
1. Introduction

Despite the recent extraordinary
progress in observational cosmology
and the successful convergence on a
single cosmological model, the history
of galaxy and structure formation and
evolution remains still an open ques-
tion. One of the most actively debated
issues is how and when the present-
day most massive galaxies (e.g. ellipti-
cal galaxies and bulges with Mstars >
1011 M�) built up and what type of evo-
lution characterized their growth over
the cosmic time. Addressing this ques-
tion is important not only to test the dif-
ferent scenarios of galaxy formation,
but also to understand how the general
structures of the universe evolved.

There is wide consensus that galaxy
formation takes place by a combination
of dissipational collapse and merging of
sub-units (e.g. White & Rees 1978).
However, much less consensus
presently exists on the main epoch
(redshift) at which these events took
place, and then when the bulk of the
stellar mass of present-day galaxies
was formed and assembled. Hierar-
chical merging models (HMMs) have so
far favoured a rather late appearance of
massive galaxies, thus only quite re-
cently reaching their present mass, i.e.,
at z < 1 –1.5 (e.g. Baugh et al. 2002).
On the other hand, other scenarios and
some observational evidence suggest
that the bulk of star formation and
galaxy assembly took place at substan-
tial higher redshifts (see Cimatti 2003
for a recent review). Such scenarios
make very different predictions de-
pending on the formation epoch. If
massive galaxies formed at z > 2–3
through a short-lived and intense star-
burst phenomenon followed by a pas-
sive and pure luminosity evolution
(PLE), then old (a few Gyr) passively
evolving massive systems should exist
up to z ~ 1 – 1.5 with a number density
identical to that observed in the local
universe because their number does
not change through cosmic time and
the only evolution is the aging of the
stellar population. On the other hand, if
the most massive galaxies reach their
final mass at z < 1–1.5, they should be

rare at z ~ 1–1.5, with a comoving den-
sity of Mstars > 1011 M� galaxies de-
creasing by almost an order of magni-
tude from z ~ 0 to z ~ 1 (Baugh et al.
2002).

Although there is a general agree-
ment on cluster ellipticals being a ho-
mogeneous population of old and pas-
sive systems formed at high redshifts
(see Renzini 1999 and Peebles 2002
for recent reviews), the question of field
spheroids is still controversial. Several
observations were performed over re-
cent years in order to test the two com-
peting models. However, although it is
established that old, passive and mas-
sive  systems  exist  in  the  field  out  to
z ~1.5, there is not yet agreement on
how their number and evolutionary
properties compare with the model pre-
dictions.

2. The K20 Survey

A solid and unbiased approach to in-
vestigate the evolution of massive

galaxies is to study samples of field
galaxies selected in the K-band (i.e. at
2.2 µm; Broadhurst et al. 1992; Kauff-
mann & Charlot 1998). This has two
main advantages. Firstly, since the
rest-frame optical and near-IR light is a
good tracer of the galaxy stellar mass
(Gavazzi et al. 1996), K-band surveys
select galaxies according to their mass
up to z ~ 2. Secondly, the similarity of
the spectral shapes of different galaxy
types in the rest-frame optical/near-IR
makes the K-band selection free from
strong biases against or in favour of
particular classes of galaxies. In con-
trast, the selection of high-z galaxies in
the observed optical bands is sensitive
to the star-formation activity rather than
to the stellar mass because it samples
the rest-frame UV light and makes opti-
cal samples biased against old passive
galaxies.

Motivated by the above open ques-
tions and by the availability of the ESO
VLT telescopes, we started an ESO
VLT Large Programme (dubbed “K20
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Figure 1: Zoom on two-dimensional sky-subtracted spectra of faint galaxies present in a sec-
tion of one of the FORS2 MXU masks used for the “dithered” observations.



