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FIG. 2.— Rest-frame U −V versus V − J diagram in the targeted redshift intervals between z = 0.2 and z = 3.0 for the progenitors of local UMGs selected
with the semi-empirical approach using abundance matching. The cuts used to separate star forming from quiescent galaxies from Muzzin et al. (2013b) are
shown as the solid dark gray lines. Red and blue filled circles highlight the quiescent and star-forming galaxies among the progenitors’ sample. Listed are the
numbers of quiescent (red) and star-forming (blue) progenitors in each redshift interval. The grayscale representation of the overall galaxy population above
the 95% mass-completeness limit from the UltraVISTA survey is also plotted in each redshift interval. Small green circles show the progenitors detected in the
Spitzer-MIPS 24µm data with signal-to-noise S/N > 5. The numbers of MIPS-detected galaxies among the quiescent and star-forming progenitors are listed in
green. Most of the star-forming galaxies are robustly detected in MIPS, whereas only a small fraction of quiescent galaxies is detected at 24µm. Color evolution
tracks of Bruzual & Charlot (2003) models are also shown: an exponentially declining SFH with no dust (τ=100 Myr; dark gray), a constant SFH with no dust
(CSF; light blue), and the same CSF model with AV = 2 mag of extinction (light brown). The evolution tracks are plotted up to the maximum allowed age of the
universe corresponding to the lower limit of each redshift interval. The empty circles represent the model colors at the specified ages (in Gyr). The dust vector
indicates an extinction of AV = 1 mag for a Calzetti et al. (2000) extinction curve. The population of progenitors of local UMGs shows a range in properties
at 2.5 < z < 3.0, typical of a heterogeneous population mostly dominated by dusty (AV = 1.5 − 2 mag) star-forming galaxies, but also including post-starburst
quiescent galaxies. By z = 0.35, such heterogeneous population has turned into a homogeneous population of maximally old, quiescent galaxies with very similar
colors.

At 0.2< z< 0.5, the progenitors of UMGs constitute a ho-
mogeneous population with similar rest-frameU −V andV −J
colors, typical of quiescent galaxies with old (age> 8 Gyr)
stellar populations (from the comparison with the τ100 color
track). As the progenitors of UMGs are followed to higher
redshifts, such population becomes increasingly diversified.
Out to z = 1, the progenitors are still all quiescent galaxies and
constitute a homogeneous population, while at z> 1 the con-
tribution from star-forming galaxies progressively increases,
with the population of the progenitors being dominated by
star-forming galaxies at 2 < z < 3. Quantitatively, the frac-
tion of quiescent galaxies in the progenitors of local UMGs
is seen to decrease from 100% at z≤ 1, to ∼86% at z = 1.25,
and down to ∼17% by z = 2.75.
The location of the star-forming progenitors in theUVJ dia-

gram clearly indicates that these galaxies are quite dusty, with
typical extinction in the visual band of AV ∼ 1.5−2 mag (in-
ferred from the comparison with the color track of a CSF

model with AV = 2 mag). The dusty nature of the star-
forming progenitors can be further tested with Spitzer-MIPS
24µm data. For the targeted redshift range, the MIPS 24µm
probes the rest-frame mid-infrared (MIR; ∼6 and 20µm at
z = 3 and z = 0.2, respectively), offering a powerful method
of separating two basic SED types: evolved quiescent sys-
tems (whose stellar emission drops drastically at λrest >2µm),
and active dusty galaxies, i.e., those that are powered by ei-
ther star formation or active galactic nuclei (AGNs), both of
which produce substantial MIR emission (e.g., Webb et al.
2006). Specifically, in pure starburst galaxies, the MIR
emission is dominated by features from polycyclic aromatic
hydrocarbons (PAH) that are strong relative to the under-
lying dust continuum, which only begins to rise above ∼
10µm (Draine & Li 2007). The hard radiation field of an
AGN destroys PAH carriers, and the continuum emission
from hot small dust grains is strong throughout the MIR
(Genzel & Cesarsky 2000).
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ferred from the comparison with the color track of a CSF

