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Talk outline

Cosmic IR Background
Astrophysical processes & sources

IR satellites

Nature of sources emitting in the IR surveys
Modelling the Galaxy/AGN evolution in the IR

Open issues




Background IR pre-Spitzer

Extragalactic
Background

Zodiacal Light
Removed

Diffuse Infrared Background

PRC98-01 » ST Scl OPO = January 9, 1998
M. Hauser (ST Scl) and NASA

COBE - DIRBE

Hauser & Dwek 1998

After removing
foreground emission

Zodiacal light +
our galaxy

U

Intense
extragalactic IR
background




Frequency ¥ [GHz|
i i’ I i [i}

Cosmic Optical Background ™\ Cosmic Microwave

(mainly from stars) /
Background

, (from last-surface scattering
". at z=1000)

S

Cosmic Infrared
Background

1'1 " 1 10 lig iy
Wmlmaﬂﬂ[u:rﬁ)ole et aI

06

*CMB dominates
IR background “Opticial background

*Origin of the IR cosmic background ??



Extragalactic sources
associated to IR emission

Galaxy=>
Nucleosynthesis
Dust in envelopes

surronding starforming
regions.

UV/Optical photons
produces by stars

ared Eagle Nebula (M16) Spitzer Space Telescope * IRAC « MIPS
A/ JPL-Caltech / N. Flagey (IAS/SSC) & the MIPSGAL Science Team -

R Cavities (stellar
Red: 8 um | - | winds)
Orange: 3.6 um T

The Orion Nebula Spitzer Space Telescope * IRAC
itk S Tolonops « 525 « YoF

B/V: blue-green ...

TR T




AGN: Accretion around black holes
Dust in envelopes (tori?) around
central black holes.

UV/Optical photons produced 3C270
by accretion disks.

Chiaberge et al. 03

6700 5500 2300 (UV)



Typical IR spectra

Continuum:

Broad band emission:

Forbidden lines of
ionized gas:
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Exploring the IR (8-1000 um) Universe:

From space to avoid absorption from atmosheric gasses




« Explore the local Universe

«30% of the energetic output in IR
from galaxies emerges in these bands.

‘New galaxies class: galaxies forming
stars at > 20 M,/yr radiate the bulk
of their luminosity above 5 um:

LIGs: 11 < log(L;z/Lg) < 12
ULIGs: 12 < log(L/Ls) < 13
HyLIGs: 13 < log(Lz/Le)< 14

-*Were more numerous in the
past? Are similar to

local ones? What do they teach us about
star- and galaxy-formation connections?



than IRAS (especially

new cosmological window

WV Surveys at different
depths & area

Strong excess of faint
galaxies with respect non

[—

Explore distant Universe (z<1.5)
thanks 1000 times better sensitivity
in the LW3
ISOCAM filter: 12 - 18 ym).Open a

evolution predictions
=> galaxies were more
numerous e/o0 more
luminous in the past

A A2390 o M. UltraDeep -

o o HBF=N % M. Deep
o o HDF-5 » Lock. Deep
E 1000 oM. Firback  a Lock. Shallow
- — x ELAIS ]
- ﬁ % l
0 ) —
=, % |
] /%"'} —

100 & = = S i e I B
2 - =
U_J _ — =
&
. —T
= =
o

10 = il il 1 L11 1 RN

0.1 =0 10.0 100.0

(Gruppioni et al. 02)

[mJy]

15um



To understand IRAS/ISO/Spitzer counts

Backward evolutionary
model

I.e. Devriendt & Guiderdoni
00, Dole et al. 00; Chary

& Elbaz 01, Pearson 01, 05,
Franceschini et al. 01, 03,
08; Xu et al. 01, 03; Rowan-
Robinson 03, 08, Lagache,
Dole & Puget 03,




Observations....

A HST lmageW|’rh 15umcon'rour'

Most are star-forming
galaxies

<L;5> ~ 101011 L <z> = 0.8

AGN <15-20%

LIG is an important phase
in galaxy life: a galaxy
might experience several

bursts of intense SF.
Comoving IR luminosity due to
~ 70 times larger .




