating mechanisms: What is the relative importance oflehddV-photons, X-rays, cosmic rays
in different galactic environments?

¢ What is the mutual relation between star formation and lerime?

e Phases of the ISM: The cold and dense molecular ISM is a prisitzfor any star formation. How
does it form and how is it dispersed? What do we know aboutytble of interstellar matter through
the various phases of the ISM?
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Information for speakers

There will be 15 invited talks of 30 min. (+10 min. for discigss) each and about 20 contributed talks
of 15 min. (+5 min. for discussions).

We plan to install two laptops, one running Windows (PowénBpthe other Linux (OpenOffice). We
therefore encourage speakers to copy their presentatimt®B stick and copy it to one of these laptops
in one of the breaks before their talk. To avoid any techrpcablems, use simple pdf files! In any case,
you may of course also use your personal laptop for those fanowies and animations.

Information for those presenting posters

The maximum size of a poster is 120 cm (width) and 150 cm (leidtoster presenters are encouraged
to bring A4 or Letter size copies of their poster for disttibn to interested participants (we are happy to
link these to the titles on the workshop web pages).

Opening of registration
The conference registration will be open anday, November 4, from 16:00 — 19:0@t the Physikzen-
trum Bad Honnef. Registration will also be open on Mondaymirg, starting at around 8:15.

Internet access at the workshop
Internet access via wireless LAN will be provided during warkshop.

Workshop proceedings

The proceedings of the workshop will be published under tiepiges of the European Astronomical
Society (EAS) at EDP Sciences (www.edpsciences.org/eas).

Deadline for submission of contributions to the proceeding is end of 2007 Please plan some time
for writing your contributions after the workshop. We planpublish the proceedings before mid-2008.
Contributions will be indexed on ADS.

Do not forget to fill out the "Copyright transfer” statememtdaplease return it to EDP Sciences as de-
scribed on the EAS web pages ("Copyright transfer” link om léft hand side).

Depending on the kind of presentation at the workshop, yontribution to the preceedings is limited to
the number of pages as listed below:

Invited talks 6 pages
Contributed talks 4 pages
Posters 2 pages

As for the abstracts, the proceedings contributions haveeteritten in ETgX and any figures must be
included as eps files. Color figures are ok if they are well abddin b/w for the printed version. The
figures will appear in color in the electronic version. Inegtional cases, color figures may be acceptable
for the printed version but, depending on the costs, the f&gmave to be paid by the authors.

Please fetch theAXTpX macro package at EAS and read the Instructions for authigmstiuctions for
authors” link on the left hand side of the EAS web page).

Please name your tex file and any accompanying figure filesdiogato the convention:
lastname.teandlastnamefig01.epsetc.
and send them by email to Carsten Kramer (kramer@ph1l.weinrlde) who will be one of the editors.



How to get to Bad Honnef and the meeting



From the airport

e From Frankfurt

— Train via Siegburg or Cologne to Rhondorf (duration 2.5rsdu
— Alternative train via Koblenz to Rhondorf (much cheapame duration).

e From Cologne/Bonn

— Direct train connection to Rhondorf every hour, durati@ndin.
— Taxi to the Physikzentrum (38 km, fare about 40 Euro).

By train
e From Cologne

— Direction Koblenz (right side of the Rhine River). Step dfRhondorf or Bad Honnef (dura-
tion 45 min). Walk to PBH (distance 2.5 km, see City Map) ortaktaxi (about 5 Euro).

e From Frankfurt

— Via Siegburg or Cologne to Rhondorf (duration 2.5 hours).
— Alternative train via Koblenz to Rhondorf (much cheapame duration).

e From Bonn main station

— Taxi from the front of the railway station to PBH (distanceki8, about 25 Euro).

— Alternatively, take the commuter train (S-Bahn) No. 66 oiegion Bad Honnef (duration 35
min). Step off at "Am Spitzenbach”. Walk to PBH (400 m, seey@itap).

By car

e From the north

— Motorway A3 to "Autobahn-Dreieck Heumar” then motorway Adigection "Bonn/Koln Air-
port” or "Bonn/Konigswinter”. A59 continues as B42 to Badikhef, exit "Rhondorf”. Follow
the "Rhondorfer Strasse” to "Hauptstrasse”, after 2 knmftbe exit, you will see PBH on the
left side. Attention: radar speed control -max. 50 km/h- oRdorf.

e From the south

— Motorway A3 Frankfurt-Koln exit "Bad Honnef/Linz”. Afteapprox. 4 km turn to the right at
the first intersection with traffic lights and follow the \&fl down to Bad Honnef. Attention:
radar speed control -max. 60 km/h- before entering Bad HorfBeoss the city in northern
direction (see City Map) and find PBH on the right side.



Maps




Lodging and meeting place

SEMINARIS

KONGRESS [RleI

BAD HONNEF
= RELYY

| aven

SEMINARIS

HOTEL BAD HONNEF

The workshop will be held in the
Physikzentrum Bad Honnef
Hauptstr. 5

53604 Bad Honnef

http://www.pbh.de/en/index.shtml
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Monday

09:00 - 09:10

November 05

Carsten Kramer
Welcome address

Session I

ISM phases and star formation

09:10 - 09:50

09:50 - 10:30

10:30 — 10:50

10:50 - 11:20

11:20 - 12:00

12:00 — 12:20

12:20 - 12:40

12:40 — 14:00

Ralf Klessen(invited)
ISM Turbulence and Star Formation

Maria Cunningham (invited)
Large scale turbulence: the Delta Quadrant Survey

Patrick Hennebelle

Chair: Marco Spaans

Structure of the turbulent atomic gas and formation

of molecular clouds
COFFEE BREAK and POSTER SESSION

Miguel de Avillez (invited)
Phases and feedback

Markus Cubick

Modelling of clumpy photon dominated regions
Carsten Kramer
Warm and dense gas and dust in Carina

LUNCH

Session Il:

Gas & dust, heating & cooling

14:00 — 14:40

14:40 — 15:20

15:20 - 15:40

15:40 - 16:10

16:10 — 16:50

16:50 -17:10

17:10-17:50

Jacques Le Bourlot(invited)

Chair: Maryvonne Gerin

PDR models: Radiative Transfer and Line Forma-

tion (e.g., HO)

Jerome Pety(invited)
Galactic PDRs: the millimeter view
Michael Kaufman

PDR Models with Photodesorption and Grain

Chemistry

COFFEE BREAK and POSTER SESSION

Marco Spaans(invited)
The importance of the HCN/HCOratio in PDRs

Gary Ferland

Magnetic field: the HIl Region/PDR connection
Serena Viti (invited)
Millimeter emission from hot cores
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Tuesday

November 06

Session IlI:

Galactic nuclei

09:00 - 09:40

09:40 - 10:00

10:00 — 10:20

10:20 — 10:40

10:40-11:10

11:10-11:30

11:30 - 11:50

11:50 - 12:10

12:10-12:30

12:30 — 14:00

14:00 — 14:40

14:40 — 15:00

15:00 — 15:20

15:20 — 15:40

15:40 - 16:10

16:10 - 16:30

16:30 — 16:50

18:00 —21:00

Kotaro Kohno (invited) Chair: Suzanne Madden
Tracing star formation in galaxies

Javier R. Goicoechea

The Far-IR view of Sgr B2 and Orion KL — lessons

from ISO

Jesus Martin-Pintado

Chemical complexity as a tracer of nuclear activity

Paul Jones

A 3-mm molecular line study of the Central Molec-

ular Zone

COFFEE BREAK and POSTER SESSION

Raquel Monje

Molecular Chemistry as diagnostic tool for star-
bursts and AGNs

Santiago Garcia-Burillo

Molecular line probes of activity in galaxies

Frank Israel

The nuclei of 70 galaxies

Yu Gao

The FIR-HCN correlation

LUNCH

Linda Tacconi (invited) Chair: Kotaro Kohno
Molecular Line Emission as a Tool for Studying Dis-

tant Galaxies

Masatoshi Imanishi

NMA observations of luminous infrared galaxies

Masako Yamada

The AGNY/Starburst connection: 3d radiative transfer

Toshikazu Onishi

Star formation activity and ISM properties in the

Magellanic Clouds

COFFEE BREAK and POSTER SESSION

Floris van der Tak

Detection of extragalactic O

Willem Baan

Molecular diagnostics and evolution of the nuclear
ISM in ULIRGs

CONFERENCE DINNER
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Wednesday

November 07

Session |V:

Galaxies and the importance of dust

09:00 - 09:40

09:40 -10:20

10:20 - 11:00

11:00—-11:30

11:30-12:10

12:10 - 12:50

12:50 — 14:00

Antonio Usero (invited)

Large-scale shocks in galaxies

Suzanne Madden(invited)

The ISM of low metallicity galaxies
Markus R ollig (invited)

Metallicity effects in PDRs

COFFEE BREAK and POSTER SESSION

Bruce Draine (invited)
SINGS and interstellar dust
Takashi Onaka (invited)

The infrared view of the ISM

LUNCH

Chair: Santiago Garcia-Burillo

Session V:

Chemistry at high redshifts

14:00 — 14:40

14:40 — 15:00

15:00 — 15:20

15:20 — 15:40

15:40 - 16:10

16:10 — 16:30

16:30 — 16:50

16:50 - 17:30

Alain Omont (invited)
Dust and gas at high-z

Gordon Stacey

Detection of3CO(6-5) in NGC253
Thomas Nikola

Chair: Susanne Aalto

[CI] and CO Observations of ULIRGs and Starburst

Galaxies with ZEUS
Steven Hailey-Dunsheath
Detection of [CIl] in FS10026+4949 atz = 1.12

COFFEE BREAK and POSTER SESSION

Matt Bradford

Broadband Millimeter-Wave Spectroscopy of

Galaxies with Z-Spec
Christian Henkel
Extragalactic Ammonia

Marco Spaans

Workshop summary and discussion
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List of posters
Name

Aguirre, James
Bayet, Estelle

Bayet, Estelle

Emprechtinger, Martin
Hitschfeld, Marc

Juvela, Mika
Kaneda, Hidehiro

Loenen, Edo

Minnier, Vincent

Muehle, Stefanie
Okada, Yoko

Ossenkopf, Volker

Title of poster Number

A Millimeter Line Survey of Local ULIRGs wiispec:
First Results and Prospects for Detection of High Redshift
CO

Hot core chemistry in extragalactic stam@iion regions

Comparison of CO - PAH+/PAHO/VSG emissionsiter-
nal galaxies

Hot Molecular Gas in NGC 2024

Detection of [CI] 1-0 and CO 4-3 in NGC494%deCirci-
nus

Cold cloud cores

ISM in nearby elliptical galaxies reveaty AKARI and
Spitzer

Molecular diagnostics of (U)LIRGs: matchingadand
models
FIR/submm studies of star formation at sdbles in the
Universe with bolometer arrays on ground-based tele-
scopes

Taking the Temperature in Starburst GedaxFormalde-
hyde as a Tracer of Extragalactic Molecular Gas

Mid- to Far-infrared Mapping Spectroscopy ofldétic
Star-forming Regions with ISO, Spitzer, and AKARI

Prospectives of PDR observations usegthel

Perez-Beaupuits, Juan-Pablo High density tracers in Bagydtaxies

Pineda, Jorge L.
Porter, Ryan
Schulz, Andreas
Simon, Robert

Sun, Kefeng
Tosaki, Tomoka

van Hoof, Peter
Volgenau, Nikolaus

Wiedner, Martina, C.

Sub-millimiter observations of the N15%fyion in the
Large Magellanic Cloud

Expanding Cloudy with Third-Party Databases

Heating the interstellar medium of spiaédxjes via PDRs

The PDR structure of the Monoceros Ridge irRibsette
Molecular Cloud

A multiline study of the Cepheus B molecular dlou

NRO 45m and ASTE observations of dense gagir g
HIl regions of M33

Modeling X-ray ionization of grains and nooles with
Cloudy

CONDOR observations of CO 13-12 emisgiom Orion
KL

Astronomical Observations at 1.5 THthwhe CO N+
Deuterium Observations Receiver

15
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P8

P9

P10
P11
P12
P13
P14
15 P
P16
P17

P18
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P20
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P22
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Molecular diagnostics and evolution of the nuclear ISM in UURGs

W. BAAN

1 ASTRON, Dwingeloo, The Netherlandsaan@st r on. nl
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Broadband Millimeter-Wave Spectroscopy of Galaxies with ZSpec

C.M. BRADFORD,}2 B.J. NAYLOR, 2 L. EARLE, 3 J.E. AGUIRRE, 3%
J. GLENN, 4, J.J. Bock, ! H. NGUYEN,! J. ZMUIDZINASZ, H. MATSUHARA?, H. INAMI®

1 Jet Propulsion Laboratory, Pasadena, 6Radf or d@al t ech. edu, nayl or @al t ech. edu
2 Caltech, Pasadena, CA
3 CASA Univ. of Colorado, Boulder, CO,
| i eko@ol orado. edu, j anes. agui rre@ol or ado. edu, j ason. gl enn@ol or ado. edu
4 Nat. Radio Ast. Obs. (NRAO), Soccoro, NM.
° Institute of Space and Astronautical Science, Sagamidapan

We present first astronomical results obtained with our n6@&300 GHz grating spectrometer Z-
Spec at the Caltech Submillimeter Observatory (CSO). ZzSpeers the full 1-mm atmospheric band
instantaneously at a resolving power of 250-350 with 16@tneters, and the instrument now operates
very close to the photon-noise limits at the CSO. We havergbdea handful of nearby starburst and
ULIRG galaxies. In addition to th#CO J =2 — 1 we measure fluxes fdPCOJ=2—1, CNJ=2—1,
HCNJ=3—-2, HNCJ=3—-2, and HCO J=3—2in most of the sources. Our spectrum of the nucleus
of M82 is shown in Figure 1 as an example. Z-Spec is uniqualgduo simultaneous measurement of
the continuum and integrated line intensities. We find thatiCN to HNC" J = 3 — 2 intensity ratio
varies from less than 1 to a few in our sample, indicatingalality in the dense molecular gas properties
as suggested by Aalto et al. (2003, 2007), though our rediffes in detail. We find that thgd =2 — 1
CN / CO intensity ratio is approximately constant, unlike tite corresponding =1 — 0 ratio presented
in Aalto et al. (2003).

