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Brightest Cluster Galaxies (BCGs)
❖ The most massive and luminous galaxies in the nearby universe
❖ Reside in the centre of galaxy clusters/groups
❖ Unique properties and special environment make BCG evolution 

important to better understand the evolution of massive galaxies 
and galaxy clusters 

BCG in Abell 370 (HST ACS) 



Motivation

❖ Selecting a statistically large sample of BCG progenitors at z~2 
in observations

❖ Studying the structure (size and shape), morphology, stellar 
mass and SFR/sSFR of our selected BCG progenitors

❖ Comparing with local BCGs, and discussing the BCG evolution 
since z~2



Observational Data
❖ High redshifts

❖ CANDELS UDS galaxies over z=1~3
❖ CANDELS UDS images

❖ Local universe
❖ Descendants are selected from BCG catalogue of von der 

Linden+07 and SDSS DR7 galaxy catalogue over 0.02 ≤ z ≤ 0.10
❖ SDSS DR7 images, which are moved to z=2 and observed by 

CANDELS UDS. This is done by using FERENGI code (Barden+08)
Evolution of BCGs since z ∼ 2 5

Figure 2. An example of simulated galaxy created by the FERENGI code (middle panel) after shifting one local BCG in SDSS g-band
(left panel) to z = 2 observed in CANDELS UDS H160-band. The right panel is an original H160-band image of a galaxy at z ∼ 2. It
shows that the input we use in FERENGI code is able to create a reasonable simulated image as the original H160-band image.

(2008) suggests, making a galaxy 1 mag brighter at redshift
z = 1 than it would normally be.

The middle panel of Figure 2 shows one example of
the output image from the FERENGI code after shifting
one local BCG in the SDSS g-band (left panel) to z = 2
observed in CANDELS UDS H160-band. The right panel
is the original H160-band image. It demonstrates that the
input we use in FERENGI code is able to create a reasonable
simulated image as the original H160-band image.

2.6 Quantitative Characterisation of Galaxy

Structure

The surface brightness profiles of galaxies provide valuable
information on their structure and their morphology. In ad-
dition to measuring galaxy structural parameters by light
profile fitting, we also introduce a parameter called the resid-
ual flux fraction (RFF ; Hoyos et al. 2011) to quantify how
good the model fit is and how far the galaxy profile deviates
from the model profile.

2.6.1 Structure Parameters

The structural properties (effective radius Re and Sérsic in-
dex n) of simulated local galaxies and high-z progenitors
are measured by the 2D single Sérsic (Sérsic 1963) model
fits which are carried out with GALFIT (Peng et al. 2002)
through the pipeline of GALAPAGOS (Barden et al. 2012).
The method simultaneously fits the target galaxy and its
near neighbours, yielding more accurate results.

For simulated local galaxies, the fits are employed on the
z = 2 simulated images created by the FERENGI code. For
each target galaxy, the background level is fixed in GALFIT
which is the mean sky value of the created CANDELS sky
image used in its image simulation. The point spread func-
tion (PSF) employed in GALFIT is the output simulated
PSF created by the FERENGI code.

For the high-z galaxy found in CANDELS UDS, the
structural parameters are measured from the H160 images
with the PSF of this band and with the sky value mea-
sured by GALAPAGOS. GALAPAGOS uses a flux growth
curve method to improve the sky subtraction and produces
a highly reliable measure of the background for single-band
fits (Häussler et al. 2007).

2.6.2 Residual Flux Fraction

The light profiles of real galaxies could be complicated with
features of disturbing, merging or other structures such as
star-forming regions and spiral arms which cannot be fitted
by a single Sérsic model easily. Although we can do visual
inspection on the residual images which will give us a good
idea whether the galaxy profile can be explained by the sin-
gle Sérsic model, a more quantitative, repeatable, and ob-
jective diagnostic is desired to quantify how big the offset is
after subtracting the single Sérsic model from the original
image. The RFF provides one such diagnostic, defined as

RFF =

∑
i,j∈A |Ii,j − Imodel

i,j |− 0.8× Σi,j∈Aσ
bkg
i,j

Σi,j∈AIi,j
, (2)

where A is the particular aperture used to calculate RFF,
within which Ii,j is the original flux of pixel (i, j), Imodel

i,j

is the model flux created by GALFIT, and σbkg
i,j is the rms

of the background light. RFF measures the fraction of the
signal contained in the residual that cannot be explained by
background noise. See Hoyos et al. (2011) for more details.