survey”) based on 17 nights distributed
over two years (1999–2000) (see
http://www.arcetri.astro.it/~k20/ and
Cimatti et al. 2002c). The prime aim of
this survey was to derive the spectro-
scopic redshift distribution and the
spectral properties of 546 Ks-selected
objects with the only selection criterion
being Ks < 20 (Vega scale). Such a
threshold is critical because it selects
galaxies over a broad range of masses,
i.e. Mstars > 1010 M� and Mstars > 4 ×
1010 M� for z = 0.5 and z = 1 respec-
tively. The targets were selected from
Ks-band images (ESO NTT+SOFI) of
two independent fields covering a total
area of 52 arcmin2: a 32.2 arcmin2

sub-area of the Chandra Deep Field
South (CDFS; Giacconi et al. 2001),
and a 19.8 arcmin2 field centred around
the QSO 0055-269 at z = 3.6. Exten-
sive simulations showed that the sam-
ple is photometrically highly complete
to Ks = 20.0 and not affected by strong
selection effects on the galaxy popula-
tions, with the exception of an underes-
timate of ~ 0.2 magnitudes for the lumi-
nous galaxies (Cimatti et al. 2002c). H0
= 70 km s–1 Mpc–1, Ωm = 0.3 and ΩΛ =
0.7 are adopted throughout this article.

3. The VLT Observations:
Optimizing Spectroscopy for
Faint Red Galaxies

The most crucial probes of massive
galaxy evolution are galaxies with the
very red colours expected for passively
evolving systems at z > 1 (e.g. R – Ks
> 5). For Ks < 20, such red colours im-
ply very faint optical magnitudes (R ~
24–26), close to the spectroscopic lim-
its of 8-m-class telescopes. Moreover,
the most prominent spectral features
(e.g. the 4000 Å break and H&K ab-
sorptions) fall in the very red part of the
observed spectra for 1 < z < 2 (λobs >
8000 Å), where the strong OH sky lines
and the CCD fringing (very strong in
FORS2 before its recent upgrade of
March 2002 with new red-optimized
MIT CCD mosaic) make the spectros-
copy of faint z > 1 galaxies extremely
challenging.

For such reasons, the spectroscopy
was optimized to reach the highest pos-
sible signal-to-noise ratio in the red by
applying the innovative technique of
“dithering” the targets along the slits
every 15–20 minutes between two (or
more) fixed positions. Such a method
(routinely used in the near-IR) has the
crucial advantage of efficiently sub-
tracting both the CCD fringing and the
OH sky lines. A similar method can also
be performed with the so-called “nod
and shuffle” technique by nodding the
telescope rapidly between targets and
adjacent sky positions and recording
object and sky spectra on adjacent re-
gions of a low-noise CCD through
charge shuffling. At the time of the ob-
servations, no automatic templates
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Figure 2: Examples of FORS2 spectra of high-z galaxies with the four adopted spectral clas-
sifications. From top to bottom: an early-type at z = 1.096 (R = 23.0), an early-type +
[OII]λ3727 emission at z = 0.735 (R = 23), an emission line galaxy at z = 1.367 (R = 23.0),
an absorption line galaxy at z = 1.725 (R = 23.5).

Figure 3: ISAAC two-dimensional sky-subtracted H-band low-resolution spectrum of a galaxy
at z = 1.73 (the emission line is Hα).



spectroscopy and/or expected to be in
a redshift range without strong features
in the observed spectral range (e.g. 1.4
< z < 2.0). However, the absence of a
multiobject spectroscopic mode, each
integration being limited to a single
spectral  band,  and  the  lack  of  very
accurate photometric redshifts at the
time of the obser-
vations made it
difficult to derive
a substantial num-
ber of spectro-
scopic redshifts
based  on  near-
IR spectroscopy
alone. Overall,
redshifts were de-

rived for four galaxies at 1.3 < z < 1.9
out of the 22 observed (Figs. 3–4).

In addition to spectroscopy, U B V R
I z J Ks imaging from NTT and VLT ob-
servations was also available for both
fields, thus providing the possibility to
estimate photometric redshifts for all
the objects in the K20 sample, to opti-
mize them through a comparison with
the spectroscopic redshifts and to as-
sign reliable photometric redshifts to
the objects for which it was not possible
to derive the spectroscopic redshift.
The dispersion on the global sample
(CDFS + 0055-269 fields) is σ = 0.089
and the average is < zspe – zphot > =
0.012 (Fig. 5). Such an accuracy is at
the level of the “state-of-the-art” photo-
metric redshifts obtained in the Hubble
Deep Fields.  The final sample covers
a redshift range of 0 < z < 2.5 and the
overall spectroscopic redshift com-
pleteness is 94%, 92%, 87% for Ks <
19.0, 19.5, 20.0 respectively. The over-
all redshift completeness (spectroscopic
and photometric) is 98%.

