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ABSTRACT

Aims. We aim to illustrate the potentiality of the Advanced Large, Homogeneous Area, Medium-Band Redshift Astronomical
(ALHAMBRA) survey to investigate the high-redshift universe through the detection of quasi stellar objects (QSOs) at redshifts
higher than 5.
Methods. We searched for QSOs candidates at high redshift by fitting an extensive library of spectral energy distributions – including
active and non-active galaxy templates, as well as stars – to the photometric database of the ALHAMBRA survey (composed of
20 optical medium-band plus the 3 broad-band JHKs near-infrared filters).
Results. Our selection over ≈1 square degree of ALHAMBRA data (∼1/4 of the total area covered by the survey), combined with
GTC/OSIRIS spectroscopy, has yielded identification of an optically faint QSO at very high redshift (z = 5.41). The QSO has an
absolute magnitude of ∼−24 at the 1450 Å continuum, a bolometric luminosity of ≈2× 1046 erg s−1, and an estimated black hole mass
of ≈108 M⊙. This QSO adds itself to a reduced number of known UV faint sources at these redshifts. The preliminary derived space
density is compatible with the most recent determinations of the high-z QSO luminosity functions. This new detection shows how
ALHAMBRA, as well as forthcoming well-designed photometric surveys, can provide a wealth of information on the origin and early
evolution of this kind of object.

Key words. galaxies: active – quasars: general – galaxies: distances and redshifts – galaxies: high-redshift – galaxies: evolution –
quasars: emission lines

1. Introduction

It is now widely accepted that the release of gravitational en-
ergy, as matter falls into a supermassive black hole (∼106−9M⊙;
SMBH), is the main generation mechanism for the high lumi-
nosities observed in AGN. Inside the variety of the AGN family,

quasi-stellar objects (quasars or QSOs) are the fraction that show
particularly high intrinsic luminosities that allow them to be de-
tected over very large distances. Consequently, QSOs provide
a way to peer into the physical conditions of an early universe
and study the history of the QSOs and their host galaxy interac-
tion over cosmic time. The largest samples of known QSOs are
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provided by the optical spectroscopic surveys carried out over
thousands of sq. degrees of sky (e.g. SDSS and the 2dF QSO sur-
vey, 2QZ). These surveys secure tens of thousands of QSO de-
tections and are able to derive detailed luminosity functions up
to z ∼ 3−4 (e.g., Richards et al. 2006b; Siana et al. 2008; Croom
et al. 2009; Ross et al. 2013) in the form of double power laws
with a characteristic luminosity (M∗) and faint and bright slopes
(α and β for M > M∗ and M < M∗, respectively). The situation
at very high-z (z >∼ 5) is quite different. At these redshifts, most
of the identified QSOs (∼300 objects above z ∼ 5 and ∼40 at
z > 6) sample only the brightest end of the QSO luminosity func-
tion (QLF; Wolf et al. 2003; Fan et al. 2006; Jiang et al. 2009;
Willott et al. 2010b; McGreer et al. 2013; Pâris et al. 2012).
Over the redshift range z = [5.0, 6.2], fewer than 10% of the
known QSOs (23 objects; Mahabal et al. 2005; Jiang et al. 2009;
Willott et al. 2010b; Masters et al. 2012; McGreer et al. 2013)
sample the faint part of the QLF (M1450 > −25 where M1450

is the monocromatic luminosity at rest frame 1450 Å). This not
only restrains our knowledge of the true number of faint QSOs at
these redshifts but also severely hampers the derived accuracy of
the overall QLF (given the high correlation between the LF pa-
rameters). This uncertainty in the high-z QLF limits our ability
to answer some important cosmological questions, such as the
contribution of QSOs to the epoch of re-ionization (Fan et al.
2006; Dunkley et al. 2009; Schroeder et al. 2013), the forma-
tion of SMBHs within the first billion years of the universe and
its challenge to models of galaxy formation, BH formation, and
BH growth (Di Matteo et al. 2005; Hopkins et al. 2010; Melia
2013; Khandai et al. 2012).

