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ABSTRACT

We investigate redshift evolution of the relation between stellar mass, and star formation history for a high
quality sample of early-type galaxies (ETGs) observed by the VIMOS Public Extragalactic Redshift Survey
(VIPERS). Among nearly 100,000 VIPERS targets more than 22% are ETGs, which makes it a perfect sample
to study the star formation history based on galaxy spectroscopic features. We use two stellar absorption line
indices, the 40004 break strength, and the Balmer absorption line index Hé 4 as the indicators of the present and
past star formation in galaxies, and measure their dependence of the stellar mass. We find that the age of stellar
population changes both with stellar mass and redshift. Lower mass ETGs have younger stellar populations than
galaxies with higher mass. This trend is preserved in all the redshift range 0.4 < z < 1.2 and it is similar to the
trends observed in the local Universe. For all stellar mass ranges Dyggo increases with redshift, while Héd 4 gets
lower, which can be interpreted as the confirmation of the ”downsizing” scenario.

Keywords: galaxies:formation,evolution; galaxies: stellar content

1. INTRODUCTION

In the local Universe, galaxies come in many different colours, masses, sizes and shapes. The most common
classification - the tunning fork diagram proposed by Edwin Hubble - distinguishes three main classes based on
their visual appearance: elliptical, spiral, and lenticular. A fourth irregular class has later been added by G.
de Vaucouleurs [17]. This classification was intended to reflect a Hubble’s belief in the evolutionary path from
elliptical through lenticular to spiral galaxies. Elliptical galaxies (together with lenticular galaxies forming a
group called early-type galaxies, hereafter ETGs) in the local Universe are usually larger, brighter, redder and
populated by older stars (Population II; old and cool stars characterized by low metallicity and red colours).
They are nicknamed ”red and dead”, since usually there is no legible trace of formation of new stars within them.
Spiral galaxies (called late-type galaxies) are in contrast smaller, less luminous, bluer and populated by young
stars due to still on-going star formation [26]. A strong bimodality between early-type and late-type galaxies in

*based on observations collected at the European Southern Observatory, Cerro Paranal, Chile, using the Very
Large Telescope under programs 182.A-0886 and partly 070.A-9007. Also based on observations obtained with
MegaPrime/MegaCam, a joint project of CFHT and CEA/DAPNIA; at the Canada-France-Hawaii Telescope (CFHT),
which is operated by the National Research Council (NRC) of Canada, the Institut National des Sciences de 1Univers of the
Centre National de la Recherche Scientifique (CNRS) of France, and the University of Hawaii. This work is based in part
on data products produced at TERAPIX and the Canadian Astronomy Data Centre as part of the Canada-France-Hawaii
Telescope Legacy Survey, a collaborative project of NRC and CNRS. The VIPERS web site is http://www.vipers.inaf.it/.
Further author information:

M. Siudek: E-mail: gsiudek@cft.edu.pl
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many properties, such as colour distribution (e. g. [5], [18]), Ha [3] and [OII] emission [30], 4000 A break [28],
or star formation history (hereafter SFH) [7] has been observed at least up to z ~ 1.5.

The evolutionary scenario proposed by Hubble with young, spiral galaxies evolving into mature elliptical
galaxies, seems quite natural at the first glance. However, there is a crucial problem: the passive evolution would
need a lot of more time than the age of our Universe to lead to the formation of nowadays’ elliptical galaxies.
Moreover, spiral galaxies contain not only young stars, but also very old ones (Population I and II, where
Population I are blue, young and massive stars with solar-like metallicites). It implies that galaxy evolution is
much more complicated than the scenario presented by Hubble. In the presently considered scenarios based on the
hierarchical model of the large scale structure evolution, late and early-type galaxies are of approximately similar
ages while their different properties and shapes result from their different evolutionary paths. In particular, the
environmental effects may play a crucial role here, both in the epoch of galaxy formation (the host dark matter
halo mass controlling the dynamics of matter accretion on a newly formed galaxy) and later, through galaxy
interactions and mergers [31]. However, a precise scenario of how and when different types of galaxies took their
shapes and formed stars is still an open question. Thus, understanding the evolution of galaxies, and the history
of star formation in them, is one of the most important problems in astronomy.

1.1 Early-type galaxies

An ideal candidate to study galaxy evolution and star formation history beyond the local Universe are early-type
galaxies as they were found to have constant properties in a large range of redshift [27]. ETGs are a simple and
homogeneous population in terms of their morphology, colours and stellar population content, at least in the
nearby Universe (see [36] for a detailed review). Although ETGs’ properties were deeply studied, their formation
and evolution is still an unresolved question.

One of the scenarios suggests that the most massive ETGs (with stellar masses above > 10 M) have
assembled their mass at higher redshifts and have been already in place since at least z ~ 1 (e. g. [35]). Cowie
et al. (1996) proposed a model known as ”downsizing” - a scenario strictly related to the mass of galaxies. In
this very popular scenario, lower mass systems have a more prolongated star formation than massive galaxies,
i.e. stars were formed earlier and faster in massive galaxies than in lower mass galaxies. However, downsizing is
not only restricted to the star formation, but can be also extended to the mass assembly. Hence, it implies that
star formation moves to smaller, less massive systems with cosmic times, as massive galaxies contain an older
stellar population (e.g. [33]). The arguments in favor for the downsizing scenario were delivered by a number
of authors [10, 11, 19, 20, 33, 35, 36 and references therein]. In our work, we present the measurements of the
indices of age and star formation histories of a large and unbiased sample of massive ETGs at z ~ 1 based on
the data from the currently ongoing VIMOS Public Extragalactic Redshift Survey (VIPERS).

1.2 Spectral indicators

One of the most direct methods to study evolution of galaxies and their SFH is based on the main indicators of
the recent star formation history of galaxy populations: 4000 A (hereafter Dyoo0) and Hd4 parameters. In our
work we will adopt the narrow definition of the Dyggg break presented in [4]:

where (A, Ay, A\, AJ) = (3850, 3950, 4000,4100)A. Spectral regions used to calculate Dygoo are marked with
blue in Fig. 1, which presents an exemplary VIPERS stacked galaxy spectrum in the wavelength range 3800 -
4600A.

The Dyggg break is the strongest discontinuity in the optical spectrum of a galaxy and is caused by the
accumulation of a large number of metal absorption lines whose amplitudes are strictly correlated with the
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Figure 1. Exemplary VIPERS stacked galaxy spectrum in the wavelength range 3800 - 4600A. S/N ratio is high enough
to measure Dagoo and [H0]A4102, which will be used to characterize the process of evolution of galaxies and the star
formation rate. The blue shaded areas show the ranges used to evaluate Djooo break. The red regions correspond to the
pseudocontinua for the Hda, while the hatched area shows the Hda bandpass.

galaxy age, and metallicity. On the other hand, Dyggg is less dependent on SFH, and weakly dependent on dust
and reddening (at least in some age and metallicity ranges). In hot stars the dust opacity decreases, and the
Dygpp becomes smaller for Population I and larger for old, low metallicity stellar populations [4, 8, 25, 32]. Thus,
Dyooo is ideal for studies of different stellar populations.