M82 Nucleus Observed by Z- Spec on Apr|I 14 2006

o CSes €0s  CSsu  HCNs. HCO's, CSe.5 1
S o bl 1 cond ! e, R
1.0 I . I I [ g
- B | C™0z | I N HCNH' 4y 7
Pe— L I | 8 9|fr+0 04 T I i
s> 0.8 I co = S IfE | I —
q,:l B 1 7 2 |
au_; [ 5587 sec obs. time I O: W/m Jl g1 ! “ﬂ I‘ﬁmrllh
=) B | o, ]
™ — I 11CO+20 I o il l—r—ﬁfﬂ‘l{“‘ _]
[T 0.6 B | 1y e m!lf v F i i i _
C u LTt 1 oo e ]
0.4 [ I o R —
i IContinuum C, = 0.47310.003(v/240 GHz)"**lJy 7
i Ix/d o.f. =t 3’ 52 for 50 grieent points 11 ]

0.2 .| P | B B B ! PRI Y 1 PO IR R I
200 220 240 260 280 300

Frequency v [GHz]

Figure 1. Spectrum of the starburst nucleus of M82 obtainital 2+Spec in 1.5 h at the CSO.

References
S. Aalto, A.G. Polatidis, S. Huttemeister, and S.J. Cur2@03, A&A, 381, 783
S. Aalto, M. Spaans, M.C. Wiedner, and S. Huttemeister/28@.A, 464, 193
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Modelling of clumpy photon dominated regions (PDRS)

M. CuBIick!, M. ROLLIGH?, V. OSSENKOPR3, C. KRAMER!, AND J. SruTtzki!

11, Physikalisches Institut, Universitat zu KéIn, Zidpier StraRe 77, 50937 Koln,
cubi ck@h1l. uni - koel n. de
2Argelander-Institut fiir Astronomie, Universitat Borfwf dem Hiigel 71, 53121 Bonn, Germany
3SRON, Postbus 800, 9700 AV Groningen, Netherlands

Observations of the interstellar medium (ISM) reveal surtes on all scales. Quantification of the
structure by decomposition of the observed intensity ithistions into clumps results in power law dis-
tributions of the clump number and size versus clump mags f¢eithausen et al.1998). This has been
shown to be consistent with a fractal structure of the oleskolump distributions (Stutzki et al. 1998).
The conclusion of this result is a surface dominated streadfithe ISM. The stellar UV-radiation pene-
trating the Galactic ISM in consequence dominates its jgaysind chemical conditions. Thus the bulge
of the ISM can be identified as photon dominated regions (BHRdlenbach & Tielens 1999).

The large scale FIR emission of our Galaxy has been observédebFIRAS instrument on-board
the COBE (cosmic background explorer) satellite. The fluxarfous molecular line transitions, as CO
J=1-0 to 6-5 and 8-7 rotational transitions, [CI] 60, [CII] 158 ym and [NII] 205 um and 122um
fine structure line transitions, and the combined flux of tl@ &7-6 and [CI] 37Qum transitions has
been obtained at a spatial resolution76f This means that a large number of clouds contribute to the
measured flux. The observed emission, in particular thd gptission, cannot be reproduced by standard
PDR models with plane parallel geometry (e.g. Fixsen et299)

The KOSMA-< PDR code, provides the physical and chemical structure whpgs with spherical
geometry per radiative transfer calculations and solutiba chemical reaction network at given mass,
density, ultraviolet radiation field and metallicity. Huermore, the surface integrated line intensities of
those clumps are calculated (e.g. Storzer et al. 1996).cdoumt for the fractal structure of the ISM we
created ensembles according to the power law distributimdscomputed the resulting emission. For the
Galactic radial distributions of the gas mass, density,thad-UV-flux, we created a simple disk model of
the Galaxy, taking recent results from the literature (&/glfire et al. 2003) into account.

With this model, containing basically no free parameters,ane able to reproduce the Galactic FIR
line intensities of [CII] 158um, [CI] 609 xm, [CI] 370 um + CO 7-6, CO 1-0 to 6-5 and 8-7, and [Ol]
146 ym within factors of about 3 in the longitudinal average.

References

Fixsen, D. J., Bennett, C. L., & Mather, J. C., 1999, ApJ, 52%,

Heithausen et al., 1998, A&A, 331L, 65

Hollenbach, D. J., & Tielens, A. G. G. M., 1999, Reviews of Mad Physics, 71, 173
Rollig et al., 2007, A&A, 467, 187

Storzer, H., Stutzki, J., & Sternberg, A., 1996, A&A, 31025

Stutzki et al., 1998, A&A, 336, 697

Wolfire et al., 2003, ApJ, 587, 278
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Large scale turbulence: the Delta Quadrant Survey

MARIA CUNNINGHAM!, CARSTEN KRAMER?, NADIA LO!, INDRA BAINS?, PauL JONES!,
MICHAEL BURTON!, TONY WONG?*, VOLKER OSSENKOPP®, BHASWATI MOOKERJEA .

I University of New South Wales, Sydney, 2052, Austratiar i a. cunni ngham@insw. edu. au
2 Physikalisches Institut, Universitat zu Koln, Kéln, @eny.
3 Centre for Astrophysics and Supercomputing, Swinburne/éisity of Technology, PO Box 218,
Hawthorn, VIC 3122, Australia.
4 Astronomy Department, University of lllinois, 1002 W. Gre8t, Urbana, IL 61801, USA.
> SRON, National Institut for Space Research, Groningen,Nétherlands.
6 Tata Institute of Fundamental Research, Mumbai (Bombagjal

The Delta Quadrant Survey is a multi-wavelength survey ef @333 / RCW 106 region, aiming to put
together a comprehensive picture of massive star formdticrughout an entire giant molecular cloud
complex. The aim of the project is to to answer observatigredme of the key questions about the dy-
namical processes surrounding massive star formationrfegsive stellar winds and large-scale galactic
flows) and their relative importance in regulating the stanfation process. These dynamical processes
drive the turbulent motions which are ubiquitous in gianiecalar clouds (GMCs).

We have used the new broadband capabilities of the Moprsctgbe to map the distribution of around
20 different molecules in an approximately 1 degree squegen of the southern Galactic plane (the
(333.6-0.2 giant molecular cloud complex) (Bains et al.@2Q® at al. 2007). The multi-molecular line
nature of this survey is what distinguishes it from similangys, and is crucial for gaining a clear picture
of the energetics and dynamics of the gas. Different modedihnsitions trace different regions of gas
in terms of density and excitation, and so can be used towodinergy transfer through the molecular
cloud complex. Our initial investigations are showing aymie where turbulence is injected at large scales
(hundreds of parsecs), and passes through to smaller pegakes with little dissipation. However, at
these smaller scales, the star formation is heavily infledrxy local events, such as the feedback from
nearby star formation, and triggering seems to be common.

Investigating and understanding the chemistry of thisoegs a necessary part of this project if the
molecular line observations are to be correctly interghtetad is an interesting goal in itself. In addition
to the molecular line observations we have observed camtinemission at sub-millimetre and centimetre
wavelengths, and radio-recombination lines. These ohtiens are being combined with existing infrared
and atomic hydrogen data to put together a comprehensiver@iof massive star formation, and its
relationship to the chemistry and dynamics of the entiradloomplex.

References

Lo N., Cunningham M., Bains I., Burton M. G., Garay G., 200MIRIAS, 381, L30
Bains I., et al., 2006, MNRAS, 367, 1609
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Phases and feedback

M. DE AVILLEZ

1 University of Evora, Portugalyavi | | ez@al axy. | ca. uevor a. pt
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Dust in the SINGS Galaxy Sample

B.T. DRAINE!

1 Princeton University Observatorgly ai ne@st r o. pri ncet on. edu

Dust models have been applied to interpret the IR and submissiem from 65 galaxies in the Spitzer
Infrared Nearby Galaxies Survey (SINGS; Kennicutt et al03)0for which we have good IRAC and
MIPS global photometry; SCUBA 85%0n photometry is also available for 17 of the SINGS galaxies. W
employ a dust model (Draine & Li 2007) consisting of a mixtaf@morphous silicate and carbonaceous
particles, with the smallest carbonaceous particles kathie physical and optical properties of PAHs.
The dust is heated by starlight. The shape of the emissiarirsipe depends on the assumed distribution
of starlight intensities and the assumed abundance of PAHs.

The dust model successfully reproduces the emission aixddérom the SINGS galaxies, including
the 85Q:m photometry when available. The best-fit models yield estiii® of the total dust mass in each
galaxy, the PAH abundance (measured by a paramgter, the fraction of the total dust mass contributed
by PAHs containing< 103 C atoms), and characteristics of the starlight intensigyritiiution.

The observed SEDs, including galaxies with SCUBA photometan be reproduced by models that
do not contain very coldl{ < 10K) dust, although such dust could obviously be present deavit does
not dominate the global emission even at 850

The dust masses estimated from our modeling can be commagad masses obtained from HI 21cm
and CO 1-0. The observed dust-to-gas ratios are consist#nt\Wv,q; /My ~ 0.01(Ao/Ao,), Where
Ao is the oxygen abundance. This requires that much or moskeaktfhactory elements (C, Mg, Si, Fe)
in the interstellar medium be in solid grains.

dust/M VS. O/H for 60 galax1es ST .
01 L Xgo=4.0x1020cm~2/(K km s!) » Dust-to-H mass ratio for 60 SINGS
g 8,1 MW 1 galaxies (from Draine et al. 2007). Ar-
B %2 Tows indicate upper limits for galaxies
- 1 where CO measurements are unavail-
as o/M=0.01x(0/H)/(0/H) y ‘ S . ;
+0.01 F ‘ RSy o 1 able. Solid circles are galaxies with
§ - \K// L % -2 1 SCUBA photometry. Open diamonds
B - > —T9 & s Yo 3 | are global results for galaxies lacking
é 10-3 ;/’//ngef ? f % | | SCUBA photometry. For many low-
S o e ?5423 Zg/ 0 | 1 metallicity systems (e.g., NGC1705)
i . bga U e ; 1 with extended HI envelopes, the filled
‘;% ??nma 3 : | diamonds show dust-to-H ratios for the
107 - n2§5 %50 | 7 portion of the galaxy where IR emis-
S i R R Ll .. . ] sionisobserved.
7.6 7.8 8 8.2 8.4 8.6
A,=12 +10g10(0/H)gas

We also confirm previous findings that the fraction of the duass contributed by PAHs correlates
with metallicity. The 52 galaxies witho > 0.3A0 ¢ have mediampan = 3.6%, while 9 galaxies with
Ap < 0.340 ¢ have mediagpan = 1.0%.

References

Draine, B.T., Dale, D.A., Bendo, G., et al. 2007, ApJ, 663 86
Draine, B.T., Li, A. 2007, ApJ, 657, 810

Kennicutt, R.C., Armus, L., Bendo, G., et al. 2007, PASP, B8
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The H Il Region / PDR Connection

GARY J. FERLAND!

