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O
bservation of IR/subm

m
 G

alaxies
and Cosm

ology ?
•

The observation of the Cosm
ic IR Background is

necessary for the com
plete test of O

lbers’ paradox.
•

The objects that contribute to the CIRB could be
the progenitors of local giant galaxies (test H

G
F).

•
The background due to dusty galaxies is a
foreground for the observation of CM

B
anisotropies.

•
Early phenom

ena (e.g. the form
ation of Pop III

stars) are observed in the IR (redshifts z=10-30).
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The Infrared V
iew

 on G
alaxy Form

ation
O

utline of the talk

•
IR Starbursts

•
The CIRB and dust heating : starbursts vs.
A

G
N

s
•

Breaking the CIRB into sources : ISO
PH

O
T

(ISO
), SCU

BA
 (JC!M

T), M
A

M
BO

 (IRA
M

)
•

Forthcom
ing observational landscape :

SIRTF, PLA
N

CK
, H

ERSCH
EL, A

LM
A
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H
ow

 dusty are form
ing galaxies ?

Y
oung

stellar
population

W
ITH

O
U

!T
D

U
!ST

W
ITH

 D
U

ST

From
 the STA

RD
U

ST m
odel (D

evriendt, G
uiderdoni, &

 Sadat, 1999)
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Spectra of nearby galaxies : spirals and U
LIRG

s

STA
RD

U
ST 1999
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The IR lum
inosity sequence from

 spirals to U
LIRG

s

3.4 10
12 L

sol

2.1 10
7 L

sol

STA
RD

U
ST 1999
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M

orphologies of U
L

IR
G

s (Surace et al. 1998)
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U

 Surface B
rightness versus r 1/4  (in kpc)

Surace &
Sanders 2000

U
L

IR
G

s are
progenitors
of spheroids

exp.

r 1/4
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The Cosm
ic

Infrared and
O

ptical
Background
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The O
rigin of the Cosm

ic IR/optical
Background

•
1996-1998 : discovery of the CIRB in FIRA

S data (Puget et al.
1996, G

uiderdoni et al. 1997, Fixsen et al. 1998, Lagache et al.
1998) and D

IRBE data (Schlegel et al. 1998, H
auser et al. 1998).

Strong evolution :10 x the no evolution prediction (IRA
S lum

.
funct.), tw

ice the CO
B. Interpolating/extrapolating gives

•
(l>6 mm

)
•

Therm
al em

ission from
 dust : extinction is crucial in the

lum
inosity budget at high z, even if Z < Z

sun

•
H

eating engine I: A
G

N
 should contribute 10—

20 %
 (A

lm
aini et

al. 1999)
•

H
eating engine II: starbursts should contribute 80—

90%

Ibol CIRB
=

40
¥10

-9W
m

-2sr
-1

Ibol C
O

B
=

20
¥

10
-9W

m
-2sr

-1
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†
 

I
bol

=
e

bol

4
p

c
 dt4

(1+
z)

Ú

Le fond diffus dépend de l’ém
issivité lum

ineuse
de l’univers  ebol  (W

/m
3) intégrée sur la ligne de

visée

Effet cosm
ologique dû à

l’expansion de l’univers
L’intégrale est effectuée
sur une durée de tem

ps
finie: l’âge de l’univers



12

Black H
ole G

row
th and the Cosm

ic Background

Ibol =
c4p

h
BH

˙ r BH c
2

1
+

z
dt

=
c4p

Ú
0.1r

BH (0)c
2

1
+

z
eff

Census of BH
 m

ass density from
 the local lum

inosity density :

r
B (0)=

(9.0
±1.4)10

7L
Bsun M

pc
-3

1/3  from
 E ;

ML
B

=
6

M
sun

L
Bsun

and
M

BH
=

0.005M
M

agorrian et al. 1998

r
BH (0)