A complete set of twenty one absorption features, known as the Lick-IDS system, was designed to predict
index strengths in the integrated light of stellar populations of different ages and metallicities [38]. In our work
we use one of the Lick indices: Hd4 (Lick-IDS for [H6]A4102 line), as defined by [39]:

index = ()\2 — )\1) . (1 — F[/Fc), (2)

where F7 is defined as the continuum flux minus the absorption, and F¢ is the continuum flux; Ay — A; is the
width of the bandpass used to measure the index. Absorption feature is composed of measurements of relative
flux in the central ”feature” bandpass and two flanking ”pseudocontinuum” bandpasses: index range: 4083.50 -
4122.25 [A], blue conntinuum: 4041.60 - 4079.75 [A], and red continuum: 4128.50 - 4161.00 [A]. Regions used
to calculate Hé 4 are marked with red in Fig. 1.

Strong HJ absorption lines can be observed in galaxies that experienced a recent burst of star formation
followed by passive evolution. The Hé line would be hidden in galaxies with ongoing star-formation due to
dominance of hot O and B stars, which have weak intrinsic absorption [4].

Calculation of these two indices allows for detailed studies of SFH, as both are defined over a narrow wave-
length range, and they are less affected by dust attenuation. These spectral features show clear separation of
galaxies into two distinct families - those with an ongoing active star formation, and those where star formation
has been quenched. Studies of conditional density distributions of Dygog, and Hd 4 as a function of stellar mass
show that in local, faint, low-mass galaxies, with low surface mass densities, the star formation is ongoing, and
these galaxies have blue colours (the blue continuum is brighter than the red part of the continuum) and consist
of young stellar populations. In contrast, local, bright, high-mass (above 3 x 1019M)) galaxies, with high surface
mass densities, are redder, consist of old stellar populations and their star formation has been quenched (see e.g
[28]). Kauffmann et al. (2003) based on the SDSS data, showed that for the local Universe the fraction of low
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mass galaxies that have experienced recent bursts of star formation is higher than for high mass galaxies (see

Fig. 2).
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Figure 2. Distribution of Hda as a function of Daggo for two stellar mass bins ( 10% — 108-°[Mg] and 10**-° — 10'2[Mg)])
taken from [28] (Figure 3).

1.3 VIPERS

VIMOS Public Extragalactic Redshift Survey (VIPERS) [24] is an European South Observatory (ESO) Large
Programme designed to map in detail the large-scale distribution of galaxies at 0.5 < z < 1.2 with a unique
volume (24 deg?) and sampling rate (=2 45%). At this redshift, VIPERS fills a unique niche in galaxy surveys,
and provides a exceptional opportunity to study galaxies and their evolution at an epoch when the Universe
was approximately half its present age. VIPERS dataset can by considered as the z ~ 1 equivalent of current
state-of-the-art local (z < 0.2) surveys like 2dFGRS [13] and SDSS [1, 40], which allow to compare measurements
at these two different epochs. The final sample of this survey is going to reach nearly 100,000 galaxies. VIPERS
increases significantly the completeness of the census of galaxy properties at these early epochs of the Universe’s
past history. VIPERS maps in detail the spatial distribution of galaxies with red magnitudes I(AB) brighter
than 22.5 magnitude over an unprecedented volume of the z ~ 1 Universe. VIPERS is covering ~ 24 deg? area
- splited over two areas in the W1 and W4 Canada-France-Hawaii Telescope Legacy Survey (CFHTLS) fields.
A robust colour-colour pre-selection allows the survey to focus its measurements on the 0.5 < z < 1.2 redshift
range, yielding an optimal combination of large volume (5 x 10"h=3Mpc?® ) and highly effective spectroscopic
sampling (> 50%). The "Low-Resolution Red” grism (R=210), yields a spectral coverage between 5500 and
95004, for a typical redshift rms error of o, = 0.00047(1 + z). The detailed introduction to the survey can
be found in the survey description paper [24], and the First Data Release paper [21]. Such a combination of
sampling and volume is unique among redshift surveys at z > 0.2. With these figures, the VIPERS data allow
us to compare measurements at z ~ 0 and z ~ 1 with a comparable statistical significance.

2. SAMPLE SELECTION

The analysis presented in this paper is based on the VIPERS data. Our sample has been selected from spectro-
scopic measurements for 75 644 objects. We use stellar masses and absolute magnitudes computed by spectral
energy distribution (SED) fitting [15, 16] using the HYPERZMASS code [6].

2.1 SELECTION OF EARLY-TYPE GALAXIES

We decided to study star formation history of ETGs, as they evolve smoothly in timescales much longer than
their age difference. In order to fully exploit ETGs as reliable cosmic chronometers, the appropriate sample
selection is necessary. There exist different methods to separate early-type from late-type galaxies, the most
important among them being:

e classical approach - a fixed cut in rest-frame (U-V) colours, not evolving with redshift [5, 18, 19],
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e bimodal (U-V) colour distribution - an evolving cut in (U-V) colours [19, 34, 37],
e NUVr classification - a rest-frame (NUV -1 ) - (r - K) colour selection [2, 19],

e Spectral energy distribution classification [19].

A detailed description of the methods listed above was presented by Fritz et al., (2013) [19]. Our results are
based on the bimodal U-V colour distribution with the evolving cut in (U-V). We decided to use the bimodal
approach, because this criterion has an almost constant and high (~ 90%) completeness for early-type galaxies
up to z = 1 for VIPERS sample, as it was found by [19]. However, the contamination by late-type galaxies
is < 10% up to z = 0.8 and reaches ~ 30% in the highest redshift bins. Other listed criteria result in a
lower contamination, however, in the same time, they lead to much lower completeness [19]. Comparison

of completeness and contamination by late-type galaxies for different ETGs selection criteria on the basis of
VIPERS data is shown in Fig. 3 (from [19]).

g0 7 I ]
'E r e VIPERS classic g
e [ a VIPERS bimodality ]
g 40 = © VIPERS NUVr .
E L -
g 0 i
& 20 - -
- - -
a i i
Q
(@] 0 r L2 b
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100 i i -I- T T I T T T | T T T | T T T I ]
w B0 % N \:F ‘“.‘%;-‘_\ g % F =
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Q - :
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Redshift

Figure 3. Completeness (lower panel) and contamination (top panel) of VIPERS ETGs by late-type galaxies as a function
of redshift for different selection criteria. Figure taken from [19].