The aperture A we use to calculate RFF is the “Kron
ellipse” which is an ellipse with semi-major axis of Kron ra-
dius2 (Rkron) and the ellipticity and orientation determined
by SExtractor for the galaxy. Σi,j∈AIi,j is computed as the
total galaxy flux contained within the Kron ellipse, which
is one of the SExtractor outputs, and therefore independent
with the model fit. Additionally, to minimise the effect from
nearby galaxies on the RFF, independently of whether they
are fitted with the target galaxy simultaneously or not, we
mask out the pixels belonging to all companions within the
Kron ellipse using SExtractor segmentation maps. Therefore
the RFF measures the residuals from the target galaxy fit
alone. Zhao et al. (2015b) has a detailed discussion on the
RFF calculation.

We compute the RFF on the residual images of both
simulated local galaxies and high-z progenitors. The com-
parison of these will show at which epoch the galaxies are
more disturbed.

2 In this paper we use the following definition of “Kron radius”:
Rkron = 2.5r1, where r1 is the first moment of the light distribu-
tion (Kron 1980; Bertin & Arnouts 1996). For an elliptical light
distribution, this is, strictly speaking, the semi-major axis.
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Figure 2. An example of simulated galaxy created by the FERENGI code (middle panel) after shifting one local BCG in SDSS g-band
(left panel) to z = 2 observed in CANDELS UDS H160-band. The right panel is an original H160-band image of a galaxy at z ∼ 2. It
shows that the input we use in FERENGI code is able to create a reasonable simulated image as the original H160-band image.
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one local BCG in the SDSS g-band (left panel) to z = 2
observed in CANDELS UDS H160-band. The right panel
is the original H160-band image. It demonstrates that the
input we use in FERENGI code is able to create a reasonable
simulated image as the original H160-band image.
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are fitted with the target galaxy simultaneously or not, we
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alone. Zhao et al. (2015b) has a detailed discussion on the
RFF calculation.

We compute the RFF on the residual images of both
simulated local galaxies and high-z progenitors. The com-
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tion (Kron 1980; Bertin & Arnouts 1996). For an elliptical light
distribution, this is, strictly speaking, the semi-major axis.
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Selecting BCG Progenitors

❖ Assumption1: Progenitors of local BCGs are the most massive 
galaxies in the densest regions

❖  Assumption2: Constant number density of 10-4 h3Mpc-3

❖ 38 progenitors can be selected as the most massive galaxy in the top 
38 densest regions from CANDELS UDS survey

4 Zhao et al.

Figure 1. Redshift distribution of the 38 progenitors selected by
our method as the most massive galaxies in the densest environ-
ments. The median redshift of this distribution is z = 2.04+0.54

−0.64.

Several studies have shown that this method of select-
ing galaxies has several advantages. Leja et al. (2013) has
showed that this technique is robust at directly tracking
descendant and progenitor galaxies over cosmic time when
compare to semi-analytic models. Mundy et al. (2015) has
demonstrated that a constant number density selected sam-
ple (in the range −4.3 < log ND[h3Mpc−3] < −3.0) is supe-
rior to a constant stellar mass selected sample, and can trace
the true evolution of average stellar mass and average SFR
of the progenitors and descendants of galaxies. Mundy et al.
(2015) also find that over large redshift ranges selection at
a constant number density is more effective in tracing the
progenitors of modern galaxies than vice-versa.

