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JPAS  =   ALL SKY IFU

3

Javalambre-PAU 
Astrophysical Survey: 
*Competitive in all 
“canonical” Dark Energy 
probes
- BAOs+LSS
- SNIe
- Cluster Counting
- Weak lensing
*Almost every other major 
area in Astrophysics, AGN, 
Galaxy Evolution, the Galaxy, 
Solar System
    see Benitez et al. 2013

  Original motivation: you don’t need spectroscopic redshift precision 
to measure the BAO scale; 0.003(1+z) photo-z are enough (Benitez et 
al 2009, PAU Consolider)

– 10 –

Fig. 5.— The J-PAS filter system. We have included the redshifted spectrum of an early type

galaxy at z=1.0 from Polleta et al. 2007. The filters are spaced by about 100 Å but have FWHM

of 145 ÅṪhe blue squares represent the flux which would be observed through the filters. Note that

many spectral features apart from the 4000 Å break are resolved, that is why the precision in redshift

is much larger than that which would be produced by a single break, ∆z/(1 + z) ∼ ∆λ/λ ∼ 0.02

54 NB filters, 5 BB filters
240-480s exposure
8500 sq.deg.
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Photometric Redshifts: the poor man’s 
spectrograph
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J-PAS FILTERS 

Benítez et al. (2009), ApJ 691, 241 

The all 56 J-PAS filters can be simultaneously 
located at J-PCam. 

J-PAS Strategy to driven by moon phase, seeing, 
weather conditions, etc. 

HOW? 

+

≈ 5000 multiplex spectrograph 

But 10 times cheaper, 2 times faster to build

Stage IV experiment starting in 2015
 A few % of the cost of other Stage IV projects

~100M redshifts 
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Cosmological 
Spectroscopy is more 

than 100 years old

Reliable, well 
understood, but hard to 

improve upon
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Photometric Redshifts

• Photo-z still in their  
teens...

• HST+Empirical 
templates circa 1997

• Still not consensus 
about “Best practices”

• Critical technical 
advances are frequent

dz/(1+z)~0.06
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Figure 13. Photometric redshift error as a function of redshift, for all L >
L!, I < 23 red galaxies, and for the subset with high-quality photo-z.
(A color version of this figure is available in the online journal.)

(zphot − zs)/(1 + zs) now as a function of the real redshift, zs.
Once the odds cut is applied there are no large outliers.

The resulting redshift and number counts distributions are
plotted as solid lines in Figures 9 and 10. In Figure 13 we plot
the resulting accuracy as a function of redshift. We are safely
below the 0.003(1 + z) limit for all our redshift range. Finally, in
Figure 14 we plot the number density of all the galaxies, and of
those with high-quality photo-z as a function of redshift. These
figures show that we have a spatial density of n̄ > 10−3 h3

Mpc−3 in the redshift range z < 0.9. Since P (k) > 104 Mpc3

h−3 for LRGs (see e.g., Figure 4 in Tegmark et al. 2006) and
k < 0.2 h Mpc−1, we will have n̄P (k) > 10 for the k range of
interest for BAO, so that, according to Equation (9), shot noise
will be negligible.

Finally, there are two caveats to consider. First, there are
no spectroscopic data with good enough spectrophotometric
calibration for LRGs in the redshift range of interest. We can
therefore only estimate the intrinsic variation of the galaxies
from the data available. We have assumed that it will behave
similarly to the variation among LRG types described by
Eisenstein et al. (2003). Second, the PCA study only covers
the 3650–7000 Å range, and we assume that there is no
template variation outside this range. We feel that this is justified
since most of the redshift information for the galaxies is in
practice contained in this interval, especially at high redshift.

3.5. Comparison with a Spectroscopic Survey

A typical multifiber spectroscopic survey with about 1000
fibers and a resolution R ∼ 2000 in a telescope similar to
the one we are assuming here (2 m class, about 6 deg2 FOV,
etc.) will reach up to a magnitude i < 20 in about 2 hr long
exposures (BOSS 2008), assuming the transmission of a good
optical spectrograph and low readout noise. This allows covering
in a year close to 4000 deg2 with 0.1 < z < 0.8 for LRGs, or
about 2.5 Gpc3 h−3 per year. In our PAU approach, with our
300–900 s (depending on the band) exposures, we can cover
about 2000 deg2 per year with 0.1 < z < 0.9 for LRGs, which
translates to about 2 Gpc3 h−3 per year, however with higher
galaxy density. This results in n̄P (k) > 10 at the relevant scales
(see Equation (9)), while for a spectroscopic survey similar to

Figure 14. Spatial density as a function of redshift, for all L > L!, I < 23 red
galaxies, and for the subset with high-quality photo-z.
(A color version of this figure is available in the online journal.)

BOSS (2008), with about 1000 fibers in a 6 deg2 FOV, one can
only reach n̄P (k) ∼ 1. Putting volume per year and galaxy
density together, for an equal-time survey one gets

(∆P/P )PAU−BAO

(∆P/P )spect
=

√
2.5
2

1 + 1/10
1 + 1/1

∼ 0.6. (22)

For the radial modes, one further needs to take into account
the slight degradation in information that affects the PAU
measurement with its σ (z) = 0.003(1 + z).

