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Goal

Understanding of the
first galaxy formation
process

Immediate
Goal

Observationally reveal
how active star-formation
was in earlier era
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Passive and Star-Forming Galaies

Hubble’s Galaxy Classification Scheme ~ Active Star- Passive Galaxy
Formation  No (little) Star Formation

— « Red color (old cool stars)

g T « Passively evolving(Z BRIt )
© 9 - &

Ellipticals
' Irregular

Sa Sb

» Settled morphology
* Featureless in spectra

‘ - - ‘ Star-Forming Galaxy (SFG)
‘. * Active Star Formation

e Blue color (young hot stars)
« [Easy to observe

- - : e Turbulent morphology

SBa

EO E3 =

SBb

https://itu.physics.uiowa.edu/labs/advanced/classifying-galaxies/part-1-hubbles-tuning-fork

Star-Formation
Makes the galaxy easily observed, but
Drowns out the past info,,,




Key Spectral Feature of Passive Galaxies

Balmer Break

Origin: Hydrogen Balmer Break of A-
type stars.

This feature becomes prominent at

age = 200Myr ~ 1Gyr.

BURST model spectra with Z=0.004
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Lifetime of O,B stars =
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Balmer Break strength indicates

how long the galaxy is stopping Star-Formation,

(and metallicity).
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Potential Power of High-z Passive Galaxies
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Redshift

"Passive galaxy” in this work:

Galaxy with strong Balmer-break (Balmer-break galaxy; BBG) experiencing >

200Myr after stopping star-formation
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(Madau & Dickinson 2014)
Passive galaxies at z>5 can open a new window on star-formation at z>10



Our Previous Works

 Mawatari et al. 2016, PASJ, 68, 46
* Mawatari et al. 2020, ApJ, 889, 137

 Wide-area photometric search for z~¥6 Balmer Break Galaxies

* First Step is always photometric obs!
 Difficulty in spectroscopy: faintness, rarity of the targets




Colors of z~6 BBG (Mawatari+16,20)

Red K-[3.6] Faint in FIR
_ Blue [3.6] — [4.5] _ Faint in optical
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COSMOS Field
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Rich observations in COSMOS Field
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Data (Mawatari+20)

K~25 & [3.6]~24 depth
< z™6 passive galaxy down
to M.« ~ 4x101° Msun.

All imaging data available in COSMOS
UVISTA UD stripes 1~3 (Area = 0.5deg?)
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z~6 BBG search in COSMOS (Mawatari+20)

- Isolated objects in the Spitzer/IRAC image

- NIR Color selection

K-[3.6]>1.75

K-[3.6] > 2.4([3.6]-[4.5])+1.05

- Non-detection in

optical, MIR(A >10um), FIR, radio, and X-ray

to remove
strong line emitters,

extremely dusty galaxies, and AGNs.

» Non-detection in ALMA Band7 (1 o~ 30udy)
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z~6 BBG search in COSMOS (Mawatari+20)

- Photometric selection of 3 Balmer Break Galaxies at 5<z<8 in COSMQOS

- SED analysis suggests that they are
at z~6 (age of Univ ~ 1Gyr)
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z~6 BBG search in COSMOS (Mawatari+20)

Stellar Mass Density

Redshift
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SMD of the BBGs at z ~ 6 is consistent with the
measurements for lower-z passive galaxies.
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z~6 BBG search in COSMOS (Mawatari+20)

Redshift
Progenitors of z~6 BBGs g 2118 15 12 9 8 7 6
eDef. of the progenitors e T ' ]
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are sensitive to SFH shape-- | !
’:
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1 BBC Age of the Universe [Gyr]
~ D Fraction of observable timescale
< 1BBg >

Progenitors’ SFRD
is less sensitive to SFH assumption!
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z~6 BBG search in COSMOS (Mawatari+20)

Star Formation Rate Density at z~20

v 2.4E-5 < SFRD/(Msun/yr/Mpc3) < 1.2E-4 at z > 14 (99.7% confidence level)

v Our result supports smooth evolution (Finkelstein+15, Kikuchihara+19)
more than rapidly declining evolution (Oesch+14,18, Harikane+18).

v Relatively high SFRD indicates higher SF efficiency at z > 10.

Redshift

1 2 3 4 5 6 7 8 910 12 15 30

SFRD ]

118

B19
L | M18

I | l ]

N ‘ 99.7% CL
k2 S (3sigma)

5 3 2 1 0.5 0. 0.2 0.1
Age of the Universe (Gyr) 4 — 7 v 4% —/o0—n&E T

N e 3= - b R EE
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Summary of our previous works

* |dentification of passive galaxy "candidates" atz~ 6
* They give interesting constraint on SFRD at z>10

* IVIany technical concerns,,, https://www.nasa.gov/directorates/heo/scan/s

ervices/missions/universe/JWST.html

* Based on many non-detections
 Photometric id of the Balmer breaks
e Combination of different instruments

Now, it's a new (JWST) age!

James Webb Space Telescope, launched in 2021 Dec
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Recent JWST results

* Direct observations of z>10 star-forming galaxies
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Recent JWST results

e Spectroscopy of Passive Galaxies (up to z=7.3!?)

z=7.3 quiescent galaxy (Looser+23, arXiv:2302.14155)

Only 10-30Myr after stopping star-formation
A (obs.3) [um]

z=3.2 quiescent galaxy (Nanayakkara+22, arXiv:2212.11638)
Only 10-30Myr after stopping star-formation
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2 The area JWST observed is NOT enough.
S Wider-area imaging survey for the candidates
X .
= is needed!
L
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Our Challenges in Univ. of Tsukuba =™

* RIOJA project (Hashimoto et al. 2023, arXiv:2305.04741) NV W —

* JWST spec of ALMA 6<z<9 galaxies = o
. . °'< 2+ YD4
* z=7.88 overdensity region NIRSpec IFU [OIll] 5008 A s = |
: -30:22:54.0 AR R El T e S 10
* Accelerated galaxy evolution IE = A 1 2 b
* Dust production, quenching 54.5 _m =_ ) ’rﬂ ;‘)’ 0 p-mn . "I"I'"I""I """"
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