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outline

e Luminous Infrared Galaxies
e Molecular emission as a diagnostic tool

e Examples:
— Vibrationally excited HC N in NGC 4418

— Molecular tracers of galactic evolution
e Current projects & Future work
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Lunminous | R Galaxies
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Stariourst or AGN?

. Observed IR luminosities require large
amounts of dust heated by AGN or Starburst

. Deep mid-IR silicate absorption

. Dense (n>10° cm®), warm (T>100 K)
molecular gas in the nuclear regions

. Highly obscured by dust

= direct investigation of central regions
precluded at IR and optical wavelengths

. Nature of the energy source often unclear
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Molecules as Tools
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Environment Chemistry
density, radiation abundances
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Molecules as Tools

Environment Chemistry Excitation

density, radiation abundances ?‘?d'('j'igt? Qﬁ

Moleculesin LIRGS Il




CHALMERS Chalmers University of Technology

Environment  Chemistry Excitation | Radiative
density, radiation abundances ?%Ié'igtci’gﬁ’ Transfer
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Transition

cCoefficients

Chemica | _# Dynamics,
Network : . .. Geometry

Environment Chemistry Excitation ' Radiative
density, radiation abundances | Sallisions Transfer
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Chemical Modeling

Transition

cCoefficients

Chemical | _# Dynamics,
Network : . .. Geometry

Environment Chemistry Excitation ' Radiative
density, radiation abundances | Sallisions Transfer
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PDRs, XDRs and Hot cores
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PDRs XDRs and Hot cores

* Dominated by FUV from massive stars
- Layered Structure:
C—C—CO
H—H,
- Mainly on cloud surfaces
* Photoel ectric heating
* T~1000 K, n~10° cm™
* lon-molecule reactions

Tielens & Hollenbach (1985), Meljerink & Spaans (2005)
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PDRs, XDRs and Hot cores

+ Dominated by X-rays - Photoioni zation

from accreting BH heating

- High ionization - T~500 K ,
C, CO and C* coexist n~103 cm?3

- X-rays penetrate deep * Jon-molecule
in the cloud volume reactions

(N<10* cmr?)

Maloney et al. (1996), Meijerink & Spaans (2005)
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CHALMERS

~ -~ -~ Hot cores

* Dense, warm regions around young stars
* T~300 K, n>10° cm? ﬁ
- Evaporation of molecules

from grain surfaces
* Shielded from UV radiation

(A >100 mag)
- Formation of large organic molecules

Blake et al. (1987), Bayet et al. (2008)
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The HCO*/HCN ratio
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o
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— .. "pure” Seyferts —
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s ° g N253
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“composite" Seyferts (nuclear starbursts)
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*Kohno et al. (2001):
HCO'HCN 1 in Starburst
|l in AGN
Lepp & Dalgarno (1996).
HCN 1 in XDRs
*Mejerink et al. (2007)
HCO* 1 in XDRs
= HCO*/HCN isan XDR tracer
at n>10° cm®
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The HNG/HCN ratio

HCN+H 50%
HNC+H 50%

Manformation: HCNH + ¢ — {

HNC destroyed by neutral-neutral reactions
HNC + H — HCN + H, T> 30K (Hirotaet al. , 1998)

In the Galaxy: HNC/HCN | asT 1

In many extragal actic objects HNC/HCN ~ 1
Meijerink & Spaans (2005): HNC/HCN>1 in XDRs
HNC=HCN in PDRs
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HC,N

o Usually observed in Galactic hot cores
(e.g., Rodriguez-Franco, 1998)

o Easlly destroyed by UV radiation and reactions
with C*and He" (e.g., Turner et al. 1998)

e Important formation routes:
— Evaporation from grain mantles
— C2H2 + CN — HC;N + H for T>100 K

o Strongly connected with IR field viavibrations
(Wyrowski et al., 1999, Paper |)
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Polycyclic Aromeatic Hycdrocaroons
(PAH)

" First observed as unidentified
emission bands (3.3-11.2 pm)

* Planar molecules containing ~50
carbon atoms

- Excited by UV radiation

* Destroyed by X-rays and hard UV
(cannot survive at <1 kpc from AGN)

" Interpreted as tracers of
star formation

(e.q., Genzdl et al. , 1998)
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Polycyclic Aromeatic Hycdrocaroons
(PAH)

* First observed as unidentified
emission bands (3.3-11.2 pm)
* Planar molecules containing ~50
carbon atoms
* Excited by UV radiation
* Destroyed by X-rays and hard UV
(cannot survive at <1 kpc from AGN)
[ " Interpreted as tracers of
i IS € | formation
' (e.g., Genzel et al. , 1998)
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Polycyclic Aromeatic Hycdrocaroons

10 T T rrT T T T T rirr T L L D
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0.001 5.0,
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(PAH)

* First observed as unidentified
emission bands (3.3-11.2 pm)

* Planar molecules containing ~50
carbon atoms

* Excited by UV radiation

* Destroyed by X-rays and hard UV
(cannot survive at <1 kpc from AGN)

" Interpreted as tracers of
star formation

(e.q., Genzel et al. , 1998)
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PAH vs Slicate Diagnostics
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Example |

“Vibrationally excited HC_ N in NGC 4418”
F. Costagliola, S. Aalto, A& A, 2010
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The LIRG NGC4418

Edge-on, Sa-type

LIR:10”L® ? ﬁ‘i
Deep mid-IR silicate and ice absorption -
Energy source confined in the inner 80 pc: .