The K20 survey represents a signifi-
cant improvement with respect to previ-
ous surveys for faint K-selected galax-
ies (e.g. Cowie et al. 1996; Cohen et al.
1999), thanks to its high spectroscopic
redshift completeness, the larger sam-
ple, the coverage of two fields (thus re-
ducing the cosmic variance effects),
and the availability of optimized photo-
metric redshifts.

4. The Redshift Distribution:
Testing Galaxy-Formation
Models

The observed differential and cumu-
lative redshift distributions for the K20
sample are presented in Fig. 6 (see
Cimatti et al. 2002b), together with the
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Figure 4: ISAAC H-band low resolution spectra of two emission-line galaxies with Hα red-
shifted at z = 1.729 (top panel) and z = 1.715 (bottom panel).

were available to perform dithered ob-
servations with FORS2, but we suc-
ceeded in applying this technique by
moving the telescope “manually” from
one position to another thanks to the
kind help of the support astronomers.
Our approach proved to be very suc-
cessful in achieving high-quality spec-
tra extended to the far red (Fig. 1) and
reaching a spectroscopic redshift com-
pleteness for the high-z red galaxies
much higher than in previous surveys.

Optical multi-object spectroscopy
was obtained with the ESO VLT UT1
and UT2 equipped respectively with
FORS1 (with the MOS mode: 19 mov-
able slitlets) and FORS2 (with the Mask
Exchange Unit, MXU, mode). The MXU
mode uses laser-cut slit masks pre-
pared by the mask manufacturing unit
(MMU), and allowed us to observe up
to 52 targets per mask with slit lengths
of 8″–15″ (a “record” for the multiplex in
the pre-VIMOS era!). The seeing and
the slit widths were in the range of
0.5″–2.0″ and 0.7″–1.2″ respectively.
The integration times ranged from 0.5
to 3 hours. Figure 2 shows some typi-
cal spectra.

A fraction of the sample was also ob-
served with near-IR spectroscopy using
VLT UT1 + ISAAC in low-resolution
mode with a 1″ slit, 1–3 hours integra-
tion times, 1–2 targets per slit, in order
to attempt to derive the redshifts of the
galaxies which were too faint for optical

Figure 5: The com-
parison between
spectroscopic
(x-axis) and
photometric (y-axis)
redshifts of the
galaxies in the K20
survey. Filled circles,
filled squares and
open symbols
indicate the
0055-269 field, the
CDFS and the “lower
quality” spectro-
scopic redshifts
respectively.



predictions of different scenarios of
galaxy formation and evolution, includ-
ing hierarchical merging models
(HMMs) from Menci et al. (2002, M02),
Cole et al. (2000, C00), Somerville et
al. (2001, S01), and pure luminosity
evolution models (PLE) based on
Pozzetti et al. (1996, PPLE) and Totani
et al. (2001, TPLE). No best tuning of
the models was attempted in this com-
parison, thus allowing an unbiased
blind test with the K20 observational
data. The predicted N(z) from the mod-
els are normalized to the K20 survey
sky area.

The observed redshift distribution
can be retrieved from http://www.
arcetri.astro.it/ k20. The spike at z ~ 0.7
is due to two galaxy clusters (or rich
groups) at z = 0.67 and z = 0.73. The
median redshift of N(z) is zmed = 0.737
and zmed = 0.805, respectively with and
without the two clusters being included.
The contribution of objects with only a
photometric redshift becomes relevant
only for z > 1.5.

Figure 6a shows fairly good agree-
ment between the observed N(z) distri-
bution and the PLE models (with the
exception of PPLE with Salpeter IMF),
although such models slightly overpre-
dict the number of galaxies at z > 1.2.
However, if the photometric selection
effects present in the K20 survey
(Cimatti et al. 2002c) are taken into ac-
count, the PLE models become much
closer to the observed N(z) thanks to
the decrease of the predicted high-z
tail.

