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We have carried out a comprehensive study of 1500 star-forming galaxies at z

~ 1.6 using Subaru. The near-infrared spectrograph FMOS provided the means to efficiently detect
key rest-frame optical emission lines for a large sample of galaxies. Prior to this study, no such
sample of galaxies with these measurements had existed. As a result, we are able to establish how
the physical properties of star-forming galaxies at high redshift relate to those in the local (z ~
0) Universe hence provide a characterization their evolution with cosmic time. In particular, this
spectroscopic data set allowed us to measure the rates of forming new stars, presence of Active
Galactic Nuclei, properties of starbursts, and physical conditions of the interstellar medium
including the amount of dust obscuration, level of chemical enrichment, ionization state of the gas
and large-scale distribution of galaxies.
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The star formation history of galaxies
depends on a number of processes both
internal and external to the galaxy itself.
These factors leave their imprint on the
galaxy population as a whole by the global
decline in average star formation rate
density from z ~ 2 to the present (z = 0).
While mechanisms such as feedback from
supernova or active galactic nuclei are
likely important, their activity may be in
response to more fundamental external
influences such as cold gas accretion.
Further progress demands stringent
observational constraints, from large-scale
spectroscopic surveys, on semi-analytic
models of galaxy formation.

Optical spectroscopic surveys (e.g., SDSS)
over the last few years have amassed
samples ~106 galaxies that provide a map
of the galaxy distribution up to z~1, and
enable a measure of the intrinsic
properties of galaxies such as their stellar
populations and ongoing star formation
rate. An important step forward is the
disentangling of relations between star
formation rate, stellar mass, and
environment. While such studies have
greatly benefited from large spectroscopic
redshift surveys, at low and high-z, there
had been a wide gap at 1.4 < z < 1.8,
namely ‘the redshift desert * (historically a
difficult redshift regime to study galaxies),
i.e., precisely at the peak cosmic epoch in
galaxy growth. Therefore, this wide critical
“slice" of our Universe has not yet been

adequately mapped

New spectroscopic capabilities in the

near-infrared  with  high  multiplex

capabilities, such as those with
Subaru/FMOS, offered the potential to
efficiently acquire spectroscopic redshifts
(i.e., accurate distances), measure star
formation rates, and establish the level of
chemical enrichment for a large statistical
sample of galaxies (> 1000) to shed light on
the following key questions:

(a) What fundamentally regulates star
formation in galaxies at z~1.6? Perhaps the
most important event that can happen to
galaxies 1s the essentially complete
quenching of star formation which turns
them into quiescent galaxies. In the local
Universe, almost 60% of the stellar mass is
within red and dead spheroids (G.e.,
ellipticals and bulges), and understanding
how quenching proceeds as a function of
cosmic time, galaxy mass, and

environment, is crucial to further our

understanding of galaxy evolution.

(b) Does the star formation rate depend on
environment? A characterization of the
large-scale environment (~Mpc scale) of
galaxies at z > 1 would answer questions
relating to  whether environmental
quenching has begun at these early epochs
where the galaxy group potential is being

built up.

The combination of accurate redshifts (i.e.
distance measures), accurate SFRs based
on Halpha, corrected for dust extinction
(using the Balmer decrement), and
environmental information within the
COSMOS field, a survey region of the sky
with remarkable multi-wavelength data
(e.g. X-ray, radio, far-infrared) provides a

unique opportunity to elucidate the stellar



growth of galaxies at the peak epoch of
formation. For this purpose, we
successfully acquired a sample of 1500
star-forming galaxies with near-infrared
spectra in the COSMOS field to address

the aforementioned questions.

The program as detailed in Silverman et al.

(2015a) has met the stated goals by
furthering our understanding of star
formation at high redshift including the
evolution of the interstellar medium. Our
first science question, “What regulates star
formation?” has been the focus of four
scientific papers (Zahid et al. 2014a,b;
Rodighiero et al. 2014; Kashino et al.
2017a). Two of these papers have
established the observed relation between
the stellar mass of galaxies and their
chemical composition of the interstellar
medium, indicative of the rate of stellar

evolution.

Our second science question “ Does the star
formation rate depend on environment?”
has been addressed in a paper under
review by D. Kashino entitled “The
FMOS-COSMOS survey of star-forming
galaxies at z~1.6. V: Properties of dark
matter halos containing Halpha emitting
galaxies” (arXiv:1703.08326) that

measures the dark matter halo masses of

star-forming galaxies at high-redshift.

Additional studies based on the FMOS
program include the cold gas content of
starburst galaxies using ALMA (Silverman
et al. 2015b). We show that starbursts at
high redshift are

similar to local

Ultraluminous Infrared galaxies by having

a heightened efficiency of converting gas to
stars. Two followup studies are in progress
(Silverman et al. 2017a,b). These studies
demonstrate the role of galaxy mergers in
generating rapid and more efficient star

formation due to the interaction.

In total, ten papers have been accepted for
publication that use the FMOS-COSMOS
data. A final catalog of spectroscopic
redshifts and emission-line strengths has
been produced and released to the public
(Silverman et al. 2015;
http://member.ipmu.jp/fmos-cosmos/FMOS
-COSMOS.html). A final catalog along with

1D spectra will be made available to the

public within the next year.

The FMOS-COSMOS project has been
recognized by both the domestic and
international scientific community as
evidence by citations to papers, followup
programs (ESO/VLT, Keck and ALMA) by
international collaborators and invitations
to conferences. This survey includes the
largest number of galaxies with bright
emission lines to aid in the design of future
cosmological surveys (Baryon Acoustic
Oscillations) with Euclid and WFIRST.
Finally, FMOS-COSMOS is improving the
accuracy of photometric redshift estimate
(Laigle et al. 2016) and contributing to the
design of galaxy surveys with the next

generation multi-object spectrograph on

Subaru, Prime-Focus Spectrograph.
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Press release by ALMA observatory

http://www.almaobservatory.org/press-roo
m/press-releases/896-alma-telescope-unvei
Is-rapid-formation-of-new-stars-in-distant-

galaxies

Press release by Subaru Telescope (2013)
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