I Institute of Astronomy, Cambridggar y @a. uky. edu

A PDR is actually the boundary layer between an H Il region ismdbackground molecular cloud.
It is energized by the central star cluster that producedHttieregion and its properties are set by this
cluster. 1 will describe holistic investigations of OrioncaM17 that combine X-ray, optical, IR, and radio
observations of the three layers. These include measutsrokthe pressure in the hot gas surrounding
the star cluster, the gas pressure in the H Il region, and tgmetic & turbulent pressures in the PDR.
Hydrostatic equilibrium reproduces the observed geoeesurprisingly well. The total pressure in the
PDR, predominantly magnetic and turbulent pressures,tibys¢éhe outward momentum of the stellar
radiation field. Most of this radiation is emitted at ionigienergies, underscoring the importance of
including all three regions in any study. The high magnettdf found in PDRs are the result of flux-
freezing as radiation pressure from the star cluster pushesunding gas away. Enhanced magnetic
fields should be accompanied by increased cosmic ray dessitioviding an additional heating source
for the PDR.
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The FIR-HCN Correlation over Ten Orders of Magnitude

Yu Gao!
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From a survey of 65 galaxies, we have found a strong lineatioaship between HCN = 1 — 0
(tracer of dense molecular gas) and the FIR luminosity fétavges ranging over 3 orders of magnitude in
Lprr. This leads to a global star formation (SF) law that the S€ ¢déduced from the FIR) is linearly
proportional to the mass of dense molecular gas. Recehibork has been extended to both low and
high FIR luminosity ranges that both individual GMC coresl @arly molecular galaxies at high-z appear
to follow this FIR-HCN correlation spanning ten orders ofgmitide. Therefore, the SF rate appears to
be in proportion to the dense molecular gas mass in all knésrrAferming systems.
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Molecular line probes of activity in galaxies

S. GARCIA-BURILLO!, J. GRACIA-CARPIO!, AND A. FUENTE!
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Current mm-interferometers can provide a sharp view of ik&ilbution and kinematics of molecular
gas in the circumnuclear disks of nearby galaxies. In pdetic the use of specific molecular tracers
of the dense gas phase can probe the feedback influence atyacti the chemistry and energy bal-
ance/redistribution in the interstellar medium of nearbjagies, a prerequisite to interpret how feedback
may operate at higher redshift galaxies. We will presentdlalts of an ongoing survey allying the IRAM
30m telescope with the Plateau de Bure Interferometer (PdBVoted to probe the feedback of activity
through the study of the excitation and chemistry of the denelecular gas in a sample of local universe
starbursts and AGNs. We also present new observations aigedlie the dense molecular gas content in
a sample of 17 local luminous and ultraluminous infrareégals (LIRGs and ULIRGSs). We find the first
observational evidence that the star formation efficierfaph® dense gas, measured as the /L' yon
ratio, is significantly higher in LIRGs and ULIRGs than in @l galaxies. This may imply a statistically
significant turn upward in the Kennicutt-Schmidt law. Welalso present observations devoted to study
the chemistry of molecular gas in two prototypical highatgift QSOs.
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The Far-IR view of Sgr B2 and Orion KL: from ISO to Herschel.

J.R. ®ICOECHEA!, J. CERNICHARO? AND
THE MAPSO HERSCHEL OPEN-TIME KP CONSORTIUM.

' LERMA-LRA, UMR 8112, CNRS, Observatoire de Paris and Ecaberhble Supérieure, 24 Rue
Lhomond, 75231 Paris cedex 05, Francavi er @ra. ens. fr
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Due to the atmospheric opacity, the far—IR (FIR) domain reenlthe last spectral window used in
Molecular Astrophysics. The potential of opening a new spédrequency range through molecular
spectroscopy begun to be fully exploited with the Infrargzh& Observatory (ISO/esa). The spectral
resolution and sensitivity of the instrumentation on botrel satellite had no comparison with the few
previous space or airborne observations carried beforatimeh of ISO. Most of the operative range of
ISO in the FIR £50—-2001:m or ~6000-1500 GHz) was not explored before. Hence, the FIR mpact
of the most significant sources was unknown. The brightd’trégions of the sky, Orion KL and Sgr B2,
are paradigmatic objects for our understanding of the ct&resbomposition, dynamics and energy budget
associated with giant molecular clouds in the galactic disé nucleus respectively. Besides, the ISO
spectra of these high mass star forming regions were alsbastemplateto interpretate the FIR molec-
ular signatures observed in extragalactic sources suclGas2$63 or NGC 1068 (starburst vs. AGN).

In this talk 1 will summarize our FIR spectral surveys andyascale rasters of Orion KL and Sgr B2
with ISO, as well as the radiative transfer and chemical rhie$eilts obtained to interpretate these obser-
vations. Special emphasis will be given to the detectionrandeling of FIR HO and OH lines in high
temperature environments (outflows and shocks vs. PDRs)aatie observation of FIR fine structure
lines to characterize the neutral ([[Pand [Cii]) versus the ionized ([M], [N 111] and [O111]) phases.
These species and associated FIR lines constitute a mejet far the Herschel Space Observatory, the
next great space mission to cover the FIR rang008) at much improved sensitivity and resolution.
In particular, we have proposed an Open-Time Key Programap @rion KL and Sgr B2 with the 3
instruments on board Herschel.
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Detection of the 158:m [CII] Line from FS10026+4949 atz=1.12

S. HAILEY-DUNSHEATH!, T. NIKOLA !, T. OBERST, S. RRSHLEY!, G. J. SACEY!, D. FARRAH!,
D. J. BENFORD?, J. STAGUHN?
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We report the detection of redshifted [CII] line emissioorrthe hyperluminous galaxy FS10026+4949
using our new direct detection submillimeter spectrom@EtJS, on the CSO. ZEUS is a long-slit echelle
grating spectrometer with a resolving power of 1000, opédifor detection of broad extragalactic lines
in the short submillimeter telluric windows. ZEUS is curlgnconfigured to observe simultaneously
in the 350 and 45@:m windows, delivering an instantaneous 16 element specinueach band. The
observations reported here were undertaken in March 2007.

The 158um [CII] line is among the brightest emission lines from gadax It arises from warm, dense
gas in photodissociated regions (PDRs) formed on the sgfat molecular clouds that are exposed to
the far-UV radiation of nearby O/B stars. As such, the linarisindicator of starformation activity in
galaxies. The far-IR continuum radiation from starformupmjaxies also largely arises from PDRs, and
the [CII] to far-IR continuum luminosity ratio, R, is a setg function of the strength of the ambient
far-UV radiation field parameterized in units of the locakirstellar radiation field, G. For stronger fields,
R decreases both due to the build up of grain charge (redubgfficiency of photo-electric heating)
and, for dense PDRs, due to increased cooling in the [O}}83ine. Thus a measurement of R can be
used to derive G. Most of the stellar far-UV continuum hebé&sdust in PDRs, and is re-radiated in the
far-IR continuum. Therefore, the ratio of the observedlRucontinuum intensity to the derived far-Uv
continuum intensity is the beam filling factor. Comparing tteam filling factor to the linear size of the
beam yields the source size.

We have made the first detection of the [CII] line from a galakyedshift between 1 and 3. This is a
critical epoch to investigate star/galaxy formation in taverse as it includes the peak of the starforma-
tion rate per unit co-moving volume. We detected the linefffe510026+4949, an extremely IR luminous
(Lir ~ 6.5x 10"*L) system at z = 1.12. The line is also very luminoug-{ly ~ 4.5 x 10'°L ) result-
ingin R~ 0.07%. The far-UV field is therefore quite intense:~52000, similar to that in nearby starburst
galaxies. The inferred source sizedd0 kpc in diameter, indicating that the galaxy is undergaimgpobal
starburst. The large scale starburst is consistent witkdhtention that FS10026+4949 has an enormous
starformation rate of- 2000 M. /year stimulated by collisions with multiple close parsé@rarrah et al.
2002). Our conclusions are similar to those of Chapman €2@04) who studied 12 submillimeter bright
galaxies at similar redshifts and found that 2/3 of their glemvere undergoing a galaxy-wide starburst.
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Extragalactic Ammonia

C. HENKEL!
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Ammonia is one of the most important species in the denseintaistellar medium. In particular, the
metastable inversion lines serve as a reliable temperawer and have been observed out to redshifts of
z=0.9. The rotational lines involving hon-metastable isi@n doublets are, however, much more difficult
to detect, being located not at cm- but at sub-millimeterel@vgths and requiring either extremely good
weather conditions or measurements with satellites. Suimimg previously obtained observations, pos-

sibilities of future sub-mm line research are outlined, bagizing prospects after a successful launch of
Herschel.
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Structure of the turbulent atomic gas and formation of moleailar clouds

P. HENNEBELLE!, E. AuDIT!, AND S.4. INUTSUKAZ
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The atomic interstellar gas (HI) is a 2-phase and turbuleediom. Modeling Hl is of great relevance
for the prospect of understanding the structure of the steflar medium. It is also extremely important
for the star formation process since molecular clouds foyntdndensation of interstellar atomic gas.
Indeed, studying self-consistently the formation of malac clouds is necessary to constrain the initial
conditions which lead to the gravitational collapse andftheation of stars.

From the numerical point of view, it is a challenging issuedese of the large scale dynamics which is
required to cover the various physical scales relevanti®ptoblem. Here, we present very large numer-
ical simulations (2D and 3D) allowing to describe these platsscales accurately (Audit & Hennebelle
2005, Hennebelle & Audit 2007). As an example, Figure 1 shthesdensity field of a bidimensional
numerical simulation with 10,08Qyrid points. As can be seen, the structure of the resultirgutent, 2-
phase flow is very complex and show that the interstellargshase deeply interwoven. The consequence
for the formation of the cold neutral medium (CNM) and the ewollar clouds will be discussed as well
as the influence of the gravity and the magnetic field.

Various statistics inferred from the simulations (Henrkebet al. 2007) will be presented, such as the
mass spectrum, the velocity dispersion, the mass-sizorelaf the CNM clouds or the column density
distribution. Comparison with the statistics inferrednfrebservations of CO clumps (e.g. Kramer et al.
1998, Heithausen et al. 1998) reveal strong similarities.

density and velocity fields, t= 26.82 My
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Figure 2: Density field of a 2D 10,08@ells numerical simulation of a collision between two HI flaw
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Distinguishing the enigmatic highly obscured energy soures of luminous infrared galaxies
through Nobeyama Millimeter Array molecular gas observations

MASATOSHI IMANISHI!

I National Astronomical Observatory of Japamsa. i mani shi @ao. ac. j p

We present the results of systematic interferometric elasieins at 3-mm, using the Nobeyama Millimeter
Array, of luminous infrared galaxies (LIRGs). We have olisdrHCN (J=1-0) and HCO(J=1-0) molec-
ular emission lines simultaneously, and derived the HCN@®H brightness-temperature ratios, to inves-
tigate whether the observed ratios are similar to thoseatggddrom X-ray dissociation regions (XDRS)
around a strongly X-ray emitting AGN, or photo-dissociatiegions (PDRSs) in a starburst. LIRGs with
(without) luminous buried AGN signatures in our infraregspa tend to distribute in the range occupied
by AGN-dominated (starburst-dominated) galaxies (Fid)reThis distribution is expected to reflect the
chemical effects in XDRs and PDRs. Since dust extinctionemgligible in this wavelength range, this
millimeter interferometric method is potentially an effige tool to unveil the nature of enigmatic energy
sources deeply buried in LIRGS’ nuclei.
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Figure 3: HCN/HCO (ordinate) and HCN/CO (abscissa) ratios of LIRGs (filled'stan brightness
temperaturec A2 x flux) (Imanishi et al. 2004, 2006; Imanishi & Nakanishi 2006)npublished data
points (Imanishi et al. in preparation) are labeled withegbjnames. Other data points are taken from
Kohno (2005), where sources with AGN-like (starburstikatios are marked with filled squares (open
circles).
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Physical characteristics of central molecular gas concerdtions in a large sample of
galaxies

F. ISRAEL!
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A sample of about 100 nearby late-type spiral galaxies has lserveyed if>?CO and!3CO line
emission with the IRAM 30m, JCMT 15m and SEST 15m telescoges. 50 galaxies, both isotopes
were measured in the first three rotational transitions; flfhese were also observed in tHie4-3 CO
and J=1-0 [CI] transitions. Especially the isotopic ratios shawelatively large range of values. In a
significant fraction of these galaxies, central CO conegiains were mapped in thé&=2—1 andJ=3-2
transitions over typically an arminute squared. The dataatoonly allow, but in many cases require,
modelling with two distinct molecular cloud componentdatigely cold and dense, and relatively hot and

tenuous gas. | will present results and preliminary conghsson the characteristics of molecular gas in
galaxy centers.
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A 3-mm molecular line study of the Central Molecular Zone
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We are studying the Central Molecular Zone (CMZ) in the infesv degrees around the Galactic
Centre, by mapping a large number of 3-mm molecular liness Tikes the 22-m Mopra telescope in
Australia, with the new capabilities of the 8-GHz bandwit®PS digital filter bank.

In pilot observations during 2006, we covered a 5 x 5 arcmé@aaf the Sagittarius B2 molecular
cloud complex, with spectral coverage of nearly all of thege81.7 to 113.5 GHz with 4 tunings of the
wide-band mode. We imaged over 50 spectral lines with steotignded emission (24 of which we also
observed with higher velocity resolution in the zoom mode) around 120 more lines which were weak,
or concentrated at the Sgr B2(N) and Sgr B2(M) cores. We fihdtantial differences in chemical and
physical conditions within the complex.

During 2007 we covered the larger region of longitude -0.D.®deg. and latitude -0.20 to 0.12,
including Sgr A and Sgr B2, in the frequency range 85.3 to @k®. This includes lines of §{H-,
CH3CCH, HOCO, SO, H3CN, H!3CO*, SO, H3NC, CH, HNCO, HCN, HCO", HNC, HGN, 3CS
and NpyH T,

The observations probe the rich molecular ISM of the Cemitallecular Zone of our Galaxy, in its
kinematics, and different physical and chemical cond#ichhey complement other recent surveys of the
CMZ in a range of wavelengths, particularly in the millimetind sub-millimetre, and provide a local
detailed reference for studies of the active nuclear regidrother galaxies.
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Figure 4: Integrated emission (from -180 to 200 km/s) of HCN(lat 88.63 GHz, in the region of Sgr
B2 and Sgr A, from 2007 Mopra observations.
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Tracking Water, O, and Ice in Molecular Clouds: PDRs Models with Photodesorptn and
Grain Chemistry
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Oxygen is the third most abundant element in the universkadrasic knowledge of oxygen chemistry in
molecular clouds is essential in order to understand theniciae structure, thermal balance, and diagnostic
line emission from star-forming gas in galaxies. Recentplaions of the principal O-bearing species
H,O and Q in dense molecular clouds have yielded surprising restit€® abundances- 3 x 1078
(Snell et al. 2000 with SWAS) andCabundances: 10~7 (Larsson et al. 2007 with Odin). Gas-phase
models of dense clouds (e.g. Langer & Graedel 1989, Bergih €098) had predicted the abundances of
both species would be about two orders of magnitude largere @ependent models allowing freeze-out
of HyO onto dust grains in cloud interiors could be constructeexain the observed abundances, but
required cloud ages to be fine-tuned in order to match theredodens. A further constraint was provided
by observations of diffuse clouds, where the gas-phage &bundance reached valuesl6f” — 10~6
(Neufeld et al. 2002; Plume et al. 2004), two orders of maglaitlarger than observed in dense clouds.