model with AV = 2 mag). The dusty nature of the star-
forming progenitors can be further tested with Spitzer-MIPS
24µm data. For the targeted redshift range, the MIPS 24µm
probes the rest-frame mid-infrared (MIR; ∼6 and 20µm at
z = 3 and z = 0.2, respectively), offering a powerful method
of separating two basic SED types: evolved quiescent sys-
tems (whose stellar emission drops drastically at λrest >2µm),
and active dusty galaxies, i.e., those that are powered by ei-
ther star formation or active galactic nuclei (AGNs), both of
which produce substantial MIR emission (e.g., Webb et al.
2006). Specifically, in pure starburst galaxies, the MIR
emission is dominated by features from polycyclic aromatic
hydrocarbons (PAH) that are strong relative to the under-
lying dust continuum, which only begins to rise above ∼
10µm (Draine & Li 2007). The hard radiation field of an
AGN destroys PAH carriers, and the continuum emission
from hot small dust grains is strong throughout the MIR
(Genzel & Cesarsky 2000).
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Fig. 3.— UVJ color-color diagram at various redshifts for galaxies more massive than the 95% mass-completeness limits. The bimodality
in the galaxy population is clearly visible up to z = 2. The cuts used to separate star forming from quiescent galaxies for the SMFs are
shown as the solid lines.

corresponds to the ∼ 5σ limit for the photometry in the
2.1′′ color aperture, and therefore is a sensible limiting
magnitude for computing the SMFs.
As a demonstration of the quality of the SEDs near

the 90% completeness limit, in Figure 1 we plot some
randomly-chosen examples of red and blue galaxy SEDs
in three redshift bins: 2.5 < z < 3.0 (top row), 3.0
< z < 3.5 (middle row), 3.5 < z < 4.0 (bottom row).
We plot SEDs of galaxies that have fluxes near the
90% completeness limit (Ks,tot ∼ 23.4), as well as SEDs
of galaxies that are ∼ 1 magnitude brighter (Ks,tot ∼
22.4). Figure 1 shows that the SEDs of both red and
blue galaxies at Ks,tot ∼ 22.4 are very well constrained.
It also shows that at Ks,tot ∼ 23.4, the SEDs are also
reasonably well-constrained; however, the typical S/N
in a 2.1′′ aperture is ∼ 5.
It is possible to include galaxies fainter than the 90%

Ks,tot completeness limit in the SMFs and correct for
this incompleteness; however, given that the quality of
the SEDs near Ks,tot ∼ 23.4 becomes marginal, we have
chosen to restrict the sample to galaxies with good S/N
photometry. This ensures that all galaxies included in
the SMFs have reasonable well-determined Mstar and
zphot.
When constructing the SMFs we also exclude objects

flagged as stars (star = 1) based on a color-color cut,
as well as those with badly contaminated photometry
(SExtractor flag K flag > 4). Objects nearby very
bright stars (contamination = 1) or bad regions
(nan contam > 3) are also excluded, and the reduction
in area from these effects is taken account of in the total

survey volume.
Once these cuts are applied, the final sample of

galaxies available for the analysis is 160 070. In Figure
2 we plot a grayscale representation of the Mstar of this
sample as a function of zphot. In general, the sample
is dominated by objects at z < 2; however, there are
reliable sources out to z = 4.

3.2. Stellar Mass Completeness vs. z

Figure 2 shows the Mstar of galaxies down to 90% Ks-
band completeness limit of the survey; however, in order
to construct the SMFs, the limiting Mstar above which
the magnitude-limited sample is complete needs to be
determined. In order to estimate the redshift-dependent
completeness limit in Mstar we adopt the approach devel-
oped in Marchesini et al. (2009), which exploits the avail-
ability of other survey data that are deeper than Ultra-
VISTA. Specifically, we employed the K-selected FIRES
(Labbé et al. 2003; Förster Schreiber et al. 2006) and the
FIREWORKS (Wuyts et al. 2008) catalogs, already used
in Marchesini et al. (2009, 2010), and the H160-selected
catalogs over the Hubble Ultra-Deep Field (H-UDF) used
in Marchesini et al. (2012). The FIRES-HDFS, FIRES-
MS1054, FIREWORKS, and HUDF reach limiting mag-
nitudes of KS,tot = 25.6, 24.1, 23.7, and 25.6, respec-
tively. The Mstar in those catalogs has been calculated
using the same SED modeling assumptions as in the Ul-
traVISTA catalog.
Briefly, to estimate the redshift-dependent stellar mass

