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   GOODS team.
- D. Schaerer, M. Hayes, A. Verhamme
- A. Grazian, L. Pentericci
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Basic information of the VLT/FORS2 survey (GOODS-S)
(Vanzella et al. 2005, 2006, 2008):
Available here: http://www.eso.org/science/goods/

P.I. :  C. Cesarsky

Spectroscopy :

  - 180 hours (Oct. 2002  -  Oct. 2006)
  - 300I  grism: ~ 6000 to 10000 Å  (R = 660)
  - 37 MXU masks:  (4-8 hours each) ~ 1000 redshifts

Target  selection: 

  - mainly 1 < z < 2  and  3.3 < z < 6.5  
     (to exploit the high instrumental efficiency 
       in the red, down to 10000 Å)
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Color selection of galaxies at redshift 4, 5 and 6
(Giavalisco et al. 2004, Dickinson et al. 2004, Vanzella et al. 2009, V09):

- - 109 out of 202 selected targets have measured redshift (54% 109 out of 202 selected targets have measured redshift (54% 65 z65 z850850>26 - z<3.6 critical>26 - z<3.6 critical).).
- - 96%96% ,  , 89%89%  andand  82%82%  of B,V and I-drops have redshift in the expected range.of B,V and I-drops have redshift in the expected range.
- - 12 low-z interlopers: 10 stars and two z<2 gal.12 low-z interlopers: 10 stars and two z<2 gal.
- - 5 high-z serend. discovered.5 high-z serend. discovered.

I-dropouts

V-dropoutsB-dropouts
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Panoramic view of all spectra with and without Lyα in emission 
(V09)

38 @ z>5
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Redshift distribution 3.3<z<6.5   (V09):

Bdrop: 
    < z850>=24.7 +/- 0.4
    

Vdrop: 
    < z850>=25.5 +/- 0.5
    
Idrop : 
     < z850>=26.2 +/- 0.6
     

Malhotra et al. 2005, z~5.9±0.2
Paris  6 July 2009 - Lya Universe

zAB<26.5

Overdensity @ z=3.7, Kang & Im (2009)



Bdrop stacked spectra  <z> = 3.76 +/- 0.33   -   54% show Lyα em.

Interstellar abs. lines increase at faint Lyα emission
Similar to redshift 3 LBGs, e.g. Shapley et al. ‘03

EW(Lyα) ∼ 30Ǻ

EW(Lyα) ∼10Ǻ

No Lyα em.
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2.3±0.8x1010 M☼5±1x 109 M☼Mass (stellar)

0.10±0.020.07±0.01E(B-V)

410±70  Myr200±50  MyrAge

-1.7±0.1-2.0±0.1β

Pentericci (2007)

EM.                   ABS.

em.
abs.



Vdrop stacked spectra  
<z> = 4.96 ± 0.38 
59% show Lyα em.

Idrop stacked spectrum  
<z> = 5.90 ± 0.18
86% show Lyα em. (coution sel. eff.)

Low quality spectra (QF=“C”) have not been considered
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<VLyα-VISL>median= 370370      km/s  (16 gal.)+270+270
-116-116

<VISL - Vneb> ~ -165-165 +/- 170 km/s  (10 gal.) (comparable to Adelberger et al. 04)

  [OII], [OIII] lines from AMAZE Maiolino et al. (2008)

Lyα <EWo> ~ 15Å

Outflows at redshift 4 and 5   (V09)

Bdropout sample (z~3.8)

mean is 450450±180±180 km/s  (16 gal.), from stacked 480 480 km/s

Vdropout sample (z~4.9)

<VLyα-VISL> ~ 450450 km/s
   from stacked spectrum

8 gal. with z>5 and continuum 
detected (z ~ 5.6)

<VLyα-VISL> ~ 500500 km/s
   from stacked spectrum 
   (6 Vdrops and 2 Idrops)
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(1.1 kpc) (1.6 kpc)

Ultraviolet morphology (z850 band)   (V09)

Bdropout sample (z~3.8)

Similar to LAEs  (e.g Taniguchi et al. 
2009, Dow-Hygelund et al. 07)

Similarly to lower-z gal. (z~2-3)
                             Law et al. (2007)

 Idrops, zspec>5.6

Bdropout

zAB<26
zspec<5.6

ABS

EM

<h.l.r.>med= 0.120.12        arcsec (0.70.7 kpc)
                    
