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When and How Cosmic Reionisation occurred?

z~1100 : Neutral Universe
Reionisation
Z~6 Ionised Universe
2=0 * ; '*’._:_, ‘

credit: Subaru telescope, NAOJ
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Galaxies governed Reionisation process?

History of cosmic star-formation

0O 2 4 6 8
Redshift
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Robertson et al. 2010, Nature 468, 55

See also Robertson et al. 2015, Faisst 2016
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Lya emitters (LAEs) as Probes of Early galaxies

Cosmic Time (Gyr)
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Fraction of LAEs
in all star-forming galaxies
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Stark et al. 2011, ApJL, 728, L2

 Low-mass, metal-poor, young star-forming galaxies
« Typical in early universe
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Lya emitters (LAEs) as Probes of Early galaxies
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[O111]5007,4959 /[ Ol J3727

0.1

Nakajima et al. 2016

- O 2z=3.1&3.7 LAEIs (This workl)

| O z=3.1LBGs (This work)
©2=3.1LAE w/ AGN (This work)

| A z=3.2LyC leaker (de Barros+16)

— () Low—-zLyC leakers
[~ (Leitet+183, 1zotov+16a,b)

— > z=2-3 LAEs Avg. (NO14)
| A\ 2~2 LAEs Avg. (Erb+18)

> 2=2-3 LBGs Avg. (NO14)

X 2z~8.4 LBGs Avg. (Troncoso+14)

~ ¥ z=2-3 LBGs Avg. (Strom+16) ¢ HoR

) 2~3.3 LBGs Avg. (Onodera+18)
~ [J z~2.3 LBGs Avg. (Sanders+16a)

R23

See also Nakajima&Ouchi 2014, Erb+2016, Kojima+2017
 Low-mass, metal-poor, young star-forming galaxies

« Typical in early universe
« Intense nebular lines, e.g. [OIII]5007,4959

z=3.1 LAE’'s MOSFIRE K spectrum

4800 4850 4900 4950 5000 5050

1.98 2 2.02 2.04 2.06
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Lya emitters (LAEs) as Probes of Early galaxies
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See also Nakajima&Ouchi 2014, Erb+2016, Kojima+2017

« Typical in early universe
« Intense nebular lines, e.g. [OIII]5007,4959
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See also Smit+2014,2015

Low-mass, metal-poor, young star-forming galaxies
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LAEs present Hard Ionising Spectrum ..?
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Nakajima et al. 2016
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LAEs present Hard Ionising Spectrum ..?

L \ r,
. — . z=3.1 LAE’s MOSFIRE K spectrum
€1on —\nlon/LUV

.
| Sion =\hion/Luv
%
%

7

Efficiency of ionising photc
? 100 I I I I I I

80 -

Number of Galaxies

0

24.5 25 25.5 26

log . . . .
& £ion.0 > More efficient production
Nakajima et al. 2016 of ionising photons

Refer also to Poster by M. Hilmi
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Nature of Ionising Spectrum Examined by
UV Emission lines
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UV line diagnostics of &ion

Flux(CIII])  Nion(>24.4eV)
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Nakajima et al. 2018a (A&A) in collaboration with VUDS
See also Stark+2014, Gutkin+2016
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VLT/VIMOS (11hrs) Observation
Identifying Lya from ~70 Faint z=3 LAEs
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VLT/VIMOS (11hrs) Observation
Identifying Lya from ~70 Faint z=3 LAEs
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VLT/VIMOS (11hrs) Observation
Identifying Lya from ~70 Faint z=3 LAEs
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VLT/VIMOS (11hrs) Observation
Identifying rest UV lines in Stacks of 70 z=3 LAEs
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Strong CIII] Associated with Strong Lya
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Stronger LAEs Characterised by lower metallicity

CIv1549/CII1]1909

Composites of the VIMOS LAEs (This work):
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Stronger LAEs Characterised by lower metallicity

CIv1549/CII1]1909
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LAEs’
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Hard &on Confirmed with UV line analysis
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EW(Cmi]1909) (R)

LAEs’ Hard &ion Confirmed with UV line analysis
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&ion as functions of UV luminosity, redshift and Lya
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Refer to Talk by Y. Harikane; Poster by M. Hilmi Muv

LBGs: Uniform &ion (~25.2--25.4), independent of Muy, z
LAEs: Larger &ion (~25.5--25.7), particularly for faintest LAEs
— Analogous to Galaxies in EOR
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LymAn Continuum Escape Survey (LACES):
UV Imaging of z=3 LAEs

' Deep (200rbits x3) HST/F336W imaging of 54 z=3 LAEs
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Fletcher, KN+ 2018 (arXiv:1806.01741)
See also Mostardi+15, Siana+15, Steidel+18, etc.
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LymAn Continuum Escape Survey (LACES):
UV Imaging of z=3 LAEs

Deep (20o0rbits x3) HST/F336W imaging of 51 z=3 LAEs
High success rate in securing significant F336W detections (~30%)

Minimal foreground contamination

F336W NB497 F160W

SEE R d
Lya Stella -

=
)
:’L

.nu‘ I | -

4
10 0.02
)\obs [A
0.00 I 1 I I
0.0 0.2 0.4 0.6 0.8 1.0
fCSC
-

For detections:
i - .
FletadlSy RN+ 7018 CRUBEMNERY41) Tndividual fesc ranges from ~2-80%

104037
z=3.06

104037

fescv71+2%




Galaxy Evolution Workshop, Ehime on Jun 8, 2018 - Kimihiko Nakajima

Summary

LAEs are ideal analogs of sources

in Reionization era
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Low mass, Low-metallicity, Young

Intense [OIII]5007,4959
Hard Ionizing Spectrum

I+ Stronger LAEs (This work)

| ]+ Weaker LAEs (This work)
O z=3-4 LAEs (Paperl)
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Galaxies like LAEs could dominate
Reionization process
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Hard Ionizing Spectrum
High Escape Fraction?
— Being examined by LACES
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