completeness limit of the UltraVISTA sample at Ks,tot =

6 Marchesini et al.

FIG. 2.— Rest-frame U −V versus V − J diagram in the targeted redshift intervals between z = 0.2 and z = 3.0 for the progenitors of local UMGs selected
with the semi-empirical approach using abundance matching. The cuts used to separate star forming from quiescent galaxies from Muzzin et al. (2013b) are
shown as the solid dark gray lines. Red and blue filled circles highlight the quiescent and star-forming galaxies among the progenitors’ sample. Listed are the
numbers of quiescent (red) and star-forming (blue) progenitors in each redshift interval. The grayscale representation of the overall galaxy population above
the 95% mass-completeness limit from the UltraVISTA survey is also plotted in each redshift interval. Small green circles show the progenitors detected in the
Spitzer-MIPS 24µm data with signal-to-noise S/N > 5. The numbers of MIPS-detected galaxies among the quiescent and star-forming progenitors are listed in
green. Most of the star-forming galaxies are robustly detected in MIPS, whereas only a small fraction of quiescent galaxies is detected at 24µm. Color evolution
tracks of Bruzual & Charlot (2003) models are also shown: an exponentially declining SFH with no dust (τ=100 Myr; dark gray), a constant SFH with no dust
(CSF; light blue), and the same CSF model with AV = 2 mag of extinction (light brown). The evolution tracks are plotted up to the maximum allowed age of the
universe corresponding to the lower limit of each redshift interval. The empty circles represent the model colors at the specified ages (in Gyr). The dust vector
indicates an extinction of AV = 1 mag for a Calzetti et al. (2000) extinction curve. The population of progenitors of local UMGs shows a range in properties
at 2.5 < z < 3.0, typical of a heterogeneous population mostly dominated by dusty (AV = 1.5 − 2 mag) star-forming galaxies, but also including post-starburst
quiescent galaxies. By z = 0.35, such heterogeneous population has turned into a homogeneous population of maximally old, quiescent galaxies with very similar
colors.

At 0.2< z< 0.5, the progenitors of UMGs constitute a ho-
mogeneous population with similar rest-frameU −V andV −J
colors, typical of quiescent galaxies with old (age> 8 Gyr)
stellar populations (from the comparison with the τ100 color
track). As the progenitors of UMGs are followed to higher
redshifts, such population becomes increasingly diversified.
Out to z = 1, the progenitors are still all quiescent galaxies and
constitute a homogeneous population, while at z> 1 the con-
tribution from star-forming galaxies progressively increases,
with the population of the progenitors being dominated by
star-forming galaxies at 2 < z < 3. Quantitatively, the frac-
tion of quiescent galaxies in the progenitors of local UMGs
is seen to decrease from 100% at z≤ 1, to ∼86% at z = 1.25,
and down to ∼17% by z = 2.75.
The location of the star-forming progenitors in theUVJ dia-

gram clearly indicates that these galaxies are quite dusty, with
typical extinction in the visual band of AV ∼ 1.5−2 mag (in-
ferred from the comparison with the color track of a CSF

model with AV = 2 mag). The dusty nature of the star-
forming progenitors can be further tested with Spitzer-MIPS
24µm data. For the targeted redshift range, the MIPS 24µm
probes the rest-frame mid-infrared (MIR; ∼6 and 20µm at
z = 3 and z = 0.2, respectively), offering a powerful method
of separating two basic SED types: evolved quiescent sys-
tems (whose stellar emission drops drastically at λrest >2µm),
and active dusty galaxies, i.e., those that are powered by ei-
ther star formation or active galactic nuclei (AGNs), both of
which produce substantial MIR emission (e.g., Webb et al.
2006). Specifically, in pure starburst galaxies, the MIR
emission is dominated by features from polycyclic aromatic
hydrocarbons (PAH) that are strong relative to the under-
lying dust continuum, which only begins to rise above ∼
10µm (Draine & Li 2007). The hard radiation field of an
AGN destroys PAH carriers, and the continuum emission
from hot small dust grains is strong throughout the MIR
(Genzel & Cesarsky 2000).

4

Fig. 3.— UVJ color-color diagram at various redshifts for galaxies more massive than the 95% mass-completeness limits. The bimodality
in the galaxy population is clearly visible up to z = 2. The cuts used to separate star forming from quiescent galaxies for the SMFs are
shown as the solid lines.

