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S13B-088, S14B-152, S15A-120 : 5.1 
MOSFIRE nights of time exchange program 
(effectively 1 night due to bad weather) 

Together with more data through Caltech 
time, in total ~2.5 nights effectively 

End-up with Onodera et al. (2016) and 
press release at ETH, Keck, and Subaru

My recent use of Keck



How high-z passive galaxies evolved into 
local elliptical galaxies? 

What is the star formation history of 
passive galaxy population? 

What mechanism(s) is(are) responsible for 
quenching?

Questions to be solved



Structure : size, Sersic index, ellipticity 

Kinematics : rotation vs random motion 

Stellar population : age, metallicity, element 
abundance

Key physical parameters



Structure



Strong evolution in mass-size relation

van der Wel+2014



Individual growth vs progenitor bias

van der Wel+2014
Carollo+2013



Importance of progenitor bias at z<1

Small

Large

Fagioli, MO+2016; Gargiulo+2016; VLT/VIMOS

Diffuse

Dense

Compact passives are 
consistent with pure 
passive evolution, while 
large ones remain younger



At higher redshift, (minor, dry) mergers 
appear to play an important role in 
increasing the size

Importance of (minor) mergers at z>1

Belli+2015, 2017; Keck/LRIS,MOSFIRE

1<z<1.5

1.5<z<2.5



Kinematics



Kinematics of local early-types

Cappellari (2016)



Local massive (>2x1011Ms) galaxies are 
essentially slow rotators

Fast/slow rotators in the mass-size plane

Cappellari (2016)



Rotating massive passive galaxies at high-z

Newman+2015; Keck/MOSFIRE, Magellan/FIRE



Indirect measurement of rotation at z~2

Larger V/σ is indicated for 
low-n passive galaxies at 
z~2 than at z=0

Belli+2017; Keck/MOSFIRE



Rotating compact SFGs at 2<z<2.5

Compact "star-forming" 
galaxies at 2<z<2.5 are 
found to be rotating 
gas component with 
Vrot up to 500km/s at 
the center

van Dokkum+2015; Keck/NIRSPEC, MOSFIRE



Stellar populations



More massive early-
types are older, 
more metal-rich, and 
more α-enhanced 

More massive 
galaxies are formed 
at higher redshift 
with more intense 
and shorter SF 
activity

Stellar population of local early-types

McDermid+2015; ATLAS3D



Average stellar population parameters are 
consistent with passive evolution with 
zf~2.3

Passive evolution at z<1.6

Onodera+2015; Subaru/MOIRCS



A z=2.1 showing highly enhanced a-abundance is 
discovered 

Prefer minor mergers to settle on the lower-z relations

Extreme α-abundance at z=2.1

Kriek+2016 
Keck/MOSFIRE



Proposed observations



Small number of objects 

Average or outlier? 

Scatter? 

Need to understand dispersions/diversity 
as well as the average behaviours

Issues in current studies



Rare objects : HSC Deep/Ultra-deep (like) observations 

Massive passive galaxies 

Lensed passive galaxies 

Need to detect faint continuum with high S/N : Sensitive 
spectrograph on Keck (mostly MOSFIRE, LRIS/DEIMOS 
depending on the redshift of targets) 

Typically 5-10 hours/object even with MOSFIRE (cf. 30 
min to detect emission lines at z>3 in Onodera+2016) 

Need more nights than typical allocation of the time 
exchange program to construct a (relatively) large 
sample

Subaru-Keck synergy
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Based on the mass function of 
passive galaxies at 1.5<z<2.5, 
~50 objects/sq.deg with 
logM>11 are expected; ~5 
objects/sq.deg with logM>11.5 

Overdensity is expected (e.g., 
Onodera+2012) 

Use, e.g., HSC-Deep/Ultra-Deep 
data for the best target 
selection

Sample size

Davidzon+2017

Star-forming

Passive



Lensed high-z passive galaxies 

Spatially resolved 
kinematics/stellar 
populations by (AO-assisted) 
IFU data (e.g., OSIRIS) 

Unexpected interesting 
objects?

Potential serendipity

Newman+2015

Hill+2016



Environment 

Passive/star-forming galaxies around 
primary targets (basically w/o additional 
observing time) 

JWST/TMT 

Systematic observation of stellar 
population and kinematics in a spatially 
resolved way (not necessarily lensed)

Further follow-ups



Large part of HSC SSP fields does not have 
HST-resolution imaging to carry out 
structural measurements 

Follow-up HST, ground-based AO, Euclid, 
and/or WFIRST data will be needed 

Target objects are very bright, so shallow 
imaging would be sufficient

Missing piece : structural measurement



Deep wide-field imaging Subaru/HSC + sensitive 
spectroscopy at Keck is probably the best way 
to competitively exploit passive galaxy 
evolution at z~2 

Need more nights than typically allocated for 
time exchange scheme 

Systematic study of kinematics and stellar 
populations combined with structures will 
provide an important clue to understand 
diversity of passive galaxies

Summary


