Hunting down the galaxies
that reionized the Universe

Erik Z‘a'éI’{risson
Stockholm University

[l Akio Inoue, Ikkoh Shimizu, Kristian Finlator, Hannes Jensen,
PN Nils Bergvall, Jan-Pieter Paardekooper, Claes-Erik Rydberg,
Genoveva Micheva, Sadegh Khochfar, Claudio Dalla Vecchia



Fingerprints

Classical use:

* Whorls, arches, loops in
fingerprint pattern —

The next frontier:

* Chemical analysis of
fingerprint —




Galaxy Spectra

Classical use:
* Template fitting —>

 SED modelling —>

The next frontier:
* SED modelling —>

Ono+ 10, Pirzkal+ 12, Zackrisson+ 13



Did Galaxies Reionize the Universe?

A Schematic Outline of the Cosmic Histor
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Lyman Continuum Radiation

Rest-frame galaxy spectrum

Lyman
continuum

Nebular continuum|
and emission lines




The Lyman Continuum Escape Fraction

o Single detection
O Stacked detection
¥ Stacked upper limit
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z~0: Very low f___|

| Bergvall et al. 06

Leitet et al. 11, 13

Zackrisson et al., in prep 7 ~ 3-4:
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situation...
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At z > 4-5, the IGM opacity prevents direct detections of escaping
Lyman continuum (Inoue & lwata 2008) —




How Lyman Continuum Leakage
Affects the Spectra of Galaxies

Young stars

Lyman continuum
photons from young
stars captured by gas
> R -

If some of the LyC photons escape without
ionzing the ISM —



Studying Lyman Continuum Leakage
in the Reionization Epoch

These features can be studied
with JWST/NIRSpec @ z ~ 6-9
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Indirect Constraints on f___ for
Galaxies at z = 6-9

Z =0.020, constant SFR

JWST can study LyC leakage without
measuring the LyC flux!




LyC leakage candidates in WISH surveys
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LyC leakage candidates found through WISH imaging
can then be followed up with JWST/ELT spectroscopy
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* Pop |, II, lll stars

* Nebular emission (Cloudy)
» SDSS/HST/Spitzer/JWST/
WISH fluxes @ z=0-15

ggd}'a S i I code

A spectral synthesis model for the first galaxies

Model grids available at: www.astro.su.se/~ez




Galaxy models for WISH
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Arkiv Redigera Visa Favoriter Verktyg Hjalp

* Main page ® JWST/NIRCam (AB)
« Current projects:
o The first stars and galaxies ® SDSS (AB)
o Dark matter subhalos
o The faint outskirts of galaxies @ Spitzer (AB)
« Model access:
o  Yggdrasil
¢ Other models

* Scientific publications

® WISH (AB)

* BriefCV « Lyman-alpha transmission factor
* Teaching
* Students o fL}ruzo
: %}n(mswem) .01 Choose. metfaII|C|ty, star |
B formation history, redshift
® fi,,=03 .
resolution etc.
‘ fL}.-u:O.S

ressminoovernge 1 N1EN Click here!

O Full coverage, z=0-15, step 0.

Get magnitudes

Webmaster: Claes-Erik Rydbere




Galaxy models for WISH

... and you immediately get AB magnitudes in WISH
filters as a function of galaxy age and redshift!
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The LYman Continuum ANalysis Project

Logo: Genoveva Micheva
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Mock spectra of high-z
galaxies with LyC leakage

Can tackle:

* How well can f__be
retrieved from JWST/ELT

spectra?

* How well can high-f___
candidates be selected
from WISH imaging data?



Lyman Continuum Leakage and Cosmic Reionization

13-15 August 2014 AlbaNova University Center, Stockholm University, Stockholm, Sweden
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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:




