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(Ultra)-Luminous Infrared Galaxies

 Luminous IR Galaxies (LIRGs): LIR ≥ 1011 L


 Ultra-luminous IR Galaxies (ULIRGs): LIR ≥ 1012 L


(after Sanders et al. 1988) 

http://candels-collaboration.blogspot.com



Sub-population of (U)LIRGs (~20%) exhibit strong OH maser emission in 1665 & 
1667 MHz lines

◆~100 known OHMG (Baan et al 1989)

◆ LOH ~ 102–4 L


◆See Lo 2005 ARAA for review

Emission model: amplification of background 

radio continuum source by clumps of 

molecular gas (e.g., Parra et al. 2005; Lockett & 
Elitzur 2008)

◆Inverted level populations due to pumping of 

hyperfine levels of OH by FIR (~50 µm) dust 
emission

Associated with high mean 
density/concentration of molecular gas

Darling 2007

• OHMG



OHM are found in dense edge-on 

rotating molecular disks within central 

few parsec – identified with compact 

starburst (e.g, Parra et al. 2005), or AGN 
torus (e.g., Richards et al. 2005)

OH lines are often broad (FWHM~103 

km/s) and show asymmetric wings, 

suggesting large-scale outflows (Baan et 
al. 1992, Darling & Giovanelli 2002, 2006);

IIIZw35, 22pc,  7 x 106 M


(Parra et al. 2005)

IRAS14070+0525 (Baan et al. 1992)

OH Megamaser Galaxies



C. Zier - P. L. Biermann, 2002

Modelo Unificado de AGNs

(Antonucci & Miller, 1985)

IIIZw35, 22pc,  7 x 106 M


(Parra et al. 2005)



Observações vs. teoria

• Menos galáxias anãs do que preditas;

• Menos galáxias gigantes  massivas do que
preditas.

Solução: SN e AGN  
Feedback!

SN: supernova
AGNsBower et al. 2012

Pergunta Fundamental
Porque procurar SMBHs?



Key questions:
◆Are OHM associated with AGN or starbursts? Large discrepancies in estimates of 
AGN fraction (~70% from optical spectra; 10–30% from radio/IR/X-ray)

◆Represent key stage in merger evolution, associated with inflows, outflows 
and/or formation of “torus”?

Multiwavelength study of ~80 OHMG (0.009 < z < 0.26 )
Optical – HST, Gemini/GMOS – long-slit (Lara Gatto), and Gemini/IFU.

NIR: IRTF/SpeX, and WHT/LIRIS (master student Walas Silva).

IR-sub mm: Spitzer + Herschel archive data (ICs Victor Fadel).

Radio: VLA-A observations + archive data (J. Gallimore and P. Kharb).

The inner structure of OHMG



Continuum free Hα+[NII] images, z < 0.026011 < 109.4 

Mpc, Sales et al. 2021 in prep

ACS/WFC HST
(arrow = 5”)

HST OHMG sample



Continuum free Hα+[NII] images, z < 0.026011 < 109.4 Mpc, Sales et al. 2021 in prep

ACS/WFC HST
(arrow = 5”)



Double nuclei in common, tidally distorted envelope➔ mid-stage major, gas rich, merger → z = 0.027012 => 111.5 Mpc

HST/ACS 0.4 µm HST/ACS 0.8 µm HST/NICMOS 1.6 µm

HST/ACS Hα+[NII]
Spitzer/IRAC  8.0 µm PAH VLA  1.49 GHz

“North” nucleus: 
LINER (weak AGN?)

Kewley et al. 2001

“South” nucleus: 
Starburst

Multiwavelength Morphology of IRAS16399-0937



Low-resolution Spitzer IRS spectrum. Vertical solid lines indicate absorption bands of water ice (6.0μm) and HACs
(6.85μm and 7.25μm)

[NeV], [OIV] not

detected

Mid-Infrared Spectrum



 SED fits using MCMC code clumpyDREAM (Gallimore)

 Simultaneous fits to both nuclei, unresolved points at l >14 µm treated as upper limits

Clumpy torus model
(Nenkova et al. 2008a,b)

ISM dust/PAH model
(Draine & Li 2007)

Stellar population model
(GRASIL Silva et al. 1998)

Spectral energy distribution fits



Model

LAGN (erg/s) 3.4x1044

LISM (erg/s) 2.9x1044 erg/s

SFR
FIR 

(M


/yr) 11.6

Bayes information criterion (BIC) = 872

Measured (M

/yr)

SFRX-ray 10.3±3.7

SFR
8μm 4.2±0.6

SFR
1.4GHz 6.0±0.7

SED fit – North nucleus with AGN



Bayes information criterion (BIC) = 1225

Measured (system) (M

/yr)

SFR8μm 19.4±2.9

SFR24μm 23.2±3.2

SFR1.4GHz 13.7±1.5

SED fit – North nucleus without AGN

Measured (M

/yr)

SFRX-ray 10.3±3.7

SFR
8μm 4.2±0.6

SFR1.4GHz 6.0±0.7

Model

LISM (erg/s) 5.1x1044

SFRFIR (M
/yr) 20.3



SED fit – South nucleus (no AGN)
Model

L
AGN 

(erg/s) –

L
ISM 

(erg/s) 8.9x1043 

erg/s

SFR
FIR

(M


/yr) 3.6

Measured (M

/yr)

SFR
8μm 3.0±0.4

SFR
1.4GHz 2.7±0.2



Nenkova et al. 2008

IRAS16399-0937 (Sales+15) North (AGN) and South (Starburst)

North (Starburst) and South (Starburst)

North South



IRAS13097-1531IRAS 23135+2516 IRAS13428+5608

Salcedo, Robinson, Sales et al. 2021 in prep



IRASF23199+0123 Hekatelyne+2018a

HST ACS F814W HST continuum free Hα+[NII] 

GMOS/IFU in the center of this galaxy
VLA-A observation – PI: Gallimore



IRASF23199 - Hekatelyne+2018a – MBH ~ 3.8 x 106M


Greene & Ho (2005)



IRAS03056+2035 - Hekatelyne+2018b



IRAS17526+3253 – Sales et al. 2019



IRAS11506-3851

Lara & Sales, 2021;
Hekatelyne+2021 in prep

This galaxy is an isolated spiral galaxy (Bellocchi et al. 2013) hosting a strong starburst (Alonso-Herrero et al.

2006). Its nuclear activity is classified as H II from optical spectroscopy (van den Broek et al. 1991; Pereira-

Santaella et al. 2011) and there is no evidence of an AGN in this galaxy based on its mid-IR and X-ray

emissions (Pereira-Santaella et al. 2010b, 2011). From ALMA data we detect a high-velocity (∼450 km s−1 )

spatially resolved (size∼2.5 kpc; dynamical time ∼3 Myr) massive (∼107 M yr−1 ) molecular outflow

originated in the central ∼250 pc (Pereira-Santaella+18).

ALMA CO(2–1) data

Mass gás< 
2.5x104M☼

M. lum. ~2x1010M☼

M. dark ~3x 1010M☼



NIR study using IRTF and LIRIS/WHT – 0,8um – 2,4um 

IRAS19154
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