Furthermore, in the imaging survey one gets many more
galaxies than the LRGs. A preliminary study for the whole
galaxy population obtains a good photometric redshift determi-
nation, σ (z) ≈ 0.01(1 + z), for a large number of them (over
200 million). These galaxies would deliver a constraint on the
BAO scale of similar power than the one from LRGs (although
correlated, since both galaxy distributions trace the same un-
derlying density fluctuations), so that the combination of both
would improve the sensitivity, and could serve as a cross-check
on systematic errors.

3.6. Calibration Requirements

We present here some general considerations to give an idea
of what level of photometric and spectroscopic calibration is
required to measure the BAO scale with PAU. In the following
section we will address the issue of whether these requirements
can be met in practice. We split this section into photometric
and photo-z requirements.

3.6.1. Photometric Calibration

The magnitude of a galaxy that we measure in the survey,
mO, is the sum of the true magnitude m, plus a random
statistical error that arises from photon and detector noise,
emr, plus a systematic error ems. The systematic error arises
from a variety of effects. For example, variations across the
survey of the exposure time, mean atmospheric absorption,
and sky background; nonuniformity of galactic dust absorption
and inaccuracies in its correction; variations in the instrument/
detector efficiencies through the duration of the survey. All
these effects are assumed to have been corrected for through

jueves 8 de julio de 2010

“sigma clipping” 

Bayesian odds cut 

Benitez et al. 2009

(BPZ: Benítez 2000)
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-COSMOS (Ilbert et al. 2009) catalog 
~300A filters 
-Photo-z with high odds 0.0045(1+z) 

Top 50% quality Bottom 
50% quality 

- Magnitude or S/N cuts are not  
Efficient 
- Need to use Bayesian approach 
with a quality indicator 
- “Battle tested” 

Bayesian Odds provide a 
reliable precision predictor!
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ABSTRACT

The ALHAMBRA (Advance Large Homogeneous Area Medium Band Redshift Astronomi-
cal) survey has observed 8 different regions of the sky, including sections of the COSMOS,
DEEP2, ELAIS, GOODS-N, SDSS and Groth fields using a new photometric system with
20 contiguous ∼300Å filters covering the optical range, combining them with deep JHKs
imaging. The observations were carried out with the Calar Alto 3.5m telescope using the wide
field, 0.25 deg2 FOV optical camera LAICA and the NIR instrument Omega-2000. The pho-
tometric system was specifically designed to maximize the effective depth of the survey in
terms of accurate spectral-type and photometric redshift estimation along with the capability
of identification of relatively faint emission lines. Here we present multicolor photometry and
photometric redshifts for 442,000 galaxies, detected in synthetic F814W images, carefully
taking into account realistic noise estimates, and correcting by PSF and aperture effects with
the ColorPro software. The photometric zeropoints have been calibrated using stellar transfor-
mations and refined internally, using a new technique based on the highly robust photometric
redshifts measured for emission line galaxies. We calculate photometric redshifts with the
BPZ2.0 code, which includes new empirically calibrated galaxy templates and priors. Our
photometric redshifts have a precision of δz/(1+zs)=1% for I<22.5 and δz/(1+zs)=1.4% for
22.5<I<24.5. Precisions of δz/(1+zs)< 0.5 % are reached for about 30% of the spectroscopic
sample, showing the potential of medium-band photometric surveys. The global photomet-
ric redshift distribution shows a mean redshift <z>=0.56 for I<22.5 AB and <z>=0.86 for
I<24.5 AB. In particular, comparison with our average n(z) shows that the COSMOS field
has a rather peculiar redshift distribution, with a large spike a z∼0.7 and an underdensity for
z<0.5 which mimics a significant redshift density evolution effect. The data presented here
cover an effective area of 2.79 deg2, split into 14 strips of 58.5’x15.5’ and represents ∼32 hrs
of on-target exposure time. Given its depth, multiband coverage and a much smaller cosmic
variance than other similar projects, ALHAMBRA is a unique dataset for galaxy evolution
studies. Several of the techniques presented here will have a wide applicability to future large
scale narrow band photometric redshift surveys like JPAS.

