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What is the point?
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The punchline!

Image from https://jwst-docs.stsci.edu/display/JS/jwst+SEO+Home

Our method can estimate the
escape fraction of ionizing
photons from reionization epoch
galaxies

We want to know if galaxies could
be the driving mechanism of the
cosmic reionization

We could do so without a need for
dedicated observations (Use
JWST Early Release Science
Program)

In short: We can squeeze more science out of the JWST!
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Reionization & JWST

Remixed image from Millenium simulation

z ∼ 10 z ∼ 6

∙ To reionize the universe, we have to have sources of ionizing
radiation

∙ Constraints are consistent with galaxy driven reionization IF the
typical escape fraction is large enough (∼ 20%).
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Reionization: Problems & Solutions

Reionization photon budget: Ṅion(z) = fesc(z)ξion(z)ρUV(z)

∙ ρUV(z) - Number of star forming galaxies during reionization

∙ ξion - How efficiently galaxies produce ionizing radiation

∙ fesc - How much ionizing radiation is escaping the galaxy (hard to
determine)
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Reionization: Problems & Solutions

Remixed image from Millenium simulation

Neutral IGM at z > 5 makes it impossible to directly detect escaping
LyC.

There are ways around this though:

∙ Observe properties of nearby galaxies and extrapolate to high z.

∙ Indirectly determine fesc.

JWST NIRSpec could be used to indirectly determine the
escape fraction
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Reionization: Problems & Solutions
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Estimating the escape fraction
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The escape fraction will determine the strength of certain spectral
features like emission lines and UV slope
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But does this work on
realistic galaxies?
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Estimating the escape fraction
We test the method on simulated galaxies!

Shimizu et al. 2014

4 different simulation suites:

∙ Shimizu et al.

∙ CROC (Gnedin et al.)

∙ Finlator et al.

∙ FiBY (Paardekooper et al.)

LYCAN + NIRSpec Noise = SEDs
with varying fesc1.

.
1Available at http://www.astro.uu.se/~ez/lycan/lycan.html
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There are a lot of
combinations, so I will focus

on results from one.
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Estimating the escape fraction: Results
Mock spectrum of reionization epoch galaxies
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3 hour NIRSpec spectrum with R=100 of mAB ≈ 27 galaxy. 11



Estimating the escape fraction: Results
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Can we improve the method
by including more features
than UV slope and EW(Hβ)?
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Machine learning
Paper on Arxiv: http://arxiv.org/abs/1603.09610
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Machine learning

Jensen et al. 2016
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Machine learning
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High escape fractions

can be identified!

NIRSpec spectra with R=100 with S/N = 5 (in bin centered at 1500
Å).
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How does the LyC
production efficiency look?
Are these galaxies typical?
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Results: Simulations
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The point: Again (Summary)
.

∙ Determining the escape fraction of ionizing photons for
reionization epoch galaxies is crucial for determining if galaxies
drove reionization.

.

∙ JWST/NIRSpec can allow us to determine the escape fraction of
ionizing photons emitted from reionization epoch galaxies

.

∙ The project could use observations from JWST ERS (planned April
2019)

.

∙ The SEDs that were produced in order to test the method are
available to the public at
http://www.astro.uu.se/~ez/lycan/lycan.html.
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Jensen et al .
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Jensen et al .

1

5

10

30

26 27 28 29

mAB

S
N

Exposure time (h)

1

5

10

30

22