The optical selection of QSOs has been performed mainly
with follow-up spectroscopic observations of colour–colour-
selected candidates (e.g., Croom et al. 2004; Richards et al.
2002a; Pâris et al. 2012; McGreer et al. 2013; Palanque-
Delabrouille et al. 2013), using slitless or prism spectroscopic
surveys and through inefficient flux-limited spectroscopic sur-
veys (e.g. VIMOS-VLT Deep Survey, Bongiorno et al. 2007).
The novel photometric survey definition by COMBO-17 (Wolf
et al. 2003) introduced for the first time a highly efficient
selection criterion for QSOs with photometric redshift (photo-
z) estimates with precisions of ∆z/(1 + z) ∼ 0.03. Following
the same philosophy, the Advanced Large, Homogeneous Area,
Medium-Band Redshift Astronomical (ALHAMBRA1) survey
aims at probing a large cosmological portion of the universe with
a deep and wide catalogue of extragalactic sources with highly
accurate photometry (Moles et al. 2008). The survey actually
covers ∼4 deg2over eight different regions of sky and provides
a photometric dataset over 20 contiguous, equal-width, non-
overlapping, medium-band optical filters (3500–9700 Å) plus
the three standard broad-band near-infrared (NIR) filters JHKS
(Benítez et al. 2009; Aparicio Villegas et al. 2010). The capa-
bilities of the ALHAMBRA survey to select and classify extra-
galactic sources with its very low-resolution-spectra have been
explored for galaxies and AGN by Molino et al. (2013) and
Matute et al. (2012), respectively. The photometric redshift pre-
cision achieved is ∆z/(1 + z) ∼ 0.011 and 0.009 for galaxies
and AGNs, respectively. A morphological classification for more
than 20 000 ALHAMBRA galaxies (with photo-z < 1.3) has
been recently derived by Pović et al. (2013).

We present here the discovery of a UV-optically faint QSO
at a redshift of 5.41 from the ALHAMBRA photometric sur-
vey. The selection criteria and spectroscopic observations are de-
scribed in Sects. 2 and 3, respectively, while Sect. 4 presents the

1 http://www.alhambrasurvey.com

general properties of the QSO. The significance of our discov-
ery is discussed in Sect. 4 and the conclusions are summarised in
Sect. 5. Throughout this paper we assume a ΛCDM cosmology
with Ho = 73 km s−1 Mpc−3, ΩΛ = 0.73, and ΩM = 0.27. Unless
otherwise specified, all magnitudes are given in the AB system.

2. High-z QSOs candidates

Optical i-dropouts have proven useful in detecting high-z QSO
(e.g. Fan et al. 2001, based on SDSS photometry). Unfortunately,
the i-dropouts and broad-band colours of a z ∼ 5–6 QSO can
look very similar to those of evolved/passive galaxies at z ∼ 1
or of local red giants and super-giants. Matute et al. (2012) have
shown that using the 23 bands of the ALHAMBRA photomet-
ric catalogue makes it possible to efficiently classify a high per-
centage (∼90%) of the z = [0, 3] BLAGN/QSO population and
measure highly accurate photometric redshifts.

We have applied the methodology described by Matute
et al. (2012) to the search for high-z (z > 5) QSOs using the
ALHAMBRA photometric database. The candidates were se-
lected over ≈1 deg2 in the two ALHAMBRA fields (out of
eight; ALH-2/DEEP2 and ALH-8/SDSS) observable from the
Roque de los Muchachos observatory in La Palma during the
2011B semester according to the following criteria: i) located
in the fully exposed areas of the images and in regions not
contaminated by bright sources flux or artefacts (e.g. spikes);
ii) detected (at least) in the three NIR bands and the four red-
dest optical2 filters; and iii) having a best-fit template of a
BLAGN/QSO (templates numbers 29 to 59 in Matute et al.
2012), and photo-z ≥ 5 with a probability3 at the selected red-
shift >50%. As a result of the spectroscopic follow-up of one
of the highest probability candidates, we report the discovery
and basic properties of ALH023002+004647, a low-luminosity
and very high-redshift QSO. The left-hand panel of Fig. 1 shows
the ALH023002+004647 cutouts of the 23 ALHAMBRA filters
plus a colour composite.

3. Observations and data reduction

A pilot programme, containing ALH023002+004647, was ap-
proved and observed with the OSIRIS4 spectrograph at the ten-
meter GTC telescope located at the Observatorio del Roque de
los Muchachos in La Palma. Since only a redshift confirma-
tion and rough spectral classification was required, we used the
low-resolution red grism R300R (with a resolution of 327 and a
wavelength coverage from 5000 Å to 10 000 Å) with a slit width
of 1.2′′ and a 2× 2 on-chip binning. The observations of our can-
didates were carried out during September and November 2011
(period 2011B) under spectroscopic conditions.