Using colour-bimodality criterion we selected 8,367 early-type galaxies covering the redshift range between
0.4 < z < 1.4, and stellar mass range between 7 < log(Mstar) < 12 [Mg] with redshift flag 3 and 4*. Fig. 4 shows
exemplary rest-frame (U - V) distributions for two different redshift bins in a VIPERS sample with a division be-
tween red early-type and blue late-type galaxies. An adopted separation, given by (U —V) = 1.1 — 0.25 x z [19],
is marked with a black solid line.

As it was shown by [12, 18, 22, 23], red galaxies selected only on the basis of colour distribution may still
contain a non-negligible fraction of galaxies with an ongoing star formation. Thus, to remove them from our
sample we have adopted an additional criterion based on the absence of the [OII]A3727 emission line, in order to
exclude the ongoing star formation or an AGN activity. Furthermore, to create a pure and high quality sample,
we excluded from our dataset all the spectra with distortions caused by artifacts, like sky lines etc. For this

*Redshift flags 3 and 4 correspond to spectra for which the confidence of redshift measurement is above 99% [24].
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Figure 4. Rest-frame U - V colour distribution for VIPERS galaxies in the redshift bin 0.5 < z < 0.6 (left panel) and
0.9 < z < 1.0 (right panel). The vertical solid lines indicate the adopted separation for red early-type galaxies and blue
late-type galaxies, defined by an evolving cut [19].

purpose we excluded all galaxies with gaps in the part where Dygop and/or Hd4 was located, reconstructed by
Principal Component Analysis [29], and all the spectra cleaned in the reduction/validation phase. Due to these
additional criteria our sample was further reduced from 8,367 to 4,539 galaxies.

3. STACKING PROCEDURE

Physical properties, like the amount of star formation activity, need to be derived from the observed galaxy
properties by the use of a series of rather sophisticated tools. In addition, these features are very difficult
to obtain for faint distant galaxies, like those in the VIPERS sample. In this case we make use of stacking
procedures in order to obtain high quality data for ”average” galaxies in our dataset, and from them we receive
measurements that are simply impossible to obtain with the single galaxy detection.

As some of the absorption lines are weak and not detectable in a single VIPERS spectrum, we have to average
(stack) together the spectra of different ETGs. Exemplary VIPERS spectra for single galaxies with redshift flag
equal to 3 and 4, are presented in Fig. 5. It can be seen from them that even for high quality spectra (as indicated
by high values of redshift flag) a signal to noise (S/N) ratio is too low to distinguish and measure some of the
absorption lines, like [H3]A4102. Thus, we decided to co-add galaxies in a two-parameter space of redshift and
stellar mass in order to get a set of stacked spectra.

’M“J \\ l‘\~ wLa ;"I“'"“ b

Flux [erg/cm¥s/A]
Flux [erg/cm¥s/A]

1 IFLAY f
ae-a | (I

d L L L . L - L L . W00 E}OU 3400 3600 3800 R

3000 3200 zio\:(va‘:;glenag'ﬂ_l (X) 1 1600 1800 w’avelengﬂ] (A)

Figure 5. Examples of VIPERS spectra in the wavelength range 2900 - 50004 with redshift flag equal to 3 (left panel)
and 4 (right panel).
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We have decided to co-add spectra within narrow redshift and stellar mass bins, and we divided our dataset
into:

e 7 redshifts bins (6z = 0.1 from 0.4 to 1.0, and an additional, wider bin, from 1.0 to 1.4),

e 7 stellar masses bins (in logarithmic scale) (dsm = 0.25 dex, except for galaxies with log(Mster) below 10.0
[Mg] and above 11.5 [Mg]. For them we decided to use wider bins (7-10 and 11.5-12), as the sample is less
numerous).

In our work individual spectra are averaged, combined and normalized by median scaling, so that each galaxy
contributes equally to the final stack. We build stacked spectra with preserved equivalent width of lines. An
exemplary VIPERS stacked spectrum in the wavelength range 3800 - 46004 is shown in Fig. 1. The signal
to noise (S/N) ratio for a stacked spectrum is higher than for single spectra, and [H§]A4102 absorption line is
detectable.

For the following analysis only the bins with more than 20 co-added spectra were used, since this limit ensures
S/N ratio high enough to measure spectral indicators used in this paper. Numbers of spectra used in each bin
after all the selection criteria have been applied are shown in Fig. 6. Bins with an insufficient number of spectra
(less than 20) are marked in blue. An additional requirement that the spectrum should not contain reconstructed
features eliminated 4 additional bins marked in red.

9.9 =1 ‘6 i 1 *.
10.0
10.1
*38 ‘45 "33 ‘27 2
10.2
10.3
10.4 ‘81 *122 177 ‘128 ‘45 ‘3
10.5
<1060 | . . . . . ;
=, 94 157 398 301 160 38 [}
a0
o 10.7
10.8
10.9 *100 *139 *338 *427 *253 *137 ‘16
11.0
11.1
‘61 ‘64 *187 ‘248 ‘205 “117 *31
11.2
11.3
'17 123 ' 50 '85 *71 ‘61 ‘41

4
0.45 050 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10
redshift

Figure 6. Numbers of spectra for each bin after the application of all the criteria of selecting high quality sample of
early-type galaxies. Bins with insufficient numbers of spectra (20) after cut off on [OII] emission line, are marked in blue.
An additional requirement of clean spectra, without reconstructed features, eliminated 4 additional bins marked in red.

We have calculated Hd 4 and Dyggo parameters for 34 redshift and stellar mass bins. To estimate the influence
of removal of single spectra, and uncertainties of the derived spectral indicators we performed the Monte Carlo
(MC) simulation. The standard deviation for MC simulated spectra gives us the information how sensitive the
stacked spectra are to the properties of single co-added spectra. Thus, obtained values could be used as the
uncertainties of calculation of Hd 4, and of Dyggp measurements.

The behavior of the Hd 4, as a function of stellar mass for our sample of stacked ETGs spectra in six redshift
bins is presented in Fig. 7. In all the investigated redshift range 0.4 < z < 1.0 lower mass ETGs have stellar
population younger than higher mass ETGs. A very similar trend was found by Kauffmann et al. (2003) [28]
for local galaxies (z < 0.2).

Spectral indicators, both Hé 4, and Dyggg, strongly depend on stellar masses as it is shown in Fig. 7. This
dependence is almost linear, and we conclude that the trends look similar in all considered redshift ranges.
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Figure 7. Hda (left panel) and Daooo (right panel) as a function of stellar mass. Error bars were obtained on the basis of
the Monte Carlo simulation.

Fig. 7 shows that low mass ETGs have higher values of Hjs and lower values of Dyggg. As it was pointed
out by [28], local galaxies with stellar masses above ~ 10!°[My] are dominated by old stellar populations and
for them the typical Dyggp break is greater than 1.5. For the sample of ETGs selected from VIPERS survey, the
minimum value of Dyggp is equal to 1.56 £ 0.03 (the mean value of Dyggp equals to 1.71 4 0.08). The evolution
in Dyggg is very weak, which implies that all analyzed galaxies consist in majority of Population II stars. In the
same time, the values of the Hj4 absorption line are very low. It suggests that the star formation processes
were quenched in these galaxies. Thus, our sample consists mainly of the massive ETGs at redshift z ~ 1, with
a clear evidence for the stellar population getting older with the increasing stellar masses.