=
9

¥10
5M

sun M
pc

-3

Ibol =
14

1
+

z
eff 10

-9W
m

-2sr
-1

zeff
ª

2.5
Ibol =

4
¥

10
-9W

m
-2sr

-1
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Stellar N
ucleosynthesis and the Cosm

ic Background

Ibol =
c4p

DYDZ
h

Y
+

h
Z

Ê Ë 
ˆ ¯ 

˙ r Z c
2

1
+

z
Ú

dt
=

c4p
0.03r

Z (0)c
2

1
+

z
eff

Census of local m
etal density from

 the local lum
inosity density :

r
B (0)=

(9.0
±1.4)10

7L
Bsun M

pc
-3

2/3 from
 Sp ;

ML
B

=
2

M
sun

L
Bsun

and
Z

ª
0.02

1/3  from
 E ;

ML
B

=
6

M
sun

L
Bsun

and
Z

ª
0.03

+0.02
for m

etals in IG
M

(M
ushotzky &

 Loew
enstein 1997)

M
Z

L
B

=
0.3

M
sun

L
Bsun

r
Z (0)=

1.1
¥10

7M
sun M

pc
-3

Ibol =
50

1
+

z
eff 10

-9W
m

-2sr
-1

zeff
ª

1.5
Ibol =

20
¥10

-9W
m

-2sr
-1
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The Cosm
ic Star Form

ation H
istory

D
econvolved

CIRB

U
ncorrected

LBG
s

LBG
s

corrected for
dust

SA
M

SCU
BA

sources
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Resolution of the CIRB into point sources

•
ISO

/ISO
CA

M
 (15 mm

) : 70 %
 @

 S
n >30 mJy

•
ISO

/ISO
PH

O
T (175 mm

) : 5 %
 @

 S
n >200 m

Jy
–

A
bout 200 sources (Puget et al. 1999, D

ole et al. 2000)
•

JCM
T/SCU

BA
 (850 mm

) : 40 %
 @

 S
n >2 m

Jy
–

A
bout 100 sources (Sm

ail et al. 1997, H
ughes et al.

1998, Eales et al. 1998, etc.)
•

IRA
M

/M
A

M
BO

 (1300 mm
) : 30 %

 @
 S

n >2 m
Jy

–
36 sources (Carilli et al. 2000, Bertoldi et al. 2000)
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G

ispert et al. 2000
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From
 Faint C

ounts to the D
iffuse B

ackground

†
 

In
=

S
n

0 •Ú
dNdS

n

dS
n

†
 

s
n

=
S

n
2

0 •Ú
dNdS

n

dS
n

W

Ê Ë Á 
ˆ ¯ ˜ 1/2

†
 

S
conf

=
s

n
≡

S
n

2

0

3S
conf

Ú
dNdS

n

dS
n W

Ê Ë Á Á 

ˆ ¯ ˜ ˜ 1/2

In Jy sr -1 or W
 m

-2 H
z

-1 sr -1

D
iffuse background

Fluctuations in solid angle W

C
onfusion lim

it in solid angle W

In Jy sr -1 or W
 m

-2 H
z

-1 sr -1

In Jy or W
 m

-2 H
z

-1
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The FIRBA
CK

 ISO
PH

O
T

D
eep Survey at 175 mm

3.89 deg
2 in 3 fields (2

N
orth, 1 South); 196

galaxies w
ith S

n >135
m

Jy ; counts show
strong evolution

M
arano S field

N
 2 field

N
 1 field
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D
etection of CIRB fluctuations in the FIRBA

CK
 survey

Lagache &
 Puget 2000

D
ata in the M

arano 1 field

Cirrus confusion noise

Cirrus confusion noise x
footprint pow

er spectrum

P(k)µ
k

-3
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The «"negative K
-correction"» at subm

m
/m

m
 w

avelengths

G
uiderdoni et al. 1998

850 mm

4 m
Jy

The
600—

2000
mm

 flux
directly
m

easures
L

IR
provided
z>0.5

W
0 =1, h=0.5
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The H
ubble D

eep Field observed by SCU
BA

 at 850 mm

8.7 arcm
in

2

s=0.45 m
Jy

FW
H

M
=14.7

arcsec
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z=3.4

z=3.8

z=0.9

z=2.0

z=3.2 ?