The reduction process made use of standard IRAF/PyRAF
facilities. Wavelength calibration was carried out by compar-
ison with exposures of HgAr, Xe, and Ne lamps. We used
the 5577 Å [O I] sky emission line to correct (applying a rigid
shift) for the small offsets that can be introduced by instrument

2 Notice that this implies the detection of flux at 8450 < λ < 9630 Å,
which induces an upper limit on the redshift z <∼ 6 and a photometric
upper limit mz

<∼ 22.5 for this sample.
3 The photometric redshift code LePhare provides the normalised
probability distribution over redshift (Pdz) for each source, i.e. at each
z (based on the photometry quality, the SED library, and parameters
assumptions) Pdz gives the probability that it is the correct one.
4 http://www.gtc.iac.es/en/pages/instrumentation/

osiris.php
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Fig. 1. Left: cutouts (15′′ × 15′′) in all the ALHAMBRA optical/NIR filters for the discovered QSO (highlighted by an open circle). Above each
cutout we indicate the filter name and measured magnitude (or 5-σ lower limit). The final image is a colour composite of all bands, where the
contrast has been increased to make all objects clearly visible. Images are oriented with north up and east to the left. Right: optical-NIR spectral
energy distribution of the discovered QSO. ALHAMBRA photometric detections are represented as circles with associated error bars (arrows
indicate the 5σ upper limits). The reference magnitude in the m830 filter is indicated by a vertical thick line. The best photo-z template solution
(QSO with optical slope index α = −0.25 at zPHOT = 5.426 ± 0.010) is shown as a green line, while the OSIRIS/GTC spectrum (smoothed with
a 7 pixel box) is shown as a thick black line, with the redshift probability function (Pdz) in the inset. The agreement found between the spectro-z
and the photo-z is remarkable. The most important emission lines for QSOs at the redshift of the source are also indicated.

flexures. Relative flux calibration was carried out by observa-
tions of the spectrophotometric standard stars G158-100 and
GRW708247. Each of the four 1200 s exposures was reduced
and flux calibrated independently, and they were combined af-
terward. The final spectrum is the result of 4800 s on-source
integration time at a resolution of 6.5 Å/pixel with a contin-
uum signal-to-noise ratio (S/N) of 10 at 1450 Å rest frame. The
spectrum after smoothing with a seven pixel-wide boxcar fil-
ter is shown in the right-hand panel of Fig. 1, together with the
ALHAMBRA photometry and best-fit template model.

4. Properties of ALH023002+004647

The spectrum of ALH023002+004647 shows typical features
of a high-z QSO spectrum with a very blue continuum and
prominent emission from broad Lyα, N V, Lyβ+O VI and the
Si IV+O IV] complex. The continuum bluewards of Lyα is sub-
stantially reduced due to intervening clouds of neutral hydrogen
present in the inter-galactic medium (IGM) at different redshifts
along the line of sight (the Lyα forest). Nevertheless, the pres-
ence of a detectable flux blueward of Lyα is a clear sign that the
universe was highly ionised at the rest frame of the source.

Table 1 resumes the main characteristics of the iden-
tified QSO.

4.1. Redshift

We derived a preliminary spectroscopic redshift z = 5.410 ±
0.003 based on the position of the O I + Si II emission line λ1302.
The observed wavelength of Lyβ+O VI is compatible with this
redshift.

An alternative approach for measuring the redshift, which
allows using the highly asymmetric Lyα + N V complex, con-
sists in modelling the continuum and the strongest emission lines
(Lyα, N V and Si II), together with a stochastic realisation of the
IGM absorption. The result of such an approach is shown in
Fig. 2. The continuum has been normalised as a power law of

Table 1. Properties of the quasar ALH023002+004647.

ALH-Field ALH-2 (DEEP2) (i)
RA (J2000) 02hh 30mm 02.27ss (ii)
Dec (J2000) +00dd 46′ 46.8′′ (iii)
m830 22.25 ± 0.08 (iv)
zPHOT 5.426 ± 0.014 (v)
Best fit SED qso_0.25 (model #42) (vi)
Best fit E(B − V) 0.08 (vii)
Best fit Ext. Law SMC (viii)
zSPEC 5.410 ± 0.003 (ix)
EW(Lyα) 86 (x)
f1450 1.388× 10−17 (xi)
M1450 −24.07 ± 0.20 (xii)
Lbol 46.28+0.19

−0.35 (xiii)
MBH (1.52± 0.83)× 108 (xiv)
αO 0.25 (xv)