We propose a new explanation for the observe@®@tnd Q abundances in which water is produced
in the surface (PDR) layers of molecular clouds. Here itigted on dust grains and liberated into the gas
phase by photodesorption of ice. Deeper into the cloud, &ihg species freeze out onto grains. As a
result, HO is abundant (x(kO)~ 10~7) only in a narrow plateau so that the column-averaged amaeda
lies well below this level. The abundances of other O-begpsipecies follow the same trend. The model
includes photodesorption and simple grain-surface chameactions.

Model of a PDR with grain surface chemistry and photodesamgfor gas density n=1m—2 and FUV
field 100 times the average interstellar field.
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ISM Turbulence and Star Formation
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Tracing star formation in galaxies with molecular line and continuum observations

K. KOHNO!, K. NAKANISHIZ2, Y. TAMURA L3, B. HATSUKADE!, D. IONO!, T. TOMOKA?Z,
S. Komual!, K. TANAKA L, H. Ezawa?3, R. KAwABE?, G. WiLSON?, M.S. YuN?, D. HUGHES,
S. MATSUSHITAS, AND H. PEI-YINGS

IInstitute of Astronomy, University of Toky.kkkohno@ oa. s. u-t okyo. ac.j p
2 Nobeyama Radio Observatory (NRO)
3 National Astronomical Observatory of Japan (NAOJ)
4 Astronomy Department, University of Massachusetts
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Massive stars are formed in the high density regions of nutdeclouds. Therefore, observations
of dense interstellar medium (ISM) through millimeter andmillimeter wavelengths provides us with
important clues on the star formation in galaxies. They ae from dust extinction, so dust-enshrouded
star formation can be uncovered with these observationss dtso expected to be a useful tracer to
separately assess the nuclear star formation associattedheiactive galactic nuclei because molecular
abundances and excitations in X-ray dominated regions (¥B3Rem somewhat different from those in
photo-dissociation regions (PDRS).

Here we report recent progress on extragalactic moledankiahd continuum observations, including
(1) HCN, HCO', and CN imaging survey of Seyfert and starburst galaxiasgusie Nobeyama Millime-
ter Array (NMA), (2) high-J CO observations f=3-2 observations using the Atacama Submillimeter
Telescope Experiment (ASTE) antk2—-1 observations with the Submillimeter Array (SMA)) of@a
ies, and (3)» 1.1 mm continuum observations of nearby and distant gaaxseng the bolometer camera
AzTEC mounted on ASTE.
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Warm and dense gas and dust in Carina
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The Carina region is an excellent astrophysical labordtmrgtudying the feedback mechanisms of newly
born, very massive stars within their natal giant moleculauds (GMCs) at only 2.35 kpc distance. We
use a clumpy PDR model to analyse the observed intensitiatoofic carbon and CO and to derive the
excitation conditions of the gas. The NANTEN2-4m submi#ier telescope is used to map the [CI]
3P, =3 Py, 3P, =3 P, and CO 4-3, 7-6 lines in twd x 4’ regions of Carina where molecular material
interfaces radiation from the massive star clusters. Ogiemes the northern molecular cloud near the
compact OB cluster Tr 14; the second region is in the molealdaud south ofyCar and Tr 16. These data
are combined witH3CO Mopra spectra, HIRES/IRAG) ym and100 um maps of the FIR continuum,
and maps of &m IRAC/Spitzer and MSX emission. We use the HIRES far-idfdadust data to create a
map of the FUV field heating the gas. The northern region sko®sV field of a few10? y, while the
field of the southern region is about a factor 10 weaker. WthigelRAC 8um emission lights up at the
edges of the molecular clouds, CO and also [CI] appear te tizeH, gas column density. The northern
region shows a complex velocity and spatial structure, eMfiie southern region shows an edge-on PDR
with a single Gaussian velocity component. We construct efsodonsisting of an ensemble of small
spherically symmetric PDR clumps within t138” beam (0.43 pc) which follow canonical power-law
mass and mass-size distributions. We find that an averagedmnp density o2 10° cm~3 is needed to
reproduce the observed line emission at two selected aweositions.

107*

Figure 5: Integrated intensities at the
two interface positions in Carina-North
and South. Filled symbols show the ob-
served?CO 2-1, [CI] 1-0, 2-1!?CO
4-3, and 7-6 intensities. Error bars de-
note the 15% calibration error. Model
results of the best fitting clumpy PDR
model are shown by drawA*CO) and
dashed lines '¢C0O), and open sym-
bols.
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PDR Models - Line formation and radiative transfer

JACQUESLE BOURLOT
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PDR are “Photon Dominated Regions”. This must be understibelly; i.e. their dynamics is
dominated by radiative processes. Therefore, models of P& to be built with that constraint ever
present in mind. Two largely independent questions arise:thow do lines, as seen from the Earth, form
within the cloud? and what level of precision on the intamacbetween radiation and matter is needed to
get a fair understanding of the physical processes at wonezadtwo different points of view must no be
confused, and in this talk we will show how some current PDRIef®have chosen to tackle the various
difficulties one meet to build the most useful tool possiblghever limited computing power.
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The ISM of low metallicity galaxies
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Chemical complexity as a tracer of nuclear activity
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In recent years our knowledge of the chemical complexityhia muclei of galaxies has dramatically
changed. The availability of wideband more sensitive resiin single dish telescopes has provided a
complete chemical description of the nucleus of the Milkywsad of the starburst galaxy NGC253, as
well as the detection of complex organic molecules like raeth in the Ultraluminous Galaxy (ULIR)
Arp220. The Galactic center appears to be the largest teppsif complex organic molecule like alde-
hydes and alcohols in the galaxy. We also measure large aboedf methanol in starburst galaxies and
ULIRs suggesting that complex organic molecules are alficieaftly produced in the central region of
galaxies with strong star formation activity. From the sysatic observational studies of molecular abun-
dance in regions dominated by different heating proceslseshocks, UV radiation, X-rays and cosmic
rays in the center of the Milky Way, we are opening the pobsitof using chemistry as a diagnostic tool
for studies of galactic evolution, star formation, stadtsitand feedback in the highly obscured regions of
galactic centers. | will present recent advances of modeaibservations in external galaxies and in the
nucleus of our Galaxy. The templates found in the nucleubeMilky Way will be used to establish the
main mechanisms driving the heating and the chemistry ofriblecular clouds in galaxies with different
type of activity. The role of grain chemistry in the chemicamplexity observed in the center of galaxies
will be also briefly discussed.
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Molecular Chemistry as diagnostic tool for starbursts and AGNs
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I will discuss recent results on nuclear and extended mta@egas in interacting starbursts and AGNs
- with a focus on physical conditions and chemistry. Molacgtudies are particularly useful for probing
the deeply enshrouded dusty nuclei of luminous infraredgas. Statistical surveys and targeted high
resolution studies can be used to model the extreme envaotzin the nuclei of starbursts and AGNs.
The interpretation of the observed line ratios require Ipglalevelopment of theoretical chemical and
radiative transport models.
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[CI] 370 um and CO (7-6) and (6-5) Observations of ULIRGs and StarburstGalaxies with
ZEUS
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AND J. STAGUHN?
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We have begun a survey of the [CI] 370n fine structure line and of mid-J CO line emission from
ULIRGs and starburst galaxies using our spectrometer ZEUB® CSO. Here we present observations
of the [CI] line and of the CO (6-5) and (7-6) rotational transitions of six ULIRGs (e.g. Fig. 6) that
we obtained with ZEUS on the CSO in December 2006 and Marchi.ZOBUS is a grating spectrometer
with a resolution of about 1500. This resolution is well nietd to the line widths expected from nuclear
regions in galaxies. ZEUS is currently equipped with a 1 byl thermistor sensed bolometer array,
with the 32 pixels along the dispersion direction. The basgffilters are arranged in a way so that the
detector covers the 350 and 4bfh telluric bands simultaneously, with 16 pixels for eachdan

The combination of the [CI] and CO lines trace the densitytentperature of the interstellar medium.
By fitting detailed LVG models to our data and modeling theictire of the active and star forming
regions we determine whether an AGN or a starburst is the erargy source for the observed ULIRGs.
We also hope to address the issue of the weakness of the edd&li] emission from some of the
ULIRGS.

Another important question we address is the evolution efstiar formation in these regions. Is the
enhanced star forming activity or the nuclear activity saripg or hindering further star formation? The
energy released from the star formation activity or nucsedivity heats the molecular gas thereby raising
the internal pressure and possibly halting collapse of outde clumps, hence suppressing further star
formation. On the other hand shock waves from stellar wirads @ompress the surrounding molecular
gas and thus trigger further star formation.
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Figure 6: CO (6-5) spectrum of the nucleus of Arp 220 obtained in Mar 2007.
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Dust and gas at high-z
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Infrared View of the Interstellar Medium
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Infrared observations offer a unique and important meanthfostudy of the interstellar medium (ISM).
Continuum emission from near- to far-infrared region is dwated by emission from various kinds of
dust grains, including polycyclic aromatic hydrocarboRals), nanometer size grains, and submicron
size particles. The infrared spectral region also has atlwedltransition lines from atoms, ions, and
molecules. A combination of the continuum and line specwpg in the infrared thus provides us with an
opportunity to investigate the properties of dust and gasgiven target at the same time. Observations
of ISO(Kessler et al. 1996), followed by recedpitzer(Werner et al. 2004) andKARI(Murakami et al.
2007), have clearly demonstrated the significance of iaffabservations for the study of the ISM.

The behavior of the infrared spectral energy distributiSBD) of dust emission in various regions can
test the current dust model. The unidentified infrared b&H&) emission has been shown to correlate
linearly with the far-infrared intensity to some extentpparting the stochastic heating model for the
emission (Onaka et al. 1996; Peeters et al. 2004). Mystnmun-linear behavior seen in the mid-
infrared excess (25—-6Um) seems to be contrary to the model prediction (Onaka 20@Wever, it can be
accounted for if dust grains in various radiation field isities on the line-of-sight are taken into account
(Onaka et al. 2007). Similar models also successfully autcfau the infrared SED of galaxies (Dale et al.
2001; Draine et al. 2007), suggesting that the mid-inframezkss can be used for diagnosis of the recent
star-formation activity (Sakon et al. 2006).

Infrared spectroscopy is a quite efficient tool to study thgsical conditions of interstellar gas. It
can probe high excitation regions (Peeters et al. 2005) dsas/photodissociation regions (e.g. Liseau
et al. 1999) to derive their physical conditions. The stutlthe gas abundance in various regions is also
interesting, providing a first opportunity to investigae gas depletion, and thus the dust composition, in
dense regions, which cannot be carried out by observatmingiultraviolet. Recent observations, in fact,
indicate that the depletion of silicon seems to be low invaategions (e.g. Mizutani et al. 2004; Okada et
al. 2003, 2006), suggesting that silicon may reside in ratbkatile dust components. This effect should
be taken into account in interpreting the infrared SED fromdiffuse ISM as well as of external galaxies
since the diffuse infrared emission originates mostly frative regions.
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Star formation activity and ISM properties in the Magellani ¢ Clouds
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The Magellanic System offers an ideal laboratory to study Hwe interstellar medium evolves and
how stars are formed at the unrivaled closeness to us. Tieafmn of stellar clusters is one of the
biggest issues in Astronomy. In our Galaxy, the currentiyrfed clusters are only open clusters; no
"young” globular clusters have been observed. On the othedhin the LMC, stellar clusters called
"populous clusters” are found to be forming at present. Camat/e studies of young stars as well as the
properties of giant molecular clouds both in our Galaxy aMidLare therefore of vital importance.

NANTEN telescope revealed the properties of about 300 mitdeclouds in the Magellanic Clouds
(Fukui et al. 2001; 2007 submitted). We find that about 76%hefGMCs are actively forming stars or
clusters, while 24% show no signs of massive star or clustendtion in the LMC. These GMCs without
high mass star formation are, on the other hand, rarely sethreiGalaxy. Effects of supergiant shells
(SGSs) on the formation of GMCs and stars are also studied.nlimber and surface mass densities of
the GMCs are higher by a factor of 1.5-2 at the edge of the S@8selsewhere. Some of the GMCs
were observed in rotational transition lines of CO by usiigS$, MOPRA, and ASTE to reveal the
precise physical properties of the molecular gas (e.g.amidani et al. 2007 submitted). Sub-millimeter
observations in the 460/810GHz bands were also carriedosgrti some of the molecular clouds by
using NANTENZ2 telescope.

