IRAM 30-meter millimeter follow-up of deep
OSIRIS / 10.4 meter GTC optical surveys

Two stories on the search for molecular gas in star-forming galaxies
from the GLACE and Lockman-SpReSO surveys

Miguel Sanchez Portal & Angel Bongiovanni
IRAM-ES

Collaborators: Zeleke Beyoro-Amado, Simon Bonnal, Manuel Castillo, Bernabé Cedrés, Jordi
Cepa, Irene Cruz-Gonzalez, Mauro Gonzalez-Otero, J. de Jesus Gonzalez, J. Ignacio
Gonzalez Serrano, Brisa Mancillas, Alenka Negrete, Carmen P. Padilla-Torres, Ana M. Pérez
Garcia, Ricardo Pérez-Martinez, Irene Pintos-Castro, Mirjana Povi¢ and Moénica Rodriguez



GalLAXxy Cluster Evolution (GLACE) in a nutshell

* Aims at studying the population of emission-line galaxies
(ELG) in several clusters in three atmospheric windows at z ~
0.4, 0.63 and 0.86

* Carried out at the 10.4m GTC telescope using the OSIRIS
tunable-filter tomography technique for an initial (blind)
screening and then the multi-objet spectroscopy mode to
obtain high-quality spectra in strong optical lines (typically
Ha, [NII], [Olll], HB and [Oll]).

e Aimed at producing a comprehensive picture of the
evolution of ELGs in intermediate-redshift clusters, in
particular: (l) star formation phenomena, (ll) the role of AGN
and (Ill) gas metallicity gradients (Sanchez Portal+2015).

f Based on the results of the first cluster explored, Zw
Cl0024+1652 at z=0.395, we aimed at mapping how the
Pl molecular gas contents and SF efficiency behave as as

o

R NGy SR SRl function of the local environment in the cluster, from the

T

L inner regions to the outskirts, also targeting the low stellar
mass regime for the first time.



Motivation

* Local universe cluster galaxies have, on average, a
lower molecular gas content (e.g. Virgo cluster:
Boselli+2014) than similar objects in the field, or
even in voids (! !" #3%%&'( )*+,+-./.01- .20,
[3.+*-11-), likely due to environmental causes.

 Molecular gas is currently well studied in field
galaxies (e.g. xCOLDGASS, PHIBSS/PHIBSS2, CO-
CAVITY).

 Scarce studies in cluster galaxies, specially at
higher redshifts.

* Only a handful of cluster galaxies at z ~ 0.4 had
been studied (Geach+2011, Jablonka+2013) at the
time we proposed this study.

e However this situation is being mitigated
progressively (e.g. Castignani+2020, Spérone-
Longin+ 2021a,b: SEEDisCS).

*Zw Cl0024+1652 field
PanSTARRS-DRI1 (i + ‘g + 1) + Herschel PACS (100 + 160 um)




Cl0024+1652: Sample selection & observations
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Cl0024+1652: Sample selection & observations
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Flux density

Source example: 255A
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Results: L'y — Lugopsrelation
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SFE [SFRu¢/MH.] — cluster-centric radius
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Molecular gas fraction — cluster-centric radius
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SSFR 4 cluster-centric radius
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Additional work in progress: gas metallicity relations
N2 & O3N2 indicators
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Lockman-SpReSO: Sample selection & observations
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Lockman-SpReSO: Sample selection & observations

113000 111000
T T

3\
/

TA* (mK

\
/

TA* (mK

Frequency (MHz)

225000

224000

223000

222000

T

T

T T T T T T

H206552 CO(2-1)

-2

0
Velocity (km/s)

Frequency (MHz)
214000

213000

212000

| Hﬂﬂﬂ'
Rl

T T T T T T

LH93597 CO(2—1)

1

J

bl
il

|

0
Velocity (km/s)

© % H286552

0

LH206¢

O
LH206544 4
@ . y

\
/

TAx (mK

217000

Frequency (MHz)
216000 215000 214000

T T T T T T T T T T T

LH2G6718 CO(2-1)

| L L L 1

216000

0
Velocity (km/s)

Frequency (MHz)
215000 214000

LH120522 CO(2-1)

1l

Ih.
]

1 1 1 L 1

0 2000
Velocity (km/s)



logyp (Lo [K km s7! pe?])

10.0

Preliminary results: L'y — Lygosgf€lation

xCOLD GASS (Saintonge et al.2017)
& This work (0.03 < z < 0.07)
— Jablonka et al. (2013) relation (field)

0.040

- 0.030

- 0.020

05 10.0 10.5 11.0
logio (Lir [Le))

0.015

Spectroscopic redshift

D ,1+%"#+%)&)0 +(%1)0@2 #1
*-- #1 +(, Q:Dh CE==<#+#2
)", 30)" +(, )91,08#+%)R +(,
"N HBP +0#&1%FA)& #<)$+,<

7 XGRKND,0)?HGHIR

)&+OHOH) *(#+ )/-< 9, #0',< 2

+(, 0,-#+%)&1(@$*,,& +(, Dfs

#&< +(, D) %13#030)" 9,%&'

18%8,01#3)0 -).#- 3%,-<#-#Q%,1
)"'$#0,<  +) +(,%0)/&+,0$#0+ 1+

(%'(,0 0,<1(%3M%'(,0 =>4iP



1"#3$%&)*+(,$

"H$%& %' Yo()*4), ",

The obvious one: it is difficult to map moderate SFR (few M@/yr) at z = 0.4!

Comparisons are dangerous if datasets are not uniform, e.g. different SFR derivation methods,
different CO transitions (e.g. higher order CO transitions may trace denser gas, more directly
connected to SF)

The conversion of L;» to Mygis always an issue (e.g. metallicity dependency)
Need a large dataset gathered with similar means and processed with uniform methods!
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Increase of Ly, gwith increase of cluster-centric radius (or smaller local density)
Mild increase of SFE with cluster-centric radius

The behaviour of the molecular gas fraction can be biased by the fact that we are targeting typically
low-stellar mass galaxies

Our SFR data show a clear distinct (faster) evolution of cluster galaxies with respect to field as given by
the position of the MS

:jNe obse)rve hints of gradients of metallicity with cluster-centric distance (lower metallicity at larger
istance).

The Ly,g— L relation doesn’t seem to be as universal as initially thought (at least from our data).



