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IGM studies (e.g. Ly, 21 cm, CMBR) 
can reveal when reionization
happened, but where did the 
ionizing photons come from?

Star-forming galaxies at z > 6 are
the prime suspects, but how do we
prove that they did it?

A few alternatives: Population III 
stars, miniquasars, microquasars, 
annihilating dark matter…
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fesc: Escape fraction of ionizing
photons (Lyman continuum)

Bouwens et al. (2014)



Serious problem: At z > 4-5, the IGM opacity prevents direct detection
of escaping Lyman continuum (Inoue & Iwata 2008)



Ono et al. (2010), Fernandez et al. (2012), Pirzkal et al. (2012, 2013)

New science case for JWST/NIRSpec:
Indirect measurements of fesc for galaxies @ z  6–9  
Zackrisson et al. 2013, ApJ, 777, 39



Young stars

Lyman continuum
photons from young
stars captured by gas  
 Nebular emission

If some of the Lyman continuum photons escape without
ionzing the ISM  Less nebular emission!
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These features can be studied
with JWST/NIRSpec @ z  6-9

The fesc information is 
imprinted in the spectrum
– you just have to find some

clever way of extracting it!



Zackrisson et al. 2011, ApJ, 740, 13

• Pop I, II, III stars
• Nebular emission (Cloudy)
• Rest-frame SEDs (far-UV to near-IR)  
• SDSS/HST/Spitzer/JWST/
WISH broadband fluxes @ z = 0-15 
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JWST can study Lyman continuum leakage
without measuring the Lyman continuum flux!

z = 7



NIRSpec wavelength range
0.7-5 m 

Can get UV continuum slope, 
H, H, H continuum,  
[NeIII]3869, [OII]3727 and 
[OIII]4959, 5007 for 
objects up to z  9



Low-mass galaxies more relevant for 
reionization than high-mass ones 
We need to probe as far down the 
luminosity function as possible

In 10 h, NIRSpec can get a sufficiently
good spectrum for a z  7 galaxy with
stellar mass 107 Msolar
(M1500  -16) if the gravitational
magnification is   30 

Image credit: Karen Teramura



LYman Continuum ANalysis project:

SPH/RT simulations Yggdrasil
observational errors



Star formation history Metallicity distribution

Typical model galaxy with stellar mass 4107 Msolar at z  8
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Strongly lensed galaxy at z = 7

The dust continuum
peak is out of reach!



Summary