Notes. (i) ALHAMBRA field name; (ii, iii) Object coordinates; (iv) ob-
served magnitude in the ALHAMBRA A830M filter; (v, vi, vii, viii) de-
rived photo-z, template, intrinsic extinction and extinction law from
the best fit to the ALHAMBRA photometry (for details see Matute
et al. 2012); (ix) spectroscopic redshift; (x) rest-frame Lyα equiva-
lent width (Å) from our modellisation of the spectrum continuum and
emission lines (see Sect. 4.5); (xi) rest-frame monochromatic flux at
1450 Å in units of erg s−1 cm−2 Å−1; (xii) absolute magnitude at 1450 Å;
(xiii) log10 of the bolometric luminosity [erg s−1]; (xiv) black hole
mass (M⊙) assuming it radiates at the Eddington limit; (xv) optical con-
tinuum power law index ( f ∝ ν−α).

slope 2.5 (as Fλ ∝ λ
−2.5). The emission lines have been modelled

with single Gaussian profiles at a common redshift z = 5.42 for
Lyα and NV, and z = 5.41 for SiII λ1260. The FWHM of the
fitted Lyα is ≈1600 km s−1, well above the ≈1000 km s−1 limit
offered by the instrumental resolution of the grating we used,
and usual for this type of object.

To include the effect of the IGM in the spectrum, we have
generated 100 Lyα forest absorption spectra for lines of sight
corresponding to the given redshift z = 5.42, using the technique

A78, page 3 of 6

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201321920&pdf_id=1


A&A 557, A78 (2013)

5500 6000 6500 7000 7500 8000 8500 9000 9500

Wavelength [
◦
A]

0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

N
o
rm

a
lis

e
d
 F

lu
x

Fig. 2. Modellisation of the observed spectrum divided by the fitted
continuum (black line). The Lyα, N V, and Si II λ1260 lines have been
modelled with Gaussian profiles. The Gaussian fit to Lyα is shown in
grey. The result of dividing the normalised continuum plus the modelled
lines by the median absorption, as well as upper and lower 2-σ devia-
tions, generated by simulating 100 IGM sightlines at the same redshift
are shown as a continuous (median) and dotted green line (2-σ lim-
its). Vertical cyan lines mark the positions of the Lyman limit, Lyβ,
and Lyα lines at the reference redshift. Blue vertical lines mark the ex-
pected positions of the N V λ1240, Si II λ1260, O I λ1302, C II λ1335,
and (O IV+Si IV)λ1400 emission lines at the same redshift.

presented in Fernández-Soto et al. (2003). These spectra are able
to reproduce the average absorption in the Lyα and Lyβ regions,
as well as the incidence of Lyman limit and damped Lyα sys-
tems and the basic statistical properties of the absorption. For
each pixel in the 100 resulting spectra we calculated the resulting
median, 1σ and 2σ statistical absorption, and used them to gen-
erate the IGM absorption component over our continuum plus
emission-line model.

As can be seen in Fig. 2, the model perfectly reproduces the
highly asymmetric (Lyα + N V) profile, as well as the average
observed flux in the Lyα and Lyβ forest ranges. Only for the
2.5% densest IGM absorption sightlines would the model un-
derestimate the data redward of Lyman α, and this is due to the
putative presence, in those cases, of a strong damped Lyα system
at a redshift close to that of the quasar itself-a possibility that is
clearly discarded by the data.

The Lyα redshift derived with this second method, z =
5.420 ± 0.005, agrees with the O I + Si II estimate within the
errors, but we cannot reject the possibility of an offset in the
emission-line velocities, as observed in other quasar spectra. We
find a small discrepancy between the redshift provided by Lyα
and N V, and the low-ionisation emission line. The disagreement
is only of the order of ∼500 km s−1, but in a direction opposite
to the expected one. We find the low-ionisation lines – suppos-
edly marking the real, systemic redshift – to be blueshifted with
respect to our only clearly detected high-ionisation line, N V,
which is in a position that is compatible with Lyman α.

As a comparison, Gaskell (1982), in his pioneering work,
found an offset of ≈600 km s−1 in the opposite direction to the
one we find, whereas Richards et al. (2002b) and Shen et al.
(2007) used large samples of quasars to find deviations of the
same order, albeit with large scatter, covering from −500 out
to 2000 km s−1 and beyond. Such scatter would, in fact, ren-
der the difference observed in ALH023002+004647 compati-
ble with their extreme cases. However, we would need a better

spectrum (particularly in terms of S/N) to study the emission
lines in more detail.

