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Key science questions

today lookback time [Gyr] Big Bang =
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Recent progress

today lookback time [Gyr] Big Bang =
02 4 6 8 10 12 13.3 13.6 13.7

N

-0.8

M %4
i, L9y '\ TN 4
_‘._“.. o
s e YL s . .

%,

» . =
o0 "‘ .-‘.’l.
LN v
e Y

=
'o e S A
ol
e ey ry % ‘»
. F a0 » .
Ay T2 3 )‘. A L

B g N _
- L, v > . . . -
" -~ Loy ,.‘" “"’ GANSHL s
. 3P 5 Ly -y
.
A

., "._ », o
.5 ):;": ’ .

- %
R
* -

-1.2

e
a -
A

A

[Msun yr'l M pc-3]

F

T TS I

it A
YN

LTI e

uoneziuoiay
umeq JIWsS0)D
saly Yleq

. 5 .
o" ‘e u

.
L
» .l
- . "‘ N -
3
’ -
s -

W

=] ' LI R B D | v ' ool BN ! ' LA PR
E X*/Npnot = 0.5 0 1D: 16490
I 2=0.852

3 4 5 678 10 20

. "
‘ [}
quiescent galaxies ) I
' logM. >11.0
—13 Zops = 0.6 = 1.0
Ll 1l l Ll Ll I Ll 1Ll l Ll Ll I Ll 1l I Ll Ll l i 5 2 3 1 ¢ i | 1 1 N i i
0 1 3 4 5 6 3 4 3x 104 1x10° 3x10°

2 -
lookback time [Gyr] observed wavelength [A] ) aCChe”a



Recent progress

today lookback
024 6 8 10

-
0.8 -

»
Hubble image filters

Sclence

Tacchella+15ab,18a

H-alpha luminosity map H-alpha veIoCity map

[Msun yr'l M pc-B]

o~ VJ..

- -0!.‘.‘"':
MR Y.

L
o

»
-’q‘ v ~“ "4 B ¢ B h a’
- ReP 3 J*'- "4‘ 5“} L R

saby M/

Yy - :

uoneziuc
umeq ol

.)‘ ..\'1 'C'__.’ i

‘uoIRUIgLUC
PR

,clw
I"&
A\ o

o X

4
3T i
' .:-,'ZT".:;‘;" j‘;-’-f‘

i ID: 16490
z=0.852

2 g S T
Pl & 4 'i‘-_~ 3"-} W 41‘
YIEL Fad 320 TAn
X
) £
LA U4

:
Y«
/

3 4 5 678 10 20

Q ' .
- 8 1 -10

|

-

X a |

5 A
quiescent galaxies 10-1 : | l Ift

0

logM. >11.0

3 4

2 x 103 1x 10% x 104 1x10° x 10° 1 x 108 -
lookback time [Gyr] observed wavelength [A] ) aCChe”a



Recent progress
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JWST Programmes

e JWST Advanced Deep Extragalactic Survey (JADES)
e The Cosmic Evolution Early Release Science (CEERS) Survey

UDF medium band survey: Using H-alpha emission to reconstruct Ly-alpha escape during the Epoch of
Relonization (co-Pl Tacchella)

Preventing the Slit-Loss Catastrophe Using Flexible, Spatially Resolved Galaxy Models

Where Cosmic Dawn Breaks First: Mapping the Primordial Overdensity Powering a z~9 lonized Bubble
A Pathfinder for JWST Spectroscopy: Deep High Spectral Resolution Maps of Galaxies over 1
Anatomy of an ionized bubble at z=6.6: Which galaxies reionized the Universe?

The Stellar and Gas Content of Galaxies at Cosmic Noon
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admixture of MIRI-US.

JADES: Overview

The Extragalactic Theme of NIRCam and NIRSpec is largely
centralised onto one monolithic, collaborative programme
- JWST Advanced Deep Extragalactic Survey (JADES).

Deep imaging and spectroscopy of GOODS-S and GOODS-N, using
~800+800 hrs of pure+parallel in Cycle 1 and 2
=» Foundation of early universe science for 2020s.

Images and spectra of unparalleled depth of thousands of galaxies at
z=2-10 with NIRSpec follow-up In the same cycle.

Full joint collaboration between NIRCam and NIRSpec, plus a small
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JWST First Results

Nelson (incl. ST) et al. (2022).
JWST reveals a population of ultra-red, flattened

disk galaxies at 2<z<6 previously missed by HST

Robertson, Tacchella, et al. (2022):
Morpheus Reveals Distant Disk Galaxy
Morphologies with JWST: The First AI/ML Analysis

of JWST Images

=525 z=4.57 z=4.82 z=4.14 z=4.78 z=4.36 z=23.96 z=23.87 z=4.20 z=15.07
- P ‘l ’ . \ :

Finkelstein (incl. ST) et al. (2022):
A Long Time Ago in a Galaxy Far, Far Away:

A Candidate z~11 Galaxy in Early JWST
CEERS Imaging

Zavala (incl. ST) et al. (2022):
A dusty starburst masquerading as an ultra-high
redshift galaxy in JWST CEERS observations

Naidu (incl. ST) et al. (2022): : S |
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JWST First Results

Curti (incl. ST) et al. (2022):
The chemical enrichment in the early Universe as probed
by JWST via direct metallicity measurements at z~8
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Tacchella et al. (2022d):

Interstellar medium and stellar populations of young galaxies
with rising star formation and evolving gas reservoirs
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Comparison Theory — Observations

Observations Theory

progress through discoveries numerical and analytical models
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Comparison Theory — Observations

Observations
progress through discoveries

Theory
ﬁ numerical and analytical models

| M‘o_del testing and interpretation of % ’
i observations: comparison between theory §
| predictions and observations |
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Comparison Theory — Observations

