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COSMOLOGICAL SURVEYS WITH COSMOLOGICAL SURVEYS WITH 
THE INFRARED SPACE THE INFRARED SPACE 

OBSERVATORYOBSERVATORY

Alberto Franceschini
Padua University
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GTO Survey Team and GTO Survey Team and 
AssociatesAssociates

•• The ISO Guaranteed Time The ISO Guaranteed Time ExtagalacticExtagalactic Surveys  (IGTES)Surveys  (IGTES)

•• Catherine  Catherine  CesarskCesarskyy PIPI CEA,  CEA,  SaclaySaclay HerveHerve' ' AusselAussel
•• David David ElbazElbaz AssAss CEA,  CEA,  SaclaySaclay Dario Dario FaddaFadda
•• Dave ClementsDave Clements
•• Alberto Alberto FranceschiniFranceschini CoCo--II Padua UniversityPadua University Giulia Giulia RodighieroRodighiero, Stefano , Stefano 
•• Berta, Berta, MattiaMattia VaccariVaccari
•• Martin Martin HarwitHarwit Miss. Scientist Miss. Scientist Washington Washington J.L. Stark, Reno J.L. Stark, Reno MandolesiMandolesi,,
•• L. L. DaneseDanese
•• JeanJean--Loup PugetLoup Puget CoCo--I  I  OrsayOrsay
••

•• The CanadaThe Canada--France France RedshiftRedshift Survey (CFRS)Survey (CFRS)

•• Francois HammerFrancois Hammer PIPI MeudonMeudon
•• Hector FloresHector Flores AssoiateAssoiate HawaiiHawaii
•• Francois Francois BouchetBouchet AssociateAssociate IAP ParisIAP Paris
•• Bruno Bruno GuiderdoniGuiderdoni Simulation/ModelsSimulation/Models SSC/IPACSSC/IPAC
•• Catherine Catherine CesarskyCesarsky CEA CEA SaclaySaclay
••
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The ISOCAM 15The ISOCAM 15µµ SurveysSurveys

... the wedding 
cake approach...
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GTO Survey Team and GTO Survey Team and 
Associates  (Associates  (cntcnt.).)

•• The Japanese Guaranteed Time SurveyThe Japanese Guaranteed Time Survey
•• Yoshii TaniguchiYoshii Taniguchi PIPI TokioTokio
•• Lennox Lennox CowieCowie AssoiateAssoiate HawaiiHawaii
•• Dave SandersDave Sanders AssociateAssociate HawaiiHawaii

•• The The LensingLensing Cluster SurveyCluster Survey
•• Leo MetcalfeLeo Metcalfe PI PI ESTECESTEC
•• Bruno Bruno AltieriAltieri AssociateAssociate
•• Daniela Daniela CoiaCoia Data AnalysisData Analysis
•• Andrea Andrea BivianoBiviano Ass.Ass.

•• The ISOPHOT  SA57  SurveyThe ISOPHOT  SA57  Survey
•• KaleviKalevi MattilaMattila PI PI FinlandFinland
•• Chris Chris LehnertLehnert "           "           GermanyGermany
•• IuvelaIuvela AssociateAssociate

•• The The LockmanLockman Deep ISOPHOT  SurveyDeep ISOPHOT  Survey
•• K. K. KawaraKawara et al.               et al.               PI PI JapanJapan
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(Fadda et al. 2000)
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15 µ differential counts
(Euclidean normalized)
(Elbaz et al. 1999; 

Franceschini et al. 2001)

(~ 1000 sources
altogether)
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Open Time Survey Teams and Open Time Survey Teams and 
AssociatesAssociates

•• ISO FarISO Far--Infrared Background Survey  (FIRBACK)Infrared Background Survey  (FIRBACK)

•• JeanJean--Loup PugetLoup Puget PIPI OrsayOrsay
•• Xavier DesertXavier Desert AssoiateAssoiate OrsayOrsay
•• HerveHerve' Dole' Dole Data analysisData analysis OrsayOrsay
•• Francois Francois BouchetBouchet AssociateAssociate IAP ParisIAP Paris H. H. AusselAussel, W. , W. 

Reach, Alan Reach, Alan 
MoorwoodMoorwood

•• Bruno Bruno GuiderdoniGuiderdoni Simulation/ModelsSimulation/Models IAP ParisIAP Paris
•• Catherine Catherine CesarskyCesarsky PIPI CEA CEA SaclaySaclay
•• Alberto Alberto FranceschiniFranceschini Spheroids/AGNSpheroids/AGN PaduaPadua

•• The European LargeThe European Large--Area Extragalactic Survey  (ELAIS)Area Extragalactic Survey  (ELAIS)

•• Michael RowanMichael Rowan--Robinson  Robinson  PIPI IC, London  IC, London  Duncan Duncan FarrahFarrah, Dave Clements, , Dave Clements, 
•• SebSeb OliverOliver CoCo--II IC, London IC, London 
•• Bo MannBo Mann AssAss ICIC Tom Tom BabbedgeBabbedge, Dave Clements , Dave Clements 
•• Steve Steve SerjeantSerjeant AssAss ICIC
•• Alberto Alberto FranceschiniFranceschini Spheroids/AGNSpheroids/AGN PaduaPadua Stefano Berta, Giulia Stefano Berta, Giulia RodighieroRodighiero, , 
•• David David ElbazElbaz AssAss CEA,  CEA,  SaclaySaclay MattiaMattia VaccariVaccari
•• Catherine Catherine CesarskyCesarsky AssAss CEA CEA SaclaySaclay
•• Jean Loup PugetJean Loup Puget M.S.M.S. OrsayOrsay
•• Alan Alan MoorwoodMoorwood M.S.M.S. ESOESO
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Field Selection Strategy:
• Low galactic extinction and cirrus emission (I100µm < 0.5 MJy/sr) less confusion and noise.
• High galactic latitude fields low zodiacal background.
• Large contiguous area large scale structure studies.
• Minimum contamination by bright stars, galaxies, radio sources, and galaxy clusters.
• Availability of large data sets at other wavelengths     

THE EUROPEAN LARGE_AREA ISO SURVEY (ELAIS)
including among the largest lowest infrared background 

regions in the sky

ELAIS-S1 (4.5 deg2)

ELAIS-N2 (4 deg2)

ELAIS-N1 (4 deg2)
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Open Time Survey Teams and Open Time Survey Teams and 
Associates    (Associates    (cntcnt.).)