Spizter/SAGE dataset provides most comprehensive andle@rinowledge on the dust and YSO
distributions in the LMCs (Meixner et al. 2006; Whitney et 2007 submitted). We also present the
statistical comparison of the distribution of YSOs withttbeCO molecular clouds detected by NANTEN
CO survey throughout the entire galaxy (Onishi et al. 200praparation). The distribution of SAGE
sources with a cold spectrum shows good correlation withdhenolecular clouds, indicating that these
sources are good candidates for YSOs. Star formation gesivn the molecular clouds were estimated,
and we found that the star formation activity shows strongedation with the cloud mass.

References
Fukui, Y., Mizuno, N., Yamaguchi, R., Mizuno, A., and Onishi 2001, PASJ, 53, 41L
Meixner, M. et al. 2006, AJ, 132, 2268

45



Galactic PDRs: The millimeter view
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Photodissociation region (PDR) models are used to undherstee evolution of the Far UV illuminated
interstellar matter both in our Galaxy and in external giglsx To prepare for the unprecedented spatial
and spectral resolution provided by ALMA and Herschel/HigHemical models are being benchmarked
against each othetst t p: / / www. ph1l. uni - koel n. de/ pdr - conpari son/introl. ht m ltis
obvious that chemical models also need well-defined obsBengthat can serve as references. Photo-
dissociation regions (PDRs) are particularly well suitederve as references because they make the link
between diffuse and molecular clouds, thus enabling asitneins to probe the largest variety of physical
and chemical processes.

In this talk, | will discuss how several recent millimeterselpvations of a few Galactic PDRs (in-
cluding the Horsehead PDR) compare with PDR models. | wilbleasis the observational constraints
(needs for observations at different wavelenghts, for lagiens at similar angular resolution, for an ad-
equate knowledge of the geometry and physical paramete@ppose good observational templates to
PDR models. | will describe what the current (IRAM, CSO, AREX and future (Herschel, ALMA,...)
generation of (sub)-millimeter instruments can or will @ele in PDR studies.
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Metallicity effects in PDRs

M.ROLLIG!, S.MADDEN?, M.CuBIcKk?, V.OSSENKOPE*,

1 Argelander Institut fur Astronomie, Universitat Bonne@nany ,
nroel | i g@stro. uni-bonn. de
2 CEA, Saclay, France
31. Physikalisches Institut, Universitat zu Koln, Kol@ermany
4 SRON National Institute for Space Research, Groningen\#therlands

How massive stars form from their parental clouds is one efkély questions in contemporary astro-
physics. Its answer requires a well understanding of theiphlinteractions between stars and the am-
bient interstellar medium (ISM). The physical and chemjmaiperties of stars are the heritage of their
parental clouds. Stars are born from interstellar gas dedgse metal-enriched material to the ISM when
they die. Radiation from the stars is the prime heating soforcgas and dust in nearby molecular clouds
and may additionally trigger velocity and density fluctoas, that stimulate further star formation. To
understand the formation of these next generation stais,ntportant to understand how the previous
generation interacts with its parental clouds. The enengident on the clouds in the form of stellar
far ultraviolet (FUV: 6 e\K hr < 13.6 eV) radiation is countered by cooling emission of atofirie-
structure lines and by molecular rotational lines. On thly into a molecular cloud, FUV photons are
absorbed, and a depth-dependant chemical balance isigistablModels of these so-called photon dom-
inated regions (PDRs) are used to predict the chemical ayslqath conditions in the molecular clouds.

Almost all properties of a PDR depend on its metallicity. Feating and cooling efficiencies that
determine the temperature of the gas and dust, the dust citinppas well as the elemental abundances
that influence the chemical structure of the cloud are jusktiexamples that demonstrate the importance
of metallicity effects in PDRs. If we want to understand th&r $ormation history of our own Galaxy
and of distant low-metallicity objects we need to underditagn how metallicity acts on PDR physics and
chemistry.
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The importance of the HCN/HCO+ ratio in PDRs and XDRs
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The nuclei of active galaxies harbor massive young starscareting central black hole, or both.
In order to determine the physical conditions that pertaimblecular gas close to the sources of radi-
ation, numerical models are needed that determine the #hemnd chemical balance of gas exposed to
X-rays (1-100 keV) and far-ultraviolet radiation (6-13.9)eas a function of depth (e.g., Meijerink &
Spaans 2005). We present a grid of XDR and PDR models (Maije8paans & Israel 2006, 2007; see
http://www.strw.leidenuniv.nrit meijerin/grid/) that spans ranges in densitgX— 105 cm~3), irradiation
(10%% — 105Gy, Fx = 1.6 x 1072 — 160 erg cnt2 s7%, (cr = (5 — 500) x 10717 s71), and column
density ¢ x 102" — 1 x 10% cm~2). Predictions are made for the most important atomic fingcsire
lines, e.g., [ClI], [O1], [CI], [Sill], and for molecular sgcies like HCO, HCN, HNC, CS and SiO up to
J = 4, CO and'®CO up toJ = 16, and column densities for CN, CH, GHHHCO, HOC", NO and
NoH™*. We find, among others, that the line ratios HCN/HC@nd HNC/HCN, as well as the column
density ratio CN/HCN, discriminate between PDRs and XDRsj@es highly excited CQJ(> 8). In
particular, the HCN/HCO 1-0 ratio is< 1 (> 1) for XDRs (PDRs) if the density exceed$® cm—3
and the column density is larger thad?* cm~2. For modest densities = 10* cm—3 and strong radia-
tion fields & 100 erg s'! cm~2), HCN/HCO ratios can become larger in XDRs than PDRs. Also, the
HCN/CO 1-0 ratio is typically smaller in XDRs, and the HCN abance in XDRs is boosted only for
high (column) density gas, with columns in excesd@f cm~2 and densities larger thai®* cm=3. In
this, the XDR/AGN contribution will typically come from a satier (beam diluted) angular scale and a
small PDR contribution can dilute XDR distinguishing featsilike HCN/HCO'.
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Detection of *CO(6-5) in the Starburst Galaxy NGC 253

G. STACEY!, S. HAILEY-DUNSHEATH!, T. NIKOLA !, T. OBERST, AND S. PARSHLEY!

I Cornell University,st acey@st r o. cor nel | . edu

We report the detection d#CO(6-5) towards the nucleus of the starburst galaxy NGC 288ZEUS,
our submillimeter grating spectrometer. This is the firdedi&on of a mid-J isotopic line of CO from an
external galaxy. ZEUS is a long slit echelle grating speun#ter operating simultaneously in the 350
um and 450um telluric bands. It utilizes a k 32 array of thermistor-sensed bolometers delivering an
instantaneous 16 element spectrum in both bands. The sysiema resolving power ¢£1000, well
matched to typical nuclear line widths. The observation@fC 253 were made at the CSO in December
2006.

Our prior mapping of NGC 253 in the CO{¥6) line together with an LVG model of the run 6fCO
and!3CO line brightness with J indicated that most of the 2 to 50" M, of molecular gas in the inner
180 pc of NGC 253 is both very warm (¥ 120 K), and very dense (n@ 4.5 x 10* cm™3, Bradford
et al. 2003). There is 10 to 30 times more warm molecular gas #tomic gas (as traced by the [CII]
and [Ol] lines) in photodissociation regions (PDRs). Sudhrge molecular to PDR gas mass ratio is
inconsistent with PDR models where the gas is heated by Yastdrlight. We discuss other plausable
gas heating sources including shocks from cloud-cloudsimtis, X-rays, and cosmic rays. Cosmic rays
can provide the heating, and it appears shocks and/or Xanaysstrongly contribute as well. All of these
mechanisms provide a natural means for heating the fuliwmelof molecular gas.

The ZEUS/CSO detection of tHéCO(6—5) confirms and underscores these conclusions. With their
smaller optical depths, the midt3CO lines sample deeper into the molecular clouds challgntiie
models. The observed line intensity is very near our modetliptions, confirming that most of the
molecular ISM is in the warm, dense component. So, the atstriiuNGC 253 has heated the surrounding
molecular clouds, inhibiting further collapse and starfation. Therefore the starburst in NGC 253 is
self-limiting.
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Figure 7:13CO(6-5) spectrum of the starburst nucleus of NGC 253
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Molecular Line Emission as a Tool for Studying Distant Galaxes
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In standard cold dark matter cosmology galaxies form asdméirygas cools at the centre of collapsing
dark matter halos. Mergers of halos and forming galaxiekiwthem are key drivers of the hierarchical
growth of galaxy mass. The details of galaxy assembly alleusitlear, however, and molecular line
observations offer a unique tool for answering some of thaynmautstanding questions: When and how
were the first disks formed? How are disk and bulge formatiated? What are the roles of feedback
from energtic starbursts and AGN? How are central massaektiioles grown? Many of these and other
important questions will be answered by studying the distions, dynamics and physical properties of
the cool gas and dust. In this talk, | will focus on studies algies at redshift 2-3, the epoch of the peak
of star formation and QSO activity. | will attempt to assdss impact that ALMA will have by giving
examples from ongoing studies of galaxies with current neerfarometers.
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Large-scale shocks in galaxies
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The interstellar medium in starburst galaxies can be swgdarbe-scale shocks driven by the same
mechanisms that feed the star forming regions, as well asebgrisuing feedback processes. Galaxy inter-
actions, density waves or star-triggered galactic windaslmcome major shock mechanisms at different
stages of the starburst episodes and may affect the sulmsezyuodution of galaxies. These mechanical
perturbations can process in particular the molecularstattar medium, the ultimate fuel of stars. The
imprints of large-scale shocks in the distribution, kinéiog excitation and chemical composition of the
molecular gas provide several ways to identify the undegynechanisms and to asses their effects.

In this talk we review some recent and on-going studies ostoek-driven molecular gas chemistry
in nearby star-forming galaxies. Millimeter line obsergas show that the gas-phase abundances of
molecules which are usually depleted onto grains (e.g. SHBOH, sulfur bearing species) can increase
by a few orders of magnitude across hundreds of parsecs. @aoatical changes are ascribed to the
enhanced disruption of grains caused by large-scale sh@¢ken mapped at high-spatial resolution the
emission of those molecules reveals substantial diffeem@enong galaxies. The location of shocks, as
inferred from the observations, depends on the dominangnyidg mechanism and thus indicates the
evolutionary stage of the starburst episode. Complemgptaservations of chemical shock tracers allow
to characterize the large-scale shocks beyond the qiaifgicture, constraining basic parameters like
the shock velocity regime and the energy dissipation rate.
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Detection of extragalactic O™
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The hydronium ion HO™ is a powerful probe of the oxygen chemistry and the ionizatiate of dense
circumnuclear gas in galaxies. We report the first detestmfithe O™ molecule outside our Galaxy.
Using the JCMT, the 364 GHz line was detected toward the hotle active galaxies M 82 and Arp
220. The line profiles suggest a location of thegdH in the Western nuclei of both galaxies, while some
extended emission may exist in the case of M 82. By compahieglérived HO™ abundances and3j@™

/ H5,O abundance ratios to the results of PDR and XDR model cadiont we estimate the ionization rate
of the molecular gas due to UV and X-rays, and compare thatgituto that in the Galactic Center.
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Millimeter signature of massive star formation at low and high redshifts
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In this talk | will review both theoretical and observatibaapects of massive star formation in extra-
galactic environments from low to high redshifts. In our @@l observations of molecular line emissions
from hot cores, remnants of massive star forming regionge lalowed us to infer both the history of
the star formation process and the details of the local palsind chemical conditions. | will show that,
although observations of extragalactic star forming emrinents can potentially be used to infer the phys-
ical conditions in the gas at higher redshifts, the formmatad properties of extragalactic hot cores (such
as dust:gas ratio, metallicity, temperatures, radiatield$i elemental abundances etc) need to be carefully
investigated. Since molecular observations at high réidstwve only just recently started to be possible,
nearby active galaxies, as well as interesting in their agity may provide a low-redshift analogue of
star forming systems in the early part of the Universe eimhut
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Molecular gas in external galaxies is a subject of crucighantance for observational and theoretical
studies of galaxy formation. Among the interstellar medi@d&M) in external galaxies, compact molec-
ular gas around an active galactic nuclei (AGN) is expeabddoktan energy budget from AGN and/or the
central starburst. Recent observations suggest linesratimillimeter and submillimeter band may be a
good tool to reveal the long-standing question on the oridiactivity — AGN or nuclear starburst. In
spite of numerous observational studies towards the cammpalecular gas or AGN torus at the center
of external galaxies, current instruments have not suezkedresolving internal hydrodynamical and/or
thermal structures. We have constructed a powerful “telestof theory, three-dimensional nonLTE line
transfer code, preceding the forthcoming high resolutiwth sensitivity observations, such as ALMA.