Our results show that galaxies at lower redshift have always higher Dypo break than galaxies at higher
redshift. Our findings are consistent with the downsizing scenario, as more massive galaxies have higher values
of Dygpo in each redshift bin than less massive galaxies, which implies they are older. Moreover, from the same
plot we can deduce that the stellar populations in all ETGs are getting older with decreasing redshift.

4. SUMMARY

In this work we present one of the first results of studies of the star formation history of ETGs based on the
unique VIPERS data. Our main results may be summarized as follows:

e Using a bimodal criterion with an evolving cut [19] and some additional quality-ensuring criteria, we have
created a unique, pure, statistically unbiased sample of 4,539 ETGs in the redshift range from 0.4 up to
1.2.

e We have divided our sample into 34 narrow redshift and stellar mass bins, and performed the stacking
procedure in order to calculate average values of Hd4 and Dyggo parameters in each bin.

e We found that z ~ 1 lower mass ETGs contain stellar populations younger than higher mass ETGs.

e Our results show that both spectral indicators (Hd4 and Dyogo) display an almost linear dependence with
stellar mass, and the trends are similar in all the considered redshift ranges.

The presented results demonstrate the usefulness and robustness of data provided by the VIPERS. More
detailed analysis of spectral indicators will follow.

Proc. of SPIE Vol. 9662 966213-9

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



ACKNOWLEDGMENTS

We acknowledge the crucial contribution of the ESO staff for the management of service observations. In
particular, we are deeply grateful to M. Hilker for his constant help and support of this program. Italian
participation to VIPERS has been funded by INAF through PRIN 2008 and 2010 programs. LG and BRG
acknowledge support of the European Research Council through the Darklight ERC Advanced Research Grant
(# 291521). OLF acknowledges support of the European Research Council through the EARLY ERC Advanced
Research Grant (# 268107). MS, AP, KM, and JK have been supported by the National Science Centre (grants
UMO-2012/07/B/ST9/04425 and UMO-2013/09/D/ST9,/04030), the Polish-Swiss Astro Project (co-financed by
a grant from Switzerland, through the Swiss Contribution to the enlarged European Union). KM was supported
by the Strategic Young Researcher Overseas Visits Program for Accelerating Brain Circulation No. R2405.
GDL acknowledges financial support from the European Research Council under the European Community’s
Seventh Framework Programme (FP7/2007-2013)/ERC grant agreement n. 202781. WJP and RT acknowledge
financial support from the European Research Council under the European Community’s Seventh Framework
Programme (FP7/2007-2013)/ERC grant agreement n. 202686. WJIP is also grateful for support from the
UK Science and Technology Facilities Council through the grant ST/1001204/1. EB, FM and LM acknowledge
the support from grants ASI-INAF 1/023/12/0 and PRIN MIUR 2010-2011. LM also acknowledges financial
support from PRIN INAF 2012. YM acknowledges support from CNRS/INSU (Institut National des Sciences
de 1Univers) and the Programme National Galaxies et Cosmologie (PNCG). CM is grateful for support from
specific project funding of the Institut Universitaire de France and the LABEX OCEVU. Research conducted
within the scope of the HECOLS International Associated Laboratory, supported in part by the Polish NCN
grant DEC-2013/08/M/ST9/00664.

References

[1] Abazajian, K. N., Adelman-McCarthy, J. K., Aganduuml;eros, M. A., Allam, S. S., Allende Prieto, C., An,
D., Anderson, K. S. J., Anderson, S. F., Annis, J., Bahcall, N. A., Bailer-Jones, C. A. L., Barentine, J.
C., Bassett, B. A., Becker, A. C., Beers, T. C., Bell, E. F., Belokurov, V., Berlind, A. A., Berman, E.
F., Bernardi, M., Bickerton, S. J., Bizyaev, D., Blakeslee, J. P., Blanton, M. R., Bochanski, J. J., Boroski,
W. N., Brewington, H. J., Brinchmann, J., Brinkmann, J., Brunner, R. J., Budavandaacute;ri, T., Carey,
L. N., Carliles, S., Carr, M. A., Castander, F. J., Cinabro, D., Connolly, A. J., Csabai, I., Cunha, C. E.,
Czarapata, P. C., Davenport, J. R. A., de Haas, E., Dilday, B., Doi, M., Eisenstein, D. J., Evans, M. L.,
Evans, N. W., Fan, X., Friedman, S. D.; Frieman, J. A., Fukugita, M., Gandauml;nsicke, B. T., Gates, E.,
Gillespie, B., Gilmore, G., Gonzalez, B., Gonzalez, C. F., Grebel, E. K., Gunn, J. E., Gyandouml;ry, Z., Hall,
P. B., Harding, P., Harris, F. H., Harvanek, M., Hawley, S. L., Hayes, J. J. E., Heckman, T. M., Hendry,
J. S., Hennessy, G. S., Hindsley, R. B., Hoblitt, J., Hogan, C. J., Hogg, D. W., Holtzman, J. A., Hyde, J.
B., Ichikawa, S.-i., Ichikawa, T., Im, M., Iveziandcacute;, andZcaron;., Jester, S., Jiang, L., Johnson, J. A.,
Jorgensen, A. M., Juriandcacute;, M., Kent, S. M., Kessler, R., Kleinman, S. J., Knapp, G. R., Konishi,
K., Kron, R. G., Krzesinski, J., Kuropatkin, N., Lampeitl, H., Lebedeva, S., Lee, M. G., Lee, Y. S., French
Leger, R., Landeacute;pine, S., Li, N., Lima, M., Lin, H., Long, D. C., Loomis, C. P., Loveday, J., Lupton,
R. H., Magnier, E., Malanushenko, O., Malanushenko, V., Mandelbaum, R., Margon, B., Marriner, J. P.,
Martandiacute;nez-Delgado, D., Matsubara, T., McGehee, P. M., McKay, T. A., Meiksin, A., Morrison, H.
L., Mullally, F., Munn, J. A., Murphy, T., Nash, T., Nebot, A., Neilsen, E. H., Jr., Newberg, H. J., Newman,
P. R., Nichol, R. C., Nicinski, T., Nieto-Santisteban, M., Nitta, A., Okamura, S., Oravetz, D. J., Ostriker, J.
P., Owen, R., Padmanabhan, N., Pan, K., Park, C., Pauls, G., Peoples, J., Jr., Percival, W. J., Pier, J. R.,
Pope, A. C., Pourbaix, D., Price, P. A., Purger, N., Quinn, T., Raddick, M. J., Re Fiorentin, P., Richards,
G. T., Richmond, M. W., Riess, A. G., Rix, H.-W., Rockosi, C. M., Sako, M., Schlegel, D. J., Schneider,
D. P., Scholz, R.-D., Schreiber, M. R., Schwope, A. D.; Seljak, U., Sesar, B., Sheldon, E., Shimasaku, K.,
Sibley, V. C., Simmons, A. E., Sivarani, T., Allyn Smith, J., Smith, M. C., Smolandccaron;iandcacute;, V.,
Snedden, S. A., Stebbins, A., Steinmetz, M., Stoughton, C., Strauss, M. A., SubbaRao, M., Suto, Y., Szalay,
A. S., Szapudi, I., Szkody, P., Tanaka, M., Tegmark, M., Teodoro, L. F. A., Thakar, A. R., Tremonti, C. A.,
Tucker, D. L., Uomoto, A., Vanden Berk, D. E., Vandenberg, J., Vidrih, S., Vogeley, M. S., Voges, W., Vogt,
N. P., Wadadekar, Y., Watters, S., Weinberg, D. H., West, A. A., White, S. D. M., Wilhite, B. C., Wonders,