In contrast, all the HMMs underpre-
dict the median redshift, overpredict the
total number of galaxies with Ks < 20 by
factors up to ~ 50% as well as the num-
ber of galaxies at z < 0.5, and under-
predict the fractions of z >1–1.5 galax-
ies by factors of 2–4 (Fig. 6b). The in-
clusion of the photometric selection ef-
fects (Cimatti et al. 2002c) exacerbates
this discrepancy, as shown in Figure 6b
(right panels) for the M02 model (the
discrepancy for the C00 and S01 mod-
els becomes even larger). The deficit of
high-z objects in HMMs is well illustrat-
ed by Figure 7, where the PPLE model
reproduces the cumulative number dis-
tribution of galaxies at 1 < z < 3 within
1–2 σ, whereas the M02 model is dis-
crepant at ≥ 3σ level (up to > 5σ for 1.5
< z < 2.5). This conclusion does not
strongly depend on the objects with
only photometric redshifts: the 7 galax-
ies with spectroscopic redshift z > 1.6
are already discrepant with the predic-
tions by HMMs of basically no galaxies
with Ks < 20 and z > 1.6.

5. The Luminosity Function and
Luminosity Density Evolution

The evolution of galaxies can be in-
vestigated through the variation of their
number density and luminosity (i.e. the
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Figure 6a: Top panels: the observed differential N(z) for Ks < 20 (histogram) compared with
the PLE model predictions. Bottom panels: the observed fractional cumulative redshift distri-
bution (continuous line) compared with the same models. The shaded histogram shows the
contribution of photometric redshifts. The bin at z < 0 indicates the 9 objects without redshift.
The left and right panels show the models without and with the inclusion of the photometric
selection effects respectively. Sc and Sp indicate Scalo and Salpeter IMFs respectively.
Figure 6b: Same as Fig. 6a, but compared with the HMM predictions. Right panels: the M02
model with the inclusion of the photometric selection effects.



luminosity function, LF) over the cosmic
time.

The LF of the K20 galaxies has been
estimated in the rest-frame Ks-band
and in three redshift bins (zmean = 0.5,
1.0, 1.5) in order to trace its evolution
(Pozzetti et al. 2003). A comparison
with the local universe Ks-band LF of
Cole et al. (2001) shows a mild lumi-
nosity  evolution  of  LF(z)  out to  z =
1,  i.e.  the  LF  shifts  along  the  X-axis
as a function of z without an apprecia-
ble change in the number density
(Y-axis). The brightening is approxi-
mately –0.5 magnitudes from z = 0 to z
= 1 (Fig. 8).

The size and completeness of the
K20 sample allowed us also to study
the LF evolution by galaxy spectral or
colour  types,  and  showed  that  red
early-type galaxies dominate the bright
end of the LF already at z ~ 1, and that
their number density shows only a
small decrease from z ~ 0 to z ~ 1
(Pozzetti et al. 2003).

The PLE models describe reason-
ably well the shape and the evolution of
the observed luminosity function up to
at least zmean = 1.0, with no evidence for
a strong decline in the abundance of
the most luminous systems (with L > L*)
(Fig. 9b). Hierarchical merging models
overpredict faint sub-L* galaxies at 0 <
z < 1.3, and underpredict the density of
luminous (MKs < –25.5 + 5logh70) gal-
axies at the bright end of the LF
(Fig. 9a). A comparison between the R
– Ks colours and luminosity distribu-
tions of K20 galaxies with 0.75 < z < 1.3
(a bin dominated by spectroscopic red-

shifts) to the predictions of the GIF1

simulations (Kauffmann et al. 1999)
highlights a discrepancy between the
two distributions: real luminous galax-
ies with MK – 5logh70 < –24.5 in the K20
sample have a median colour of R – Ks
~ 5, whereas the GIF simulated galax-
ies have R – Ks ~ 4, with a small over-
lap of two colour distributions (Fig. 10).
This is probably due to an underesti-
mate of Mstars/L and of the number
density of massive galaxies at z ~ 1 by
the HMMs.

An additional way to investigate
galaxy evolution is to trace the integrat-
ed cosmic emission history of galaxies
at different wavelengths through the
study of the luminosity density ρλ (W
Hz–1 Mpc–3). Such an approach is inde-
pendent of the details of galaxy evolu-
tion and depends mainly on the star-
formation history of the universe.
Attempts to reconstruct the cosmic evo-
lution of ρλ were made previously main-
ly in the UV and optical bands, i.e. fo-
cusing on the star-formation history of
galaxies. Our survey offered for the first
time the possibility to investigate in the
near-IR, thus providing new clues on
the global evolution of the stellar mass
density (Pozzetti et al. 2003). The re-
sults show an evolution of ρλ(z) = ρλ(z
= 0)(1 + z)0.37, much slower than the
one derived in the UV-optical, typically
∝ (1 + z)3–4. Such a slow evolution sug-
gests that the stellar mass density
should also evolve slowly at least up to
z ~1.3 (see also Dickinson et al. 2003).