85 K dust (Evans et al., 2003)
6 cm continuum (Eales et al. 1990)

Synchrotron-deficient
(Nascent Starburst?) DSS OPTICAL

No 6.2 ym PAH emission
Bright HC N 10-9 (Aadlto et al., 2007)
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Obpservations: 2007-2009

Moleculesin LIRGS
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Obpservations: 2007-2009

* Line Survey 90-360 GHz

* Detected 41 transitions of 11 Molecules
« Bright, vibrationally excited HCN

(First extragal actic detection)

Moleculesin LIRGS
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HC,N Population Diagram
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Excitation or HC,N

Four different temperatures:
«29 K for the low-Jlevels (E <100 K).

= collisions, extended gas ?
265 K for the high-Jlevels (E >100 K).
= radiation, collisions in a dense phase ?
*91 K for the rotational transitions between
v_=1vibrationally excited levels.

= dense gas and dust at 85K in inner 0.5" (Evans, 2003)
*519 K for vibrational transitions of the J=25-24 |evd.
= radiation from embedded source ?

Moleculesin LIRGs 33




CHALMERS Chalmers University of Technology

"Molecules as Tracers of Galactic
Evolution: an EMIR Survey ”

F. Costagliola, S. Aalto, M. Rodriguez
and the EVOLUTION team
...to be submitted to A& A (soon!)
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Wativation of the Stuay

e Can molecular observations trace galactic
evolution?

e Can molecular observations distinguish
between Starburst and AGN-dominated
objects ?

e How are molecular abundances related to
other tracers at different wavelengths?
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» Observed 23 galaxies e e TR
» Source selection criteria - i
— Uniform coverageof the 7 &% / - : ;°."""'°*.f’.‘.’.22°
classes from Spoon (2007) i - | ' :

. I Z °%?|tﬂ?;‘é%m / - —0—1%3__.‘&;60
— Uniform representation of # |

different galaxy types o 0T A

g A ]
° Ob%rved bands OE_- a -N4F151 ________________ N7469° ~ ~ 1?7};1; - __E
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|s HCOYHCN drven oy XDR chemistry 2
. 1007 -1 oo * Consistent with obs. by Kohno et al. (2001):
gl e HCO*/HCN | in AGN
gt | *Modesby Méijerink et a. (2007):
O . HCO*/HCN | indense PDRs
0':_~comp?sne-- Sorers [ﬁ et !} « HC,N detected in galaxies with
© " “owome " AGN- like HCO*/HCN
o | = how can HC N survive ?

% oy | *Blakeetal. (1987) in Orion:
HCO*/HCN | in hot cores

* A density effect ?
HCO" can be excited at n<10°cm®
= different volume filling ?

¥
G
8

R I
HNC/HCO*
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Current Projects

e Therich chemistry of NGC 4418:

Chemical and NLTE modeling of molecular
emission observed in the LIRG NGC 4418

» Extragalactic HO'

NLTE modeling of JCMT observations of H.O’
In different galaxy types
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Future Directions

 Interferometric observationsto resolve spatia distribution of
chemical tracers (e.g. HC.N InAGN) = ALMA

« Sub-mm observations of high-J transitions of CO

(XDR tracers) = Herschel

 More sensitive instruments to detect |ess abundant chemical
tracers (e.g. , CH,OH) = ALMA

. Chemical modeling of HC N in extreme environments

. Multi-transition studies, to constrain molecular excitation
= 1 mm EMIR observations in the Evolution sample

Moleculesin LIRGS
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SUMImary

LIRGs important to understand star formation history of the Universe,
but often power source is unclear (Starburst or AGN?)

Molecular observations can help to constrain properties of central
regionsin LIRGs

Examplel: Vibrationally excited HC N in NGC 4418
_ High abundance and excitation (~ Galactic hot cores)
_ Possible evidence of a compact source

Example |1: Molecular tracers of galactic evolution
_ HC.N detections challenge standard interpretation of HCO*/HCN

_ HNC/HCN<O0.5 not reproduced by PDR models (mech. heating??)
More observations and modeling needed (new facilities, chem. models)
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Current Projects
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Ricn Chemistry in NGC 4418

Observed 1 mm, 2 mm and 3 mm transitions of
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Pojpulation dlegrams

Rotatlonal dlagram for NGC4418
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Chemi

Structurs of a PDR
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Extragelactic H,0"
In February 2008 we detected the 3*, —2-, line of H30+ at

364.797 GHz in |C 342, NGC 1068, NGC 253, NGC 4418, and
NGC 6240 with the JCMT telescope.
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adex modeling

H304 IN IC342 NH2)= 1.08+12 cm ™ S5=13 H30+ IN NGC253 N{HZ)= 1.0e+12 om ™ 55=15"
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