Proc. of SPIE Vol. 9662 966213-10

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



A. C., Yanny, B., Yocum, D. R., York, D. G., Zehavi, 1., Zibetti, S., and Zucker, D. B., "The Seventh Data
Release of the Sloan Digital Sky Survey” The Astrophysical Journal Supplement Series, 182, 543 (2009)

[2] Arnouts, S., Le Floc’h, E., Chevallard, J., Johnson, B. D., Ilbert, O., Treyer, M., Aussel, H., Capak, P.,
Sanders, D. B., Scoville, N., McCracken, H. J., Milliard, B., Pozzetti, L., and Salvato, M., ”Encoding of the
infrared excess in the NUVrK color diagram for star-forming galaxies” Astronomy and Astrophysics, 558,
AG67 (2013)

[3] Balogh, M., Eke, V., Miller, C., Lewis, 1., Bower, R., Couch, W., Nichol, R., Bland-Hawthorn, J., Baldry, I.
K., Baugh, C., Bridges, T., Cannon, R., Cole, S., Colless, M., Collins, C., Cross, N., Dalton, G., de Propris,
R., Driver, S. P., Efstathiou, G., Ellis, R. S., Frenk, C. S., Glazebrook, K., Gomez, P., Gray, A., Hawkins,
E., Jackson, C., Lahav, O., Lumsden, S., Maddox, S., Madgwick, D., Norberg, P., Peacock, J. A., Percival,
W., Peterson, B. A., Sutherland, W., and Taylor, K., ”Galaxy ecology: groups and low-density environments
in the SDSS and 2dFGRS” Monthly Notices of the Royal Astronomical Society, 348, 1355 (2004)

[4] Balogh, M. L., Morris, S. L., Yee, H. K. C., Carlberg, R. G., and Ellingson, E., ” Differential Galaxy Evolution
in Cluster and Field Galaxies at z 0.3” The Astrophysical Journal, 527, 54 (1999)

[5] Bell, E. F., Wolf, C., Meisenheimer, K., Rix, H-W., Borch, A., Dye, S., Kleinheinrich, M., Wisotzki, L.,
and Mclntosh, D. H., "Nearly 5000 Distant Early-Type Galaxies in COMBO-17: A Red Sequence and Its
Evolution since z 17 The Astrophysical Journal, 608, 752 (2004)

[6] Bolzonella, M., Miralles, J.-M., and Pellandoacute;, R., ” Photometric redshifts based on standard SED fitting
procedures” Astronomy and Astrophysics, 363, 476 (2000)

[7] Brinchmann, J., Charlot, S., White, S. D. M., Tremonti, C., Kauffmann, G., Heckman, T., and Brinkmann,
J., ”The physical properties of star-forming galaxies in the low-redshift Universe” Monthly Notices of the
Royal Astronomical Society, 351, 1151 (2004)

[8] Bruzual, G., and Charlot, S., ”Stellar population synthesis at the resolution of 2003” Monthly Notices of the
Royal Astronomical Society, 344, 1000 (2003)

[9] Bundy, K., Treu, T., and Ellis, R. S., "The Mass Assembly History of Spheroidal Galaxies: Did Newly
Formed Systems Arise via Major Mergers?” The Astrophysical Journal, 665, L5 (2007)

[10] Cimatti, A.,” The formation and evolution of early-type galaxies: solid results and open questions” American
Institute of Physics Conference Series, 1111, 191 (2009)

[11] Cimatti, A., ”The Cosmic Evolution of Early-type Galaxies” TAU Symposium, 235, 350 (2007)

[12] Cimatti, A., Daddi, E., Mignoli, M., Pozzetti, L., Renzini, A., Zamorani, G., Broadhurst, T., Fontana, A.,
Saracco, P., Poli, F., Cristiani, S., D’Odorico, S., Giallongo, E., Gilmozzi, R., Menci, N., ”The K20 survey.
I. Disentangling old and dusty star-forming galaxies in the ERO population” Astronomy and Astrophysics,
381, L68 (2002)

[13] Colless, M., Dalton, G., Maddox, S., Sutherland, W., Norberg, P., Cole, S., Bland-Hawthorn, J., Bridges,
T., Cannon, R., Collins, C., Couch, W., Cross, N., Deeley, K., De Propris, R., Driver, S. P., Efstathiou, G.,
Ellis, R. S., Frenk, C. S., Glazebrook, K., Jackson, C., Lahav, O., Lewis, I., Lumsden, S., Madgwick, D.,
Peacock, J. A., Peterson, B. A., Price, 1., Seaborne, M., and Taylor, K., ”The 2dF Galaxy Redshift Survey:
spectra and redshifts” Monthly Notices of the Royal Astronomical Society, 328, 1039 (2001)

[14] Cowie, L. L., Songaila, A., Hu, E. M., and Cohen, J. G., ?New Insight on Galaxy Formation and Evolution
From Keck Spectroscopy of the Hawaii Deep Fields” The Astronomical Journal, 112, 839 (1996)

[15] Davidzon, I., Bolzonella, M., Coupon, J., Ilbert, O., Arnouts, S., de la Torre, S., Fritz, A., De Lucia, G.,
Tovino, A., Granett, B. R., Zamorani, G., Guzzo, L., Abbas, U., Adami, C., Bel, J., Bottini, D., Branchini,
E., Cappi, A., Cucciati, O., Franzetti, P., Fumana, M., Garilli, B., Krywult, J., Le Brun, V., Le Fevre, O.,