corresponds to the ∼ 5σ limit for the photometry in the
2.1′′ color aperture, and therefore is a sensible limiting
magnitude for computing the SMFs.
As a demonstration of the quality of the SEDs near

the 90% completeness limit, in Figure 1 we plot some
randomly-chosen examples of red and blue galaxy SEDs
in three redshift bins: 2.5 < z < 3.0 (top row), 3.0
< z < 3.5 (middle row), 3.5 < z < 4.0 (bottom row).
We plot SEDs of galaxies that have fluxes near the
90% completeness limit (Ks,tot ∼ 23.4), as well as SEDs
of galaxies that are ∼ 1 magnitude brighter (Ks,tot ∼
22.4). Figure 1 shows that the SEDs of both red and
blue galaxies at Ks,tot ∼ 22.4 are very well constrained.
It also shows that at Ks,tot ∼ 23.4, the SEDs are also
reasonably well-constrained; however, the typical S/N
in a 2.1′′ aperture is ∼ 5.
It is possible to include galaxies fainter than the 90%

Ks,tot completeness limit in the SMFs and correct for
this incompleteness; however, given that the quality of
the SEDs near Ks,tot ∼ 23.4 becomes marginal, we have
chosen to restrict the sample to galaxies with good S/N
photometry. This ensures that all galaxies included in
the SMFs have reasonable well-determined Mstar and
zphot.
When constructing the SMFs we also exclude objects

flagged as stars (star = 1) based on a color-color cut,
as well as those with badly contaminated photometry
(SExtractor flag K flag > 4). Objects nearby very
bright stars (contamination = 1) or bad regions
(nan contam > 3) are also excluded, and the reduction
in area from these effects is taken account of in the total

survey volume.
Once these cuts are applied, the final sample of

galaxies available for the analysis is 160 070. In Figure
2 we plot a grayscale representation of the Mstar of this
sample as a function of zphot. In general, the sample
is dominated by objects at z < 2; however, there are
reliable sources out to z = 4.

3.2. Stellar Mass Completeness vs. z

Figure 2 shows the Mstar of galaxies down to 90% Ks-
band completeness limit of the survey; however, in order
to construct the SMFs, the limiting Mstar above which
the magnitude-limited sample is complete needs to be
determined. In order to estimate the redshift-dependent
completeness limit in Mstar we adopt the approach devel-
oped in Marchesini et al. (2009), which exploits the avail-
ability of other survey data that are deeper than Ultra-
VISTA. Specifically, we employed the K-selected FIRES
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Tracing passive galaxies out to high redshift

• What are the properties of massive 
quiescent galaxies at/near their epoch 
of formation?

-   How do they evolve over time?

- How do they depend on their 
environment?

KMOS@5 - 6 December 2018

Delaye et al 2014 Belli et al 2014

Size evolution Stellar velocity dispersion  evolution

Bezanson et al. 2013
5 years ago existing samples of quiescent galaxies at high 

redshift were small, biased towards the brightest and blue 
objects, and mostly in the field

Fundamental Plane

Size



•When do massive quiescent 
galaxies form? 

•Do formation times depend 
on environment?

KMOS@5 - 6 December 2018

Timing the formation of massive passive 
galaxies in different environments

Thomas et al. 2005, Renzini et al. 2006



z=1.46z=1.39 z=1.61 z=1.8

The KMOS Cluster Survey - KCS

• KCS: 30 nights KMOS GTO program (PI s: R. Bender & R. Davies)

• Primary goal: enlarge existing spectroscopic samples at z>1.4 in dense environments. Complementary to 
VIRIAL. 

• 1.4<z<2: critical epoch where diversity of the Hubble sequence is established

KMOS@5 - 6 December 2018

RCS234526-3632.6 XMMU J2235-2557 XMMXCSJ2215.9-1738 Cl0332-2742 JKCS 041

z~1 cluster - IZ band Main sample - YJ band

Image credit: Jee +11 Image credit: Mullis +05 Image credit: Jee +11 Image credit: Kurk +09 Image credit: Newman+14

Redshift

z=1.04



z=1.46z=1.39 z=1.61 z=1.8

The KMOS Cluster Survey - KCS

• Overdensities with lots of ancillary data: spectroscopic redshifts, HST/ACS&WFC3 imaging (HST 
Cycle 22 WFC3 images (PI: A. Beifiori).

