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Evolutionary phases of gas-rich galaxies
in a galaxy cluster at z=1.46
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> . .
2t Quenching of star formation
2 in galaxies
]
&
T High density regions such as galaxy clusters
must play a vital role in quenching the star
2 formation activity.
3
% Possible mechanisms
e * Major or minor mergers

* Ram-pressure stripping
e Strangulation

When and how does cluster galaxies

.. e - duench the star formation activity?
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From Koyama-san'’s slide

Star-formation in high-z galaxy clusters MAIALO-Subaru
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Role of gas in galaxy evolution

Lookback time (Gyr)
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e Efficiency to convert gas to stars ?
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GRACIAS-ALMA

Galaxy Resolved Anatomy with CO Interferometry
And Submm observations with ALMA

Mapping/resolving molecular gas and dust contents of high-z SF galaxies

CO line @ Band-3 (~100GHz) SFR~50M/yr (2.7hrs, 50) @1<z<3
Dust continuum@ Band-6-9 (450 pm-1.1 mm) SFR~15M_/yr (50min, 50)
Spatial resolution: 0.1-0.2" (~1kpc)
Mahalo-Subaru Gracias-ALMA ALMA status |
target z line um  NB-filter Camera | Continuum  Line@GHz(band) pronosals  results |
1['2215-1738  1.46 | |Ou] 0.916 NB912 S-Cam | B7.9 CO(2-1)@94 (B3) | Hayashi+  1st |
10332-2742 161 ] [On] 0973 NB973 S-Cam | B79  CO(2-1)@89 (B3) not yet
0218.3-0510 1.62 | [On] 0.977 NB973 S-Cam B7, CO(2-1)@88 (B3) | not yet

1138262  2.16 | Ha 2071 NB2071 MCS B6,7,9 CO(3-2)@110 (B3) | Koyama+  1st
4C23.56 248 | Ha 2.286 NB2288 MCS B6,7,9  CO(3-2)@99 (B3) | Suzuki+  1st
1558-003  2.53 | Ha 2.315 NB2315 MCS B6,7,9  CO(3-2)@98 (B3) | Kodama+ 2nd
SXDF 219 | Ha 2.094 NB2095 MCS B6,7,9 CO(3-2)@108 (B3) | Tadaki+  1st
.CANDELS 253 | Ha 2315 NB2315 MCS B6,7,9  CO(3-2)@98 (B3) | Tadaki+  1st

We can spatially resolve dusty star formation and gas distribution within galaxies.
f(gas) and SFE(=SFR/My,,) are essential quantities to characterize the mode of SF.

Relations between red clumps ~ dusty starbursts ~ bulge formation ~ environment
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Galaxy cluster: XMMXCS J2215.9-1738

e z=1.457
* Extended X-ray emission
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Active star formation in the central region

[Oll] emission line galaxies detected by 850um sources detected by
Subaru/Suprime-Cam narrowband imaging JCMT/SCUBA-2 imaging
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Several 24um sources are also detected by Spitzer/MIPS imaging (Hilton et al. 2010)
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ALMA observations

Band-3: 93-95 GHz
CO(2-1) emission line from galaxies at z=1.430-1.478

galaxy cluster: XMMXCSJ2215 9-1738
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Detection of CO(2-1) emission lines
from 17 cluster member galaxies
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Intensity map of CO(2-
All of the 17 CO(2-1) emitters have optical-NIR counterparts
v’ 5 galaxies are sBzKs
v’ 11 galaxies are [Oll] emitters
- 6 galaxies have spec-z
- 5 galaxies have redshifts from NB912/NB921
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Spatial distribution of galaxies with CO(2-1) emission line detected
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Phase space diagram
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Implications for the evolution of cluster galaxies

* ram pressure stripping
e strangulation
Assumption: Stop feeding the fuel to the infalling galaxies

’CO(2-1)/L'CO(1-0)=1

Oco =4.36
M., =2-9x102° Msun @B
SFR([OII]) ~ 100 Msun / yr

Depletion time ~ 10° yr

e Star formation

Exhaust the fuel for forming new stars

“Evolutionary Phases of Gas-rich Galaxies in a Galaxy Cluster at z = 1.46” Masao Hayashi (NAQOJ)



Hayashi et al., 2017, AplL, 841, L21
Summary

XMMXCS J2215.9-1738 galaxy cluster at z=1.457

ALMA cycle-3 observations in Band 3

17 CO(2-1) emission lines from the member galaxies

* Phase space diagram
v/ CO emitters disappear from the very center of the cluster

v’ The gas-rich galaxies enter into the cluster more
recently than gas-poor SF galaxies or passive galaxies
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