In this work we select and compare galaxies at
a constant cumulative comoving number density of
log ND[h3Mpc−3] = −4.06. This value corresponds to the
50% completeness of C4 clusters when clusters are ranked
by dark matter (DM) halo mass. The corresponding velocity
dispersion of the clusters is σ200 ! 309 km/s, and the DM
halo mass is M200 ! 1013.55h−1M⊙. Applying this num-
ber density on the observational data, we need to select 38
high-z progenitors which are at 1 " z " 3 from CANDELS
UDS and 469 local SDSS galaxies whose redshifts are within
0.02 " z " 0.10.

2.5 Shifting Local Galaxies to High Redshift

In this paper, one important aspect of BCG evolution we
study in detail is the connection between local BCGs and
their high-z progenitors based on their structural evolution.
Fortunately, the high spatial resolution and the high-quality
images of CANDELS UDS allow good assessment of the
structural properties (e.g., galaxy size and shape) of high-z
galaxies. However, a given galaxy will look different when
observed with different instrument or at different redshifts.
The extracted structural parameters are wavelength depen-
dent due to the bandpass shifting and cosmological dim-
ming. Therefore, the comparison of the structural param-

eters which are measured directly from the original SDSS
images and the original CANDELS UDS images is unreli-
able to study the size growth.

In order to explore the intrinsic linked structural evo-
lution of BCGs, the images of SDSS and CANDELS UDS
need to be calibrated to allow comparisons of similar quan-
tities at all redshift. This can be achieved by the code FER-
ENGI (Full and Efficient Redshifting of Ensembles of Nearby
Galaxy Images; Barden et al. 2008). This code takes into
account the cosmological corrections for size, surface bright-
ness and bandpass shifting when simulating low redshift
galaxies to high redshift. Simulated images are produced
when the input galaxy images are converted to higher-z im-
ages using the output redshift and instrument properties.
The FERENGI code is primarily created for the conversion
from SDSS to GEMS and COSMOS ACS, but it can be used
for other data sources. Full description about the code see
Barden et al. (2008).

By applying our propsed BCG progenitor selection (de-
tailed description is in Section 3) on the CANDELS UDS
data, the selected 38 progenitors at z = [1, 3] have redshift
distribution as shown in Figure 1. The SDSS images are
therefore shifted to z = [1, 3] following the redshift distribu-
tion of Figure 1 with taking into account the K-correction
in the FERENGI code. To be efficient when running FER-
ENGI, we only simulate SDSS g-band images to CANDELS
UDS H160-band at z = 2. This avoids the K-correction be-
cause the g-band at z ∼ 0 is in the same rest-frame wave-
length as the H160-band at z = 2. Figure 1 illustrates that
z ∼ 2 is the median redshift of our 38 selected high-z pro-
genitors and ∼ 90% of them are at z < 2.5, implying that
the K-correction is not a significant factor in the simulation.
Testing on a small number of galaxies we demonstrate that
the galaxy structures measured from z = 2 simulated images
do not have large differences from the structures of simulated
image at z = [1, 3]. We therefore only simulate SDSS g-band
images to CANDELS UDS H160-band at z = 2 without a
full K-correction.

On important input in the simulation code is the high
redshift sky background image whose size need to be larger
than the local input images. The size of our input SDSS
galaxy images is 500×500 pixels which is too large to cut out
a clean sky area from the entire image of CANDELS UDS.
Therefore we create simulated CANDELS UDS sky images
which are large enough to be applied in the FERENGI code.
First, we randomly choose 10 clean sky areas that contain no
bright objects nearby. Within each of the sky area, a patch
in size of 200 × 200 pixel is cut out. Then for each patch
we create the simulated sky image in 1000 × 1000 pixels
by copying and pasting the patch. There are 10 simulated
CANDELS UDS sky images in the end. Each of the SDSS
galaxies will be redshifted within one simulated sky image
which is randomly chosen from the ten.

Since the stellar populations in galaxies at higher red-
shift are brighter and younger, simply shifting the local
galaxies out to high redshift without considering the bright-
ness increase will make them look fainter compared to the
real average galaxies at such distances. In the FERENGI
code, a brightness evolution is put in as an option to account
for this evolution. It is introduced by a crude mechanism as
Mevo = xz + M , such that the galaxies will be brighter as
linear function of redshift. We set x = −1 as Barden et al.
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progenitors ❖ Q: What fraction of the true BCG 
progenitors can likely be selected?