The estimate of the stellar mass func-
tion and its cosmic evolution is under
way and will provide additional con-
straints on the evolution of massive
systems (Fontana et al. 2003, in prepa-
ration).

6. Extremely Red Objects
(EROs)

As discussed in previous sections,
Extremely Red Objects (EROs, i.e.
galaxies with R – K > 5) are very im-
portant because they allow us to select
old passively evolving galaxies at z > 1.
Thanks to our deep red-optimized VLT
optical spectroscopy, for a fraction of
EROs (70% to Ks < 19.2) present in the
K20 sample it was possible to derive a
spectroscopic redshift and a spectral
classification (Cimatti et al. 2002a),
thus, for the first time, allowing us to
verify if the ERO population is indeed
dominated by old passive galaxies. The
VLT optical spectra show that two
classes of galaxies at z ~ 1 contribute
nearly equally to the ERO population:
the expected old stellar systems, but
also a substantial fraction of dusty
star-forming galaxies (Fig. 11).

The colours and spectral properties
of old EROs are consistent with ≥ 3 Gyr
old passively evolving stellar popula-
tions (assuming solar metallicity and
Salpeter IMF), requiring a formation
redshift zf > 2.4 (Fig. 12). The number
density is 6.3 ± 1.8 × 10–4 h3Mpc–3 for
Ks < 19.2, consistent with the expecta-
tions of PLE models for passively
evolving early-type galaxies with similar
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1http://www.mpa,garching.mpg.de/GIF/

Figure 8: The rest-frame Ks-band Luminosity Function in three red-
shift bins. Solid curves: the Schechter fits. Dotted curve: the local
Ks-band LF of Cole et al. (2001). Open circles: spectroscopic red-
shifts, filled circles: spectroscopic + photometric redshifts.         �

Figure 7: The observed cumulative number of galaxies between 1 <
z < 3 (continuous line) and the corresponding poissonian ±3σ confi-
dence region (dotted lines). The PPLE (Scalo IMF) and the M02
models are corrected for the photometric biases.



formation redshifts (Cimatti et al.
2002a). HMMs underpredict such old
red galaxies at z ~ 1 by factors of ~ 3
(Kauffmann et al. 1999) and ~ 5 (Cole
et al. 2000).

The spectra of star-forming EROs
suggest a dust reddening of E(B – V) ~
0.5–1 (Fig. 12, adopting the Calzetti ex-
tinction law), implying typical star-for-
mation rates of 50–150 M�yr–1, and a
significant contribution (> 20–30%) to
the cosmic star-formation density at z ~
1. Such dusty star-forming systems are
also underpredicted by HMMs. For in-
stance, the GIF simulations predict a
comoving density of red galaxies with
SFR > 50 M�yr–1 that is ~ 30 times
lower than the observed density of
dusty EROs.

Taking advantage of the spectro-
scopic redshift information for the two
ERO classes, we compared the relative
3D  clustering  in  real  space  (Daddi
et al. 2002). The comoving correlation
lengths of dusty and old EROs are con-
strained to be r0 < 2.5 and 5.5 < r0 < 16
h–1 Mpc comoving respectively, imply-
ing that old EROs are the main source
of the ERO strong angular clustering. It
is important to notice that the strong
clustering measured for the old EROs
is in agreement with the predictions of
hierarchical merging (Kauffmann et al.
1999).

7. Summary and Outlook

The high level of redshift complete-
ness of the K20 survey and the results
presented in previous sections provide
new implications for a better under-
standing of the evolution of “mass-se-
lected” field galaxies.

Overall, the results of the K20 survey
show that galaxies selected in the

Ks-band are characterized by little evo-
lution up to z ~ 1, and that the observed
properties can be successfully de-
scribed by a PLE scenario. In contrast,
HMMs fail in reproducing the observa-
tions because they predict a sort of “de-
layed” scenario in which the assembly
of massive galaxies occurs later than
actually observed. However, it is impor-
tant to stress here that the above re-
sults do not necessarily mean that the
whole framework of hierarchical merg-
ing of CDM halos is under discussion.
For instance, the strong clustering of
old EROs and the clustering evolution
of the K20 galaxies (irrespective of
colours) seem to be fully consistent
with the predictions of CDM models of
large-scale structure evolution (Daddi
et al. 2003 in preparation).