Observations Theory
progress through discoveries numerical and analytical models

| Model testing and interpretation of - ’
i observations: comparison between theory §
| Predictions and observations |
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Comparison Theory — Observations

Data analysis, incl. development of
iInnovative analysis techniques and tools

Observations
progress through discoveries

Ly-alpha

H-alpha

detailed radiative transfer (MCRT) analysis that
Include radiative transfer, non-equilibrium
thermochemistry, and dust evolution

HIl region

Ha production by
collisional excitation

LyC absorbed s an
by dust and He and ionization

\ *

star\producing " ¥4 ¥
* % %

LyC photons ", "LyC ionizes H gas,

production of Ha

S ‘(recombination)

*

yC escaping disk / galaxy
(additional scattering by dust)

Smith, Kannan, Tacchella et al. (2022)
Tacchella et al. (2022c)

32 33 34 35

29 30 31 32 33 34 35 36 37 30 31
log SBLye (erg/s/pc?)

41 42 43 44 45 46 47 48 49
log SBua (erg/s/pc?)

log SBion (photons/s/pc?)

Theory
numerical and analytical models

HIl region L
Ha absorbed by dust

diffuse ionized gas

star-forming disk OW
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.Evidence for mature bulges 3 billion years after the Big Bang

Using the largest adaptive optics (AO) spatially-resolved

spectroscopic survey, we discovered mature bulges in young galaxies '
Tacchella+ Science (2015b); Tacchella+ (2018)
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Distribution of star formation in young galaxies — 10.0<logM\/Mo <11.0

— 11.0<logMy/Mg<11.5

1.10" <M, /Mg <3-10"

1011
lIIIléI/,“ I(TI
— é’“l/ —~— 100 I
@) AV
< 10 7
S
® 10° >
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S 10° o .
N 4 0.1 § similar results at lower redshifts:
N Nelson+ (2016), Ellison+ (2018), Morselli+ (2019)
107 [ [ |l vy 1l | [ [ | v 1 a1 001
0.5 1 2 > 10" Redshift z~2 z~0
I [kpC] tuniverse 3.3 Gyr 13.7 Gyr

acchella+ Science (2015b)
acchella+ (2018)

S—@—@®—@®—
Galaxies cease their star

form a.tiOn in their cores f| I‘S’[! formation of high central quenching of SFR

star formation quenching proceeds a typical quenched

. . - % stellar mass densities in the center,outskirts . : i
=> InSi d e-out q uenc h In g ghallitadi through ‘compaction’ still forming stars inside-out early-type ~M* galaxy
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Galaxy Archaeology: Decoding the Light

Using the Keck observatory, we obtained
w deep spectroscopy to constrain the stellar 1.0

ages of the stars Iin galaxies at redshift z~1 ~
N
.-l': N ; XIZ/’\IIphIotI=l (I)I5 l I o | S IE ID: 16490 % 15
T z=0.852 n
£ 10k ©
a3 Q
o = 2.0
o -
N 1010F O
e +J
. i c 3.0
rg g . L 4.0
;: TR T EEES U T T 6.0
observed wavelength [A]
- - ” 10.0
._]'T 14 ;_ (o] [Nelll] i‘@ ng 100
F 5 (o) | |[Fs [+o]
: F ) | | @) N
°’ ok /mwvm ;
2 B Y TR We find that the most massive galaxies have ages that
0 ettt — | — are consistent with formation redshift of z~10.
< _1 B IR —r-'w"ﬁ;‘ﬁ Mo 'l-%|*~f,%’u“wﬂpij"-* T A T

observed wavelength [A]

Tacchella+ (2022)
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Tacchella+ (2022a)

Quenching timescales

large diversity of quenching timescale and quenching epochs

=» consistent with other studies showing fast and slow quenching paths (i.e., Wu+18, Belli+19, Suess+20)
=» combination of internal and external quenching mechanism (black hole + dark matter halo?)
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https://forcepho.readthedocs.io/en/latest/

Forcepho: New Photometry Tool

e development lead: Ben Johnson (Harvard)
e code to infer the fluxes and shapes of galaxies from astronomical images
e modelling the appearance of multiple sources in multiple bands simultaneously

e |t approximates both the PSF and the intrinsic galaxy shape (Sersic profiles)
as mixtures of Gaussians

e runs on CPUs and GPUs

[BLUE - RED] 1

Input Output
e flux calibrated images, e Chain catalog: posterior samples
uncertainties, and masks for flux and shape parameters for Q
e WCS information SVl SOLIRGS y N
e PSFs — Gaussian mixture e Summary catalog: Posterior i e ]
approximations must be percen_tlle_s and (multl\_/ar_late) (o
computed. Gausslianized uncertainties for
. . every object E . SIS,
e |nput detection list / peak catalog | - i e 5
¢ Residuals mosaic images E B ]

% o o o o
A PR ¢ g A A

BLUE_total RED total
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https://forcepho.readthedocs.io/en/latest/

Forcepho: New Photometry Tool

e tests on JADES simulated images:
Individual slope images instead of the mosaic because PSF is better characterised and the uncertainties are not correlated.
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Forcepho: New Photometry Tool

e tests on JADES simulated images:
Individual slope images instead of the mosaic because PSF Is better characterised and the uncertainties are not correlated.
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e tests on GALSIM images: %
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Forcepho: New Photometry Tool

e tests on JADES simulated images:
Individual slope images instead of the mosaic because PSF is better characterised and the uncertainties are not correlated.

e tests on GALSIM images:
with Gaussian PSF and JWST PSF

e tests on HST images... and soon on JWST!

HST UDF F435W
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