In order to study the internal structures of AGN moleculausp we performed line transfer calcu-
lations of CO, HCN, and HCO lines along with high resolution hydrodynamic simulatiowe first
examined models of uniform chemical structure as the sishglese, then considered the effect of X-ray
from the central AGN (XDR model). Since hydrodynamical amerimal structures of an AGN molecular
torus should be quite inhomogeneous, the intensity digtdbs of each line and the excitation temper-
atures also show complicated structure, even with unifadnentcal abundance distribution. Our results
of excitation temperatures show that line rafig .y yco+ > 1 is quite difficult to achieve unless frac-

tional abundance of HCN is much greater than that of HC&ven if we take account of XDR chemistry.
The results of high density tracer lines (HCN and HQ@emonstrates that when inhomogeneous ISM is
subthermally excited and marginally thick (= 1), interpretation of observational results should be done
carefully. For example, calculated intensity distribatishows a significant scatter around the intensity
averaged over the field of view (64¢ in our simulation). The stimulated emission can dominage th
intensity in a part of the field of view, and in such a region etolar line intensity measures the exci-
tation condition rather than the column density. Theseli®smphasizes the ability and applicability of
our approach, that is, the compilation of high-resolutigdriodynamic simulations and three-dimensional
radiative transfer calculations. We will present our ressof AGN molecular torus and implications for
AGN/starburst connections as one of the first fruit of outeseope” of theory.
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A Millimeter Line Survey of Local ULIRGs with Z-spec: First R esults and Prospects for
Detection of High Redshift CO

J. E. AGUIRRE}, C. M. BRADFORD?*3, B. J. NAYLOR?3, L. EARLE?, J. GLENN?, J. J. Bock?,
H. NGUYEN?, J. ZMUIDZINAS3, H. MATSUHARA® AND H. INAMI®

! National Radio Astronomy Observatory (NRAQRgui r r e@r ao. edu
2 Jet Propulsion Laboratory, Pasadena, 8Aadf or d@al t ech. edu, nayl or @al t ech. edu
3 Caltech, Pasadena, CA
4 CASA, University of Colorado, Boulder, COj eko@ol or ado. edu, j gl enn@ol or ado. edu
% Institute of Space and Astronautical Science, Sagamidapan,
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Z-spec [1,2,3,4] is a new, broadband, millimeter-wavdralition-grating spectrometer which covers
the 1 mm atmospheric window between 185 and 305 GHz with dviagopower of 250 — 350. The
detectors are 160 cryogenic micromesh bolometers. Aftemneive laboratory and telescope tests at the
Caltech Submillimeter Observatory (CSO), Z-Spec perfonraelt across the band 200 — 300 GHz, with
sensitivities within a factor of two of the photon backgrddimit. Furthermore, the instrument seems to
integrate down in our longest observations to date (apprataly 12 hours).

Z-spec was designed for the determination of the redsHifigyh redshift, ultra-luminous dusty galax-
ies (commonly referred to as "submillimeter galaxies”) bggmng two CO lines in the band far > 1.
Z-spec’s resolution and broad bandwidth are also well duiteline surveys of nearby galaxies, where
2co@ — 1),'3co@ — 1),C1*0@©2 — 1), HCN@ — 2), HNC(@3 — 2) and HCO (2 — 1) may all be
detected simultaneously along with the dust continuum.

As a first scientific project, spectra were acquired on a samfboth starburst and AGN dominated
ULIRGS, including Arp220, UGC5101, Mrk231, Mrk273, and N&X20. We discuss the status of data
reduction and preliminary results from the comparison etthgalaxies.

Our next goal is the detection of CO in submillimeter galaxi€he CO excitation spectra of submil-
limeter galaxies have been measured in a few cases (e.gU8J)g this information and the instrument
sensitivity as determined at the CSO, we discuss prospecthéd detection of CO emission from sub-
millimeter galaxies with Z-spec. | will also discuss possiblgorithms for determining the redshift of a
source from Z-spec data without prior knowledge ("blinded¢ion”).
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Hot core chemistry in extragalactic star formation regions

E. BaveT!, S. ViTi!, D.A. WiLLIAMS ! AND J.M.C RAWLINGS?

I Department of Physics and Astronomy of the University Qmleondon, Gower Street, WC1E
London (UK),eb@t ar . ucl . ac. uk, sv@t ar. ucl . ac. uk
2 Dept. of Physics and Astronomy, UCL

Multi-wavelength studies completed by astrochemical nwdppear powerful and relevant tools to in-
crease our knowlegde on the formation of stars in externakges, especially the most massive. In UCL
and in the CESR, we developed these two complementary agpmsdo gather more information on the
chemical and physical conditions taking place in the neariymore distant star formation regions.

In UCL it has been developed an astrochemical model of hat (Rawlings et al. 1992, Viti et al.
1999, 2001 and Lintott et al. 2005) based on a rich chemidator&. This model predicts the chemical
abundances relative to H2 of more than 200 species, edpettialmost complex as C}¥DH, CH,CO,
CH3CN, GH50H, HCOOCH, H,CO... already seen in the vicinity of Galactic hot cores. &hmsthnd
better the extragalactic high mass star formation actigtgne of the most excited work for the latest
years. Results obtained are very interesting. In additioey provide usefull tools for preparing future
hiah-z observations with ALMA and Herschel.
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Figure 10: Example of relative abundances of various
species for a standard galactic UCL hot core model, except
the cosmic ray ionization rate value which is the tenth of the
standard value. Varying input parameters (as metallicity,
gas-to-dust ratio...) in the UCL hot core model we studied
the influence of each on the derived hot core chemistry.
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Comparison of CO - PAH+/PAHO/VSG emissions in external galeies

E. BAYET!, O. BERNEZ, C. JOBLINZ, M. GERIN?, S. GARCIA-BURILLO?, AND A. FUENTE?

I Department of Physics and Astronomy of the University Qmleondon, Gower Street, WC1E
London (UK),eb@t ar . ucl . ac. uk, sv@t ar. ucl . ac. uk
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Spain

Multi-wavelength studies completed by astrochemical nwdppear powerful and relevant tools to in-
crease our knowlegde on the formation of stars in exterrlakigss, especially the most massive. In UCL
and in the CESR, we developed these two complementary agpsado gather more information on the
chemical and physical conditions taking place in the neariyymore distant star formation regions.

In the CESR, we performed, for the first time, in a sample ofimggalaxies, a comparison between
the extragalatic dust-grains components emissions @dnRAHs, neutral PAHs, VSGs, Spitzer IRAC
8um - See Berne et al. 2007, Rapacioli et al. 2006, Witt et al62@@rived from Spitzer Space Telescope
data with the extragalactic molecular gas emission usti@bed by CO (Wilson et al. 2000, Bayet et al.
2004, Kramer et al. 2005 and Bayet et al. 2006). For M 82, we @tenpared these dust components
emissions with extragalactic dense gas tracers emissid@©t, H'3CO™) from Garcia-Burillo et al.
(2001) and Garcia-Burillo et al. (2002). We obtained suppunsition at high angular resolutior: (5")
showing very interesting results.
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Hot Molecular Gas in NGC 2024

EMPRECHTINGERM.!, WIEDNER, M. C.1, SIMON, R.!, WIECHING, G.12, VOLGENAU, N. H.,
GRAF, U.U.!, GUSTEN, R.2, HONINGH, C. E!, Jacoss, K.1, StuTtzki, J!, WYrRowskl, F2

11, Physikalisches Institut, Universitat zu KoIn, Zigpier Str. 77, 50937 Koln, Germany
2 Max-Planck Institut fur Radioastronomie, Auf dem Hiig8| 63121 Bonn, Germany

NGC 2024 is an Hll region at a distance of 415 pc, which is erdbddn the massive molecular cloud
ORION B (L 1630). Hence it is one of the closest sights of highsmstar formation. The ionizing source
of the Hll region, a late O or early B type star, is obscurediyidge consisting of dust and molecular gas,
which has an optical extinction e$20 mag. Previous studies of this source have shown, thahibiéx a
complex geometry including several components of ionizetiraolecular gas.

We present observations of velocity resolVé€O J=13-12 lines towards five selected positions in
NGC 2024. These observations have been conducted usingdth®OR receiver (Wiedner et al. 2006)
at the APEX telescope in November 2005. TR€O J=13-12 line enables us to investigate the physical
conditions of the hot (several 100 K) and dense 0° cm~3) molecular gas, which is expected to be
located at the HII/PDR interface. Additional observatiof$?CO and!3CO lines, we observed the J=6-5
and J=3-2 lines in both species, allow us to model the stradfiNGC 2024.
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Figure 11: Observed (black) and modelled
(red) spectra towards IRS 3 in NGC 2024.
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To derive the physical conditions of NGC 2024, we
modelled the observed emission lines towards IRS 3,
which is the peak position of the high- and mid-
J 12CO lines. For modelling we used the radia-
tive transfer code SimLine (Ossenkopf et al. 2001).
Previously NGC 2024 has been modelled as a thin
molecular cloud obscuring an Hll region (e.g. Graf
et al. 1993), which itself lies in front of a mas-
sive molecular cloud. The strorgCO 13-12 emis-
sion and the complex shape of the low-J CO lines
(see Fig. 1) require at least two layers with different
physical conditions both in the thin foreground and
in the thick background cloud

One important conclusion of the modelling is that,
besides a warm componerif (~ 80 K), which is
known from previous studies, a second, hbt £

300 K) gas layer is essential to explain the emis-
sion of the'>CO 13-12 line. This gas layer is most
likely located at the interface of the HII region and
the molecular gas. Furthermore structures on sub-
beamsize scale might play an important role.

This study shows, that the investigation of high-J CO
line (i.e. J,, > 10) are an important tracer of the
HII/PDR interface regions and therefore crucial for
the understanding of the transition form ionised gas
to molecular gas.
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CO4-3 and [CI] 1-0 in Circinus and NGC4945

M. HITSCHFELD!, M. ARAVENAZ, C. KRAMER!, F. BERTOLDI?, J. STuTZzKI!, Y. FUKUI® AND THE
NANTENZ2-TEAM
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2 Argelander Institut filr Astronomie, Universitat Bonnydem Hugel 71, 53121 Bonn, Germany
3 Department of Astrophysics, Nagoya University, Chikusaiagoya 464-8602, Japan

Studying molecular gas in the central regions of the stastlmalaxies Circinus and NGC 4945 enables us
to characterize the physical conditions and compare tdquevocal and high-z studies (Hitschfeld et al.
2007).

We estimate temperature, molecular density and columritéenasf CO and atomic carbon. Using model
predictions we give a range of estimated CO/C abundancaguilse new NANTENZ2 4m sub-millimeter
telescope in Pampa La Bola, Chile, we observed for the fire €O 4-3 andCl] 1-0 in the centers of
both galaxies at linear scale of 732 pc and 682 pc, respéctiwe compute the cooling curves 6fCO
and'3CO using radiative transfer models and estimate the pHysicalitions of CO andCl).

The centers of Circinus and NGC 4945 are very [CI] bright otgjgexhibiting [CI] 1-0 luminosities of 67
and 91 Kkms'kpc?, respectively. The [CI] 1-0/CO 4-3 ratio of integrated isi¢ies are large at 3.1 in
Circinus and 1.23 in NGC 4945. Combining previous G91-0 , 2—1 and 3-2 andCO J=1-0, 2-1
studies with our new observations, the radiative transflutations give a density = 103 -3 x 10*cm™3
and a wide range for the kinetic temperatdig, = 20 — 100K depending on the density (Fig.1). To
discuss the degeneracy in density and temperature we stodgpresentative solutions. In both galaxies
the estimated totdCl] cooling intensity is stronger by factors uptol — 3 compared to the CO cooling
intensity. The CO/C abundances are 0.2-2, similar to vdiluasd in Galactic translucent clouds (Stark et
al. 1994). Our new observations enable us to further cdndtna excitation conditions and estimate the
line emission of higher+ CO— and the uppdCl]-lines. For the first time we give estimates for the CO/C
abundance in the center regions of these galaxies. Futurd=CD-6 and[Cl] 2—1 observations will be
important to resolve the ambiguity in the physical condis@nd confirm the model predictions (Fig.1).
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Cold cloud cores

M. JUVELA

Observatory, University of Helsinkiyi ka. j uvel a@el si nki . fi

The fundamental aspects of star formation (stellar magstlison, formation efficiency, clustered vs.
isolated modes, evolution timescales, etc.) are closeked to the initial conditions in the cold molec-
ular cloud cores. The properties of the cores are still gpoambwn, partly because of the observational
difficulties. At the stage when the star formation has notsgatted the temperatures can be very low
(Taust << 15K) and the cores can be detected only at FIR or longer waviilendn these conditions
most molecular species have frozen onto dust grains ancadely gas phase tracers are available for line
observations.

I will present some observational results from line and icanim studies of cold cores. | will also dis-
cuss recent MHD runs that are being used to simulate the famand properties of these objects. With
the help of radiative transfer modelling predictions armgpenade of the total intensity and polarization
of the sub-mm continuum emission that is detectable by éURIR and sub-mm satellites. | will briefly
present plans for using the Planck and Herschel sateléteathlogue and study the Galactic cold cores.

61



ISM in nearby elliptical galaxies revealed by AKARI and Spitzer

H. KANEDA!, T. Suzuki!, K. HAZE!, Y. OkADAL, T. ONAKAZ, AND |. SAKON?
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i sakon@stron.s. u-tokyo.ac.jp

Elliptical galaxies provide a unigue interstellar envinment, i.e. old stellar radiation fields without
active star formation and interstellar space mostly doteohdy hot plasma. Far-infrared emission has
been detected from many elliptical galaxies; the presehceld gas in elliptical galaxies now appears to
be the rule rather than the exception (e.g., Knapp et al. ;TB8%i et al. 2004; Kaneda et al. 2007a). The
dust masses seem to be larger than those determined by dnedaletween replenishment by stellar mass
loss and sputtering destruction by hot plasma, suggestingxgernal origin for the dust (Goudfrooij &
de Jong 1995). Recent studies wahitzerand AKARIsuggest even the presence of polycyclic aromatic
hydrocarbons (PAHs) emission features in dusty elliptizdéxies (e.g. Kaneda et al. 2005; Kaneda et al.
2007b). How can such small particles as PAHSs survive in thglasma environment?