It is also important to stress that the
K20 survey allows us to perform tests

which are sensitive to the evolutionary
“modes” of galaxies rather than to their
formation mechanism. This means that
merging, as the main galaxy formation
mechanism, is not ruled out by the
present observations. Also, it should be
noted that PLE models are not a phys-
ical alternative to the HMMs, but rather
tools useful to parameterize the evolu-
tion of galaxies under three main as-
sumptions: high formation redshift, con-
servation of number density through
cosmic times, and passive and lumi-
nosity evolution of the stellar popula-
tions.

Thus, if we still accept the ΛCDM
scenario of hierarchical merging of dark
matter halos as the basic framework for
structure and galaxy formation, the ob-
served discrepancies highlighted by the
K20 survey may be ascribed to how the
baryon assembly, the star-formation
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Figure 9a: The Ks-band LF compared to hierarchical merging model predictions. Figure 9b: The Ks-band LF compared to PLE model predic-
tions.

Figure 10: Left panel: R –
Ks colours vs. rest-frame
absolute Ks magnitudes
for z = 1.05 GIF simulat-
ed catalogue (small dots)
and data (circles) at 0.75
< z < 1.3 (zmean = 1)
(empty and filled circles
refer to z < 1 and z > 1
respectively). Vertical
dashed line represents
approximately the
completeness magnitude
limit of GIF catalogue cor-
responding to its mass
limit (see text). Right pan-
el: Colour distribution of
luminous galaxies (MKs –
5 log h70 < –24.5)
observed (dotted line)
and simulated
(continuous line), normal-
ized to the same comov-
ing volume.



processes and their feedback are treat-
ed by HMMs both within individual
galaxies and in their environment. Our
results suggest that HMMs should have
galaxy formation in a CDM-dominated
universe that closely mimics the
old-fashioned monolithic collapse sce-
nario. This requires enhanced merging
and star formation in massive halos at
high redshift (say, z > 2–3), and also
suppressed star formation in low-mass
halos.

In summary, the redshift distribution
of Ks < 20 galaxies, together with the
space density, nature, and clustering
properties of the ERO population, and
the redshift evolution of the rest-frame
near-IR luminosity function and lumi-
nosity density provide a new invaluable
set of observables on the galaxy popu-
lation in the z ~ 1–2 universe, thus
bridging the properties of z ~ 0 galaxies
with those of Lyman-break and sub-
mm/mm-selected galaxies at z ≥ 2–3.
This set of observables poses a new
challenge for theoretical models to
properly reproduce.

The K20 survey is triggering several
studies in which our team is actively in-
volved. Ultradeep spectroscopy was
obtained in November 2002 with
FORS2 (MXU mode and with the new
red-optimized MIT CCD mosaic) in or-
der to derive the redshifts and the na-
ture of the previously unidentified
EROs, to increase the spectroscopic
redshift completeness of the whole K20
sample, and to study (with higher reso-
lution spectroscopy) the kinematics of z
> 1 galaxies in order to estimate their
dynamical masses. Since the sub-area
of the CDFS observed in the K20 sur-
vey is also a target of the HST+ACS
GOODS Treasury Programme (PI M.
Giavalisco), and of the SIRTF GOODS
(PI M. Dickinson) and SWIRE (PI C.

Lonsdale) Legacy Programmes, the
K20 database, complemented by such
additional observations, will allow us to
derive new constraints on the formation
and evolution of galaxies out to higher
redshifts.
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Figure 11: The
average rest-
frame spectra of
old passively
evolving (top;
zmean = 1.000)
and dusty
star-forming
EROs (bottom;
zmean = 1.096)
with Ks ≤ 20
(Cimatti et al.
2002a).

Figure 12: The av-
erage spectra of
EROs (black) com-
pared to template
spectra (red ) of
Bruzual & Charlot
simple stellar popu-
lation (top panel),
and of dusty
starbursts (Kinney et
al. 1996, middle pan-
el; Poggianti & Wu
2000, bottom panel).


