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Observation of IR/submm Galaxies

and Cosmology ?

 The observation of the Cosmic IR Background i1s
necessary for the complete test of Olbers’ paradox.

The objects that contribute to the CIRB could be
tl

e progenitors of local giant galaxies (test HGF).

r

T'he background due to dusty galaxies is a

foreground for the observation of CMB
anisotropies.

* Early phenomena (e.g. the formation of Pop

stars) are observed in the IR (redshifts z=10-30).



The Infrared View on Galaxy Formation
Outline of the talk

IR Starbursts

The CIRB and dust heating : starbursts vs.
AGNs

Breaking the CIRB into sources : ISOPHOT
(ISO), SCUBA (JCMT), MAMBO (IRAM)

Forthcoming observational landscape :
SIRTF, PLANCK, HERSCHEL, ALMA
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How dusty are forming galaxies ?
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Spectra of nearby galaxies : spirals and ULIRGs
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The IR luminosity sequence from spirals to ULIRGs
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Morphologies of ULIRGs (Surace et al. 1998)
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The Origin of the Cosmic IR/optical

Background

1996-1998 : discovery of the CIRB 1n FIRAS data (Puget et al.
1996, Guiderdoni et al. 1997, Fixsen et al. 1998, Lagache et al.
1998) and DIRBE data (Schlegel et al. 1998, Hauser et al. 1998).
Strong evolution :10 x the no evolution prediction (IRAS lum.
funct.), twice the COB. Interpolating/extrapolating gives

(A>6 um) 1, ™ =40x10° Wni’sr™' I, " =20 x 107 Wi *sr
Thermal emission from dust : extinction 1s crucial in the
luminosity budget at high z, even if Z < Z,

Heating engine I: AGN should contribute 10—20 % (Almaini et
al. 1999)

Heating engine II: starbursts should contribute 80 —90%
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Le fond diffus dépend de I’é€missivité lumineuse
de I’'univers ¢, (W/m?) intégrée sur la ligne de

Visée




Black Hole Growth and the Cosmic Background
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Census of BH mass density from the local luminosity density :

0,(0)=(9.0=1.4)10"L, Mpc™

sun

1/3 fromE ; M\Nummﬁs and M,, =0.005M Magorrianctal. 1998
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Stellar Nucleosynthesis and the Cosmic Background

c (AY 0.’ ¢ 0.03p,(0)c’
I, = + v =
§A§/>N 5‘? H+m A.a

H+N%

Census of local metal density from the local luminosity density :

0,(0)=(9.0=+1.4)10"L, Mpc
2/3 fromSp; M _, My, and Z=0.02
N\m Nkwmxz
1/3 fromE ; hR ummﬁs and Z=0.03 +0.02 for metals in IGM
B Bsun $ 03 E,:S |
L, =Y. L, (Mushotzky & Loewenstein 1997)
wp 0,(0)=1.1x10"M_Mpc™
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The Cosmic Star Formation History

SCUBA

" extinction corrected LBGs
sources /

\ corrected for
] dust

Deconvolved
CIRB

SAM

"~~~ Uncorrected
LBGs
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Resolution of the CIRB 1nto point sources

e ISO/ISOCAM (15 um) : 70 % @ S, >30 uly
e ISO/ISOPHOT (175 um) : 5 % @ S, >200 mly
— About 200 sources (Puget et al. 1999, Dole et al. 2000)

e JCMT/SCUBA (850 um) : 40 % @ S_>2 mly

— About 100 sources (Smail et al. 1997, Hughes et al.
1998, Eales et al. 1998, etc.)

e IRAM/MAMBO (1300 um) : 30 % @ S, >2 mly
— 36 sources (Carilli et al. 2000, Bertoldi et al. 2000)

15
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From Faint Counts to the Diffuse Background

Diffuse gowmaocba
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The FIRBACK ISOPHOT
Deep Survey at 175 um

3.89 deg? in 3 fields (2
North, 1 South); 196
galaxies with S, >135
mly ; counts show
strong evolution

N 1 field

N 2 field

Marano S field
18



Detection of CIRB fluctuations in the FIRBACK survey
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The «[Megative K-correction at submm/mm wavelengths
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The Hubble Deep Field observed by SCUBA at 850 um

8.7 arcmin?
0=0.45 mly

FWHM=14.7
arcsec
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VLA 1.4 GHz contours

SCUBA error box

Radio/submm «[@hotometricld
redshifts (Carilli & Yun 1999)
Smail et al. 2000 give <z>>2 23



ID of IR/submm sources

e ISOCAM @ 15 um, S,>30 wJy : ID z =0.5-1 (~ dusty,
luminous galaxies of the CFRS)

e ISOPHOT @ 175 wm, S,>200 mJy : ID z < 0.5, + some
sources a z ~1 ? (FIRBACK)

e SCUBA @ 850 um, S, >2 mly : 1 source arcmin?, IDs are
diffficult; many «[Mlank fieldsBd; majority of source IDs at
1<z<4

— some AGNs (10 % of CIRB ?)
— some EROs (10 % du CIRB ?)

