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10 BGS galaxies with L> 1010 L! and FIRAS60 ! FARP 220!

What is responsible for the line deficits !
 in ULIRGs?!

•!  FIR optical depth?  Density?  Old population?!
•!   A high ionization parameter, U?      !!
      (Luhman et al. 2003,  Abel et al. 2009)!

U, the ratio of ionizing radiation !
density to particle density!

The CII deficit!
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10 BGS galaxies with L> 1010 L! and FIRAS60 ! FARP 220!

The validity of many conclusions on the 
power source and evolutionary stage of 
ULIRGs depends on the use of mid- and 
near IR diagnostics.   These conclusions 
are suspect if conditions in ULIRG nuclei 
are very different than in normal AGN and 
starbursts.  For example:!

•!  If ULIRG nuclei have optical depths !
    !(100 "m) 1, then mid-IR line ratios     !
    characterize only the outer parts, or !
    low ! lines-of-sight.!

•!  If deficits are due to old population, then!
   star formation has already ceased and     !
   very young stars do not power the FIR!

•!  What process shuts down SF and !
    when?!
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Cloudy code capabilities (esp. wrt XDR/PDRs) 
•! Photoelectric heating of grains   

          Grain temperature and charge (function of size & mat’l) 

•! 68 molecules including ~ 1000 reactions 
•! Size-resolved PAH distribution, where H is atomic  
•! H2 formation on grains, temp. & material dependent 
•! Can extend calculation to a particular Av or other condition 

•! Line intensities for CO and H2 

•! Condensation of H2O, CO, & OH onto grains for T<20 K 
•! Cosmic ray ionization processes and heating 

References:  Abel et al, 2004, 2005, 2008 (molecular networks, microphysics) 
   van Hoof et al. 2004 (grain physics) 
   Shaw et al. 2005 (molecular hydrogen microphysics) 
   Rollig et al. 2007 (comparison of PDR models) 
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Cloudy Input Parameters 
•! SED:   AGN (TUV, !OX, !uv, !x) 

    SB (age, IMF index, SFR) 
•! nH:   hydrogen density at H+ face 
•! Bo, B(n):   B at face; versus density 
•! Equation of state: eg. Isobaric (gas, magnetic, radiation) 
•! Abundances:  Gas phase abundances 
•! Dust properties:  including PAHs 
•! Ionization param: U = Q/4"r2nc 
•! Cosmic rays:  CR ionization rate 
•! Stopping cond.:  Av (N(H2)) 
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Simple CLOUDY !
models with no = 103 cm-3, !
Av=100, and Bo=300 "G!

predict deficits!
in other fine-structure !

lines as well, !
for high U and!

warm Tdust !

AGN!

Starburst!

CII/FIR!

OI63/CII!

OI145/CII!

CI 370/CI 6I0!

OIII/FIR!

NIII/NII!

NeV/FIR!

F60/F100!

Predicted emission line and line-to-continuum ratios as a function of U and SED. !

Abel et al. 2009!
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AGN!

Log CII/FIR! Log OIII/FIR! Log N(OH)!
Lo

g 
U
!

Log N(H)!
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2004, 2008!

Arp 220 (and Mrk 231)!
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•! Most luminous of the local ULIRGs in the RBGS@((LIR = 3.2 " 1012 L! ((((((((((((((((((((((((((((((((((((((((((

for adopted distance, 172 Mpc (z=0.04217)#

•! Central quasar is covered by a semi-transparent dusty shroud producing about 
3.1 magnitudes of extinction at 4400 Å (Reynolds et al. 2009) #

•! Low ionization broad absorption is observed, eg. in Na I D, at both high 
velocities (up to ~ 8000 km/s) and lower velocities (up to ~ 2000 km/s)#

•! Mid-IR/Spitzer:  Veilleux et al. (2009) the AGN contribution to Lbol is " 70% by 
most of 6 estimation techniques (vs 35 – 40% for all ULIRGs) #

•! Contribution of an advanced 120 – 250 Myr nuclear starburst is ~ 25 – 40% 
(near-IR, Davies et al. 2007)#

•! Dominated by molecular absorption in the far-IR (Gonzalez-Alfonso et al 2008)#

•! Nuclear rotating, nearly face-on molecular disk (Downes & Solomon 1998)#
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   Graciá-Carpio et al., submitted.#
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Wiffle ball !
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Spoon & Holt 2009!

Spitzer result:  25 of 82 
ULIRGs have strongly 

blueshifted mid-IR !
NeIII and NeV emission 

compared with NeII!
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Spectacular P-Cygni profiles in both OH, #
and the 18OH ground-state doublets with #
broad blue-shifted absorption as far out #
as -1400 km/s for OH 119 $m#

Blue-shifted wings suggest that [CII], #
[NII], & excited H2O/HF also #
participates in the outflow#

Based on model fits to continuum and #
line pumping, outflow lower limits:#

Mechanical energy % 1056 ergs,#

Mechanical luminosity % 1% of LTIR,#

Mass % 7"107 M!,  Mass loss ~ 400-4000 M!/yr#

But stay tuned, soon the 65 $m line 
will be observed => extent#

;::(N8q$@(6::(N8q$@(
h::(N8q$@(=I#*ab::(N8q$((((

Fischer et al. 2010, A&A Special Issue!
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Blue shifted velocity range suggests kpc 
scale, similar to Na I D optical outflow 
velocities #

Not the nuclear -8000 & -4000 km/s, #
(whose velocities were not observed)#
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Gonzalez-Alfonso et al. 2010!

Mrk 231!
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OH 65 "m line will be !
observed in SHINING!

ULIRGs!
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