Backward models:

ar Jfl fJI J'IJ/
DesT - rJrrmg parameiers
i @ and The evolution

’_‘)

Il

4 Populations

1) Starburst fast evolving
L~(1+2)3-2, p~(1+2)3-5

2) Spiral non evolving

3) AGN1 L~(1+2)3

4) AGN2 L~(1+z)2>

— ta ©LA2390 . M. UliraDeep
- Spiral -
(ergy Marshaller al. 195k - Ac S i;“;;;fer’
o o . . —_ AGN2 ’

minimize: the function € 1000 ¢ g . oM. Firback & Lock. Shallow 3
T - ey x ELAIS ]
g i i
E ik

X
O
N

=
.......

dN /

M
-
R
[t
n"‘

o
[
b

|

Pozzi, Gruppioni, Oliver et al. 04



Spitzer extends the
Universe explored by ISO
To high-z (z =3).

In particular,3 instruments

+ IRAC:3.6,4.5,5.8,8um

» MIPS: 24, 70, 160um

-+ IRS spectrometer (up to R~600)

> MIPS 24-um analogs of the 15-
um sources but high-z thanks to
k-correction&sensitivity)

> IRS spectra




finding in terms of galaxy
evolution?

oooo SWIRE (49 s5q deg)
o e oo Papovich et al. (2004)
oo ¢+ » [RAS (Shupe et al. 1998)

Confirm the strong

Evolution found by
ISO.

(AN()/d8)5® [mIy* deg™

Rowan-Robinson 2006
Gruppioni et al. 2005

Lagache et &l. 2004

Xu et al. 2006
Franceschini, Berta, Vaccarl 2007

I
5(24pm) [mly]




Spitzer view galaxies
from z=0 to z=3

DO NOT

CDFS

Total

Lagache et al. (2004) |




Need to up-date models

Extend the library SEDs SED using new Spizer/IRS
data. In particular main weakness the role of
obscured- AGN.Obscured AGN difficult to identify by
optical spectroscopy so under-estimated.

Does IR Reveal Hidden AGN Activity?
1) IRS spectroscopy
2) Complete IR SED analysis

AGN and starburst activity occur simultaneously in
luminous high-z forming galaxies

= from 10% up to 50 % of the MIPS sources
harbour an AGNs




IRS spectra ol =

IRS spectra of 10 Local ULIGS 0.1000;—

*No "characteristic” ULIG spectra

00]_00 E_ , ..;:I ;" ‘

M1k273

x -|- '|' e
Fr' I'I\ ' e UI'SS (o) de p 4
o a Mrk 231 14348

silicate (9.7 um) absorption.

nsity (Jv)

0.0010 :
: A0 @

*NeV (14.3 um) indicating AGN in 3TN
ULIGs :

Armus et al. 07

relative flux

L.000E

0,010+

0001 l




New NIR/MIR diagnostic plot
to separate AGN/starburst

(Spoon et al. 2007)

6.2um PAH versus Si strength (9.7um)

3 extremes:

*AGN-heated hot dust: 1A
*PAH (starburst) dominated
spectra(1C)

*absorption dominated (2A

055?2

-"- L 02533 1 525‘0

Silieate Strength

00406 SR
centinuum _._ _‘j‘ B caso
dilution / ‘3_ ...... ‘

N7Z1

I I R | . I 7 T | ! [ E {E I A ]
A _.}E_{? N\;\a b lf~5:;7.()12’g"'1”" .- S0 -

H equivolent widih (B.ng) [erm]

Flux density F, [W/cm’/wm] acalad

w
A

E 7 8 210 12 19 17 26
Fast wavelangth | um

25 an



SED in NIR-/MID-IR

Other hints that LIGs/ULIGs
harbour an AGN from SEDs
in NIR/MIR
Blu‘e (unobs) Red

>/AGN
) ) Red (obs
Crucial range: near-/mid-

infrared (NIR/MIR) where 1> e

galaxy SEDs have a dip (2-5 um) Elliptical
and the hot dust heated by
the AGN start contributing, lue ed

filling up the dip. tarburst

Optical NIR IRAC
3.6 45 5.8 8.0




=» Broad-band SEDs: MIR in excess with respect to
expectations for galaxies

SED well fitted by
(reproducing opt/NIR) +
(reproducing MIR/FIR)