— L luminosities : a few 10!! to a few 10!2 L ; provided z>1
— psrr(z>1) = 107 Mgyr!'Mpc (Hughes et al. 1998)
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No connection
between the

SCUBA and

Chandra sources at
Sesomm>2 My &
Fys_oey>1—3 101

erg cm? 7!

Most natural
interpretation :
SCUBA
sources are
powered by
starbursts

Fabian et al. 2000,
Severgnini et al.
2000

- Crandm
r

Craniden ._-

- - SCuaa

TH-..u.r..u._mu_.:__.. _u_.._.___.._..u.tu_ .. 1_. :

L CHOUE TSR B 1T - L

.u“nr.?. N

1 [ Chandra

&

F CROLLIZ15335.2 % u._”_u

1 = SCUBa

$90INOS BIPURY))

m._.._.t...u_mum... N742

- Chandacy

.ﬂr_l.:.-b__....ﬂu.ﬂ
R

W] 80100273

‘-.H

g .,.._...
1y

”\” -
N/

i\

T

S

140 D+-EST 1F

25



9¢

01

=
=
=

=

s

o

]

e

& =

[=% (=

=

)

e

=

(47}

& o

Lt Tk

Fil

jusy

P

o
=
-

01

6661 ‘T8 19 Ao

| LALA

| AL

LI

—
"t

1T

Luminosity density (W Hz ')

—
— — — —
L=

0

0

0l

Fusjairm 153y

U 01 L=

(i)

0]

01

' ¥
»
-~

VIEO+Er910d
FOTOr+TOSHIIL OUH

’

8'G=-"1

Z ‘01 4H

i 1=

MFI8A TOHdAM



The Cosmological Interest of
SCUBA sources

e Local LIRGs and ULIRGs are powered by
starbursts (and AGNs for the most luminous
objects, Lutz et al. 1998) triggered by interaction
and merging. They are thought to be the
progenitors of E galaxies.

e [fSCUBA high 7 LIRGs and ULIRGs are mergers
(very little direct observational evidence so far),
we are seeing the crucial step of hierarchical
galaxy formation

27
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Predicted IR/submm counts with simple SAM
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Predicted COB+CIRB with simple SAM
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3 0y (in Jy) for t_=1h

L,=10"¥ L_ ., galaxy at z=0.1, 0.5, 1, 3, 5 and 10

Jum 1 1 _______ I ________ I 1 _______ 1 ________ 1 1 _______ 1 ________ 1 1 __w
1FE =
= .;Jmm _.H_ﬂ__ ) =
A airtinal mrssiog ]
IR/ )

01 £ E
- _ seps .
0.01 £ - <
0.001 ” R int VLA NV :

. E
E / A FIRS T 3
= n .... 1 ¢ __. _ -
0.0001 // =
o= LSA/MMA /J :
Lg-# IW_
1.5m, 1AU ]
1a-7 E
Lqg-8 =
8 NGST JH_
ke Bmn, 1A0) 3
Guiderdoni, Bouchet, Devriendt, Hivon, Fuget, 1989 -

—10
“_..—U 1 1 _______ 1 ________ 1 1 _______ 1 ________ 1 1 _______ 1 ________ 1 1 _M
0.1 1 10 100 1000 104 107

wavelength A (in pm)

33



(launch in 2003) : MIPS (24, 70, 170 um) : rest-frame MIR for z<3.
(launch in 2007) : PACS (60-90, 90-130, 130-210 um) and
SPIRE (200-350, 350-450, 450-670 um)

— Deep fields (S, =15 mJy @ 350 um) : a few 10* sources. Expected 1<z<3.
Confusion limited

—  Will study the SEDs of a large sample of high-z ULIRGs
(launch 1n 2007) : HFI (350, 550, 850 um, 1.3, 2 mm)

— All-sky Compact Source Catalogue (S;; =260 mJy @ 350 um) : a few 10* to 10°
sources. Expected <z>=0.2.Confusion limited

—  Will study the rarest/most luminous ULIRGs
(full operation 2010) : (850 um, 1.3, 2 mm)
— 50 =3000Jy/beam in t ., =1h. With 0.1 arcsec resolution : ID, morphology
— Spectroscopic measures of z with CO lines
—  Will follow-up blank fields and optically selected high-z sources (LBGs)
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