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Talk OutlineTalk Outline

�� Why we need deep NIR surveysWhy we need deep NIR surveys

�� The Ultra Deep SurveyThe Ultra Deep Survey

�� Data reductionData reduction

�� Complementary surveysComplementary surveys



The need for deep infrared surveysThe need for deep infrared surveys

Optical surveys sample rest-frame UV at high-z

Deep IR surveys vital for a complete census at z>1

1. Biased against high-z galaxies obscured by dust

2. Bias against high-z galaxies with old stellar populations
3. Provide poor estimate of  stellar mass



RedshiftRedshift distribution of optical surveysdistribution of optical surveys

Le Fèvre et al. (2005) Pozzetti et al. (2007)
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The UKIRT WideThe UKIRT Wide --Field Field CAMeraCAMera
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Focal Plane configurationFocal Plane configuration



�� When are galaxies assembled?When are galaxies assembled?

-- detailed luminosity functions from 1<z<6detailed luminosity functions from 1<z<6

�� HighHigh--z galaxy mass functionz galaxy mass function

-- Model Model SEDsSEDs ((u,b,v,r,i’,z’,J,H,Ku,b,v,r,i’,z’,J,H,K + Spitzer)+ Spitzer)

�� How do galaxy properties evolve with time?How do galaxy properties evolve with time?

-- Formation of the red sequenceFormation of the red sequence

-- Morphologies, prevalence of AGN etc.Morphologies, prevalence of AGN etc.

�� LargeLarge--scale structurescale structure

-- provides probe of dark matter halosprovides probe of dark matter halos

-- evolution of clustering & biasevolution of clustering & bias

Key goals of the UltraKey goals of the Ultra --Deep SurveyDeep Survey



UKIDSS designUKIDSS design

ExGal4000 deg2K=18.4YJHKLASLarge Area Survey

Gal1600 deg2K=18.7ZYJHKGCSGalactic Clusters Survey

ExGal0.77 deg2K=23.0JHKUDSUltra Deep Survey

ExGal35 deg2K=21.0JKDXSDeep Extragalactic Survey

Gal1800 deg2K=19.0JHKGPSGalactic Plane Survey



Tape store
Summit ORAC
pipeline

Edinburgh 
(WFAU)

Cambridge 
(CASU)

UKIDSS Data FlowUKIDSS Data Flow

Nottingham
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The UKIDSS UltraThe UKIDSS Ultra --Deep SurveyDeep Survey

Depths achieved so far:Depths achieved so far:
((55ss , 2" apertures, AB), 2" apertures, AB)

0.
88

 d
eg

.

EDR:EDR: KKABAB=22.6, J=22.6, JABAB=22.6=22.6
seeing : J~0.80’’ K~0.70’’seeing : J~0.80’’ K~0.70’’

Dye et al. (2006); Foucaud et al. (2007)

DR1:DR1: KKABAB=23.6, J=23.6, JABAB=23.5=23.5
seeing : J~0.90’’ K~0.75’’seeing : J~0.90’’ K~0.75’’

Warren et al. (2007)

DR3:DR3: KKABAB=23.8, =23.8, HHABAB=23.4=23.4,, JJABAB=23.5=23.5
seeing : J~0.90’’ H~0.85” K~0.75’’seeing : J~0.90’’ H~0.85” K~0.75’’

Almaini, Foucaud et al. (in prep.)

World wide 
public 

(in january 2008)
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The Nottingham “pipeline”The Nottingham “pipeline”

Quality control

Masking borders 
and bad regions 

New weight maps 
(background var.) 

Reprocessing

WeightWatcher

Mosaiced and stacked 
images 

SWarp
Sigma weighted coadd.

Matched 
catalogues

SExtractor
Tuned parameters

WeightWatcher, SWarp and SExtractor are TERAPIX products 
http:// terapix.iap.fr

Almaini, Foucaud et al. (in prep.)
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UDS Quality ControlUDS Quality Control
Almaini, Foucaud et al. (in prep.)

•• Detailed look at individual interleaved Detailed look at individual interleaved 
stacks and flaggingstacks and flagging

•• Conservative masking and border Conservative masking and border 
trimmingtrimming

•• Seeing rejection: in K seeing<0.9Seeing rejection: in K seeing<0.9””

none in J and Hnone in J and H

•• ~35% of images taken in bad weather ~35% of images taken in bad weather 
contitionscontitions in K, and ~10% in J and Hin K, and ~10% in J and H

•• after QC: after QC: 

in K ~25% rejected, in J and H ~5in K ~25% rejected, in J and H ~5--10%10%

•• high sky backgroundhigh sky background

•• datadata--reduction issuereduction issue

•• moon contaminationmoon contamination

•• guideguide--star loststar lost



SWarpSWarp sigmasigma --clipped clipped coadditioncoaddition
Almaini, Foucaud et al. (in prep.)