❖ A: 44% of the selected progenitors by 
our method are true BCG 
progenitors, and 56% are non-BCG 
progenitors (contaminants)



Effect of Contaminants at High-z

❖ The differences are ≤ 0.1 dex 
from contaminants for stellar 
mass and size.

❖ Contaminants make SFR/sSFR 
larger by a factor of ~0.4 dex.



Descendants at z=0
❖ 470 descendants with number density of 10-4 h3Mpc-3

❖ Within 470 local descendants, 44% (207) are BCGs and 56% (263) 
are non-BCGs
❖ 207 BCGs are selected from BCG catalogue of von der 

Linden+07
❖ 263 non-BCGs are selected from SDSS DR7 galaxy catalogue 

according to the mass distribution 

❖ The contaminations are no more than 0.1 dex from non-BCGs 
for structure, stellar mass and SFR/sSFR



BCG Evolution since z~2

❖ Size of BCGs has grown by a factor of ~3.2 since z~2.

❖ BCG progenitors are late-type galaxies with Sersic index n~2.3, while 
their local descendants are early-type galaxies with Sersic index n~4.5.

1. size and shape evolution
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Figure 8. BCG property evolution as a function of redshift. The cyan diamond shows the mean value of each property of local descendants
by averaging the median value of the 10 sets local mixed samples. The error bars are the 84 and 16 percentiles (∼ 1σ) which are from
averaging the error bars of the 10 sets local samples. The blue triangle in each panel presents the median value of property of our 38
high-z progenitors. The BCG evolution is clear in structure, morphology, stellar mass and SFR/sSFR since z ∼ 2.

late-type galaxies. In contrast, less than 20% of the local
BCGs have n < 3. A K-S test indicates that difference in
Sérsic index n is significant at ∼ 4.2σ level. The second
panel in the upper row of Figure 8 shows that the median n
of BCG progenitors is 2.32+2.16

−1.69 , while the median n of their
local descendants is 4.45+2.55

−1.91 . It implies that BCGs already
evolve into early-type galaxies in local universe.

4.2 Morphology Evolution

The single-Sérsic model is a generally reasonably good de-
scription of the local BCG light profiles since majority of
them are early-type elliptical galaxies. However, the high-z
BCG progenitors may be more complicated, with distorted
features or star forming regions and spiral arms due to the
intense early evolutionary phase they are experiencing such
as star formation and mergers. Therefore, inspection of what
residuals remain after subtracting the best-fit Sérsic model
is valuable to obtain the morphology information of galaxies
about whether the galaxy has a symmetric profile or is in
merger/star forming state.

We first carry out a visual inspection of the residual
images which can generally give a good feel of whether the
profiles of BCG progenitors and their local descendants are
smooth or distorted. Then we demonstrate the difference of
profiles by using the quantitative and objective diagnostic
of RFF.

4.2.1 Visual Inspect of Residual Images

Figure 9 shows the single-Sérsic fits for all the 38 BCG pro-
genitors selected by our method. Each row presents three
BCG progenitors, for each of which the right panel is the
original image of CANDELS UDS, the middle panel is the
best-fitted single-Sérsic model, and the left panel is the resid-
ual image. The first galaxy from right in the third row from
bottom is excluded from our discussion since it has a bad
original image.

Inspecting the residual images, about 5 of them have
asymmetric/distorted profiles or stretched structures sug-
gesting mergers are ongoing. Aother 7 progenitors show a
close nearby object which implies that they may undergo
mergers in later time. The rest 25 progenitors have regular
profiles, 4 of which show clear symmetric disc or spiral bars,
and others (21) can be well fitted by single-Sérsic model.
The single-Sérsic fitting results in Figure 9 indicate that
more than half of the BCG progenitors seem to be in a calm
evolutionary state which may already be the late stage as
elliptical galaxies. Nonetheless, there is still a large fraction
of progenitors (∼ 32%) is undergoing or will undergo more
intense interactions at z ! 2 for which the responsible mech-
anism is more likely merging.