Key words: catalogs - galaxies: photometric redshifts - surveys: multiwavelength

c© 0000 RAS

2 Molino et al.

1 INTRODUCTION

Photometric redshifts (Baum 1962, Lanzetta, Fernández-Soto &
Yahil 1997, Benı́tez 2000) have become a powerful tool for cosmol-
ogy and galaxy evolution studies. As Hickson, Gibson & Callaghan
(1994) first showed, medium band filter systems can be much
more efficient to obtain redshifts than spectroscopy if the large
area of imaging cameras is factored in. Several photometric sur-
veys, using different filter systems, have been carried out in the
last years: the UBC-NASA survey (Hickson & Mulrooney 1998),
CADIS (Wolf et al. 2001b), COMBO-17 (Wolf et al. 2001a) and
most recently, COSMOS-21 (Taniguchi 2004, Ilbert et al. 2009) or
SHARDs (Pérez-González et al. 2013). The ALHAMBRA (Ad-
vance Large Homogeneous Area Medium Band Redshift Astro-
nomical) survey (Moles et al. 2008) has been optimized to detect
and measure precise and reliable photometric redshifts for a large
population of galaxies over 8 different fields. As it was shown in
Benı́tez et al. (2009b), although counterintuitive, broadband pho-
tometric surveys are usually much shallower, in terms of photo-
metric redshift depth, that well designed, medium band imaging.
ALHAMBRA uses a specially designed filter system which cov-
ers the whole optical range (3500Å to 9700Å) with 20 contiguous,
equal-width, non overlapping, medium-band filters along with the
standard JHKs near-infrared bands, aiming at covering a total area
of 4 deg2 on the sky separated in 8 non-contiguous regions (Fig. 1).

The photometric system has been specifically designed to
optimize photometric redshift depth and accuracy (Benı́tez et al.
2009b), while keeping the capability of detecting and identifying
relatively faint emission lines (Bongiovanni et al. 2010, Matute et
al. 2012). The observations presented here were carried out with
the Calar Alto 3.5m telescope using both the wide field camera
LAICA in the optical range and the Omega-2000 camera in the
Near Infrared (NIR) from 2005 to 2012. In order to define a con-
stant and homogeneous window for all the ALHAMBRA fields,
we generated synthetic F814W detection images (corresponding to
HST/ACS F814W). Since these images are photometrically com-
plete down to a magnitude F814W!24.5 and have a much bet-
ter S/N than individual filters, they represents the best images for
source detection. Meanwhile they served to perform direct com-
parisons with other space-based surveys as COSMOS. Hereafter,
F814W magnitudes represent the magnitudes derived on the syn-
thetic F814W images.

In this paper we summarize the ALHAMBRA-survey ob-
servations and the data reduction in Section 2. We explain the
complete treatment of the photometric catalogues used to derive
photometric redshifts in Section 3. This includes the performed
aperture-matched PSF-corrected photometry, the generation of syn-
thetic F814W detection images and their corresponding star mask-
ing treatment, a statistical star/galaxy classification and an empiri-
cal estimation of the photometric uncertainties. We discuss several
photometric checks in Section 4. Along Section 5 we analyze the
methodology used to derive the photometric redshifts, the different
methods used to compute photometric zeropoint calibrations and
the photometric redshift accuracy quantification as a function of
F814W magnitude, redshift and Odds. Finally we present the de-
scription of the ALHAMBRA photometric redshift catalogues in
Section 6.

All optical and near-IR magnitudes in this paper are on the AB
system. Cosmological parameters of H0 = 70 kms−1 Mpc−1, ΩM

= 0.3, ΩΛ = 0.7 are assumed throughout.

Figure 1. The figure shows the different fields observed by the ALHAM-

BRA survey along with their correspondence with other existing surveys.

The mean galactic coordinates are specified in Table 1.

2 OBSERVATIONS AND DATA REDUCTION

2.1 Observations

The ALHAMBRA-survey has imaged a total area of 3.5 deg2

among eight separated regions of the sky during a seven-year pe-
riod (2005-2012). Observations have been carried out on the 3.5m
telescope on the Calar Alto Observatory (CAHA, Spain) making
use of the two wide-field imagers in the optical (LAICA) and
in the NIR (Omega-2000). The ALHAMBRA fields have been
observed whenever the conditions were optimal (seeing<1.6”,
airmass<1.8), up to reach a total on-target integration time
of ∼27.8hrs for medium-band filters and ∼4.2hrs for broad-
band Near Infrared (NIR) filters (Moles et al. 2008). Although
ALHAMBRA-01 has already been observed, its analysis was ex-
cluded from this paper as no photometric zeropoint estimations
were available at the time. A full description of the observations
will be available in Cristobal-Hornillos et al. 2013 (in prep.).

2.2 Data Reduction

In order to homogenize the data sets from both imagers, NIR im-
ages from the OMEGA-2000 detector were converted from their
original pixel size, 0.45 ”/pix, to 0.221 ”/pix to match the pixel size
of the LAICA images. This way every detection was referred to the
same pixel in either image. As explained in Cristóbal-Hornillos et
al. (2009), individual images from each run have been dark current
corrected, flat fielded and sky subtracted. Bad pixels, cosmic rays,
linear patterns and ghost images have also been masked out. Pro-
cessed images have been finally combined using SWARP (Bertin et
al. 2002) software where applied geometrical distortions have been
incorporated in WCS headers.