• Passive Galaxies (~85% nights): 
- Deep absorption-line spectroscopy of  ≥ 20 passive galaxies in each of  4 main overdenstities at 
1.4<z<1.8 &  in cluster at z=1.04 to bridge to local studies. Exposure: 20h on source.
- Red-sequence selected

• Star-forming galaxies in infalling regions @ z~1.4

KMOS@5 - 6 December 2018

RCS234526-3632.6 XMMU J2235-2557 XMMXCSJ2215.9-1738 Cl0332-2742 JKCS 041

z~1 cluster - IZ band Main sample - YJ band

Image credit: Jee +11 Image credit: Mullis +05 Image credit: Jee +11 Image credit: Kurk +09 Image credit: Newman+14

Redshift

z=1.04



The KMOS Cluster Survey - KCS

KMOS@5 - 6 December 2018 Beifiori et al. 2017

low-z
cluster

Main Sample
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Increasing redshift

• Structural parameters, i.e. size Re and 
surface brightness Ie from HST images in 
several bands for each cluster (e.g., Chan 
et al 2016, Chan et al 2018, Prichard et al. 
2017)

• 26 new stellar velocity dispersions σe in 
dense environments from KMOS spectra: 
19 @ 1.39<z<1.61 - Beifiori et al 2017 + 7 @ 
z~1.8 - Prichard et al  2017  (+5 new 
@z=1.04)

KMOS IFU

Spectrum
Masked regions
Fit

Beifiori et al. 2017

The KMOS Cluster Survey - KCS

HF160w Image Model Residuals 

Chan et al 2016



Timing the formation of passive 
galaxies in KCS
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• Adopt FP coefficients from local Coma studies —> trace zero-point evolution

zero 
point 

evolves

Beifiori et al. 2017, Prichard, Davies, AB et al 2017

The Fundamental Plane of KCS galaxies @ 
1.4 < z < 1.8
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• Adopt FP coefficients from local Coma studies —> trace zero-point evolution
• Zero Point of FP varies as result of evolving M/L with z, i.e. galaxies are getting younger.
• Effects of structural evolution and stellar velocity dispersion evolution account for ~6-35% of ZP evolution

zero 
point 

evolves

Beifiori et al. 2017, Prichard, Davies, AB et al 2017

The Fundamental Plane of KCS galaxies @ 
1.4 < z < 1.8
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KCS

• KCS expands previous FP studies up to z~1.8 
(e.g., Beifiori et al. 2017, Prichard et al 2017). 

• From SSPs derive luminosity-weighted ages of 
logM∗/M⊙>11 gals—> zform~2.4-3.  

• Weak suggestion of older mean ages for logM∗/
M⊙>11 galaxies in more evolved clusters 
(XMM2235 & JKCS041)

• Mean ages for logM∗/M⊙>11 galaxies ~ mean 
ages from VIRIAL field survey (e.g., Mendel et al 
2015), weak suggestion that are older in more 
evolved cluster

The formation ages of KCS galaxies from the 
fundamental plane

Beifiori et al. 2017, Prichard, Davies, AB et al 2017
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0.5

1.0

1.5

2.0

N
or

m
al

iz
ed

flu
x

Hd

CN
Ca4227

G4300Hg
Fe 4384Ca 4455 Fe 4531 C24668

JKCS-041

Timing the formation of KCS galaxies using 
stacked spectra

KMOS@5 - 6 December 2018 Credit Trevor Mendel

Houghton, Mendel et al, in prep
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0.0

0.5

1.0

1.5

N
or

m
al

iz
ed

flu
x

Cl0332-2742

t = 0.80+0.42
�0.35 Gyr

[Z/H] = �0.46+0.34
�0.45

[a/Fe] = 0.24+0.11
�0.14

4400 4600 4800 5000 5200 5400 5600

Rest wavelength (Å)
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• Derived formation ages, consistent with fundamental plane ages. Metallicity ~ solar/slightly above 
solar in lowest redshift cluster. All clusters moderately α-enhanced.

Timing the formation of KCS galaxies using 
stacked spectra

Houghton, Mendel et al, in prep
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• Weak suggestion of older mean ages of most massive galaxies in the more massive/evolved cluster 
versus field galaxies (e.g., Mendel et al 2015/KMOS VIRIAL survey)

KCS - clusters

VIRIAL - field

Timing the formation age of KCS galaxies 
using stacked spectra



The properties of KCS galaxies 
from high-z to present

KMOS@5 - 6 December 2018



• Mass-weighted sizes are smaller than R-band 
rest-frame light-weighted sizes-> variations 
between clusters.   