Proc. of SPIE Vol. 9662 966213-11

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Maccagni, D., Malek, K., Marulli, F., McCracken, H. J., Paioro, L., Peacock, J. A., Polletta, M., Pollo, A.,
Schlagenhaufer, H., Scodeggio, M., Tasca, L. A. M., Tojeiro, R., Vergani, D., Zanichelli, A., Burden, A., Di
Porto, C., Marchetti, A., Marinoni, C., Mellier, Y., Moscardini, L., Moutard, T., Nichol, R. C., Percival,
W. J., Phleps, S., and Wolk, M., ”The VIMOS Public Extragalactic Redshift Survey (VIPERS). A precise
measurement of the galaxy stellar mass function and the abundance of massive galaxies at redshifts 0.5 < z
< 1.3” Astronomy and Astrophysics, 558, A23 (2013)

[16] Davidzon, 1., in preparation

[17] de Vaucouleurs, G., ”Classification and Morphology of External Galaxies.” Handbuch der Physik, 53, 275
(1959)

[18] Franzetti, P., Scodeggio, M., Garilli, B., Vergani, D., Maccagni, D., Guzzo, L., Tresse, L., Ilbert, O.,
Lamareille, F., Contini, T., Le Fevre, O., Zamorani, G., Brinchmann, J., Charlot, S., Bottini, D., Le Brun,
V., Picat, J. P., Scaramella, R., Vettolani, G., Zanichelli, A., Adami, C., Arnouts, S., Bardelli, S., Bolzonella,
M., Cappi, A., Ciliegi, P., Foucaud, S., Gavignaud, 1., Iovino, A., McCracken, H. J., Marano, B., Marinoni,
C., Mazure, A., Meneux, B., Merighi, R., Paltani, S., Pellandograve;, R., Pollo, A., Pozzetti, L., Radovich,
M., Zucca, E., Cucciati, O., and Walcher, C. J., ”The VIMOS-VLT deep survey. Color bimodality and the
mix of galaxy populations up to z 2" Astronomy and Astrophysics, 465, 711 (2007)

[19] Fritz, A., Scodeggio, M., Ilbert, O., Bolzonella, M., Davidzon, I., Coupon, J., Garilli, B., Guzzo, L.,
Zamorani, G., Abbas, U., Adami, C., Arnouts, S., Bel, J., Bottini, D., Branchini, E., Cappi, A., Cuc-
ciati, O., De Lucia, G., de la Torre, S., Franzetti, P., Fumana, M., Granett, B. R., Iovino, A., Krywult, J.,
Le Brun, V., Le Fevre, O., Maccagni, D., Malek, K., Marulli, F., McCracken, H. J., Paioro, L., Polletta,
M., Pollo, A., Schlagenhaufer, H., Tasca, L. A. M., Tojeiro, R., Vergani, D., Zanichelli, A., Burden, A., Di
Porto, C., Marchetti, A., Marinoni, C., Mellier, Y., Moscardini, L., Nichol, R. C., Peacock, J. A., Percival,
W. J., Phleps, S., and Wolk, M., ?”The VIMOS Public Extragalactic Redshift Survey (VIPERS):. A quiescent
formation of massive red-sequence galaxies over the past 9 Gyr” Astronomy and Astrophysics, 563, A92
(2014)

[20] Fritz, A., Bohm, A., Ziegler, B. L., "The evolution of field early-type galaxies in the FDF and WHDEF”
Monthly Notices of the Royal Astronomical Society, 393, 1467 (2009)

[21] Garilli, B., Guzzo, L., Scodeggio, M., Bolzonella, M., Abbas, U., Adami, C., Arnouts, S., Bel, J., Bottini,
D., Branchini, E., Cappi, A., Coupon, J., Cucciati, O., Davidzon, 1., De Lucia, G., de la Torre, S., Franzetti,
P., Fritz, A., Fumana, M., Granett, B. R., Ilbert, O., Iovino, A., Krywult, J., Le Brun, V., Le Fevre, O.,
Maccagni, D., Malek, K., Marulli, F., McCracken, H. J., Paioro, L., Polletta, M., Pollo, A., Schlagenhaufer,
H., Tasca, L. A. M., Tojeiro, R., Vergani, D., Zamorani, G., Zanichelli, A., Burden, A., Di Porto, C.,
Marchetti, A., Marinoni, C., Mellier, Y., Moscardini, L., Nichol, R. C., Peacock, J. A., Percival, W. J.,
Phleps, S., and Wolk, M., ”The VIMOS Public Extragalactic Survey (VIPERS). First Data Release of 57
204 spectroscopic measurements” Astronomy and Astrophysics, 562, A23 (2014)

[22] Gavazzi, G., Boselli, A., Donati, A., Franzetti, P., Scodeggio, M., ”Introducing GOLDMine: A new galaxy
database on the WEB” Astronomy and Astrophysics, 400, 451 (2003)

[23] Graves, G. J., Faber, S. M., Schiavon, R. P., Yan, R., ”Ages and Abundances of Red Sequence Galaxies as
a Function of LINER Emission-Line Strength” The Astrophysical Journal, 671, 243 (2007)

[24] Guzzo, L., Scodeggio, M., Garilli, B., Granett, B. R., Fritz, A., Abbas, U., Adami, C., Arnouts, S., Bel, J.,
Bolzonella, M., Bottini, D., Branchini, E., Cappi, A., Coupon, J., Cucciati, O., Davidzon, 1., De Lucia, G.,
de la Torre, S., Franzetti, P., Fumana, M., Hudelot, P., Ilbert, O., Iovino, A., Krywult, J., Le Brun, V., Le
Fevre, O., Maccagni, D., Malek, K., Marulli, F., McCracken, H. J., Paioro, L., Peacock, J. A., Polletta, M.,
Pollo, A., Schlagenhaufer, H., Tasca, L. A. M., Tojeiro, R., Vergani, D., Zamorani, G., Zanichelli, A., Burden,
A., Di Porto, C., Marchetti, A., Marinoni, C., Mellier, Y., Moscardini, L., Nichol, R. C., Percival, W. J.,
Phleps, S., and Wolk, M., " The VIMOS Public Extragalactic Redshift Survey (VIPERS). An unprecedented
view of galaxies and large-scale structure at 0.5 < z < 1.2” Astronomy and Astrophysics, 566, A108 (2014)

Proc. of SPIE Vol. 9662 966213-12

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



[25] Hamilton, D., ” The spectral evolution of galaxies. I - an observational approach” The Astrophysical Journal,
297, 371 (1985)

[26] Hubble, E. P., "Extragalactic nebulae.” The Astrophysical Journal, 64, 321 (1926)

[27] Jimenez, R., and Loeb, A., ”Constraining Cosmological Parameters Based on Relative Galaxy Ages” The
Astrophysical Journal, 573, 37 (2002)

[28] Kauffmann, G., Heckman, T. M., White, S. D. M., Charlot, S., Tremonti, C., Peng, E. W., Seibert, M.,
Brinkmann, J., Nichol, R. C., SubbaRao, M., and York, D., ”The dependence of star formation history and
internal structure on stellar mass for 10jSUP;5;/SUP; low-redshift galaxies” Monthly Notices of the Royal
Astronomical Society, 341, 54 (2003)

