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Motivation: Hldden Energy Source

Normal Galaxies ——1 |Infrared Galaxies (IRGs) -

Optical Infrared Optical Infrared

wavelength wavelength

Infrared Galaxies: very bright in IR than optical
¢/ Hidden energy source should exist behind the dust
v/ Possible energy sources: Starburst (SB) and/or AGNs

Disentangling two energy sources are crucial to
understand the starformation and AGN activityz




Energy importance of infrared galaxies

LIRG: Lig > 10! Ly, 9 o 008 3
ULIRG: Lir > 1022 Ly,

Goto+10,11

infrared galaxies become important energetically in high-z
Universe, but still there are many observational difficulties

W, Making and testing a diagnostic model to disentangle
two energy sources in the local Universe is crucial
¢/ Then, applying the diagnostic in the future



Sample: Infrared Galaxies
Our motivation:Finding very obscured, “buried” AGN

», Infrared Galaxies w/o any AGN sign in the optical
band in the local Universe are suitable.

66 U/LIRGs are Selected from...
/1 Bright ULIRG catalog (ULIRGs w/ feoum > 3 Jy; Klaas+01)

/1 |IRAS BG LIRG catalog (LIRGs w/ fsoum > 5.4 Jy; Carico+88)
<- Far-IR flux limited (=good dust peak tracer)

12 IRGS (Lir < 10'Lsyn) are selected from...
7 |RAS 12 um catalog

<- To increase the number of IRGs

Observations: 2.5-5 um spectroscopy by AKARI

¢/ It includes 3.3 um PAH emission line (up to z~0.4)
37 out of 78 sources are observed (Not complete)




Buried AGN diagnostics: PAHzm=s®ixtis)

SB: EW>40nm AGN: EW<40nm

T T T R A VRO DR IR Lo

OZ Sum fv':velengthmm) h
PAH emission
¢/ PAH is excited by UV radiation (from SB) = strong emission
¢/ PAH is destroyed by X-ray (from AGN) + dusty continuum
from AGN = weak emission
PAH Diagnostics (e.g., Imanishi+06, 10; mainly for ULIRGs)
v Weak PAH emission (EW<40nm): a sign of buried AGN




Buried AGN diagnostics: continuum
Decomposing ES0286-1G1Y
the continuum into

two component
v stellar
v MIR dust emission

from AGN
(e.g., Sani+08; Risaliti+10)

wavelength(uum)

Hot dust component
v/ starburst can heat only up to ~100K (e.g., Sanders+93)
v/ Hot dust (T>200K) continuum: a sign of buried AGN  «



Results: Buried AGN contrlbutlon

Buried AGN fraction

¢/ increase with infrared
Luminosity

¢/ AGN activity is almost
ubiquitous in U/LIRG range

Buried AGN fraction

Buried AGN

energy contribution

¢/ increase with infrared
Luminosity

¢ only up to ~10% at LIRG
v up to ~20% at ULIRG

(very small!)
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Bulk of infrared emission originates from SB, NOT AGN!! -



IR energy density in the local Universe
We can calculate IR energy density of AGN

10'°

10°

v 4.4 x 10° Lsun/MpcR

) 108
o

for LIRG £
vV 2.6 x 10 Lsun/Mpc3jg*
for ULIRG
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v How about the Qr of AGN in the high-z Universe?
We need 500 uly@z=1
This will be achieved by JWST/MIRI (~2020),
and/or SPICA (after 2025)? :



Evolutional track of AGN in IR galaxies

B B S
NS &) (0]

log Lgf [erg/s]
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10g Lo (AGN) [erg/s]
Lse can be calculated with Lsg = Lir - Lagn
v/ Optically-selected AGN: following Lsk vs. Luoi(AGN) relations
v/ IR galaxies: are located above the relations
IR galaxies: from T2 to T3 (where AGN activity is increasing)
v/ IR galaxies w/ buried AGN signs:
they could be in early stage of AGN evolutional track 9




Future plans
Within a year:
Current sample: NOT statistically complete
-> [manishi+10 has a statistically unbiased & complete sample

Applying our method to the sample,
¢ We can get statistically significant results

Around 2020: the era of JWST
¢ Our method is applicable

to high-z IR galaxies
w/ JWST/MIRI
(spec range: 5-28 um)
¢/2.5-5 um is shifted to
->5.0-10 um (z=1)
-> 7.5-15 um (z=2)
¢ Which field is most suitable for applying? 0




Summary

Our motivation
Infrared Galaxies: very bright in IR than optical

¢/ Hidden energy source should exist behind the dust
v/ Possible energy sources: Starburst (SB) or AGNs
-> Disentangling two energy sources!!

Results

v/ Buried AGN is ubiquitous in infrared galaxies

¢/ Buried AGN energy contribution is very small (only
up to ~10%)

-> Bulk of infrared emission originates from SB, not
AGN in the local Universe!!

¢/ IR galaxies could be the early stage of AGN
evolutional track



Thank you!!



R~120 at 3.6um






Sample: Infrared Galaxies
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e Our sample
= [manishi+ 10

O 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

redshift

¢/ Our sample covers wide luminosity range
(1010 I-sun < I-IR < 1013 I-sun)



Results of 2 buried AGN diagnostics
209 |\

All the sources with EWpan33z <40nm have AGN hot
dust component (T>200K)

PAH diagnostics can be highly affected by aperture
-> PAH diagnostics could miss many hidden AGNs 6



o)

Qg (Lsyn/Mpc”)

Total IR
ULIRG
ULIRG A
LIRG Ao

1.4




Results: Buried AGN contribution

Buried AGN fraction * Alonso-Herrero+12

¢/ increase with infrared
Luminosity

.
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Results: Buried AGN contribution

Buried AGN Nardini+10, Alohso-Herrero+12

energy contribution
¢/ increase with infrared

Luminosity

v 10~30% @ULIRGs

¢/ Our sample covers wider IR
luminosity range
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Active Galactic Nuclei (AGN)

Galaxy [

SMBH + accretion disk

o . | Dust torus
<10 kpc

What we see at each energy band

Accretion disk . Optical to X-ray

Dust torus : mid/far Infrared
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PAH(Polycyclic Aromatic Hydrocarbon)/\¥
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(a) 2

IRILF—

EW(PAH)>40 nm

(Moorwood 986, Imanishi+ '08,’10)
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(b) AGN#EIR (c) SR
IRILF—RUV+XHR TRILF—RUV+XHR

featureless
EW(PAH) : small
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EW(PAH)<40 nm
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