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Dressler CL0939 

Dressler, A. et al. 1994, ApJ, 430, 107  

CL0939+4713 
(z=0.41) 

 
WFPC 

+ Lucy-Richardson 

Medium Deep Survey 
<z> ~ 0.5 

Griffiths, R. et al. 1994, ApJL, 435, L19 







3C324 

Dickinson et al. 1995, LNP, 463, 164   
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HDF Paradigm 

Madau, P. et al. 1996, MNRAS, 283, 1388 

Lilly 

HDF 

Steidel 

HDF Gallego+ 

Cosmic Star Formation History 



Coleman,Wu,Weedman. 1980, ApJS,43,393   

HDF Paradigm 

ANS satellite observations 

Observed Template Galaxy Spectra 



GalaxyTemplates  

Galaxy Spectral Templates 

Buzzoni.2005, MNRAS, 361, 725 

UV spectra from IUE 



Sawicki, Lin, & Yee. 1997, AJ, 113, 1  

HDF Paradigm 

(σz=0.12) 

Photometric redshifts, z 







TABLE  

SYNOPSIS OF HST DEEP SURVEYS 
 

Date Survey Facility 
Field/ 

Location 

Chandra HST 
Spitzer, 

Herschel 
Area 

(arcmin
2
) 

Epochs 
No. of 
 Opt/IR 
Spectra 

Primary Results / 
Discovery Space 

Xray V I Z NIR MIR/FIR     

1995-97 HDF(-N) 
HST/ 

WFPC2 

CVZ 

12h +54°  
 28.2 28.2  27.5 

 

 
4.3 1 130 

•With Keck spectroscopy 

validated concept of photometric 
redshifts 

•Star formation rates for 1<z<3 

•Quantitative morphologies 

 

1998 
HDF-S 

HST/ 

WFPC2 
23h -60°  28.2 28.2  27.0  4.3 1  

•Account for cosmic variance 

• IGM metallicities 

2000 CDF-N Chandra HDF (-N) 3.0 x 10-17
      450 1 ~300 

•Resolved X-ray background 

•Probed faint AGN up to z~6 

•Spectroscopic redshifts for large 
homogeneous  AGN samples 

 

 
2000 

CDF-S Chandra 03h -27° 1.9 x 10-17
      450 1 ~300 

2002 
GOODS-N 

ACS 

HST/ 

ACS 
HDF-N  27.7 27.2 27.1   150 10 ~500 

•Galaxy LF to z~5 (I-dropouts) 

•SN / Dark Energy to z~1.5 

•Galaxy size evolution 

•SFR evolution z~0 - 1 

•Red sequence evolution to z~1.5 

 

 

2002 

GOODS-S / 

GEMS ACS 

HST/ 

ACS 
CDF-S  27.7 27.2 27.1   150 10 

1500 + 
COMBO-17 

2003 
GOODS 
Spitzer 

Spitzer 
HDF-N 
CDF-S  27.7 27.2 27.1  

24.0 (3 µm) 

3-160 µm 
600 1 

2000 + 
COMBO-17 

•Dusty star formation / SFR-

Σ  relation at high z 

•Obscured AGN at the peak of 
galaxy evolution (z~2-3) 

 

2004 UDF 
HST/ 
ACS 

CDF-S  29.3 28.7 29.2 27.0 24.0 (3 µm) 10 1 
106 

(ACS grism) 

•Galaxy LF to z~6 (z-dropouts) 

•Detection of galaxies at z~7 
•”Clump” morphological class 

2005 UDF05 
HST/ 
ACS 

CDF-S  29.0 28.4 28.9 27.5 24.0 (3 µm) 20 1  

•Account for cosmic variance 

•Galaxy LF to z~6 

•Detection of galaxies at z~7 

2005 AEGIS/EGS 
HST/ 
ACS 14h +53°  5.3 x 10-17 27.4 27.0    700 1 

~20,000     
(DEEP2) 

•Galaxy mass / metallicity / 

morphology relations to z~1.5 
•Blue/red sequence, AGN 

quenching 

2005 COSMOS 
HST/ 
ACS 10h +02° 1.9 x 10-16  26.7    7200 1 

~20,000 
(VIMOS) 

•Dark matter map (from weak 

lensing) 

2009 UDF09 
HST/ 
WFC3 

CDF-S  29.3 28.7 29.2 28.8 24.0 (3 µm) 15 1 
106  

(ACS grism) 

•Galaxy LF to z~7 

•Detection of galaxies at z~8 

2010-13 
CANDELS 
(+ WFC3  

ERS2) 

HST/ 
WFC3 

HDF-N, 

CDF-S, 
AEGIS, 

COSMOS, 

UKIDSS/ 
UDS 

 

27.4 

– 

27.7 

26.7 

– 

27.2 

27.1  27.0  770 10 
~4000 + 
HST grism 

•Galaxy evolution z~1.5-8 

•Confirm steep slope of low-L end 

of LF. Re-ionization due to dwarf 
galaxies 

•Detect SNe Ia with z>1.5/EOS to 

z~2.5 
•Tracing the merger sequence 

 

2011 GOODS-H Herschel       100–500 µm    •Cold dust / SFR at all redshifts 

 (created by Anton Koekemoer) 
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HDF Paradigm 

Photometric Redshifts 
From CANDELS GOODS-S 

(1570 galaxies) (σz=0.06) 

(σz=0.05) 

(σz=0.05) 

(σz=0.04) 

(σz=0.04) 

Dahlen, T. et al. 2010, ApJ, 724, 425   

 HST       VLT     Spitzer   



HDF Paradigm 

Bouwens, R. et al. 2011, Nature, 469, 504 

dust corrected 

Star Formation Rate History 



HDF Paradigm 

Bouwens, et al. 2012, ApJL, 752, L5 

Galaxy Luminosity Fuction 





SNIaHubbleLaw 

Cosmological Acceleration 

Constant Expansion 
   ( Hubble Law  ) 

Deceleration 

  Riess 2000, PASP, 112, 1284  
  Riess+. 2007, ApJ, 659, 98 













CLASH        Frontier Fields 

Coe, D. et al. 2013,ApJ,762, 32  MACSJ0647.7+7015 






