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IR QSOs
]

-- Infrared Ultra-Luminous QSOs :

ULIRGs (Lg>10"°L) + Type 1 AGN
(optical) > IR QSOs (Zheng et al. [2002];
Hao, C.N. et al. [2005])

-- Transitional Objects from ULIRGs to
optically selected QSOs (Canalizo & Stockton
[2000, 2001]; Hao, C.N. et al. [2005])

-- Crucial to understanding the probable
evolutionary link between ULIRGs and

QSOs (Sanders et al. [1988] etc.) 02



-- IRS 5-40 um Probe -
%6.2,7.7,8.6,11.3, 12.7 um PAHs (SFR?!)
* mid-IR fine-structure lines (SFR/AGN)
©9.7, 18 um broad Silicate features (dust)
* warm-to-hot dust continuum emission (AGN?!)

Armus et al.
(2007)
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Sample

*1IR' QS0Os: Hao05 + F14026 (HyLIRG+BALQ)
-> available: 19 (15 have both low & high —res obs.)

*ULIRGs (non-S1):

from IRAS 1-Jy sample and Spitzer GTO #105
+ High-res mid-IR data from Farrah et al. (2007)

* PG QSOs: mainly from Spitzer GTO & GO #14,
3187 & 20142, with enough S/N, z<0.27

+ PG QSOs from QUEST.l (Schweitzer et al. [2006])
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Data Reduction
O

- Spectral Extraction: SMART software (by
IRS team of Cornell Univ.)

- Scaling the spectra: use 12 & 25um flux
densities from IRAS or ISO

- Measuring PAH & fine-structure lines
(following Desai et al. [2007]; Farrah et al.
[2007]; Schweitzer et al. [2006])

- Fitting the continua & measuring silicate
strengths (following Spoon et al. [2007])
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Relative flux

Low-Res

ra of IR QSOs
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Average Spectra

The mid-IR spectral properties A
(continuum slope; PAH; Silicate)
of IR QSOs are intermediate

between that of ULIRGs &
optically selected QSOs
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PG
QSOs

ULIRGs

0.8 —r7 1 1. 1 1. 1~ 1. 1 1. 1| T T T T T T T [ T T T T T T T T 1
nek I:L::Zq_]‘*“ 1 Irl:zlu'jiiz.':ﬁl DLIU] :l:,.:r (=—D.l g ? |
0al i é _
0.8 /// t —t /A// t
PG Q50s F PG QS0 7
| mean=-0.46 mean=0.017 [jem] mean= 0.15 / |
0.6 < %
).4 g / i
7/ ?
0.2 -+ _
7
r /..// R B / |
e JURG URGs 7 ' oURGs
0.4} mean=—3.31 4 mean=0.321 [um] / mean=—1.668
0.3k 7] /
17 /
0.0LL4 A : 4 rZ772/ /

Histograms

0(30,15)

EW(PAH)

SsiI

_2 0
log (PAH EW (6.2um) [}Lm])



Mid-IR Diagnostics of SB and AGN activities (i)

Mid- and Far-IR color-color diagrams

o(15,6) vs. 0(30,15) 0(60,25) vs. 0(30,15)
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Mid-IR Diagnostics of ‘|

SB and AGN activities
(i)
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of SB and AGN activities (iii)
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SFRs in QSOs & ULIRGs

.
-- Far-IR (60um) : Hao, C.N. et al. (2005, 2007)

L
& BT W e —1 60].11'['1
bFR — 326:\1’}:. yT 1010-[/6'

l0g(Leoum(AGN) /L) = 0.794l0g(ALx(5100A) /L) + 2.016
-- PAH emission (6.2um): Brandl et al. (2006)

Z()(](LIPRAH) = 1.13 X ZOQ(E:i.?/.LlllPAHDQ)

-- [Nell] emission line: Ho & Keto (2006)
log Lyerr = (1.01 £ 0.054) log Lig — (3.44 £ 0.56)
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Comparison (i): L(60) vs. L(PAH)
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Comparison (ii): L(60) vs. L([Nell])
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Classification of IR QSOs

(pre)-Classical QSO SB + QSO ULIRG + QSO
reiels . M1014  Mrk231
F / _510_—
3 ) ,J”':
x 0.1 » /’,,
= I j ! 0.1p , b’
Y oA By
N R e 4
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 3
Rest Wavelength (um) Rest Wavelength (um) Rest Wavelength (um)
<0(30,15)> -0.83 -2.29 —1.72
<EW(PAH)> <0.017 0.071 0.018
<Ssil> 0.08 -0.14 —0.53
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Evolution of dust in IR QSOs
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Star Formation suppressed
caused by AGN feedback ?!

— Outflowing

Velocity : the offset -

broad HB emission =
(Zheng et al. [2002]) =

— SFR/Mdot:

EW (6.2um PAH)
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Kendalls (7] rank correlation: 0,56

[Anti-CorreIation ?!J
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