D=20 madel=ME&Z

HOREH E fit with sfar'b rs} 19900

100.0 i 100.0%

10.0F 10.0%

S(v)[ply]

':I.-] é_ D4‘]_§:

1 10 100 1 10 100
o [perm] A [pern]



STRONG IMPACT ON
EVOLUTIONARY MODELS!

o Observed Source Counts:

Spectroscopic classification SED classification
1AGN lower limit? 1AGN upper limit? |

100 ¢

»| TOT}
] IOE P




Nearly half of the energy output of the
extragalactic sources in the IR band (8-1000um)

Main Spitzer results:

MIPS/24 Um: Detection of IR sources (starburst/AGN)
up to z~3.

IRS spectroscopy: Many starburst galaxies harbour an
obscured AGN. Coeval nuclear and star formation activity.
Evolutionary models based on previous satellite (ISO)
need to be revised to reproduce the Spitzer
observables.

=> more objects harbour an AGN.

Need a complete census and characterization of IR SEDs.

How Herschel will help....see Gruppioni talkill



..need for
Locate the peak of dust emission in

High-z AGN/galaxies

10° z=2 /’_”—ﬁ—h‘*\ Better
B Galaxy/AGN
Separation!

Better Galaxy

Formation
and Evolution

1 1 1 1 1 | - -]
\ 100 1000
s AW, (AW AW
i ‘_/
wavelength ( ;_.g.r"r‘i) ogaels

| [Obscured AGN

e




— Stacking analysis:
di sorgenti rivelate a 24 mm(S,,> 60 nJy) separate per
bindi S,,
Campi: CDFS, Lockmann, HDFN: ~ 19000 sorgenti 24 um

The Cosmic Infrared Background resolved by Spitzer

H. Dole et al. (2006)
Institut d'Astrophysique Spatiale, Universite Paris-Sud 11, CNRS
http://www.ias.u-psud.fr/irgalaxies

Credit: H. Dole/IAS/Arizona/NASA/JPL-Caltach




Spitzer Resolves the Cosmic Infrared Background
Exampile of 1800 stacked galaxies with MIPS. Dole et al. (2006)
-_— » ., ™ > r]

Sorgenti sommate
posizione 24 um

Stacking Analysis Technique Check

Exampde of 300 stacked Images at random sky positions. Dole el al. (2008)

Sorgenti sommate
con random offset

Sorgenti rivelate in ogni bin S,, mm
Guadagno:
524= 100 IJJY have 570~0.5 mJy 5160~3 mJY




Background IR Spitzer/stacking analysis

. Frequency v [GHz]
Percentuale fondo ris 10° 10° 10° 10° 10° 10'

sorgenti 24 um : 0% ' - - .
80 % @ 24 um _;. |
90 (20) % @ 70 um [
70 (7) % @ 160 um § :
2 CMB
g 107 960 E
* Intensita pari quella G i
CIR + COB 5 % CMB -y
= wf dcos \| OB
* Conoscendo z-distr. 2 23 24 :
(Le Floc’h 05, Caputi ( e i
107 10° 10! 107 10° 10* 10°
come COB ("*'20"30% Wa\relajgthk[pml

llllJll’lbl CUIIGIIG  1IGI11S OVIC  JUTIVGS

— Abbiamo gia scoperto tutto? |23
Perche Hershel 60-670 um ?



Conteggi a 24 um

oooo SWIRE (49 sq deq)
e o o o Papovich et al (20041
« » + « [RAS (Shupe et al. 1998)

g s oy

-—
—
- ’
- -
L,

Rowan-Robinson 2006
Gruppioni ot al. 2006
Lagache et al 2004
Xu et aL 206 ;
Berta, Franceschini, Rodighiero z(topl=1.5
Berta, Franceschini, Rodighiero m(topi=1.8

-
-
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of normalized munber counts with several models overlaicd.

Shupe et al. submitted




Necessario rivedere modelli alla luce
risultati fotometrici e spettroscopici di SPITZER !l

forse accrescimento non & un fenomeno cosi marginale ...