The total 3.0 deg2 included in this work is divided in 7 non-
contiguous regions of the sky (as summarized in Table 1), split
in non-overlapping strips composed by 4 individual CCDs, as
schematically illustrated in Appendix A. Each one of the 48 CCDs
represents the minimum area (15.5’×15.5’) covered by all the 23
individual filters. To quantify the survey effective area (Section
3.5.3), FLAG images have been created where pixels not satisfy-
ing an established photometry quality criteria have been flagged.
Meanwhile both RMS-map and WEIGHT-maps have been gener-
ated accounting for the level of photometric uncertainties present
across individual images.

c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. The ALHAMBRA survey filter set. On the left-hand side, solid blue lines represent the Optical filter system composed by 20 contiguous, equal-

width, non overlapping, medium-band (∼300Å) filters. The solid black line corresponds to the synthetic F814W filter used to define a constant observational

window across fields. On the right-hand side, solid red lines represent the standard JHKs near-infrared broad bands.

Table 1. The ALHAMBRA survey selected fields

Field Overlapping RA DEC Area / Effective Number Science Detected Density (*)

Name Survey (J2000) (J2000) [deg2] catalogs Images Sources [#/deg2]

ALHAMBRA-1 — 00 29 46.0 +05 25 30 0.50 / — — 192 — —

ALHAMBRA-2 DEEP2 01 30 16.0 +04 15 40 0.50 / 0.45 8 192 68.487 78.055

ALHAMBRA-3 SDSS 09 16 20.0 +46 02 20 0.50 / 0.47 8 192 68.762 75.947

ALHAMBRA-4 COSMOS 10 00 00.0 +02 05 11 0.25 / 0.23 4 96 38.464 93.261

ALHAMBRA-5 HDF-N 12 35 00.0 +61 57 00 0.25 / 0.24 4 96 42.618 82.300

ALHAMBRA-6 GROTH 14 16 38.0 +52 24 50 0.50 / 0.47 8 192 67.789 78.804

ALHAMBRA-7 ELAIS-N1 16 12 10.0 +54 30 15 0.50 / 0.47 8 192 80.306 83.264

ALHAMBRA-8 SDSS 23 45 50.0 +15 35 05 0.50 / 0.46 8 192 76.200 83.791

3.50 / 2.79 48 1344 442.626 81.268

* F814W < 24.

2.3 Filter set

As it was shown in Benı́tez et al. (2009b), once the instrumental
setup and exposure time are fixed, the filter set has a powerful ef-
fect on the photo-z performance. Table 2 summarises a small list of
different photometric filter systems and their photometric redshift
accuracy. The ALHAMBRA survey designed its own photometric
system (Benı́tez et al. 2009b) optimizing both photometric depth
and accurate measurements for both Spectral Energy Distribution
(SED) and photometric redshift identifications for as many galaxies
as possible, along with the detectability of relatively faint emission
lines. As seen in Fig. 2 the system encompasses an optical win-
dow ranging from 3500-9700Å discretized in 20 constant-width
(∼300Å), non overlapping filters with a NIR window given by the
standard Johnson NIR bands J, H and Ks. Encompassing both Op-

tical + NIR observations serves to break the so-called color-redshift
degeneracies, reducing the fraction of catastrophic outliers and in-
creasing the ALHAMBRA photometric redshift depth. In Fig. 3
we show an example about how a galaxy looks like when observed
through the ALHAMBRA survey filter system. The main proper-
ties for each individual filter are summarized in Table 3.

2.4 Photometric zeropoint estimation.

Taking advantage of the overlapping areas between ALHAMBRA
and the Sloan Digital Sky Survey (SDSS, York et al. 2000), a set
of transformation equations among both (optical) photometric sys-
tems was initially derived based on a collection of primary standard

c© 0000 RAS, MNRAS 000, 000–000
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Figure 25. Photometric redshift accuracy as a function of apparent magnitude F814W (left panel) and spectroscopic redshift (right panel). We explored the

expected accuracy for our photometric redshifts in terms of a specific magnitude range and redshift range applying different Odds intervals.

5.2 Photometric zeropoint recalibration.

As it was shown in Coe et al. (2006), by comparing the observed
colors of galaxies for which spectroscopic redshifts are known with
those expected from an empirically defined photo-z library, it is
possible to calibrate photometric zeropoints to within a few per-
centage, similar or better than the accuracy reached by standard,
stellar-based calibration techniques. This capability has been in-
cluded in the BPZ software package from its initial release (Benı́tez
2000) and has been applied successfully to several datasets (Capak
et al. 2008, Hildebrandt, Wolf & Benı́tez 2008).

To calibrate the ALHAMBRA zeropoints, we followed this
procedure for each individual CCD. First, we selected a sample of
galaxies with spectroscopic redshifts which were detected in all 24
bands with a S/N>10, and chose the BPZ template which best fit
its colors at their redshift. We then calculated the ratios between the
fluxes predicted in each band by the templates and those observed;
the median ratio, which converted to a magnitude represents the
zeropoint offset (ZPO) required to match the observed magnitudes
to the expected ones. We then corrected the fluxes by this value and
iterated until the process converged and the calculated correction
was below 1% in all the filters. Since all these changes are relative
by nature, the synthetic F814W images were taken as anchor of the
whole system.