•• Using a sigmaUsing a sigma--clipping rejection methodclipping rejection method

•• Typically ~25 frames Typically ~25 frames coaddedcoadded

•• Modification of Modification of SWarpSWarp

•• 33�� --rejection: no noticeable impact on stars and rejection: no noticeable impact on stars and 
galaxies profiles (<1%)galaxies profiles (<1%)

•• Improved data quality and helped to gain in depthImproved data quality and helped to gain in depth



SExtractorSExtractor tuned parameterstuned parameters
Foucaud et al. (2007)

Almaini, Foucaud et al. (in prep.)

DR3 K-band

maglim(70%)>23.8
spurious<3%
maglim(70%)>23.8 & spurious<3%

•• 55�� (2(2””ap) magnitude limit ap) magnitude limit 

•• PointPoint--like sources simulationslike sources simulations

•• Completeness @ 70%Completeness @ 70%

•• Inverse image for spurious fraction Inverse image for spurious fraction 
estimationestimation

•• Best Best SExtractorSExtractor parameters for parameters for 
magnitude limit and spurious<3%magnitude limit and spurious<3%



Dye et al. (2006)

UKIDSS astrometryUKIDSS astrometry

•• Comparison with 2MASSComparison with 2MASS

•• ZPN projection ZPN projection 
(radial distortions)(radial distortions)

•• �� = 23mas= 23mas



UDS astrometryUDS astrometry
Almaini, Foucaud et al. (in prep.)

•• Comparison with CASUComparison with CASU

•• TAN projection TAN projection 
(no radial distortions)(no radial distortions)

•• �� = 25mas (= 25mas (�� tottot = 33mas) = 33mas) 

•• On the edge of each On the edge of each 
chips high variations chips high variations 
(<100mas)(<100mas)



Dye et al. (2006)

UKIDSS photometryUKIDSS photometry



UDS galaxy number countsUDS galaxy number counts
Almaini, Foucaud et al. (in prep.)



Known issuesKnown issues

IMAGES:IMAGES:

•• CrosstalksCrosstalks

•• SigmaSigma--clippingclipping

•• Flagging/MaskingFlagging/Masking

•• ReminanceReminance

•• ““HedgehogingHedgehoging””

CATALOGUES:CATALOGUES:

•• Bias against close pairs (Bias against close pairs (deblendingdeblending))



The Subaru/XMM Deep FieldThe Subaru/XMM Deep Field
RA = 02 18 00,  Dec = -05 00 00

Optical

Far Infrared

Ultraviolet
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Optical dataOptical data

�� Subaru SXDS DR1 (public 01/08) Subaru SXDS DR1 (public 01/08) 
http://http://soaps.naoj.orgsoaps.naoj.org

BAB=28.2, VAB=27.6, RAB=27.5, i’AB=27.2, z’AB=26.3

�� CFHTLS Wide T0003 (public 02/07)CFHTLS Wide T0003 (public 02/07)
http://http://www.cfht.hawaii.eduwww.cfht.hawaii.edu/Science/CFHTLS/Science/CFHTLS

U*AB=24.9, g’AB=25.3, r’AB=24.7, i’AB=25.0, z’AB=23.2

�� UU--band (onband (on--going)going)
CFHT: 16h, PI: Almaini
WHT: 4nights,PI: Balcells



UV/IR dataUV/IR data

�� GALEX GR2/GR3 (public 09/07) GALEX GR2/GR3 (public 09/07) 
http://galex.stsci.eduhttp://galex.stsci.edu

NUVAB=25.5, FUVAB=25.5

�� SWIRE DR4 (public 10/06) SWIRE DR4 (public 10/06) 
http://swire.ipac.caltech.edu/swirehttp://swire.ipac.caltech.edu/swire

IRAC+MIPS: 
F(3.6� m)>5.0� Jy, F(4.5� m)>9.0� Jy, F(5.6� m)>43.0� Jy, 
F(8.0� m)>40� Jy, F(24.0� m)>311� Jy

�� Spitzer (on going)Spitzer (on going)
IRAC+MIPS: 292 hours, PI: Dunlop (public legacy survey)
raw data world public immediately, processed data as soon as possible after that 
(early 2008)