 <h.l.r.>stars = 0.08         arcsec

+0.05+0.05
-0.02-0.02

+0.04
-0.04

z~5.95
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ABS EMEM+ABS



Deficiency of large Lyα EW em. in UV luminous sources   (V09)

Ando et al. 06, 07Ando et al. 06, 07

V09

5x1043 2x1043 1043

0.
5x

10
43

0.5x1043

V09

Increasing Lyα luminosity with redshift ?
(e.g. Dow-Hygelund ’07, Frye ’02, 
but caution to the selection effects…)
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More luminous, more massive  
(e.g. Stark et al. 09, Pentericci et al. 09)



                                          
    B drops (zB drops (z~~4).4).
      - Spec. features: “em.” have  weaker interstellar abs lines than “abs”, different β  
       (similar to z~3,  e.g. Shapley et al. 2003, Law et al. 2007).
      - UV Morph: apparent correlation between Lyα EW and size (h.l.r./nucleation), 
       more nucleated than abs (Gini) (similar to z~2,3  Law et al. ‘07). Dust effect ?
      - Outflows: velocity offset is detected in individual spectra,
       Lya, ISL, nebular emission (comparable to lower-z gal, Shapley 03, Adelberger 04).
    
-   V drops (z~5).V drops (z~5).  
      - Outflows: outflow estimation from composite spectrum <VLya-VISL> ~ 450 km/s, 
        and 500 km/s at z~5.6.
      - UV Morph: Also in this case it appears to be a correlation between h.l.r. and Lyα EW.

-   I drops (z~6).I drops (z~6). 
      - Sel. effect: Large spread in Lyα EWs => selection effects: spec. & phot → broad band 
        single color selection tend to identify emitters at fainter limits (zAB>26).
      - UV morph: <Rh.l.r.. > ~ 0.7 kpc , comparable with LAEs @ z~5.7 (e.g. Taniguchi et al. 09).

   In general (from 4 to 6):In general (from 4 to 6):  
   -  Deficiency of large Lyα EW at bright UV magnitudes (Shapley 03, Ando 06,07, Tapken 07).  
      Increasing Lyα  luminosity with redshift (?)  (noted also by Frye et al. 2002).
   -  Emitters appear to be younger, less massive and less extincted than “absorbers”  (agree with simul. 
       and Lyα modelling, e.g. Mori & Umenura 2006, Dayal et al. 2009,  Tilvi et al. ‘09, Verhamme et al. 2008),
       even though there are cases of “evolved” emitters (Pentericci ’09).
   -  Emitters appear more nucleated. Several cases show multiple cores, signature of ongoing merger ? 
      
  

<VLya-VISL>median= 370370        km/s
+270+270
-116-116
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Conclusions
~1.6Gyr

~0.9Gyr

A
ge of the U

niverse



Vanzella et al. 2008

GDS J033217.22-274754.4     z=3.65

Individual note (I): double Lyα profile at redshift ~ 3.7

2d order

GDS J033233.33-275007.4      z=3.80

dv ~ 650 km/s  - Lyα  from each blob (merger) ?
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GDS J033236.83-274558.0 (z = 3.797, quality A), probing λ<900 A 
Individual note (II) : Lyman continuum emission at z ~ 3.8

Mag U(AB)=28.63 +/-0.2
clear detection …

VIMOS/U
ultradeep

Nonino 2009

ACS/B435 ACS/V606

U/VIMOS

Lyman limit
@ z=3.8

1’’
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… but, contamination by a  
foreground blue compact galaxy ? 



Individual note (III) : Peculiar source @ z=5.56: 
(Vanzella et al. in prep., see Raiter and Fosburycontributions)

See also Wiklind 2008, (ID 5197) and Stark et al. (2007), (ID 32_8020)

From SED and Lyα fitting:
- Column density is high (NH≥1021)
- Outflow velocity from Lyα model and 
   measured are consistent:  460 km/s
- Stellar mass (M*~5x1010M☼) young and   
  evolved stellar populations (0.01 Gyr, 0.4 Gyr).
- E(B-V) ≤ 0.1 (small).

SED fitting (Vanzella 2009b) Lyα fitting (MCLyα, Verhamme 06)
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