
Uncovering key contributors to cosmic reionization 

Jeff Cooke 
Emma Ryan-Weber 
Thibault Garel 
Gonzalo Díaz 



the crime scene �



rounding up the usual suspects�



rounding up the usual suspects�



rounding up the usual suspects�

Un G R 

912Å 



rounding up the usual suspects�



questioning the suspects�



circumstantial evidence �
!

"#$%!&'!()!&'!

!
"#$%&'!()!*u g+g r,!-./.%&!0#1$&12!.3!45'!6678!5#$59&'0:5#34!$1/1;#':*!+,%!u-g!#-.!
g-r!/(0(123!()!$#0#45%3!#2%!/(6718%.!)2(6!8,%52!6#$-581.%3!5-!8,%!19!$9!#-.!2!:#-.3!;5-!
8,%! 1082#<5(0%89! $2%%-! #-.! 2%.! 05$,89! 2%37%/85<%0=>*! ?#0#45%3! @58,! A*B z C*D! #2%!
2%72%3%-8%.! :=! /52/0%! 3=6:(039! #-.! $#0#45%3! @58,! 0%33! 2%05#:0%! 2%.3,5)83! 5-! 8,%! 3#6%!

2%.3,5)8!2#-$%!#2%!2%72%3%-8%.!:=!825#-$0%3*!?#0#45%3!#8!(8,%2!2%.3,5)83!#2%!2%72%3%-8%.!:=!

36#00!.(83*!+,%!.#3,%.! 05-%!.%05-%#8%3! 8,%!#2%#!@,%2%!EF?3!@58,!A*B z C*D!@(10.!:%!
3%#2/,%.! )(2! 5)! #! /(0(12G/(0(12! 72%H3%0%/85(-! @#3! 7%2)(26%.*! +,%! 8=75/#0! 38#-.#2.!

.%<5#85(-!%22(23!(-!/(0(123!)(2!8,%!)#5-8%38!$#0#45%3!#2%!3,(@-!#8!8,%!:(88(6!25$,8*!!

!

"#$%!&!'(!)*!

!
"#$%&'!()!*+'&,$'!-.'/0&,!12!3345!$,6,7#'-+!,-%!#.%/#$%!01%23/#!'(!4456!$#7#89%0!
9:! 3-/%%! /%;0-9(3! /#:$%0! <,=! )+> z?@+AB! 8=! @+A z?C+AB! #:;! /=! C+A z?A+*D+! ,-%! E#9:!
01%23/#7!(%#3F/%0!%81%23%;!#3!3-%0%!G#.%7%:$3-0!#/%!27%#/7H!.909I7%!9:!#77!01%23/#+!,-%/%!
#/%!AC@!$#7#89%0!G93-!/%79#I7%!/%;0-9(3!E%#0F/%E%:30!<JF#793H!(7#$0!@=!C!#:;!>B!/%(+!)*D=!
#:;!>C&!'(!7'G%/!JF#793H!<(7#$!)B!/%(+!)*D+!69:2%!3-%/%!#/%!#!:FEI%/!'(!F:2%/3#9:!/%;0-9(3!
;%3%/E9:#39':0! 9:! 3-%! 4456=! G%! EF03! %039E#3%! 3-%! 2':3#E9:#39':! '(! 'F/! 0#E17%! IH!
$#7#89%0!'F309;%!3-%!/%;0-9(3!/#:$%!'(!9:3%/%03=!G-92-!-#.%!I%%:!%//':%'F07H!9:27F;%;!9:!
3-90!/#:$%!;F/9:$!'F/!/%;0-9(3!E%#0F/%E%:3!1/'2%00+!K/'E!3-%!2'E1#/90':!'(!3-%!0FE!'(!
03%77#/!#I0'/139':!%JF9.#7%:3!G9;3-0!9:!3-%!03#2L%;!01%23/#!'(!$#7#89%0!G93-!7'GMJF#793H!
/%;0-9(3!E%#0F/%E%:30!3'!3-'0%!9:!3-%!03#2L%;!01%23/#!'(!$#7#89%0!G93-!0%2F/%!/%;0-9(30)*=!
G%!%039E#3%!3-#3!#11/'89E#3%7H!NOP=!A@P!#:;!>NP!'(!#77!4456!/%;0-9(30!9:!3-%!/#:$%!
zQR)+>=@S=!R@+T=C+>S!#:;!RC+T=>+AS=!/%01%239.%7H=!EF03!I%!2'//%23+!F =!(7F8!#3!G#.%7%:$3-! +!



circumstantial evidence �



means, motive, and opportunity �



means, motive, and opportunity �



means, motive, and opportunity �



means, motive, and opportunity �

No. 2, 2001 LYMAN-CONTINUUM GALAXIES AT z ^ 3.4 667

FIG. 1.ÈComposite spectrum of Lyman-break galaxies at SzT \ 3.40 (red histogram), together with a composite QSO spectrum drawn from QSOs over
the same range of redshifts (blue histogram), as described in the text. The spectrum has been boxcar-smoothed by 1 resolution element. The position of the
rest-frame Lyman limit is indicated by a vertical dotted line. Note the average residual Ñux in the Lyman continuum, evaluated from 880-910 in the restA!
frame, indicated by the dark horizontal line segment in the bottom panel. Positions of some notable interstellar and stellar absorption features are indicated.
Stellar features with no possible interstellar contributions are indicated by an ““ s ÏÏ.

Ñux in the Lyman continuum is low, the net Ñux observed
over the rest-frame 30 bandpass is formally signiÐcant atA!
the 4.8 p level (see Table 2).

An obvious concern in gauging the reality of the residual
Ñux, which corresponds to an average observed Ñux density
of in the narrow wavelength range, is the extentmAB \ 27.4
to which systematic problems with sky subtraction might

mimic residual Lyman-continuum Ñux. We experimented
extensively with the data, using a number of di†erent tests.
First, we conÐrmed that the signal is not contributed by a
few outlier spectra by combining the one-dimensional
spectra using di†erent subsets with di†erent outlier-
rejection algorithms. We checked for overall systematics in
the two-dimensional sky subtraction by combining the two-
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