Figure 10 present the the single-Sérsic fits of 39 local
descendants which are randomly selected from one set of lo-
cal mixed sample. As same as Figure 9, each row presents
three local descendants. The right panel is the original sim-
ulated image obtained from shifting the local BCG to z = 2
by running FERENGI code. The middle panel is the best-
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BCG Evolution since z~2

2. morphology evolution
❖ 30% BCG progenitors at z~2 are disturbed, while all local BCGs 

have smoother profile.



BCG Evolution since z~2

❖ Stellar mass of BCGs has grown by a factor of ~2.5 since z~2 
❖ SFR is ~70 times (sSFR is ~166 times) larger at z~2 than z~0

3. stellar mass evolution

14 Zhao et al.

Figure 8. BCG property evolution as a function of redshift. The cyan diamond shows the mean value of each property of local descendants
by averaging the median value of the 10 sets local mixed samples. The error bars are the 84 and 16 percentiles (∼ 1σ) which are from
averaging the error bars of the 10 sets local samples. The blue triangle in each panel presents the median value of property of our 38
high-z progenitors. The BCG evolution is clear in structure, morphology, stellar mass and SFR/sSFR since z ∼ 2.
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4.2.1 Visual Inspect of Residual Images

Figure 9 shows the single-Sérsic fits for all the 38 BCG pro-
genitors selected by our method. Each row presents three
BCG progenitors, for each of which the right panel is the
original image of CANDELS UDS, the middle panel is the
best-fitted single-Sérsic model, and the left panel is the resid-
ual image. The first galaxy from right in the third row from
bottom is excluded from our discussion since it has a bad
original image.

Inspecting the residual images, about 5 of them have
asymmetric/distorted profiles or stretched structures sug-
gesting mergers are ongoing. Aother 7 progenitors show a
close nearby object which implies that they may undergo
mergers in later time. The rest 25 progenitors have regular
profiles, 4 of which show clear symmetric disc or spiral bars,
and others (21) can be well fitted by single-Sérsic model.
The single-Sérsic fitting results in Figure 9 indicate that
more than half of the BCG progenitors seem to be in a calm
evolutionary state which may already be the late stage as
elliptical galaxies. Nonetheless, there is still a large fraction
of progenitors (∼ 32%) is undergoing or will undergo more
intense interactions at z ! 2 for which the responsible mech-
anism is more likely merging.

Figure 10 present the the single-Sérsic fits of 39 local
descendants which are randomly selected from one set of lo-
cal mixed sample. As same as Figure 9, each row presents
three local descendants. The right panel is the original sim-
ulated image obtained from shifting the local BCG to z = 2
by running FERENGI code. The middle panel is the best-
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Figure 8. BCG property evolution as a function of redshift. The cyan diamond shows the mean value of each property of local descendants
by averaging the median value of the 10 sets local mixed samples. The error bars are the 84 and 16 percentiles (∼ 1σ) which are from
averaging the error bars of the 10 sets local samples. The blue triangle in each panel presents the median value of property of our 38
high-z progenitors. The BCG evolution is clear in structure, morphology, stellar mass and SFR/sSFR since z ∼ 2.

late-type galaxies. In contrast, less than 20% of the local
BCGs have n < 3. A K-S test indicates that difference in
Sérsic index n is significant at ∼ 4.2σ level. The second
panel in the upper row of Figure 8 shows that the median n
of BCG progenitors is 2.32+2.16

−1.69 , while the median n of their
local descendants is 4.45+2.55

−1.91 . It implies that BCGs already
evolve into early-type galaxies in local universe.

