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Classical use: 
• Whorls, arches, loops in 

fingerprint pattern 
Identification

The next frontier:
• Chemical analysis of

fingerprint 
Drug habits, medication

Fingerprints



Galaxy Spectra
Classical use: 
• Template fitting

Galaxy type, redshift
• SED modelling

SFR, Z, E(B-V), Mstars,  
SF history, IMF

The next frontier:
• SED modelling

Escape Fraction (fesc) of
ionizing photons from 
galaxies @ z>6 

Ono+ 10, Pirzkal+ 12, Zackrisson+ 13



Did Galaxies Reionize the Universe?

From observed
galaxy luminosity
function at z>6

Reionization

 𝑁ion ∝ 𝜌UV 𝑓esc

Ionizing photon budget
relevant for reionization:

Escape fraction
of ionizing photons
(Lyman continuum)



Lyman Continuum Radiation

Rest-frame galaxy spectrum

Stellar 
continuum

Nebular continuum
and emission lines

Lyman
continuum



The Lyman Continuum Escape Fraction

At z > 4-5, the IGM opacity prevents direct detections of escaping
Lyman continuum (Inoue & Iwata 2008) – Indirect methods needed!



How Lyman Continuum Leakage
Affects the Spectra of Galaxies

Young stars

Lyman continuum
photons from young
stars captured by gas  
 Nebular emission

If some of the LyC photons escape without
ionzing the ISM  Less nebular emission!



Studying Lyman Continuum Leakage
in the Reionization Epoch

Zackrisson, Inoue & Jensen 2013, ApJ, 777, 39

These features can be studied
with JWST/NIRSpec @ z  6-9



Indirect Constraints on fesc for 
Galaxies at z  6-9

Zackrisson, Inoue & Jensen 2013, ApJ, 777, 39

JWST can study LyC leakage without
measuring the LyC flux!



LyC leakage candidates in WISH surveys

LyC leakage candidates found through WISH imaging
can then be followed up with JWST/ELT spectroscopy
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Zackrisson et al. 2011, ApJ, 740, 13

• Pop I, II, III stars
• Nebular emission (Cloudy)
• SDSS/HST/Spitzer/JWST/
WISH fluxes @ z=0-15 



Galaxy models for WISH

Choose metallicity, star 
formation history, redshift
resolution etc.

Then click here!

Yggdrasil models: www.astro.su.se/ez



… and you immediately get AB magnitudes in WISH 
filters as a function of galaxy age and redshift!

Galaxy models for WISH

Yggdrasil models: www.astro.su.se/ez



The LYman Continuum ANalysis Project

Logo: Genoveva Micheva

SPH/RT simulations +
Yggdrasil + obs. errors
Mock spectra of high-z 
galaxies with LyC leakage

Can tackle:
• How well can fesc be 

retrieved from JWST/ELT 
spectra?

• How well can high-fesc
candidates be selected
from WISH imaging data?
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Summary
• WISH imaging can help us find galaxies leaking

ionizing radiation into the IGM at z>6

• Follow-up spectroscopy can constrain the 
ionizing escape fraction

• WISH fluxes for Yggdrasil model galaxies at 
redshifts z=0-15: www.astro.su.se/ez