[29] Marchetti, A., Granett, B. R., Guzzo, L., Fritz, A., Garilli, B., Scodeggio, M., Abbas, U., Adami, C.,
Arnouts, S., Bolzonella, M., Bottini, D., Cappi, A., Coupon, J., Cucciati, O., De Lucia, G., de la Torre, S.,
Franzetti, P., Fumana, M., Ilbert, O., Iovino, A., Krywult, J., Le Brun, V., Le Fevre, O., Maccagni, D., Malek,
K., Marulli, F., McCracken, H. J., Meneux, B., Paioro, L., Polletta, M., Pollo, A., Schlagenhaufer, H., Tasca,
L., Tojeiro, R., Vergani, D., Zanichelli, A., Bel, J., Bersanelli, M., Blaizot, J., Branchini, E., Burden, A.,
Davidzon, 1., Di Porto, C., Guennou, L., Marinoni, C., Mellier, Y., Moscardini, L., Nichol, R. C., Peacock, J.
A., Percival, W. J., Phleps, S., Schimd, C., Wolk, M., and Zamorani, G., ”The VIMOS Public Extragalactic
Redshift Survey (VIPERS): spectral classification through principal component analysis” Monthly Notices
of the Royal Astronomical Society, 428, 1424 (2013)

[30] Mignoli, M., Zamorani, G., Scodeggio, M., Cimatti, A., Halliday, C., Lilly, S. J., Pozzetti, L., Vergani, D.,
Carollo, C. M., Contini, T., Le Fandeacute;vre, O., Mainieri, V., Renzini, A., Bardelli, S., Bolzonella, M.,
Bongiorno, A., Caputi, K., Coppa, G., Cucciati, O., de La Torre, S., de Ravel, L., Franzetti, P., Garilli, B.,
Tovino, A., Kampczyk, P., Kneib, J.-P.; Knobel, C., Kova¢, K., Lamareille, F., Le Borgne, J.-F., Le Brun,
V., Maier, C., Pellandograve;, R., Peng, Y., Perez Montero, E., Ricciardelli, E., Scarlata, C., Silverman, J.
D., Tanaka, M., Tasca, L., Tresse, L., Zucca, E., Abbas, U., Bottini, D., Capak, P., Cappi, A., Cassata, P.,
Fumana, M., Guzzo, L., Leauthaud, A., Maccagni, D., Marinoni, C., McCracken, H. J., Memeo, P., Meneux,
B., Oesch, P., Porciani, C., Scaramella, R., and Scoville, N., "The zCOSMOS redshift survey: the three-
dimensional classification cube and bimodality in galaxy physical properties” Astronomy and Astrophysics,
493, 39 (2009)

[31] Mo, H., van den Bosch, F. C., White, S., ”Galaxy Formation and Evolution” Galaxy Formation and Evo-
lution, by Houjun Mo , Frank van den Bosch , Simon White, Cambridge, UK: Cambridge University Press,
2010, (2010)

[32] Moresco, M., Cimatti, A., Jimenez, R., Pozzetti, L., Zamorani, G., Bolzonella, M., Dunlop, J., Lamareille,
F., Mignoli, M., Pearce, H., Rosati, P., Stern, D., Verde, L., Zucca, E., Carollo, C. M., Contini, T., Kneib,
J.-P., Le Fvre, O., Lilly, S. J., Mainieri, V., Renzini, A., Scodeggio, M., Balestra, 1., Gobat, R., McLure, R.,
Bardelli, S., Bongiorno, A., Caputi, K., Cucciati, O., de la Torre, S., de Ravel, L., Franzetti, P., Garilli, B.,
Tovino, A., Kampczyk, P., Knobel, C., Kovag;, K., Le Borgne, J.-F., Le Brun, V., Maier, C., Pell6, R., Peng,
Y., Perez-Montero, E., Presotto, V., Silverman, J. D., Tanaka, M., Tasca, L. A. M., Tresse, L., Vergani,
D., Almaini, O., Barnes, L., Bordoloi, R., Bradshaw, E., Cappi, A., Chuter, R., Cirasuolo, M., Coppa, G.,
Diener, C., Foucaud, S., Hartley, W., Kamionkowski, M., Koekemoer, A. M., Lépez-Sanjuan, C., McCracken,
H. J., Nair, P., Oesch, P., Stanford, A., and Welikala, N., ”Improved constraints on the expansion rate of the
Universe up to z 1.1 from the spectroscopic evolution of cosmic chronometers” Journal of Cosmology and
Astro-Particle Physics, 8, 006 (2012)

[33] Moresco, M., Pozzetti, L., Cimatti, A., Zamorani, G., Mignoli, M., di Cesare, S., Bolzonella, M., Zucca, E.,
Lilly, S., Kova¢, K., Scodeggio, M., Cassata, P., Tasca, L., Vergani, D., Halliday, C., Carollo, M., Contini,
T., Kneib, J.-P., Le Févre, O., Mainieri, V., Renzini, A., Bardelli, S., Bongiorno, A., Caputi, K., Coppa, G.,
Cucciati, O., de la Torre, S., de Ravel, L., Franzetti, P., Garilli, B., Iovino, A., Kampczyk, P., Knobel, C.,
Lamareille, F., Le Borgne, J.-F., Le Brun, V., Maier, C., Pello;, R., Peng, Y., Perez Montero, E., Ricciardelli,

Proc. of SPIE Vol. 9662 966213-13

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



E., Silverman, J. D., Tanaka, M., Tresse, L., Abbas, U., Bottini, D., Cappi, A., Guzzo, L., Koekemoer, A.
M., Leauthaud, A., Maccagni, D., Marinoni, C., McCracken, H. J., Memeo, P., Meneux, B., Nair, P., Oesch,
P., Porciani, C., Scaramella, R., Scarlata, C., Scoville, N., 7zCOSMOS 10k-bright spectroscopic sample .
Exploring mass and environment dependence in early-type galaxies” Astronomy and Astrophysics, 524, A67
(2010)

[34] Peng, Y.-j., Lilly, S. J., Kova¢, K., Bolzonella, M., Pozzetti, L., Renzini, A., Zamorani, G., Ilbert, O.,
Knobel, C., Iovino, A., Maier, C., Cucciati, O., Tasca, L., Carollo, C. M., Silverman, J., Kampczyk, P., de
Ravel, L., Sanders, D., Scoville, N., Contini, T., Mainieri, V., Scodeggio, M., Kneib, J.-P., Le Fevre, O.,
Bardelli, S., Bongiorno, A., Caputi, K., Coppa, G., de la Torre, S., Franzetti, P., Garilli, B., Lamareille,
F., Le Borgne, J.-F., Le Brun, V., Mignoli, M., Perez Montero, E., Pello, R., Ricciardelli, E., Tanaka, M.,
Tresse, L., Vergani, D., Welikala, N., Zucca, E., Oesch, P., Abbas, U., Barnes, L., Bordoloi, R., Bottini, D.,
Cappi, A., Cassata, P., Cimatti, A., Fumana, M., Hasinger, G., Koekemoer, A., Leauthaud, A., Maccagni, D.,
Marinoni, C., McCracken, H., Memeo, P., Meneux, B., Nair, P., Porciani, C., Presotto, V., and Scaramella,
R., "Mass and Environment as Drivers of Galaxy Evolution in SDSS and zCOSMOS and the Origin of the
Schechter Function” The Astrophysical Journal, 721, 193 (2010)

