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I-Dropouts

Not very photogenic.

Imaging: Flux and Size

Spectra: Redshift, LyA emission

24

Fig. 5.— FORS2 spectra, ACS and ISAAC imaging of BD38: two-dimensional spectrum and extracted one-dimensional spectrum
smoothed with a 5 pixel boxcar filter. From left to right, the lower four images are i775, z850, J, and K. The total exposure time is 22.3
hours. The lower axis is the observed wavelength shifted to the systematic redshift z = 5.515. Blue arrows indicate the position of the
continuum break. The dotted lines represent the wavelength region used to fit the continuum near the break, where error bars represent 1
! error. A more complete spectrum is shown in Dow-Hygelund et al. (2005).



I-Dropout Spectra
What can we learn?

• Redshift Distribution 

• Fraction of the Star-forming Population with 
Lyman alpha emission (LAEs)

• Is there a physical difference between star-
forming galaxies with different spectral 
properties?



I-Dropouts
Parent Sample:  Bouwens et al. 03, 07

CDFS and CL1252-2927

Fig. 1.—Postage stamps (V606i775z850 color images) of the brightest 24 i775-dropouts from the HUDF. Objects are ordered in terms of their z850-band magnitude. The
z850-band magnitudes and object IDs are shown above and below each object, respectively. Each postage stamp is 3B0 in size. These high-S/N images show definitive
evidence for asymmetries, mergers, and other interactions, similar to that seen at lower redshifts (z ! 2Y5).

Fig. 2.—(i775" z850)/(z850" J110) color-color diagram, showing the photom-
etry of objects (black squares) in the HUDFNICMOS footprint. Objects undetected
(<2 !) in the V606 band or whose (V606 " z850)AB colors are redder than 2.8 (see
Appendix A) are shown as black squares. Other objects in the photometric sample
are displayed as magenta dots. The tracks made by starbursts of various UV spectral
slopes " are plotted here as a function of redshift to indicate the position of likely
high-redshift i-dropouts (blue lines). For contrast, similar tracks have been included
for a number of low-redshift templates to show the position of possible contaminants
(red lines) along with the colors for early stellar types M0YT7 (Knapp et al. 2004;
Geballe et al. 2002; Leggett et al. 2002; green hatched region). Although an (i775"
z850)AB > 1:3 criterion is used to select the i-dropout sample, almost all i" z > 1:3
objects have very blue (z850 " J110)AB colors, as expected for bona fide 5:5 < z < 7
star-forming objects. (The shaded orange region shows the expected position of
high-redshift objects and is used to estimate the contamination rate; see x 3.2.) This
suggests that our optically selected sample has a very lowcontamination rate (P5%).

Fig. 3.—(z850 " J110)/(J110 " H160) color-color diagram, showing the pho-
tometry of all 14 bright H160;AB < 27:7 objects from the HUDF with deep
NICMOS coverage. Each of these objects was required to be at least a 2 ! detection
in the H160;AB band. To make these measurements on even fainter dropouts, we
included stacked photometry for objects in the magnitude bins 27:4 < z850;AB <
27:9 and 27:9 < z850;AB < 28:9 (red squares; x 3.3). Model tracks are as in Fig. 2.
Errors are 1 !, while the limits are 2 !. The bright objects shown here are all
clearly resolved and therefore nonstellar. The large fraction of objects with J110"
H160 colors of <0.3 suggests a reasonably blue " ! "2:0 population. Although a
majority of the objects have z850 " J110 colors suggestive of a pile-up at the lower
redshift end of the window, i.e., zP 6, a few objects have z850 " J110 colors consis-
tent with being at higher redshift, i.e., zk 6:1 (see also Malhotra et al. 2005).



I-Drop Redshift 
Distribution

Blue - LyA Emitters
Grey - Everything else

Sources of Spectra:
Stanway et al. 06,07
Vanzella et al. 06,07,08
Malhotra et al. 05
Dow-Hyeglund et al.07
Holden et al. 08? 

31 zs versus ~600
candidates



I-Drop Redshift 
Distribution

Blue - LyA Emitters
Grey - Everything else

Red   - LyA EW = 50
Blue  - LyA EW = 25
Grey - LyA EW = 0



Fraction of LAEs in the 
I-Drop Population

Red Arrow -
fraction of emitters 
from LyA surveys
Ouchi et al. 08

Blue - Shapley 03,   
 z=3 LAE fraction
 of LBG population



Fraction of LAEs in the 
I-Drop Population

Red Arrow -
Ouchi et al. 08

Blue - Shapley 03

Red Points - 
   Stanway et al. 06, 07
   Vanzella et al. 06
   Dow-Hygelund 07



Fraction of LAEs in the 
I-Drop Population

Red Arrow -
Ouchi et al. 08

Blue - Shapley 03
Red Points - 
   Stanway et al. 06, 07
   Vanzella et al. 06
   Dow-Hygelund 07

Purple - Our New 
 Data and Analysis



Can we reconcile these 
results?

• Large error bars

• Cosmic Variance - But two different fields 
130 degrees apart have the same fraction

• Clumpiness in the IGM or ISM (cf. Brenda’s 
talk or Simona’s talk) 



Beyond A Flux and a 
z....

Black - I-Dropout 
Galaxies
Red - I-Dropout 
Galaxies with spectra

~65% complete z<26.4
 or M(UV) ~ -20.7

Red Square - I-Dropout 
with z

Blue - z with LyA > 20



A Physical Difference?

Blue - LyA Emitters
Grey - Everything else

A 3 sigma difference, 
honest!

LBGs without emission 
are 50% larger in 
radius

See Ravindranath’s 
Talk



Summary
• I-Dropout galaxies are z~6 star forming 

systems

• The fraction of strong LAEs does not seem 
to change strongly in the LBG population, 
5-15 +/- 10% increase between z~3 and 
z~6

• The LAE population of LBGs appears 
physically smaller, - see  possibly reflecting 
lower masses or compact star-forming 
regions 



Completeness of 
Sample



Fraction of Emitters:
The Issues

• Apples to apples comparison (not grapes to 
pairs)  - Must compare objects with same 
UV luminosity

• Must compare same EW 

• Must include the same redshift range