•• The ISOCAMThe ISOCAM--HDF observation  HDF North & South FieldsHDF observation  HDF North & South Fields

•• Michael RowanMichael Rowan--RobinsonRobinson PIPI IC, London  IC, London  Duncan Duncan FarrahFarrah, Dave Clements, , Dave Clements, 
•• SebSeb OliverOliver CoCo--II IC, London IC, London 
•• Bo MannBo Mann AssAss ICIC Tom Tom BabbedgeBabbedge, Dave Clements , Dave Clements 
•• Steve Steve SerjeantSerjeant AssAss ICIC
•• Alberto Alberto FranceschiniFranceschini Spheroids/AGNSpheroids/AGN PaduaPadua Stefano Berta, Giulia Stefano Berta, Giulia RodighieroRodighiero, , 
•• David David ElbazElbaz AssAss CEA,  CEA,  SaclaySaclay MattiaMattia VaccariVaccari
•• Catherine Catherine CesarskyCesarsky AssAss CEA CEA SaclaySaclay
•• Jean Loup PugetJean Loup Puget M.S.M.S. OrsayOrsay
•• Alan Alan MoorwoodMoorwood M.S.M.S. ESOESO
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HDF-North image
overlayed by the
ISOCAM LW3
15 µ contours 
(Rowan-Robinson et 
al. 1997;
Aussel et al. 1999
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ISO LW3  15 µ
contours
ovelayed on 
the NTT EIS 
I-band image
(Aussel et al.)

The HDF-S
observed 
with ISO
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170 µ

(Puget et al. 1999)

ISOPHOT

THE INFRARED SPACE OBSERVATORY

To access wavebands unreachable 
from ground (λ∼10 to 200  µm)

JeanJean--Loup PugetLoup Puget
Xavier DesertXavier Desert
Herve' DoleHerve' Dole

Francois Bouchet Francois Bouchet 
Bruno Guiderdoni       Bruno Guiderdoni       

Catherine Cesarsky    Catherine Cesarsky    
Alberto Franceschini  Alberto Franceschini  

H. AusselH. Aussel
W.  ReachW.  Reach

Alan MoorwoodAlan Moorwood
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170 µ

(Puget et al.)
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TheThe LOCKMAN HOLE as LOCKMAN HOLE as seenseen by by 
ISOPHOT ISOPHOT atat 95 95 µµmm

THE SURVEYTHE SURVEY
area : ~40´ x 40´

number of sources 
detected:36 (above 4 sigma). 
10 sources present both CAM 
and RADIO counterparts.

minimum flux level: ~30 mJy

44 arcmin

N

E
(Rodighiero et al. 2002)
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Sources with radio and 
15 micron detections on 
optical images

radio

15 micron

Limited by confusion 
and strong detector 
noise   [~10% of the 
100 µm CIRB 
resolved into sources]
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SED consistent with that of luminous 
and ultraluminous IR galaxies

LIRG   L=4 1011 L⊗ ULIRG    L=4 1012 L⊗

ISO discovered that such luminous galaxies were extremely more 
numerous during the past history of the Universe than they are now

a new pathway for galaxy formation 
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A large fraction (A large fraction (≈≈15%)  of the ISO observing time dedicated to deep 15%)  of the ISO observing time dedicated to deep 
extragalalacticextragalalactic surveyssurveys

Such large, well coordinated effort provided us for the first tiSuch large, well coordinated effort provided us for the first time with me with 
crucial data on obscured star formation (in galaxies) and gracrucial data on obscured star formation (in galaxies) and gravitational vitational 
accretion (accretion (AGNsAGNs) at high ) at high redshiftsredshifts

These results, together with concomitant (SCUBA) observations atThese results, together with concomitant (SCUBA) observations at the the 
mm, had a profound impact on cosmology and galaxy formation [Spimm, had a profound impact on cosmology and galaxy formation [Spitzer tzer 
Space Observatory later confirmed them]Space Observatory later confirmed them]

The ISO mission heralded a very innovative approach to sky exploThe ISO mission heralded a very innovative approach to sky exploration:ration:

not only providing sensitive instrumentation in an almost complenot only providing sensitive instrumentation in an almost completely uncharted tely uncharted 
waveband domain   (waveband domain   (λλ=3 to 200 =3 to 200 µµm)m),, but also...but also...

establishing a completely new strategy for cosmological surveys,establishing a completely new strategy for cosmological surveys, combining combining 
widewide--area shallow observations with progressively deeper observationsarea shallow observations with progressively deeper observations on on 
smaller regions, in a well coordinated waysmaller regions, in a well coordinated way [an approach later adopted by all [an approach later adopted by all 
space observatories, Spitzer, ASTROspace observatories, Spitzer, ASTRO--F, HST, Herschel, etc.]F, HST, Herschel, etc.]

ConclusionsConclusions
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LOCKMANLOCKMAN
ELAIS ELAIS ((Efstathiou Efstathiou et al 2000et al 2000))
IRASIRAS

90 micron counts

Rodighiero et al. (2001)

Our sample resolves 
only 10 % of the CIRB
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