[35] Pozzetti, L., Bolzonella, M., Zucca, E., Zamorani, G., Lilly, S., Renzini, A., Moresco, M., Mignoli, M.,
Cassata, P., Tasca, L., Lamareille, F., Maier, C., Meneux, B., Halliday, C., Oesch, P., Vergani, D., Caputi,
K., Kova¢, K., Cimatti, A., Cucciati, O., Iovino, A., Peng, Y., Carollo, M., Contini, T., Kneib, J.-P., Le
Févre, O., Mainieri, V., Scodeggio, M., Bardelli, S., Bongiorno, A., Coppa, G., de la Torre, S., de Ravel, L.,
Franzetti, P., Garilli, B., Kampczyk, P., Knobel, C., Le Borgne, J.-F., Le Brun, V., Pello, R., Perez Montero,
E., Ricciardelli, E., Silverman, J. D., Tanaka, M., Tresse, L., Abbas, U., Bottini, D., Cappi, A., Guzzo, L.,
Koekemoer, A. M., Leauthaud, A., Maccagni, D., Marinoni, C., McCracken, H. J., Memeo, P., Porciani, C.,
Scaramella, R., Scarlata, C., and Scoville, N., 7zCOSMOS - 10k-bright spectroscopic sample. The bimodality
in the galaxy stellar mass function: exploring its evolution with redshift” Astronomy and Astrophysics, 523,
A13 (2010)

[36] Renzini, A., ”Stellar Population Diagnostics of Elliptical Galaxy Formation” Annual Review of Astronomy
and Astrophysics, 44, 141 (2006)

[37] Wolf, C., Aragandoacute;n-Salamanca, A., Balogh, M., Barden, M., Bell, E. F., Gray, M. E.; Peng, C.
Y., Bacon, D., Barazza, F. D., Bandouml;hm, A., Caldwell, J. A. R., Gallazzi, A., Handauml;uandszlig;:ler,
B., Heymans, C., Jahnke, K., Jogee, S., van Kampen, E., Lane, K., McIntosh, D. H., Meisenheimer, K.,
Papovich, C., Sandaacute;nchez, S. F., Taylor, A., Wisotzki, L., and Zheng, X., "The STAGES view of red
spirals and dusty red galaxies: mass-dependent quenching of star formation in cluster infall” Monthly Notices
of the Royal Astronomical Society, 393, 1302 (2009)

[38] Worthey, G., Faber, S. M., Gonzalez, J. J., and Burstein, D., ”Old stellar populations. 5: Absorption feature
indices for the complete LICK/IDS sample of stars” The Astrophysical Journal Supplement Series, 94, 687
(1994)

[39] Worthey, G., and Ottaviani, D. L., ”Handgamma; and Handdelta; Absorption Features in Stars and Stellar
Populations” The Astrophysical Journal Supplement Series, 111, 377 (1997)

[40] York, D. G., Adelman, J., Anderson, J. E.; Jr., Anderson, S. F., Annis, J., Bahcall, N. A., Bakken, J. A.,
Barkhouser, R., Bastian, S., Berman, E., Boroski, W. N., Bracker, S., Briegel, C., Briggs, J. W., Brinkmann,
J., Brunner, R., Burles, S., Carey, L., Carr, M. A., Castander, F. J., Chen, B., Colestock, P. L., Connolly,
A. J., Crocker, J. H., Csabai, 1., Czarapata, P. C., Davis, J. E., Doi, M., Dombeck, T., Eisenstein, D.,
Ellman, N., Elms, B. R., Evans, M. L., Fan, X., Federwitz, G. R., Fiscelli, L., Friedman, S., Frieman, J. A.,
Fukugita, M., Gillespie, B., Gunn, J. E., Gurbani, V. K., de Haas, E., Haldeman, M., Harris, F. H., Hayes,
J., Heckman, T. M., Hennessy, G. S., Hindsley, R. B., Holm, S., Holmgren, D. J., Huang, C.-h., Hull, C.,
Husby, D., Ichikawa, S.-I., Ichikawa, T., Iveziandcacute;, andZcaron;., Kent, S., Kim, R. S. J., Kinney, E.,
Klaene, M., Kleinman, A. N., Kleinman, S., Knapp, G. R., Korienek, J., Kron, R. G., Kunszt, P. Z., Lamb,
D. Q., Lee, B., Leger, R. F., Limmongkol, S., Lindenmeyer, C., Long, D. C., Loomis, C., Loveday, J., Lucinio,

Proc. of SPIE Vol. 9662 966213-14

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



R., Lupton, R. H., MacKinnon, B., Mannery, E. J., Mantsch, P. M., Margon, B., McGehee, P., McKay, T.
A., Meiksin, A., Merelli, A., Monet, D. G., Munn, J. A., Narayanan, V. K., Nash, T., Neilsen, E., Neswold,
R., Newberg, H. J., Nichol, R. C., Nicinski, T., Nonino, M., Okada, N., Okamura, S., Ostriker, J. P., Owen,
R., Pauls, A. G., Peoples, J., Peterson, R. L., Petravick, D., Pier, J. R., Pope, A., Pordes, R., Prosapio,
A., Rechenmacher, R., Quinn, T. R., Richards, G. T., Richmond, M. W., Rivetta, C. H., Rockosi, C. M.,
Ruthmansdorfer, K., Sandford, D., Schlegel, D. J., Schneider, D. P., Sekiguchi, M., Sergey, G., Shimasaku,
K., Siegmund, W. A., Smee, S., Smith, J. A., Snedden, S., Stone, R., Stoughton, C., Strauss, M. A., Stubbs,
C., SubbaRao, M., Szalay, A. S., Szapudi, 1., Szokoly, G. P., Thakar, A. R., Tremonti, C., Tucker, D. L.,
Uomoto, A., Vanden Berk, D., Vogeley, M. S., Waddell, P., Wang, S.-i., Watanabe, M., Weinberg, D. H.,
Yanny, B., Yasuda, N., and SDSS Collaboration, ” The Sloan Digital Sky Survey: Technical Summary” The
Astronomical Journal, 120, 1579 (2000)

Proc. of SPIE Vol. 9662 966213-15

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 19 Mar 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



