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Massive (M*>1e11Msun) Quiescent Galaxy
- セミアナモデルではz>3につくるのは難しい
- 観測的にはz=3-4に結構見つかっている。ただし、

- 大部分はPost-starburst (SB後 <1Gyr)

- 大部分はフィールド銀河。環境効果はよくわかっていない。
- 何が星形成を止めるのか

- Merger driven SB
- AGN feedback
- Gas strangulation
- Halo quenching
- Morphological quenching

- RO-1001@z=2.91

- Galaxy A,B,C
- M*>1e11Msun
- SFR=1250Msun/yr
- LyAフィラメントの交差点にいる

- Galaxy D
- Sersic n=2.0
- R_e=0.14” = 1.1kpc
- Photo-z=2.9pm0.1 / SFR<4Msun/yr
- ALMA 870umで不検出 => SFR<13Msun/yr
- M*=1e11Msun
- t_50=1.6pm0.4 Gyr (z_form~8)
=> Massive (M*>1e11Msun) Quiescent Galaxy
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An ancient massive quiescent galaxy found in a gas-rich z ⇠ 3 group
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2
Cosmic Dawn Center (DAWN), Copenhagen, Denmark

3
Niels Bohr Institute, University of Copenhagen, Jagtvej 128, DK-2200, Copenhagen, Denmark

4
Department of Physics & Astronomy, Univ. of California Los Angeles, PAB 430 Portola Plaza, Los Angeles, CA 90095-1547, USA

5
Max-Planck-Institut für Extraterrestrische Physik (MPE), Giessenbachstr.1, 85748 Garching, Germany

6
INAF—Osservatorio Astronomico di Brera, via Brera 28, I-20121, Milano, Italy

7
1 California Institute of Technology, 1200 East California Boulevard, MC 278-17, Pasadena, CA 91125, USA

8
Centre for Extragalactic Astronomy, Department of Physics, Durham University, Durham, UK

9
University of Trieste, Piazzale Europa, 1, 34127 Trieste TS, Italy

10
INAF - Osservatorio Astronomico di Trieste, via Tiepolo 11, I-34131, Trieste, Italy

(Received June 01, 2021; Revised July 13, 2021; Accepted July 22, 2021)

Submitted to ApJL

ABSTRACT

Deep ALMA and HST observations reveal the presence of a quenched massive galaxy within the
z = 2.91 galaxy group RO-1001. With a mass-weighted stellar age of 1.6 ± 0.4Gyr this galaxy is
one of the oldest known at z ⇠ 3, implying that most of its 1011 M� of stars were rapidly formed at
z > 6–8. This is a unique example of the predominantly passive evolution of a galaxy over at least
3 < z < 6 following its high-redshift quenching and a smoking-gun event pointing to the early imprint
of an age-environment relation. At the same time, being in a dense group environment with extensive
cold-gas reservoirs as betrayed by a giant Ly↵ halo, the existence of this galaxy demonstrates that gas
accretion shutdown is not necessary for quenching and its maintenance.
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1. INTRODUCTION

Hydro-dynamical simulations and semi-analytical
models have found it di�cult to reproduce massive
(& 1011 M⇤) quiescent galaxies (QGs) beyond z & 3
(Steinhardt et al. 2016; Schreiber et al. 2018b; Cecchi
et al. 2019), while observations have been pushing the
redshift boundary by detecting such systems at z ⇠ 3�4
(Gobat et al. 2012; Glazebrook et al. 2017; Schreiber et
al. 2018; D’Eugenio et al. 2020a; Valentino et al. 2020;
Forrest et al. 2020a,b; Saracco et al. 2020). Most of
the systems so far observed belong to a population of
recently quenched ‘post-starburst’ (PSB) galaxies with
their last star-formation episode occurring over the last
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< 0.8Gyr. However, we might still be missing a fraction
of older (& 1Gyr) QGs (D’Eugenio et al. 2020b; Forrest
et al. 2020b). Moreover, there has not been any insight
on the influence of the environment over such galaxies,
as most of those studied are field objects.
Studying a younger sub-sample of a larger population

of high-z QGs may have influenced our understanding of
how quiescence occurs and persists. Currently, for star-
formation to be suppressed in the z > 2 epoch which
usually features gas-rich star-forming galaxies, there are
a variety of possible channels. These include merger
driven starbursts (Puglisi et al. 2021), AGN feedback
(Brennan et al. 2018), gas strangulation (Peng et al.
2015), halo quenching (Feldmann & Mayer 2015), and
morphological quenching (Martig et al. 2009). Hence,
further probing the high-z QG population, including
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- T50=1.6Gyr => PSBではなくて、より古い(で、赤外でより暗いので見つけにくい)
- 時間を投入したサーベイでDB / Dn4000などを分光で調べる必要あり

- Age>1Gyr : DB/Dn4000<1
- 最近見つかっているHi-z PSBは DB/Dn4000~1.5 (Balmer breakが強い)

- 進化トレイル
- 星形成のタイムスケールが短い+コンパクト => mergerでガスが中心に落ち込んで一

気に星形成？
- Z=6で 5e10Msunの星が既にできていた => z=6のMFから予想される個数の10%くら

いに対応する => z=6の 5e10Msunの星形成銀河の10%がこのようなQGになる？
- 環境：Cold accretionがあるにもかかわらず星形成が止まっている。

- Cosmological starvationやgas strangulationで止まったわけではない。
- AGN feedback? でも1Gyrもの間星形成を止められるのか？

- Morphological quenching?
- では、星形成を続けているGalaxy A-Cとの違いはなんなのか？単純に星形成を始

めたタイミング？
- フィールドのPSBにくらべて1Gyrくらい古い。

- 近傍でもfieldとclusterで楕円銀河の年齢が1Gyrくらい違う
- 高密度環境では星形成のが早くすすむ。
- 星形成がなんらかの環境効果で止まったわけではない、という上記とも整合している
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