ID
 of SCU

BA
sources: optical

This is the
actual optical
ID

 (lensed)

logL
IR =11.9

logL
IR =11.8

logL
IR =11.8

logL
IR =11.6
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ID
 of SCU

BA
 sources : radio continuum

Sm
ail et al. 2000

SCU
BA

 error box

V
LA

 1.4 G
H

z contours

Radio/subm
m

 «"photom
etric"»

redshifts (Carilli &
 Y

un 1999)
give <z> > 2
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ID
 of IR/subm

m
 sources

•
ISO

CA
M

 @
 15 mm

, S
n >30 mJy : ID

 z = 0.5-1 (~ dusty,
lum

inous galaxies of the CFRS)
•

ISO
PH

O
T @

 175 mm
, S

n >200 m
Jy : ID

 z < 0.5, + som
e

sources à z ~1 ? (FIRBA
CK

)
•

SCU
BA

 @
 850 mm

, S
n >2 m

Jy : 1 source arcm
in

-2, ID
s are

diffficult; m
any «"blank fields"»; m

ajority of source ID
s at

1<z<4
–

som
e A

G
N

s (10 %
 of CIRB ?)

–
som

e ERO
s (10 %

 du C!IRB ?)
–

L
IR  lum

inosities : a few
 10

11 to a few
 10

12 L §
 provided z>1

–
r

SFR (z>1) = 10
-1 M

§ yr -1M
pc -3 (H

ughes et al. 1998)
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N
o connection

betw
een the

SCU
BA

 and
Chandra sources at
S

850m
m >2 m

Jy &
F

0.5—
2keV >1—

3 10
-15

erg cm
-2 s -1

Fabian et al. 2000,
Severgnini et al.
2000

Chandra sources

M
ost natural

interpretation :
SCU

BA
sources are
pow

ered by
starbursts
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H
R

 10, z=1.44

Ic -K
=5.8

L
IR =7 10

12 h
50 -2 L

sun

D
ey et al. 1999
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The  Cosm
ological Interest of

SCU
BA

 sources
•

Local LIRG
s and U

LIRG
s are pow

ered by
starbursts (and A

G
N

s for the m
ost lum

inous
objects, Lutz et al. 1998) triggered by interaction
and m

erging. They are thought to be the
progenitors of E galaxies.

•
If SCU

BA high z LIRG
s and U

LIRG
s are m

ergers
(very little direct observational evidence so far),
w

e are seeing the crucial step of hierarchical
galaxy form

ation
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Predicted IR/subm
m

 counts w
ith sim

ple SA
MFit subm

m
counts w

ith
ad hoc
extinguished
starbursts

D
evriendt &

 G
uiderdoni 2000
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Predicted CO
B+CIRB w

ith sim
ple SA

M

D
evriendt &

 G
uiderdoni 2000
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Predicted z distribution w
ith sim

ple SA
M

D
evriendt &

 G
uiderdoni 2000
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Forthcom
ing IR/subm

m
 O

bservations
A golden era for high-z subm

m
 sources

•
SIR

TF (launch in 2003) : M
IPS (24, 70, 170 mm

) : rest-fram
e M

IR for z<3.
•

H
ER

SC
H

EL (launch in 2007) : PA
CS (60-90, 90-130, 130-210 mm

) and
SPIRE (200-350, 350-450, 450-670 mm

)
–

D
eep fields (S

lim =15 m
Jy @

 350 mm
) : a few

 10
4  sources. Expected 1<z<3.

Confusion  lim
ited

–
W

ill study the SED
s of a large sam

ple of high-z U
LIRG

s
•

PLA
N

C
K

 (launch in 2007) : H
FI (350, 550, 850 mm

, 1.3, 2 m
m

)
–

A
ll-sky Com

pact Source Catalogue (S
lim =260 m

Jy @
 350 mm

) : a few
 10

4 to 10
5

sources. Expected <z>=0.2.Confusion lim
ited

–
W

ill study the rarest/m
ost lum

inous U
LIRG

s
•

A
LM

A
 (full operation 2010) : (850 mm

, 1.3, 2 m
m

)
–

5s = 30" mJy/beam
 in texp =1h. W

ith 0.1 arcsec resolution : ID
, m

orphology
–

Spectroscopic m
easures of z w

ith CO
 lines

–
W

ill follow-up blank fields and optically selected high-z sources (LBG
s)


