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Why do you care?

• Evolution of the ionizing background / reionization 

• fesc least understood of reionization parameters

• fesc(LyC) affects estimates of fesc(Lyα)

• Unique probe of ISM

• fesc (LyC) =  f(HI geometry, dust)

• fesc (Lyα) =  f(HI geometry, dust, kinematics)

SFR   ⇒   L(Lyα)



Why do you care?

• Evolution of the ionizing background / reionization 

• fesc least understood of reionization parameters

• fesc(LyC) affects estimates of fesc(Lyα)

• Unique probe of ISM

• fesc (LyC) =  f(HI geometry, dust)

• fesc (Lyα) =  f(HI geometry, dust, kinematics)

SFR   ⇒   L(Lyα)



LyC at z=1.3
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What do we know so far?

• z~1   (HST/GALEX)

• Malkan+03, Siana+07

• 30 deep non detections!

• Cowie+09

• 600 gal. stack (GALEX) => No detection!

• z~3

• Shapley+06 (Keck spectra)

•  2/14 individual detections

• Iwata+09 (NB imaging)

• 17 detections (1 in 10)

Cowie+ ‘09

Iwata+ ‘09
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fesc EVOLUTION?



• Most fesc limits not deep fesc,rel < 0.25

• Only ~1/10 are detected.

• If all galaxies have fesc,rel ∼ 0.1, they dominate background

• Probe individual regions

• Causes of high fesc

Why deeper constraints?



• Easy to follow up

• Determine redshift evolution

Why z∼1?



The Survey
• ACS/SBC 1600 Å  (λrest < 912 Å at z > 1.2)

• 15 UV-luminous galaxies in GOODS (B~23.5)

• 5 orbits / galaxy   mAB(1σ) < 30  1” diameter

B-band (F435W)

GOODS-S Tile 33



Close-Up

GOODS  F435W Far-UV
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GOODS
F435W

λrest∼1900Å
far-UV

λrest∼700Å



Escape Fraction Limits



Stacked Image

fLyC(3σ)  <  fF435W / 400 



Stacked Image •  fesc,rel < 0.02   in stack!

fLyC(3σ)  <  fF435W / 400 



Stack by Surface Brightness

Iwata+ 09

LyC offset from UV



Stack by Surface Brightness

•Split galaxy regions by UV SB

•Non-detections (fesc<0.07) in low and high SB regions

Iwata+ 09

LyC offset from UV



fesc Evolves!



Warning!

•I have a detection!

Siana et al. (2007)



Poster #36 by C. Bridge

• Emily Wisnioski Poster

• Elizabet Leitet

ACS F814W SBC F150LP 2D SBC Spectra PR130L
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z=0.773C-UVLG-14B2
B2

Escape Fraction at z ∼ 0.7. 5

Fig. 4.— The individual spectrum of galaxy C-UVLG-17, which has X-Ray and IRAC fluxes consistent with and AGN. Below the Lyman
limit UV flux is clearly detected, showing that if LyC photons were escaping below the Lyman limit, with fesc on the order of > 15% it
would be detected in our observations.

Fig. 5.— The stacked spectrum of 11 z ∼ 0.7 LBG analogs. The 3σ upper limits on the observed UV-to-LyC flux density ratio is 215.15.
Assuming an intrinsic Lyman break of 3 the relative escape fraction is 0.03 (3σ). The Lyman limit is indicated by the vertical dashed line.
The horizontal dashed lines (red) represent the average flux over two wavelength ranges, 800-860Å and 1000-1050Å with 3 σ error bars.

TABLE 1
SBC Observations of LBG Analogs in the COSMOS Field

Object R.A. Decl. Exp. Time zspec
a (fν1500/fν830)obs fesc,rel

b fesc,rel
c

(J2000.0) (J2000.0) (mins)

C-UVLG-08 150.42432 2.03343 81 0.685 22.35 138.2 0.02 0.04
C-UVLG-11 150.15372 1.84970 108 0.669 22.39 93.3 0.03 0.06
C-UVLG-16 150.32137 2.88213 81 0.694 22.35 – – –
C-UVLG-17 150.06172 1.90729 81 0.675 21.99 – – –
C-UVLG-20 150.51077 2.75674 81 0.675 22.09 67.8 0.04 0.09
C-UVLG-23 149.88934 2.73473 27 0.709 21.41 120.0 0.02 0.05
C-UVLG-25 149.62904 1.66577 81 0.671 22.02 54.9 0.05 0.11
C-UVLG-26 149.60760 2.16737 108 0.665 22.28 81.5 0.03 0.07
C-UVLG-27 149.69514 2.74294 108 0.652 22.52 60.1 0.04 0.10
C-UVLG-28 150.45580 1.65284 81 0.675 22.66 29.2 0.04 0.20
C-UVLG-29 149.46870 2.58616 81 0.704 21.94 53.2 0.05 0.11
C-UVLG-32 149.96870 2.63457 81 0.688 22.24 – – –
C-UVLG-33 150.76311 2.80412 108 0.691 22.37 84.8 0.03 0.07
C-UVLG-35 149.69348 2.59921 27 0.678 21.35 65.9 0.04 0.09

Stack (11 Galaxies) 0.681 215.2 0.01 0.03

Note. — The values presents are 3σ upper limits.
aNUV magnitude from GALEX public release ver. X
bassumes and intrinsic flux ratio of (f1500/f830)int = 3 (Steidel

et al. 2001)
cassumes (f1500/f830)int = 7 (Siana et al. 2007)

Stacked Spectra of Non-Detections

fesc,rel <2%
f!(1500Å)/f!(830Å)=215.2
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C-UVLG-14B2

z=0.773
fesc,rel ~44%



Summary

• 75 orbits deep HST far-UV imaging of 15 galaxies

• No detections           fesc(3σ) < 0.05   

• Stack                        fesc(3σ) < 0.02

• Stack (low/high SB)  fesc(3σ) < 0.05

• Numbers/Depths indicate fesc evolves!

• No shadowing of ionizing background (~20 kpc)

• See poster by Carrie Bridge for possible detection!



UV Background Shadowing?

• Cowie+09 -  

• ∼2σ negative GALEX stack

• Shadowing of background by DLAs?



UV Background Shadowing?

• Cowie+09 -  

• ∼2σ negative GALEX stack

• Shadowing of background by DLAs?



UV Background Shadowing?

• Cowie+09 -  

• ∼2σ negative GALEX stack

• Shadowing of background by DLAs?



IGM Transmission Distribution (through filter)





• Many detections at z∼3

• No detections at z∼1

• Numbers at z~1 not large (only ∼1/10 at 
z∼3 have high fesc)

• Need larger numbers at z∼1 to confirm 
evolution

• Add plot with all previous escape 
fraction limits

fesc Evolving?