Another useful quantity calculated by BPZ is the excess scat-
ter over the expected photometric error, what we call zeropoint er-
ror (ZPE). This noise excess can be interpreted as follows. On the
one hand, as measurement of the typical mismatch between tem-
plate and real galaxy colors, averaged over all galaxies observed in
that filter. On the other hand, given the flexibility of the template
grid, a much more consistent explanation with the observations is
that we are just observing a systematic error in the measurement of
galaxy colors (to be discussed in Benı́tez (2013, in prep). It is es-
sential to include this factor, in addition to the standard photometric
error, to produce photo-z estimates significantly more accurate and
robust.

We explored the dependence of the amplitude of these ze-

ropoint corrections on several observational variables. As illus-
trated in Fig. Fig. 27, considering the possibility of a system-
atic effect during the data reduction, we represented globally
the zeropoint corrections for the ∼1100 individual images as a
function of the AIRMASS (top left panel), the Stellar Symme-
try (top right panel) defined as the ratio of a/b parameters (Ta-
ble C1), the FWHM Scatter (bottom left panel) & the differ-
ences between PSFs-models and stars (top left panel). The pro-
cedure was repeated using three different photometric apertures
(SExtractor ISOphotal as red circles, SExtractor AUTO as
blue circles and SExtractor APER (3”) as magenta circles) to
discard any systematic effect due to the galaxy sampling regions.
As indicated by the mean value of the distributions (dashed black
lines), we did not observe any clear correlations, with typical fluc-
tuations smaller than 3% (within the expected photometric uncer-
tainties).

We explored whether zeropoint offsets depended on the mag-
nitude, i.e. whether brighter galaxies (with larger S/N ratio) would
show smaller corrections. Then, we split the spectroscopic sample
into two equal-sized groups with galaxies brighter and fainter than
F814W=22.5. As seen in Fig. 28 (blue dots) the corrections de-
rived for both samples are the same, within the typical level of pho-
tometric uncertainties. Even though filter F954W showed a clear
disagreement among samples, its scatter was as large as ∼0.3 mag-
nitudes indicating other sort of reduction problems. To look for a
dependence on the photometric aperture size, due to some effect
related to the PSF corrections we again divided the spectroscopic
sample into two equal-sized groups with photometric areas smaller
(and larger, respectively) than 125 pixels. As seen in Fig. 28 (green
dots) differences among samples were always within the photomet-
ric scatter. Finally the dependence between redshift range and ze-
ropoint offsets was also considered assuming a possible effect due
to evolution in the galaxy populations (since the BPZ templates do
not include any evolution). As seen in Fig. 28 (magenta dots) the
differences obtained from both samples were smaller than 3% and
so within the error bars regime.

We therefore conclude that the zeropoint offsets do not de-
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Figure 30. Photometric zeropoint calibration using photometric redshifts. We proved the utility of using emission line galaxies to derive photometric zeropoint

corrections. To do so, we used the spectroscopic redshift sample to study the performance of our photometric redshifts (in terms of accuracy and fraction of

catastrophic outliers) when applying zeropoint corrections derived from three different approaches: using a standard stellar-based method (red line), using

photometric redshifts derived from emission line galaxies (blue line) and using a spectroscopic redshift sample (green line). As seen in the top left panel,

photometric redshifts using emission line galaxies not only improved the outcomes using the stellar-based method but also increased its final accuracy up to

the level of the spectroscopic method for galaxies with secure photometric-redshift (Odds>0.3). In addition, the fraction of catastrophic outliers with secure

redshift was also significantly reduced as shown in top right panel. Meanwhile, we studied the impact of using emission line galaxies (late-type) to calibrate

absorption line galaxies (early-type). We compared the performance of both spectral-types separately before (left bottom panel) and after (bottom right panel)

applying the zeropoint corrections. As seen in the bottom panels, not only the accuracy for the late-type galaxies (solid blue line) improved significantly with

the corrections but also the early-type galaxies (solid red line). Meanwhile, the fraction of galaxies per Odds interval (vertical bars) increased homogeneously

among spectral-types, indicating that a larger number of galaxies with secure redshift were found after the calibration.

tic estimation of both the typical redshift distribution of galaxies
across cosmic time and its inherent variability (cosmic variance).

Considering the probabilistic nature of the photometric red-
shift estimations, instead of relying on the most likely solution
(given by any point estimate) it is desirable to make use of the
complete information yielded by the probability distribution func-
tions P (z, T |C) (Benı́tez 2000, Coe et al. 2006, Mandelbaum et al.
2008; Cunha et al. 2009; Wittman 2009; Bordoloi et al. 2010; Abra-
hamse et al. 2011; Sheldon et al. 2012). This approach represents
a more convenient estimator as the p(z) is not always well repre-
sented by a single and symmetric (Gaussian-like) distribution. For
most faint galaxies, where the photometric information becomes
scarce due to the S/N, redshift probability distributions usually be-

come multimodal and completely asymmetric. In such situations
drawing a single value from the distribution represents a clear loss
of information or bias. The combination of all P (z, T |C) fully de-
scribes the redshift distribution of galaxies indicated by the photo-
metric data.