X/Radio/X/Radio/ SubmmSubmm

�� XMMXMM--Newton 100ks + 6x50ks 2XMM (public 09/07)Newton 100ks + 6x50ks 2XMM (public 09/07)
http://xmmssc-www.star.le.ac.uk

fX(soft)~ 3x10-15 erg.cm-2.s-1, fX(hard)~ 1.5x10-14 erg.cm-2.s-1

�� VLA VLA 1.4Ghz (catalogue public)1.4Ghz (catalogue public)
http://www.astro.livjm.ac.uk/~cjs/SXDS/radio

12-20� Jy per beam
source list published in Simpson et al. (2006) - NED

�� SHADES 850SHADES 850mmm (catalogue public)m (catalogue public)
http://www.roe.ac.uk/ifa/shades/

8mJy 4.0� at 850� m
source lists were published in Coppin et al. (2006) - NED 

+ SCUBA-2 Cosmology Legacy Survey



ESO Large Programme: ESO Large Programme: UDSzUDSz
93 hours VIMOS93 hours VIMOS

142 hours FORS2142 hours FORS2
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ESO Large Programme: ESO Large Programme: UDSzUDSz

•• KK--selected sample to Kselected sample to KABAB<23 over 0.6 sq degrees<23 over 0.6 sq degrees
• • PrePre--selected with selected with zzphotphot>1 (plus >1 (plus control sample)control sample)
• • Sampling 1/6 galaxies (~4000) Sampling 1/6 galaxies (~4000) 

All galaxies observed in red +blue:All galaxies observed in red +blue:

VIMOS LRVIMOS LR--BlueBlue
VIMOS LRVIMOS LR--RedRed FORS2 300IFORS2 300I



�� When are galaxies assembled?When are galaxies assembled?

-- detailed luminosity functions from 1<z<4detailed luminosity functions from 1<z<4

-- highhigh--z mass function z mass function 

�� LargeLarge--scale structure scale structure 

-- evolution evolution of clustering & biasof clustering & bias

-- halo occupation; how many galaxies per dark halo occupation; how many galaxies per dark 
matter halo?matter halo?

�� How do galaxy properties evolve with time?How do galaxy properties evolve with time?

-- Formation of the red sequenceFormation of the red sequence

-- Influence of environmentInfluence of environment

�� Legacy valueLegacy value

Key goals of Key goals of UDSzUDSz



ConclusionsConclusions

�� UKIDSSUKIDSS--UDS is onUDS is on--goinggoing

�� DR3 available for ESO and DR1 for worldDR3 available for ESO and DR1 for world

�� Reach KReach KABAB=23.8(23.6) H=23.8(23.6) HABAB=23.4 J=23.4 JABAB=23.5=23.5

�� Improved reduction method involving TERAPIX Improved reduction method involving TERAPIX 
software (software (WeightWatcherWeightWatcher, , SWarpSWarp, , SExtractorSExtractor))

�� Sigma clipping Sigma clipping coadditioncoaddition

�� Photometry Photometry �� ~0.02mag ; Astrometry ~0.02mag ; Astrometry �� ~33mas ~33mas 

�� Large multiLarge multi--wavelength coverage (SPITZER wavelength coverage (SPITZER ……))

�� ESO spectroscopic Large ProgrammeESO spectroscopic Large Programme



� Strong clustering of bright DRGs
- Foucaud et al. (2007), MNRAS, 376, L20

� Colour selection of high-z galaxies 
- Lane et al. (2007), MNRAS, 379, L25

� K-band luminosity function to z=2
- Cirasuolo et al. (2007), MNRAS, 380, 585

� Space density and clustering of passive galaxies
- Hartley et al. (in prep)

� Detection of luminous LBGs at z>5
- McLure et al. (2006), MNRAS, 372, 357

� Selection of high-z groups and clusters
- van Breukelen at al. (2007), MNRAS, 373, L26

� Study and selection of EROs
- Simpson et al. (2006), MNRAS, 373, L21

Summary of UDS scientific resultsSummary of UDS scientific results



The UKIDSS UltraThe UKIDSS Ultra --Deep SurveyDeep Survey
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DR1:DR1: KKABAB=23.5, J=23.5, JABAB=23.6=23.6
(85 hours)(85 hours)

WorldWorld--wide public in wide public in januaryjanuary 20082008

DR3:DR3: KKABAB=23.7, H=23.7, HABAB=23.4, J=23.4, JABAB=23.6=23.6
(120 hours)(120 hours)

ESO public in ESO public in decemberdecember 20072007

Final depth:Final depth: KKABAB=25, H=25, HABAB=24.7, J=24.7, JABAB=24.7=24.7

(200 nights)(200 nights)

Another 4 years of data to come…Another 4 years of data to come…
…plus new spectroscopic ESO survey…plus new spectroscopic ESO survey
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