We present our recent results 8pitzerand AKARI observations of nearby elliptical galaxies. As
an example, Figure 1 shows the mid- to far-infrared spedifd@C 4589 that exhibit the presence of
mid-infrared excess above the thermal dust continuum,uald3AH emission features (i.e. faint 7um
feature in contrast to prominent 1L1/3 and 17:m features), pure rotational emission lines of molecular
hydrogen at 28.22, 17.04. 9.67, and 6,81, and strong atomic emission lines such ad|[[534.82 um.

We discuss the mid- to far-infrared properties of the ISM liiptical galaxies as well as their spatial
distributions relative to the stellar distribution, whiafil provide important clues to the origin and fate of
the ISM, and thus trace the evolutionary histroy of the &tigd galaxies.
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Figure 13: Spectral energy distribution of NGC 4589, cardted from AKARVIRC&FIS and
SpitzefMIPS photometric data points, as well 8pitzefiIRS SL&LL spectra. The IRS spectra are scaled
to match the AKARI photometric data points.
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Molecular diagnostics of (U)LIRGs: matching data and mode$
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High- and low-density tracer molecules have been obsemdtlira-)Luminous Infrared Galaxies
in order to initiate multiple-molecule multiple-transiti studies to evaluate the physical and chemical
environment of the nuclear medium and the ongoing nucldaitstoBaan et al., 2007).

Comparing the/ = 1 — 0 transition lines of different high-density tracers andithatios to PDR
and XDR models (Meijerink & Spaans, 2005; Meijerink et aDP2) reveals information about physical
characteristics of the gas. The HEMICN and HCO/HNC line ratios are good proxies for the density
of the gas, due to the different critical densities of thecigge PDR and XDR sources can be distinguished
using the HNC/HCN line ratio: PDR sources all have ratiosdottian unity and XDRs have ratios larger
than 1 (see Figure).

A large number of sources show HNC/HCN ratios that are muasielddhan are achieved by the PDR-
XDR models. In these sources the gas is heated by additiopethamical processes (e.g. shocks, winds,
turbulence dissipation). At temperatures above 100 K (lvhie not reached in the pure radiative PDR
and XDR models) HNC is converted into HCN (Schilke et al., 2;9%albi et al. 1996). This HCN
anhancement and HNC depletion is indicated by the grey arrdie figure.
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FIR/submm studies of star formation at all scales in the Unierse with bolometer arrays
on ground-based telescopes
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Taking the Temperature in Starburst Galaxies — Formaldehycke as a Tracer of
Extragalactic Molecular Gas
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There is growing evidence that the properties of the moteayés in the nuclei of starburst galaxies may
be very different from those seen in Galactic star formirgimes. Unfortunately, among the fundamental
parameters derived from molecular line observations, thetic temperature of the molecular gas in
external galaxies is often not well determined due to a ldduitable tracer molecules.

In this talk, we will show that selected transition lines ofrhaldehyde can be a powerful tool to
derive the properties of extragalactic molecular gas. Rtatehyde (HCO) is a slightly asymmetric top
molecule with a rich mm and submm line spectrum and can thuséé as a molecular thermometer as
well as an excellent tracer of the molecular gas densitydttiten, its ortho-to-para abundance ratio may
shed light on the formation temperature of the dust grains.

As a proof of concept, we present the results of our multiditeon line study of the para-#CO
emission from the prototypical starburst galaxy M 82. Using large velocity gradient model, we tightly
constrain the physical properties of the dense gas in thmipemt molecular lobes, completely indepen-
dent of the standard "cloud thermometer” Nbtr other molecular tracers. Our results agree well with the
properties of the high-excitation molecular gas compoffemtd in the most comprehensive CO studies.
Our observations also indicate the presence of methantléast one of the molecular lobes.
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Mid- to Far-infrared Mapping Spectroscopy of Galactic Star-forming Regions
with ISO, Spitzer, and AKARI
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We report the results of mid- to far-infrared spectroscagbservations of Galactic star-forming regions
with three satellites, Infrared Space Observatory (ISOsskar et al. 1996), Spitzer Space Telescope
(Werner et al. 2004), and AKARI (Murakami et al. 2007). Frolntlae observations, we derived the
spatial distributions of several emission lines or theiférared (FIR) continuum emission, providing the
physical properties such as the density, radiation fiekhgth, and the gas-phase abundance.

We have made mapping observations with the Infrared Sprefpb (IRS; Houck et al. 2004) on board
Spitzer for 14 star-forming regions with Long-High modulé(7;:m—37.2um). We have detected [8]
35um at all the observed positions, [FE26 um and [Faill] 23 um at more than half of the observed
positions in most targets. Together with the previous oladiems, e.g. far-infrared spectroscopy with
ISO (Okada et al. 2003, 2006), we derived the gas-phase aboadf Si and Fe as several tens of
percent and several percent, respectively, of the solardamce. The gas-phase Si abundance is much
larger than that in cool interstellar clouds. This indisatke presence of dust grains with plenty of Si
atoms and being destroyed easily by UV radiations from mxgistars (Okada et al. in preparation).
In addition, we observed three regions also with Short-Higidule (9.9:m-19.6um) and examine the
physical properties further in these regions.

We also have made imaging spectroscopy with the Fourierstoam Spectrometer (FTS), which is
the spectroscopic component of the Far-Infrared Survdyl®;(Kawada et al., 2007, Murakami et al.,
in preparation) on board AKARI by two array detectors3o 20 pixels and3 x 15 pixels covering the
wavelength range of 60-110n and 110-18@m, respectively. Two-dimensional maps of emission lines
such as [QN1] 88 um, which traces highly ionized gas, have been derived. Eaihe€333.6-0.2 has been
observed both by Spitzer and AKARI, and physical properiesdiscussed in detail.
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Prospectives of PDR observations using Herschel
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Observations using the HIFI and PACS instruments aboardénschel satellite provide a unique way
to study the chemical inventory and the energy balance inalirterstellar clouds heated by UV radiation
(PDRs) or by shocks from massive stars.

The wide spectral coverage of the instruments allows torebgbe key species in the chemical net-
work, like CH or H;O™, in their ground states. This will solve many of today’s degzn the interstellar
chemistry. We propose to study a selection of Herschel @nimpes from PDRs and shocks in a selec-
tion of prototype regions which are well characterized atudlied at other wavelengths, enabling easy
comparisons with sophisticated models.

With the spectral resolution of HIFI it will be possible tqoseate the role of shocks and PDRs, to study
the dynamical structure of evaporating molecular cloudgjdtermine the gas pressure of the different
components, and to distinguish between different strestwithin the telescope beam in these typically
clumpy environments. For components which are well sepdrat velocity, the high spectral resolution
of HIFI will virtually serve as a higher spatial resolutioftbe telescope. The Herschel observations are
accompanied by ground-based observations for the ClI,.h@B, and H lines, the sub-mm continuum
and other species that can be detected through the atmmsplir@iows.

The combination of line and continuum observations wilbailto test the available models on the
energy balance in the interstellar medium and to improveuttterstanding of the physical and chemical
processes controlling the interaction between star faomand ISM evolution. The better understanding
of the relevant microphysics and the calibration of the niadetools using the data from the selected
prototype sources will result in a significantly improvediarstanding of the modeling of the ISM in star-
forming regions. This will provide a breakthrough in thecirgretation of observations from more distant
and complex objects, in particular external galaxies.
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HNC and HCN in Seyfert Galaxies
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Bright HNC 1-0 emission, rivalling that of HCN 1-0, has beenrfd towards several Seyfert galaxies.
This is unexpected since traditionally HNC is a tracer oflddl0 K) gas, and the molecular gas of lumi-
nous galaxies like Seyferts is thought to have bulk kinetioperatures surpassing 50 K. We propose 4
possible explanations for the bright HNC: (a) Large mas$ésdalen cold gas; (b) chemistry dominated
by ion-neutral reactions; (c) chemistry dominated by X-ragliation; and (d) HNC enhanced through
mid-IR pumping. Our aims are to distinguish the cause of ttighb HNC and to model the physical
conditions of the HNC and HCN emitting gas.

We have used SEST, JCMT and IRAM 30m telescopes to observe3H3@nd HCN 3-2 line emis-
sion in a selection of 5 HNC-luminous Seyfert galaxies. Waresdte and discuss the excitation conditions
of HCN and HNC in only two galaxies of our sample, - NGC 1068 BiG&IC 3079 - based on the observed
3—-2/1-0 line intensity ratios. We also observed CN 1-0 aride?nission and discuss its role in photon
and X-ray dominated regions.

We summarize our results as follows: THe3-2 transition line of HNC and HCN was detected in
both galaxies NGC 3079 and NGC 1068. The HCN 3-2/1-0 ratioviett than 0.3 in NGC 3079. The
HCN/HNC 1-0 and 3-2 line ratios are larger than unity in bailagies.

We conclude that in these two galaxies the HNC emissionsgaiem gas of densities< 10° cm 3,
where the chemistry is dominated by ion-neutral reactidine line shapes observed in NGC 3079 show
that this galaxie has no circumnuclear disk. In NGC 1068 théssion of HNC emerges from lower
(< 10° em~3) density gas than HCNX{ 10° cm~3). Instead, we conclude that the emissions of HNC
and HCN emerge from the same gas in NGC 3079. The observed HHGBIand CN/HCN line ratios
favor a PDR scenario, rather than an XDR one, which is cardistith previous indications of a starburst
component in the central regions of these galaxies. HowéverV(HNC)/N(HCN) column density
ratios obtained for NGC 3079 can be found only in XDR envirenis.
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Figure 1 Excitation conditions modelled for the 3-2/1-0 line ratdd$1CN (left) and HNC (niddle observed ifNGC 1068
The conditions required for the HCN and HNC molecules oyeitica narrow region. The relative column densities in the
overlap zone of the excitation conditions of these molexideshown in theight plot. The optical depth in the whole region
explored for HCN ranges between 0.03 and 10 in.tk&—0 line, and between 0.32 and 30 in the3-2 line. In the case of
HNC the optical depth ranges between 0.01 and 30 iVte-0 line, and between 0.003 and 30 in the /82 line. The
optically thin limit of both molecules and lines is depicteglthe right edge of the excitation conditions, whereas tiieally
thick limit correspond to the left edge of the figures above.
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Sub-millimiter observations of the N159W region in the Large Magellanic Cloud.
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We present high-angular resolution sub-millimiter obaéons in the N159W region in the Large Mag-
ellanic Cloud (LMC) obtained with the NANTEN2 telescope. Wesent detections of tHéCO J =

4 —3,J=7T7= 6, and!3COJ = 4 — 3 rotational and [Q] P, —3P, and?P,—3P; fine-structure
transitions. Thé3COJ =4 — 3, 2COJ = 7 — 6, and [C|] ?P,—3P; transitions are detected for
the first time in the LMC. We derive physical properties of tbe-metallicity molecular gas using an
escape probability code and a self-consistent solutiohethemistry and thermal balance of the gas is
given using a photon-dominated region (PDR) model. Ouryaigmindicates that the molecular gas in
the N159W region have temperatures about 80 K and denséigsebn 16°-10° cm™3, i.e substantially
higher densities than previously reported in this region.
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Expanding Cloudy with Third-Party Databases
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Recent improvements to the plasma simulation code Cloudlyallbw the inclusion of model ions
and molecules from third-party databases. These modelshaik important effects on Cloudy pre-
dictions at a wide variety of conditions and energies. Heeepnesent a few first results of this work
by focusing on the far infrared spectra of molecular cloudd eomparing with standard benchmarks.
(Presented by R. L. Porter.)
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Heating the interstellar medium of spiral galaxies via PDRs
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For three prototypical spiral galaxy objects, a variety @i {ihe observations is modeled in conjunction
with atomic fine structure lines and many other data from feguency radio to X-ray emission: The
centre of the ‘normal spiral’ IC342 (Schulz et al. 2001), Htarburst galaxy M82 (Mao et al. 2000),
and the merging system of the Antennae galaxies (NGC403%88ulz et al. 2007). Classical LVG
models to fit the CO observations (disregarding the atomeas) either fail completely or give results for
the physical parameters of the molecular gas which are mgiasis or discrepant to other investigations.
On the other hand, many infrared observations show evideheedespread PDRs (Photon Dominant
Regions) existing in these objects. Our applied PDR modeld yregardless of the used cloud geometry
- in all three cases consistent fits of the observed CO linesréip to the CO (7-6) transition observed in
M82) constraining well the physical parameters of the makrcgas which is highly clumped allowing the
interstellar radiation field to penetrate the clouds thtolagge distances. For the central clouds of IC342,
the obtained inner CO cloud temperatures match the low teatyes derived from HCN observations
tracing much denser gas. Furthermore, for all three objaetsnodel results also agree with observations
of atomic fine structure lines, particularly [ClI]. The [Cline luminosity extrapolated from observations
of the Galactic Centre is in accordance with the value obtaior IC342 where the observed area is very
much larger. Other properties of the molecular clouds ircdrgre of IC342 appear also to be very similar
to those of our Galactic Centre.