Therefore, we define the global photometric redshift distribu-
tion P (z) as:

P (z) =

Ng
∑

i=1

Pi(z) =

Ng
∑

i=1

[

∫

dT pi(z, T )
∫

dT
∫

dzpi(z, T )

]

(15)
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The CHEF basis: a new tool for image analysis 5

Fig. 3.— Cosine and sine components of the first CHEF basis functions with scale size L = 1.

These coefficients are finite, therefore, the series in (6) is L2-convergent to the function f which is representing,
what implies the expression in (6) is well defined.

2.1. Coefficients decay

CHEF coefficients are uniformly bounded by the norm of the function:

∣∣fnm
∣∣ =

C

2π2

∣∣〈f,φnm〉
∣∣ ≤

C

2π2
‖f‖ · ‖TLn(r)Wm(θ)‖ = ‖f‖ (8)

and their sum is also bounded
+∞∑

m=0

+∞∑

n=0

∣∣fnm
∣∣2 ≤

C

2π2
‖f‖2, (9)
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Observatorio+Astro-sico+de+Javalambre+(OAJ)!
CURRENT!STATUS!

São!Paulo,!Sep!10!–!13,!2012!
Javier!Cenarro!

WHAT’S NEW SINCE THE 4TH J-PAS MEETING? 

1 – OAJ operations started 

2 – JAST/T80 at the OAJ 

3 – OAJ civil works resumed Tuesday, June 25, 13



JPAS-SPAIN
CEFCA: Mariano Moles, Javier Cenarro, David Cristóbal, Antonio Marín-Franch, 
Carlos Hernández-Monteagudo,  Alessandro Ederoclite, Jesús Varela López, José 
Luis Lamadrid, Kerttu Vironen, Luis Alberto Díaz, Luisa Valdivieso, Natalio Maicas, 
Sergio Chueca, Susana Gracia, Axel Yanes Díaz, Carlos López-Sanjuan, Nicolás 
Gruel  
IAA: Txitxo Benítez, Emilio Alfaro, Begoña Ascaso,Carlos Barceló, Rosa González, 
Javier Gorosabel, Matilde Fernández, Yolanda Jiménez-Teja, Alberto Molino, William 
Schoenell, Miguel A. Pérez Torres  
Universitat de Valencia: Vicent Martínez, Pablo Arnalte, Juan Fabregat, Lorena 
Seoane, Alberto Fernández-Soto, Vicent Peris, Vicent Quilis, Fernando Ballesteros, 
Elena Ricciardelli, 
IAC: Jordi Cepa, José Miguel Rodríguez-Espinosa, Angel Bongiovanni, José Alfonso 
López-Aguerri, Elena Ricci, Ignacio Trujillo, Alexandre Vazdekis
IFCA: Enrique Martínez-González, José María Diego, Ignacio González- Serrano, 
Patricio Vielva, Airam Marcos Caballero 
Universidad Complutense de Madrid: Javier Gorgas, Nicolás Cardiel, Patricia 
Sánchez-Blázquez, Jesús Gallego, Pablo Pérez-González  
Universidad Autónoma de Madrid: Gustavo Yepes, Belén Gavela, Enrique Alvárez, 
Patricia Sánchez-Blázquez
Universidad del País Vasco-EHU:Tom Broadhurst 
CAB: Álvaro Giménez, Eduardo Martín  
Universidad de Zaragoza: Antonio Elipe 
Universidad de Barcelona: Jordi Torra 
ESAC: Enrique Solano, Miguel Sánchez-Portal 18

Tuesday, June 25, 13



PAU-BRASIL
IAG/USP Raúl Abramo, Eduardo Cypriano, Eugenia Díaz, Claudia Mendes de 
Oliveira, Paulo Penteado, Robert Proctor, Laerte Sodré, Patricia Spinelli , Ariel 
Zandivárez, Henrique Xavier 
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2000m peak
Seeing ~ 0.71
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 -- Dark Site - ~ no pollution
 -- SB(sk): B= 22.8, V= 22.1, R = 21.5,I = 20.4 
 -- kV = 0.22 (0.18) - Summer (few values)
 -- Seeing: Med = 0.71”, Mode = 0.58”, for 5h when < 0.8”
 -- Clear Nights: 53% / 62% / 74%

M. Moles/CEFCA
1st J-PAS Meeting

Teruel, 15-16/06/2010
6
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The night-sky at the Calar Alto Observatory. 13

Table 7
Median seeing compared with other astronomical sites

Site Median seeing Reference
Calar Alto (all) 0.90′′ this work
Calar Alto (Winter) 0.96′′ “ “
Calar Alto (Summer) 0.87′′ “ “
Mauna Kea (1987) 0.50′′ Racine (1989)
La Palma (1997) 0.76′′ Muñoz-Tuñon et al. (1997)
La Silla (1999) 0.79′′ ESO webpage∗

Paranal (2005) 0.80′′ ESO webpage∗∗

MtGraham (1999-2002) ∼0.97′′ Taylor et al. (2004)
Paranal (2006) ∼1.00′′ ESO webpage∗∗∗

