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Buried AGN search in ULIRGs
IR (3-35 pm)
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Why (sub)millimeter ?

N, /tau(A) = 1.2 x 102> (A/400 pm)?
(Hildebrand 83)

Tau (20 um) Tau(X-ray @ Tau (850 um)
10 keV)
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(Sub)mm buried AGN search in ULIRGs
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2. Vibrationally-excited emission line



Molecular gas at mm
(small dust extinction)
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ALMA
J=3-2,4-3

IR spectroscopic

classification

(AKARI satellite)
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Flux (mJy beam™")
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ALMA example spectra (I)
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Flux (mJy beam™")

ALMA example spectra (ll)
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3-2: AGN > SB

HCN-to-HCO* flux ratios at J
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HCN-to-HCO* flux ratios at J=3-2 and J=4-3 :
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Some IR hon-AGN show high HCN/HCO*

flux ratios
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(Sub)mm buried AGN search in ULIRGs

1. Molecular line flux ratio pcn
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Vibrationally-excited HCN lines (HCN-VIB)
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Flux Density (mJy)

HCN-VIB in ULIRGs
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HCN-VIB: Vibrationally- mid-infrared (14 um)
excited (v2=1f) HCN continuum
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Some IR non-AGN show high HCN/HCO*
flux ratios
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IR-eIuswe (sub)mm-detectable buried AGNs?
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Interpretation 1. High HCN excitation
n(crit): HCN ~ HNC > HCO*
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2. High HCN abundance in AGN

X-ray and/or hot dust/gas chemistry
(e.g., Meijerink+05; Harada+10)
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Flux (mJy beam™")
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Isotopologue line observations
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Molecular gas (clumpy structure)
| o ©® (Solomon+87)

tau=1 sphere

Line opacity
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HCN/HCO™ flux ratio (revised) 12C/13C~50

in ULIRGs
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Sumamry of our ALMA study

(Sub)millimeter molecular line flux ratios are

a powerful tool to study elusive buried AGNs
in ULIRGs.

Sensitive to IR-elusive deeply buried AGN?

Line opacity (not dust extinction) correction
will make our method even more convincing.

Imanishi+13 AJ 146 91; +14 AJ 148 9
Imanishi+16a ApJ 825 44, +16b AJ 152 218
Imanishi+17a (submitted), 17b (in prep)
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More than half of cosmic activity is obscured
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IR radiative pumping
oc Einstein B coefficient(v=0—1) x Fv (IR) x N (v=0)
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2. High HCN line opacity?
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