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We now know the Cosmic Star Formation History

Madau & Dickinson (2014)
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What drives the Cosmic Star Formation History?
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Does the 
gas supply evolve?

Does the 
star formation 

efficiency change?



What drives the Cosmic Star Formation History?



Carilli & Walter (2013) + update

Molecular gas at high-z

Until ~2010,
only SMGs+QSOs

CO, z>1



First CO detections 
of main sequence
galaxies, z~1.5

5-20 hr on source

Molecular gas at high-z (beyond SMGs)

Daddi et al. (2010)



Targeted 
observations

PHIBSS1:
Mstar>2e10 Mo

SFR>30 Mo yr-1

PHIBSS2:
~200 galaxies

at z>0.5

Molecular gas at high-z (beyond SMGs)

Tacconi et al. (2018)



What is                            ?

ALMA SPECtroscopic 
Survey in the HUDF

ASPECS LP:
ALMA Large Program
(150 hr)

5 frequency settings @ 3mm
8 frequency settings @ 1.2mm





HUDF
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Example of multi-λ SED

Wealth of multi-wavelength data



ASPECS LP 3mm



ASPECS LP 1mm



The deepest 1.2mm continuum map ever

Collapsed 1.2mm cube =>
9.3 μJy/beam continuum



  



Aravena, et al. (2019)
lines from 

blind search
@ 3mm



  Credits: STScI, ASPECS Team



Position wrt Main Sequence
Boogaard et al. (2019)



Position wrt Main Sequence
Boogaard et al. (2019)
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Luminosity functions

Decarli et al. (2020)



Luminosity functions

Decarli et al. (2020)



The next step: molecular deep fields with the ngVLA



ngVLA FoV 
@27 GHz: 2.1’ 

ALMA FoV
@90 GHz: 1.2’ 
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The next step: molecular deep fields with the ngVLA

ngVLA bandwidth @27 GHz: 1:3

ALMA bandwidth @90 GHz: 1:12

Casey et al. (2015), Decarli et al. (2019)



The next step: molecular deep fields with the ngVLA

2.5<z<3.5

S/N>5

FWHM=200 km/s

assuming 
ASPECS/COLDz LFs

See A. Bolatto’s iPoster!
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