KPNO (1999) ∼1.00′′ Massey et al. (2000)
Lick (1990-1998) ∼1.90′′ MtHamilton webpage∗∗∗∗

(*) http://www.ls.eso.org/lasilla/seeing/
(**) http://www.eso.org/gen-fac/pubs/astclim/paranal/seeing/adaptive-optics/statfwhm.html
(***) http://www.eso.org/gen-fac/pubs/astclim/paranal/seeing/singstory.html
(****) https://mthamilton.ucolick.org/techdocs/MH weather/obstats/seeing.html

Fig. 1.— Night-sky spectrum at the Calar Alto Observatory in the optical wavelength range (3700-7950Å), obtained after averaging 10
spectra of 6 moonless nights pointing near the zenit (Black solid-line). The intensity has been scaled to that of the darkest moonless night
in the V -band. Several emission lines are indentified in the spectrum. The most relevant ones have been labeled with its corresponding
name and wavelength. In addition, the broad-emission band of NaI centred at ∼5900Å, and the water vapor Meinel bands are clearly
identified in the spectrum. For comparison purposes we included the night sky spectrum at the Kitt Peak observatory derived by Massey
& Foltz (2000), obtained from their webpage: http://www.lowell.edu/users/massey/nightsky.html (Orange dotted-line). It is appreciated
how strong are the pollution lines at Calar Alto, in comparison with that observatory.
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          Javalambre           ~0.71” (2009)
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Observatorio+Astro-sico+de+Javalambre+(OAJ)!
CURRENT!STATUS!

São!Paulo,!Sep!10!–!13,!2012!
Javier!Cenarro!

!
!
!
!
!
!

Control Room & 
Laboratories 

JST/T250 
JAST/T80 Monitor 

Building 

General Services 
Plant 

Coating  
Plant 

OAJ CIVIL WORK FINAL DESIGN 

Residence 

!
!
!
!
!
!

Residence & Control Building 

JST/T250 
JAST/T80 

Monitor 
Building General 

Services Plant 

Coating 
Plant 

OAJ CIVIL WORK CURRENT STATUS 
JUN 2012 

Tuesday, June 25, 13



27
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CURRENT!STATUS!
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JST/T250 BUILDING 
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Observatorio+Astro-sico+de+Javalambre+(OAJ)!
CURRENT!STATUS!

São!Paulo,!Sep!10!–!13,!2012!
Javier!Cenarro!

•  M1 (∅) = 2.55 m 
•  FoV (∅) = 3 deg = 476 mm at FP 
•  Effective collecting area = 3.89 m2 

•  Etendue = 27.5 m2deg2 

•  Plate scale = 22.67 arcsec/mm 
                       = 0.22 arcsec/pix 
•  Focal length = 9098mm ! F#3.5 
•  IQ EE50 (∅) < 12µm = 0.27 arcsec 
•  IQ EE80 (∅) < 20µm = 0.45 arcsec 

•  Mount = Alt-azimuthal 
•  Config. = Ritchey Chrétien-like 
•  Focus = Cassegrain 
•  Field corrector of 3 lenses 
•  Mass ~45.000 kg  
•  1st Eigenfrequencies > 10 Hz 

•  Manufacturer: AMOS (Belgium) 
•  Current Status: AIV – Integration 
•  On site: when dome & building 

finished 

                                                        JST/T250 
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JST/T250 
FINAL OPTICAL DESIGN 

FoV diameter = 3º 
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Ready by Jan 2013 
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FIELD CORRECTOR. FDR ACCEPTED Sep 2011 – DELIVERY JAN – MAR 2013 
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J-PCAM: A PANORAMIC CAMERA @ T250 FOR J-PAS

Conceptual Design by 
AMOS

Weight 1250 ± 50 kg

The the 56 J-PAS filters can be simultaneously 
located at J-Pcam.

http://arxiv.org/abs/1301.4175 Taylor et al. 2013
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DATA MANAGEMENT

UPAD: Teruel Data Center, 2.5PB, 300 
cores
- JPAS raw data         ~1PB of data
- Real storage needs ~2PB 
- Pipelines: scaled ALHAMBRA pipelines
+SWARP 

Gradually increasing data flow, time to fine tune:
JPLUS(2013), JPAS-Pathfinder (2014), 
JPAS(2015) 

“J-PAS data management pipeline and archiving”, Cristóbal 
Hornillos et al. 2012, SPIE 8451 
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2.3 Expected performance 13

Table 2.2. JPAS Observational schedule

Trays Date NRG NELG Veff Nz>0.7
RG Nz>0.7

ELG V z>0.7
eff

T54 Y2 0.6 10.2 4.0 0.1 5.1 2.4
T543 Y3 4.6 33.9 9.5 0.7 9.4 5.8
T5432 Y4 8.1 57.0 11.9 2.7 14.0 8.0
T54232 Y5 6.0 67.5 12.1 0.2 17.9 8.1
All Y6 17.6 73.1 13.9 3.7 19.7 9.9

Note. — The first columns indicates how many trays are expected to be com-
pleted. The date indicates the number of years after we start. NRG and NELG

correspond to the total number of respectively, Red and Emission Line galaxies.
Veff is the e↵ective volume for Power Spectrum measurements

For most cosmological applications which rely on a measurement of the Power
Spectrum, a crucial quantity is the number density of di↵erent galaxy types as a
function of redshift. The e↵ective volume Veff for measuring the Power Spectrum
(P) increases as nP/(1 + nP )2, where n is the galaxy number density. Table 2.3
lists the expected values of Veff , the resulting values of nP are plotted in Fig. 2.3.
We use the P(k) of Tegmark et al. (2003).

