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The First Stars

 First stars are metal-free (Pop Il1)

« Massive, but too faint to see even with
JWST unless highly magnified

« Can we detect Pop Il stars at any
redshift?

» Direct Collapse Black Holes could be

easier to detect (longer lifetime + brighter)

Hirano+14
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The First Galaxies
Most distant galaxy known at z=11

Surprisingly 2
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The First Galaxies
ISM lines detected with ALMA for many HST-selected 6<z<9 galaxies
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The First Galaxies
Strong, highly-ionized emission lines

Line EW and Os, ratio increases with redshift O0 LyC-LABS at 2=3 (This wor)

® Ion2 (z=3.2; Vanzella+16,20)
¥ Low—z strong LyC leakers (Izotov+16a,b,18a,b)

[z ~ 8 (This work) L1 SDSS - M* matching o Low-z LyC leakers (compiled by Izotov+18b)
[ z = 3.24 (K16) [71 SDSS - SFR matching . gorreiatﬁon Ey faitsz\t,ifilaa
1 z ~ 6.8(S15) At z<83 Lyman continuum — — Correlation by Izo :
11 escape correlates with -"
« Compact size y
° 032 M ;§ .
 Lyman-a EW S 04
« Lyman-a blue leak i
—3 . . 5
log(EW([O 111]AA4959, 5007+H B)/A) — hlgh-z galaXieS
De Barros+19 efficient for reionization?

032 = |[0O111]5007,4959/(O11]3727

Nakajima+20
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The First Galaxies
Tracing feedback in low mass halos

With lensing, reach stellar masses approaching 106 Me at high redshift.
Flattening or turnover of luminosity/mass function depends on feedback.

= This work 7
= Song 2016 2_6-
B. 2019 (point sources)

B. 2019 (disk galaxies)
= Kikuchihara 2020

+ Bouwens et al. (2017)
m Livermore et al. (2017)

Atek+18
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The First Galaxies
Lensed low mass primordial(?) galaxies

Lya gbserved Simulated
8 3 K =80 [
- n = 3.66 I
MUSE Re = 0.026"

-+ High magnification )
« Compact SF regions b
~+ High Lyman-a EW

« Forming globular clusters”

« Poplll ? .

P

Vanzella+19 Vanzella+2
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The James Webb Space Telescope
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The James Webb Space Telescope

JWST advantages: MIRI FGS+

* + sensitivity
« + wavelength range (0.6-28 microns)
* + spatial resolution
* + instrumentation
« imaging
 glitless spectra
» |FU spectra
« MQOS spectra

Viy?m —

NIRCam
NIRSpec
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CAnadian NIRISS Unbiased Cluster Survey
C N UCS (NIRISS Instrument Team; Pl C. Willott)

Targeting 5 strong Image Slitless Spectra\
lensing clustersand 10 .. ., - . . —

parallel fields. 7

NIRISS, NIRCam & .

NIRSpec follow-up. 4 o= & '.

Measure evolution of key §~ -« , = F&e
physical parameters for S .
low-mass galaxies * S :.

across epochs. R S

- -‘\',.
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NIRS FPEC

® iae (NIRCam+NIRSpec Instrument Teams; Pls M. Rieke &

»

Survey the two GOODS
fields with deep imaging
and spectroscopy.

ea 190 arcmin?|

dN/dz [Deep Area45. 8 arcmin?|
AN/dz Medinm Ar

Find the earliest galaxies
and characterize them.

Determine how cosmic
reionization occurred.

wavelength [microns)

Rieke+ Astro2020 WP
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Summary

Recent observations with HST, SPITZER, ALMA, and optical/NIR
telescopes show galaxies during reionization are:

¢ young

« compact

* |ow mass

* Dblue UV spectra

« strong, high-ionization lines

 likely efficient reionizers

Formation mechanism and physical nature of these galaxies to be
investigated with JWST, ALMA, EUCLID, ROMAN, ELTs, ngVLA, ...

C Willott, 14 January 2021, New Views of Galaxy Formation and Evolution, 237th AAs  Chris.willott@nrc.ca

13


mailto:chris.willott@nrc.ca

MCChe NRC.CANADA.CA- ) O ©

THANK YOU =

iR
'j

1y

Chris Willott « chris.willott@nrc.ca i

‘E-';'EE -

(14
e
T
. ang » o OV
. Abs ' B
: ne
: TR apnenn s A
- oy ‘ : y b i
i A . J -

o i g g
)

%
,_‘Y;
w"“ |
‘1
I
f
i
ii
in
i
]

- |
LI

1
L L O LT S
£ ; LB |

. o b
SR 111 LIBRCRRT 2

I *I National Research  Conseil national de
Council Canada recherches Canada


mailto:chris.willott@nrc.ca