The analysis shows that even for the merger system of thenAag galaxies PDRs appear at the
present to be the major heating source for the ISM comparesth@aoks, cosmic rays or other heating
sources, although initially most of the energy releasedhim $ystem should stem from cloud collisions.
But shocks have small dissipation times whereas the B staéding the soft UV radiation causing the
PDRs are living for much longer time. Regarding the succé$dDR modelling in such different types of
spiral systems and also in view of similar investigationstimer spirals (e.e. see Kramer et al. 2005), we
should expect that PDRs considerably contribute to thergeaf the ISM in spiral galaxies.
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The PDR structure of the Monoceros Ridge in the Rosette Moledar Cloud
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The Rosette H llI-region/molecular cloud complex at 1.6 kpgtashice (Williams et al. 1995) harbors
the OB cluster NGC 2244, which, at a projected distance of@@rgm its center, creates a number of
prominent edge-on PDR interfaces at the border of the Rog®itecular cloud (Schneider et al. 1998a,b).
In preparation of the Herschel/HIFI guaranteed time keyguto(WADI: the Warm and Dense ISM) to
study PDRs over a wide range of physical parameters (e.gsitgeand FUV field), we are building a
comprehensive data base on Galactic PDR observations.obisestdge-on geometry, small distance, and
FUV radiation field of~100 times the interstellar radiation field, the Monoceradgriinterface is one of
the targets for WADI as it covers the so far poorly observedenate UV field regime.

In this poster, we give an overview of the Monoceros PDR am$qmt the data obtained so far in
context with optical (DSS), far-infrared (G KAO), and mid-infrared (Spitzer) imaging of the region.eTh
new data include mapping observations in CO isotopomeresl{IRAM 30 m, APEX, and NANTEN2)
and cuts through the interface in a variety of chemical nr@ead transitions: HCN, HNC, HCQ CN,
CCH, and CS, in some cases including rarer isotopomers (IRBANh and APEX).

These data will be the basis for a detailed analysis of thetstre, excitation, and chemistry of the
PDR/molecular cloud gas in the Monoceros Ridge PDR. As aéssiits, we do find evidence for a layered
structure perpendicular to the impinging UV radiation itested chemical and excitational tracers.
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A Multiline Study of the Cepheus B Molecular Cloud
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We report first results from a multi-line study of the photeewtistry in the molecular cloud interfaces
of the nearby star forming region Cepheus B, representinBsP&xposed to UV field of £0- 10° G
estimated from the FIR continuum (Mookerjea et al. 2006).

Following up on our previous studies (Beuther et al. 2000gé&tachts et al. 2000; Masur 2005;
Mookerjea et al. 2006) of the PDRs in Cepheus B, the aim of thegmt chemical survey is to resolve
the temperature, chemical, and excitation structure ofrdresition zone from the Hll region to the dense
molecular cloud.

The study has been conducted with the IRAM 30 m telescopeagiémcies between 85 and 272 GHz.
We have detected 23 transitions of HCN, HC@S, CN, HNC, GH, c-C3Hs, HC3N and HCO including
the minor isotopic species of the first three species. Weuttad two cuts through the interfaces into the
main cloud (Fig. 1) and selected two positions at the interfiar deep integrations. Data at the two cuts
were combined with low J 12C0O, 3C0O, and C¥0 IRAM-30m maps (Ungerechts et al. 2000).

In a first step, we estimate the relative abundance of eackawlel along the cuts assuming Local
Thermodynamic Equilibrium (LTE). Detailed PDR models pdeva self-consistent picture of the physical
and chemical structure.

Center: 22:57:07. 1;1,— §2:37:33.60 (J2000)
D =

Figure 14: The MSX 8
micron PAH map of the
Cepheus B PDRs overlayed
by C®O 1-0 (black con-
tours) and'?2CO 1-0 (white
dashed contours). The two
dotted lines indicate the cuts
we observed. The two white
crosses show the two inter-
face positions. One of the il-
luminating stars, HD 217061,
is denoted by an open trian-

gle.
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NRO 45 m and ASTE 10 m observations of dense gas in giantiHregions of M 33
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Giant or supergiant H regions (hereafter referred to as GHRS) are one of the mostipent objects
in star-forming galaxies at the optical wavelength (Keohit984). Central star clusters in GHRs appear
to have formed during the initial stages of the formation 6f%, and are expected to have a strong impact
on their natal molecular clouds due to their strong UV radigtstellar wind, and supernova explosion.
Therefore, GHRs provide us with an ideal environment to tstdad the clustered OB star formation
process, and their impact on the ambient interstellar nrmedi$M). These physical processes are also
crucial in the evolution of starburst in galaxies.

To address this issue, we present f@0O(J/=3-2) and'?CO(J=1-0) observations of NGC 604 in the
nearest face-on spiral galaxy M 33 using the Atacama Submeiler Telescope Experiment (ASTE) 10-m
and the Nobeyama Radio Observatory (NRO) 45-m telescomssKilet al. 2007).

We found a high CQ[=3-2)/CO{=1-0) ratio gas with an arc-like distribution (“high-rag@as arc”)
surrounding the central star cluster of the supergiantétjion NGC 604. The discovered “high-ratio gas
arc” extends to the south-east to north-west direction wilze of~ 200 pc. The western part of the high-
ratio gas arc closely coincides well with the shells of the tdgions traced by H and radio continuum
peaks. The CO[=3-2)/CO(=1-0) ratio,R3_5,;_¢, ranges between 0.3 and 1.2 in the observed region,
and theR;_5/1_( values of the high-ratio gas arc are around or higher thaty,undicating very warm
(Tiin > 60 K) and denser(y, > 10°~*cm~3) conditions of the high-ratio gas arc. We suggest that the
dense gas formation and second-generation star formaticur an the surrounding gas compressed by
the stellar wind and/or supernova of the first-generatiansstf NGC 604, i.e., the central star cluster of
NGC 604. Thus, NGC 604 is an example of a large-scale seqlistdr formation.

We also present new results of (1) high resolutiéh2CO¢/=1-0), HCN{/=1-0), and 3 mm contin-
uum observations of NGC 604 region using Nobeyama Millim@ieay, and (2) wide field CO[=1-0)
and 1.1 mm continuum observations of other GHRs in M 33 usiR®@M5 m and ASTE 10 m telescopes.

Figure 15: Maps of the ratio of
12CO(J=3-2) to 2COJ=1-0) (left
panel) and the H emission by HST

30°48'00' [SlelcFAele ) FENIIE- CO(3-2)/CO(1-0) ratio (ﬁgrzéc;g;)), (nght pane|; from the HST archive)_
g 2 ] The contour levels are 0.4, 0.6, 0.8,
8 - | and 1.0. The crosshairs in the cen-
= il : ter indicate the position of the cen-
% @‘J ] tral star cluster of NGC 604, while the
S stars represent the peak positions of the
e Hil regions detected by 3.6-cm radio
01h34m3FE 36 34 32 30 01'343F 36° 34 32 30° continuum emission (Churchwell and
Right Ascension (J2000.0) Goss. 1999)_
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Modeling X-ray ionization of grains and molecules with Clouy
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X-rays are present in many PDRs. E.qg., itis well known thatyrstar-forming regions are X-ray sources,
but also in PDRs surrounding hot planetary nebulae and imtbkecular torus around AGN, X-rays
should be ubiquitously present. The X-rays can easily patgethrough ionized gas as well as dust to
reach the PDR. A versatile PDR code should therefore be @apdlincluding the effects of X-rays in
the modeling. These include inner-shell photoionizatind &ompton recoil. These processes have been
treated by Cloudy for atomic species for many years. We ameictlly in the process of extending this
treatment to grains and molecules. This can be done byrigetite grains and molecules as a collection of
atoms and using atomic data to calculate the appropriass ections. The treatment for grains largely
follows Weingartner et al. (2006). The work for moleculebdas a similar approach. In my paper | will
discuss the progress in more detail and present first results
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The 1.5 THz 200 m) heterodyne receiveEONDOR (CO N DeuteriumObservationdReceiver), was
installed on the APEX telescope in November 2005. [For arifggmn of CONDOR, see Wiedneet al.
(2006) and the contribution by Wiedneat al. to this conference.] We present CONDOR observations
of CO J=13-12 emission from the Orion KL region in OMC-1. Weaibed spectra from 11 positions in
a cross pattern centered on Orion IRc2. Because of CONDQO&sdpatial ¢, < 5”) and spectral
resolution, we can decompose the spectrum into a narrovke’sgiomponent AV = 5 km s7!), a
“hot core” componentAV = 13.5 km s71), and a “plateau” component, and analyze these components
individually.

The spike component is detected at all positions excepin®dth of IRc2, suggesting that the area
of the PDR on the front surface of OMC-1 decreases in CO linghér up the/ ladder. We find the
strongest spike components at positions to the south anafekc?2, i.e. closer to the Trapezium stars,
which energize the PDR. The gradient in spike velocitiesnfioorth (9.7 km s') to south (10.7 km
s1) is similar in magnitude and orientation to that observetbier-7 CO lines (Marronegt al. 2004).

By comparing spike components in several CO datasets (Kered al. 2004, Wilson, T.et al. 2001,
Boreiko, et al. 1989), we also detect a velocity gradient along the linsight, which suggests that the
hotter material traced by higher-CO lines recedes more rapidly than the cooler material degjbein
the Orion Ridge. Modeling thé,,, > 13 CO emission in the spike with a homogeneous, isothermaticlou
layer yields characteristic temperaturegpf, = 340450 K, densities ofo(Hy) = 3.3+£0.5x 107 cm™3,
and column densities a¥(CO)/AV = 1.5 + 0.1 x 10'6 cm~2/km s~!. The more realistic KOSMA=
model, which describes the PDR surface as an ensemble ofrbldidated clumps, indicates that the CO
line intensities can only be produced by denss {15)) > 10°° cm~3) clouds within a UV field> 10°xo.
Measurements of the plateau out#d0 km s~! of gz agree with the trend in line wing velocities of
lower-J CO observations (Rodriguez-Franebal. 1999, Schulzet al. 1995). However, more complete
spatial sampling is necessary to determine the extent amghology of the core and plateau in high-
CO emission.

These observations demonstrate the utility of CONDOR, dbasethe promise of high-resolution
THz astronomy from ground-based observatories.
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To this data there are very few astronomical observatiomslatfrequencies (1-10 THz,3@®-30um)
at high spectral resolution. This is partly due to the poar() atmospheric transmission at these frequen-
cies, partly due to the difficulties in building heterodyeeeivers above 1 THz. However, this frequency
regime harbors a multitude of astronomically interestinglaoular and ionic transitions. The excitation
energy of these lines mostly lie between a few tens to a fewdilmghKelvin, low enough to be excited in
the warm to hot interstellar medium. Therefore high spéc&solution observations at THz frequencies
provide an ideal tool to study the chemical and kinematigertes of the ISM, e.g. in star forming
regions.

Currently, there are only two operating THz heterodyne ivecg in use, one on the Receiver Lab
Telescope (RLT), the other is CONDOR, our CCO ®euterium Observations Receiver. CONDOR has
successfully obtained first light observations in Nov 200 A®EX. A modified CONDOR wiill be the low
frequency extension of the German REceiver At THz-freqieen(GREAT), which has been selected as
one of the two first flight instruments on the Stratospheris@batory For Infrared Astronomy (SOFIA).

CONDOR was bhuilt with a focus on studying star formation gs8es. It covers a frequency range of
1.25t0 1.53 THz (240m - 196.m) and can simultaneously observe 0.8 GHz (about 160 kndpgfhlly
soon 2 GHz (400km/s). As it is a front end receiver only, thecs@l resolution depends on the backend
used, but usually lies around 100 kHz (0.02 km/s). Techlyic@DONDOR resembles standard submil-
limeter heterodyne receivers. However, there are twoqudati challenges to be overcome when working
at the THz range: As the standard SIS mixers do not work atthah frequencies, we use Hot Electron
Bolometer (HEB) fabricated in-house (Munoz et al. 2004)cdelly, because there is little Local Oscil-
lator (LO) power available at THz frequencies, we employddaatin Puplett interferometer, in order to
overlay the LO with the sky signal with very small losses. JBDR has a DSB receiver temperature of
1500 K, which is among the best reached for THz receivers.

The name CONDOR suggests, which molecules/ions we are mesésted in observing: the high-
J CO transition lines (J 11-10, 12-11, 13-12), the fine stmactine of N at 205:m and the ground
transition of p-BD*. The high-J CO lines trace hot {f ~500 K), dense f...; ~10"cm~3) molecular
gas, as it can be found in high mass star forming regions. Therhission at 20im is the third strongest
emission line in the Milky Way in the range of 104 to 440& (~ 3 - 0.1 THz) (Fixsen, Bennett, & Mather
1999). The emission probably stems from the Warm lonizediiviecs well as from Hll regions. In cold
molecular environment §D™ is the key molecule for deuterium chemistry, as all deuéeraolecules
are formed via HD™. In addition,it is one of the few molecules not to freeze out i is therefore one of
the last remaining molecular tracers in the cold ISM.

At the conference, we will show a poster explaining the smagpals of CONDOR. Volgenau’s poster
(see separate abstract) will present the first resultsraatddy CONDOR during our observations at APEX
in Nov 2005. If space permits, there will also be a poster Withtechnical details of CONDOR.
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