4.2 Morphology Evolution

The single-Sérsic model is a generally reasonably good de-
scription of the local BCG light profiles since majority of
them are early-type elliptical galaxies. However, the high-z
BCG progenitors may be more complicated, with distorted
features or star forming regions and spiral arms due to the
intense early evolutionary phase they are experiencing such
as star formation and mergers. Therefore, inspection of what
residuals remain after subtracting the best-fit Sérsic model
is valuable to obtain the morphology information of galaxies
about whether the galaxy has a symmetric profile or is in
merger/star forming state.

We first carry out a visual inspection of the residual
images which can generally give a good feel of whether the
profiles of BCG progenitors and their local descendants are
smooth or distorted. Then we demonstrate the difference of
profiles by using the quantitative and objective diagnostic
of RFF.

4.2.1 Visual Inspect of Residual Images

Figure 9 shows the single-Sérsic fits for all the 38 BCG pro-
genitors selected by our method. Each row presents three
BCG progenitors, for each of which the right panel is the
original image of CANDELS UDS, the middle panel is the
best-fitted single-Sérsic model, and the left panel is the resid-
ual image. The first galaxy from right in the third row from
bottom is excluded from our discussion since it has a bad
original image.

Inspecting the residual images, about 5 of them have
asymmetric/distorted profiles or stretched structures sug-
gesting mergers are ongoing. Aother 7 progenitors show a
close nearby object which implies that they may undergo
mergers in later time. The rest 25 progenitors have regular
profiles, 4 of which show clear symmetric disc or spiral bars,
and others (21) can be well fitted by single-Sérsic model.
The single-Sérsic fitting results in Figure 9 indicate that
more than half of the BCG progenitors seem to be in a calm
evolutionary state which may already be the late stage as
elliptical galaxies. Nonetheless, there is still a large fraction
of progenitors (∼ 32%) is undergoing or will undergo more
intense interactions at z ! 2 for which the responsible mech-
anism is more likely merging.

Figure 10 present the the single-Sérsic fits of 39 local
descendants which are randomly selected from one set of lo-
cal mixed sample. As same as Figure 9, each row presents
three local descendants. The right panel is the original sim-
ulated image obtained from shifting the local BCG to z = 2
by running FERENGI code. The middle panel is the best-
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Figure 11. Upper panel: M∗-SFR relation in log for our 38 se-
lected progenitors (cyan diamonds) and one set of local mixed
sample (blue triangles). The vertical dotted line show the median
stellar mass, and the horizontal dotted lines indicate the median
log SFR. The green solid line is the relation found in ? for star-
forming galaxies at z = 2. The yellow dashed line is the M∗-SFR
relation from ? for star-forming galaxies at 2.0 < z < 2.5. Lower
panel: M∗-sSFR relation in log. The markers and lines have same
meaning as in upper panel. It is clear that the BCG progenitors at
z ∼ 2 distribute separately from majority of their quiescent local
descendants in either M∗-SFR or M∗-sSFR diagram, although
the SFR and sSFR of BCG progenitors are lower than general
star-forming galaxies.

5 DISCUSSION

5.1 Mechanisms driving BCG Mass Growth

The processes to increase the stellar mass and size of mas-
sive galaxies are still an open question. There are two pri-
mary mechanisms: star formation and merging draw a lot
attention in the study of massive galaxies evolution. Merg-
ers are important since massive galaxies form through merg-
ing together of smaller galaxies in the hierarchical picture of
galaxy formation. Star formations are essential for massive
galaxy biuld-up as well particularly at high redshifts because

massive galaxies experience a much higher SFR than in the
local universe (e.g., ?; van Dokkum et al. 2010; Ownsworth
et al. 2012). In this section, we will discuss whether these
two processes contribute to the BCG evolution and how im-
portant they are at different epoch.

Our study presents that BCG progenitors at z ∼ 2 have
a relatively high SFR and a large fraction of them have either
close companions or assymetric and distorted morphology.
These results suggest that both star formation and (major)
mergers may be key mechanisms in BCG evolution at z ∼
2. Here we carry out a simple estimation to examine how
much can these two mechanisms contribute to the BCGmass
growth at high redshift. It is noticed that at z ∼ 0 the in-situ
stellar mass of BCG progenitors at z ∼ 2 already account
for ∼ 40% of the total mass of local BCGs.