JPAS will also measure lower quality photometric redshifts for hundreds of mil-
lions of galaxies, which can be used for other scientific goals, both in Cosmology
and Galaxy Evolution. Figures 2.4 and 2.5 show the expected surface density of
galaxies with di↵erent photo-z precisions at Y3 (half the survey) and Y6 (end of
the survey). Table 2.3 and 2.3 list the corresponding numbers.
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Fig. 7.— Product of the galaxy density for Red Galaxies (RG) and Emission Line galaxies (ELG) by

the power spectrum (taking into account the corresponding bias) for different stages of completion

of J-PAS
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                         FOM (BAO only+Planck)   
LRG, z  <0.6                 ~30                                   
ELG  z < 1.4               ~100

Full (optimistic) estimates, using P(k) 
 FOM ~500
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SN-all types
• Automatic census of all SN types in regions 

of the survey with appropriate cadence

• Multiband observations provide automatic 
classification by type

• ~6000 SNIe survey (PI: Ribamar Reis, 
Masao Sako)
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Weak lensing

• Javalambre has excellent seeing conditions 
(median ~0.7 arcsec)

• Good seeing is quite stable in time

• Broad band “detection image” with r~25 : 
unique resource for lensing
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Cluster counting
• Automatic census of most L>L* galaxies for z<1

• High photo-z resolution: lower mass detection 
threshold

• Best optical cluster catalog available for z<1

• SED information available: use stellar mass as 
calibrator for total mass

• Calibration of masses using weak lensing
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OPTICAL CLUSTER 
DETECTION 

-  S/N ~ N200 /(Nback) 0.5 

-  N200 ~ M200
0.8   (Hansen et al. 2010) 

-  Nback ~ r200
2Δz ~ N200

0.84Δz  

-  S/N ~ N200
0.58 Δz -0.5 ~ M200

0.46
 Δz -0.5 

(M200) S/N ~ (Δz) 1.09 

Broad band surveys Δz~0.04, JPAS Δz~0.003 

JPAS will be 10-20 times more mass sensitive than 
PanStarrs, DES or LSST 

Spec-z (800 km/s)

Phot-z (1%)

Phot-z (2%)

Phot-z (4%)

Redshift Value

0.2 0.3 0.4 0.5 0.6
0

50

100

150

We can detect groups with masses 1/10th smaller than DES or 
PanStarrs

FoM ~250 
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Galaxy Evolution

• Low-res spectroscopy of everything up to 
I<22.5

• Filter set carefully designed to detect emission 
lines in the local universe

• Redshifts for every L>L* for z<1

• High quality broadband imaging: 
morphological classification, mergers
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More Science
• QSOs:  Unique survey, few M QSOs with 

0.2-0.3% photo-z to 1<z<3

• Stars: halo + area in the galaxy

• Asteroids: rotation spectrum 

• GRBs  

• Low-res spectroscopy of transients!

• Serendipitous discoveries, low frequency 
objects, etc. 

Tuesday, June 25, 13



TIMELINE
Summer 2013: 
     T250 delivery & on-site integration/JPLUS Survey(T80)
Fall 2013: 
     T250 commissioning starts
Early 2014: 
   JPAS-Pathfinder Survey, 0.35sq.deg camera
   200 sq.deg by year end, verify all pipelines, algorithms
Fall 2014:
     JPCAM delivery by E2V
Early 2015:  Full JPAS survey starts  
~2018:         FoM~300 threshold reached
End 2021:    Full survey finished
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        JPAS
FIRST STAGE IV experiment, starting in 2015  
Conservative FoM ~ 300 by ~2018, FoM~500 by 2021
~ 100M galaxies with 0.3% photo-z > LSS
~ 300M galaxies with 1% photo-z > Cluster counting, 3D lensing 
tomography
~ 400M galaxies with 3% photo-z, Cosmic Shear
~ few M QSOs with 0.3% photo-z > Measure w all the way to z=3
~ 0.7 arcsec image of the Northern Sky 
- Extremely mass sensitive optical cluster catalog
- Excellent characterization of low-z SN systematics
- 6000 SNIe survey, no spectroscopy required
- Pixel-by-pixel low-res spectrum of the whole northern sky up to m~23/
arcsec^2
            Unique, fundamental data for many Astrophysical areas
       Done in Spain, 85% funded from Spain (but only 1-2% from regular 
science funds!) 
                                            COMING SOON!
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