• Related to the variation in the colour gradients 
and M/L gradients —> how mass and light 
distributed within galaxies

KMOS@5 - 6 December 2018
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~46% smaller ~20% smaller

The resolved stellar mass distribution of 
cluster galaxies at 1.4<z<1.6

Chan, AB et al 2016, Chan, AB et al. 2018



• Ratio mass-weighted to light-weighted sizes at z~1.5  smaller than at z~0 
• Ratio of mass-weighted to light-weighted sizes in XMMUJ2235 (z=1.39) and XMMXCSJ2215(z=1.46) 

smaller than field samples at similar z , Cl0332 (z=1.61) comparable to the field

KMOS@5 - 6 December 2018

The resolved stellar mass distribution of 
cluster galaxies at 1.4<z<1.6

KCS

Local 
Sample

Field

Chan, AB et al. 2018



The evolution of the color gradients
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• Model the evolution of the color gradients with SSPs using age-driven gradient (passive) evolution 

• Colour gradients of galaxies in our sample steeper than local colour gradients: evolving luminosity-
weighted age gradients at cluster redshift + fixed metallicity gradient with local early-type value

• Age gradient consistent with inside-out growth scenario, via an epoch of enhanced minor merger 
activity during cluster assembly 

For local passive galaxies: 
∇age ~ 0, ∇Z ~ -0.1 /-0.3

Chan, AB et al 2016, Chan, AB et al. 2018

KCS: ∇age ~ -0.3, ∇Z ~ 
-0.2 Age difference in/out 
0.90 -0.70 Gyr depending 
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Future Prospects
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• Stellar-mass FP: -> isolate structural and 
dynamical evolution. Mass FP includes 
variations of galaxy stellar population  

• Tilt of mass FP —> variations of Mdyn/M∗ 
within the galaxy population 

• Assumptions: local Hyde &Bernardi 2009 
coefficients. Re,B contains half of the stellar 
mass…

• Zero point of the stellar-mass FP does not 
evolve with redshift - consistent with results 
from field (i.e. Bezanson et al 2013)

The stellar-mass fundamental plane of KCS 
galaxies at 1<z<1.8

Stellar-mass fundamental plane

Very preliminary!

Beifiori, Chan, Mehrgan et al. in prep
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• M/L gradients: better use mass-weighted sizes? 

• Working on mass-weighted parameters for 
cluster @ z=1.8 & local sample….

The stellar-mass fundamental plane of KCS 
galaxies at 1<z<1.8

Stellar-mass fundamental plane

Very preliminary!

Re, mass

Beifiori, Chan, Mehrgan et al. in prep
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• M/L gradients: better use mass-weighted sizes? 

• Working on mass-weighted parameters for 
cluster @ z=1.8 & local sample….

• Combine KCS & VIRIAL

The stellar-mass fundamental plane of KCS 
galaxies at 1<z<1.8

Stellar-mass fundamental plane

Very preliminary!

Re, mass

1.0 1.2 1.4 1.6 1.8 2.0
redshift

0

2

4

6

8

N
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Beifiori, Chan, Mehrgan et al. in prep



Star-forming galaxies in the infalling regions 
of KCS clusters @ z~1.4

Emission-line sample:

• YJ-band observations of ~40 emission-line 
galaxies for [OIII] and Hβ at 1.39<z<1.8

• H-band observations of ~40 line emitters for Hα 
& [NII] at 1.39<z<1.46

- XMM2215: Hayashi+2012 NB [OII] emitters

- XMM2235: Grützbauch+2012 NB Hα emitters 

•Science plans: 
- resolved emission line studies of the star 
forming galaxies and AGN in the clusters.
- dynamics and resolved SFR and metallicity
- Ongoing: stay tuned!

KMOS@5 - 6 December 2018 Nick Amos & John Stott et al.

Cluster core

H band 



Summary
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• KCS: Deep (~20h on source) absorption line spectroscopy in known 
overdensities at 1.4 <z<1.8 & emission-line spectroscopy in the 
infalling region of 2 clusters at z~1.4.

Main Results:
• Timing the formation of passive galaxies in KCS: 

- FP: Rate of zero-point evolution of the FP consistent with previous 
work. 

- FP: Weak suggestion that logM>11 galaxies in more massive/
evolved clusters at 1.4<z<1.8 are older, older than field. 

- Stacked spectra: Ages fairly consistent with FP ages (Houghton, 
Mendel et al in prep) suggesting older ages of galaxies in evolved 
clusters compared to field (e.g., VIRIAL, Mendel et al 2015).

• The properties of KCS galaxies from high redshift to present:

- Mass-weighted sizes smaller than light-weighted sizes. 
Dependence on cluster and redshift. 

- Colour gradients much steeper than local gradients -> age 
gradients+metallicity gradients. Gradual mass-growth mechanism, 
i.e. minor mergers, favoured.
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