With the assumption that the SFR of our BCG pro-
genitors keeps in constant over z = 1 ∼ 2, taking into ac-
count the 0.4 dex uncertainty in SFR from contaminants,
the mass increase during this period via star formation is
0.07− 0.18M∗,z=0 where M∗,z=0 is the stellar mass of BCGs
at z ∼ 0. On the other hand, we estimate the possible
BCG mass growth through mergers by employing the major
merger rate in Hopkins et al. (2010). Hopkins et al. (2010)
use semi-empirical models to estimate merger rate as a func-
tion of stellar mass and redshift. Since the median redshift of
our BCG progenitors is z ∼ 2 and 80% of them have stellar
mass less than 1011M⊙, we use their major merger rate for
galaxies with stellar masses larger than 1010M⊙ at z = 2.
Assuming the major merger rate is constant over z = 1 ∼ 2,
we find that BCG mass growth is about 0.09M∗,z=0 through
merging with other objects whose mass ratios are > 1/3. The
star formation and major mergers seem contribute equally
on BCG mass biuld-up at high redshifts.

At lower redshifts, the main processes for BCG evolu-
tion change. Our results show that the local BCGs are quite
quiescent whose masses added via star formation are only
0.2M⊙ per year. With the claim that SFR of massive galax-
ies decreases quickly with cosmic time (e.g., van Dokkum
et al. 2010; Ownsworth et al. 2012; Ownsworth et al. 2014),
the contribution from star formation on BCG mass growth
since z ∼ 1 should be very small. Mergers become the dom-
inant mechanism for BCG assembly at z ! 1. By studying
the number of mergers onto BCGs as well as the mass ratio
of infalling companions, Burke & Collins (2013) find that
both major and minor mergers are common at z ∼ 1 and
cause a siginificant BCG mass growth. At much lower red-
shifts, some observational studies conclude the dominance of
minor mergers and the rarity of major mergers that occur
on BCGs (e.g., ?; ?), while others point out that some BCGs
continue to grow through major mergers at z ∼ 0. Neverthe-
less, no matter minor or major merging is the more dominant
process, there is a general agreement that the dissipation-
less dry merger is the mechanism to drive BCG evolution at
z " 1.

5.2 Discuss with BCG evolution at z < 1

In this work, we extend the observational study of BCG
structural evolution and mass growth to z ∼ 2.

In observations, BCG size evolution has been explored
at z < 1. By tracing host halo masses to link BCG pro-
genitors and descendants, Shankar et al. (2015b) suggest a
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Mechanisms driving BCG Mass Growth

❖ At high redshifts (z=1~2):
❖ Star formation contributes ～18% of the stellar mass of local BCGs
❖ Merging contributes ~ 12% of the stellar mass of local BCGs by using 

merger rate of Hopkins+10

❖ At low redshifts (z<1):
❖ Our results show that by z ∼ 1 the BCG stellar mass will be no more than 

70% of the total local mass, suggesting that there has to be an additional 
mass build-up in BCGs after z ∼ 1. The BCG mass will increase by a factor 
of no less than 1.4 at z=1-0.

❖ Little contribution from star formation.
❖ Merger is the dominant process.



Take Home Messages

❖ At z~2, less than 50% of the most massive galaxies in the densest 
environments are the true BCG progenitors.

❖ Our selected observational sample can be employed to study BCG 
evolution since the uncertainties introduced by contaminants are 
relatively small.

❖ Since z~2, the size of BCG has grown by a factor of ~3.2 and stellar 
mass by a factor of ~2.5. The BCG progenitors are less concentrated and 
more disturbed while the local BCGs are smoother early-type galaxies.

❖ Merger and star formation contribute equally for BCG mass growth at 
high redshift (z=1~2). At lower redshift (z<1), merger is the dominant 
process.

❖ Dongyao Zhao, et al. 2017, MNRAS, 464, 1393
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