4.2. Companion galaxies

The cutout images of the QSO (Fig. 1) show two companions
located 5′′ to the NE and 4′′ to the SW. According to the
ALHAMBRA catalogue (Molino et al., in prep.), the NE source
corresponds to an AB(I) = 23.8 blue galaxy at photometric red-
shift zph = 2.25 whose spectrum peaks at ≈6500 Å, and the SW
source corresponds to an AB(I) = 25.2 blue galaxy at photomet-
ric redshift zph = 2.10 peaking at ≈5500 Å. The former has a
counterpart in the NED database, the source RCS-01020502096
from the Red-Sequence Cluster Survey (Hsieh et al. 2005) with
a reported redshift of 0.249. However, the R band magnitude of
this object (R = 23.6) puts it well below the limit that Hsieh
et al. (2005) quote for good quality redshifts in their catalogue.
No other counterpart has been found for the second source.
According to our data both sources correspond to low-to-average
mass galaxies (log (M/M⊙) ≈ 10.5 ∼ 10.8).

Given the estimated masses for the companions and their dis-
tance to the QSO, they should provide negligible gravitational
lensing amplification to the QSO image (Willott et al. 2005). We
have checked this for the observed configuration (including both
redshift possibilities in the case of the NE source), establishing
an upper limit to the possible magnification of 0.4%. This may
not be exact since the colours of both sources are intrinsically
blue, and we used a simple model of an early galaxy type halo –
however, no realistic halo model would yield a significantly dif-
ferent result, not over a factor of two in the magnification effect
(Bartelmann & Schneider 2001).

4.3. Black hole mass

The best black hole measurements (apart from reverberation
mapping) can only be obtained using the FWHM of Hβ
or MgII λ2800 as a surrogate (Marziani & Sulentic 2012).
Unfortunately, there is no currently available NIR spectra that
covers the wavelength range where these lines are located (1.8
and 3.1 µm for MgII and Hβ respectively). Nevertheless, a crude
estimation of the black hole mass and bolometric luminosity
can be obtained through the rest-frame 1350 Å continuum flux
measurement. The observed 1350 Å continuum flux value of
(1.78± 0.27)× 10−18 erg s−1 cm−2 Å−1 translates into an absolute
luminosity of (5.03± 0.76)× 1045 erg s−1 at 1350 Å, assuming an
isotropic emission and assuming that the QSO flux has not been
magnified by gravitational lensing. A bolometric luminosity of
(1.91± 1.05) × 1046 erg s−1 was obtained following the prescrip-
tion given in Richards et al. (2006a) (a 3.8 ± 2.0 factor at
log (ν) ≈ 15.3 Hz). A black hole mass of (1.52± 0.83)× 108 M⊙
is derived assuming that the QSO is radiating at the Eddington
limit (Peterson 1997). We note that a recent study of high-
redshift quasars by Willott et al. (2010a) has shown that assump-
tion to be reasonable, with all nine z ≈ 6 quasars in their sample
having 0.3 < LBol/LEdd < 2.5 and 〈LBol/LEdd〉 = 1.3.

4.4. Ancillary data

There is a detection of ALH023002+004647 by SDSS in
the Stripe 82 coadd (SDSS J023002.28+004646.8) with re-
ported magnitudes of 29.00± 1.45, 26.62± 1.00, 24.31± 0.18,
22.64± 0.07, and 21.79± 010 in the u, g, r, i, and z bands
respectively. No optical, ultraviolet, and radio detections by
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Fig. 3. Luminosity-redshift distribution for the 24 currently known faint
(M1450 > −25) QSOs above z = 5. References for the 23 grey-filled cir-
cles are: Mahabal et al. (2005, 1 src), Jiang et al. (2009, 4 srcs), Willott
et al. (2010b, 6 srcs), Masters et al. (2012, 2 srcs) and McGreer et al.
(2013, 10 srcs). ALH023002+004647 is indicated by a red-filled circle
and histograms.

HST, GALEX, XMM-OM, and VLA-FIRST are reported by
MAST5 for ALH023002+004647. The Infrared Science Archive
(IRSA6) provides counterparts above 5-σ from Spitzer/IRAC
observations at 3.6, 4.5, and 5.8 µm with a 3.8′′ aperture flux of
9.56(±0.36), 13.45(±0.57), and 14.17(±2.60) µJy, respectively.
These fluxes are compatible, within the errors, with the photo-z
best fit solution SED. The sky position of ALH023002+004647
is covered by the Field-4 of the DEEP2 Redshift Survey. Neither
the discovered QSO nor the companions have spectroscopic in-
formation in the latest data release DR4 (Newman et al. 2012).

The cross-correlation of the ALH023002+004647 position
with the high-energy HEASARC7 and XSA8 databases reveals
that the field has only been observed by XMM-Newton with the
Epic camera. We find no counterpart associated with the QSO as
the closest XMM-Newton detection is located 12′′ from the QSO
and coincides with a galaxy at z = 0.73.

5. Discussion

With M1450 = −24.07 ± 0.2, ALH023002+004647 is the fifth
(out of 24) less luminous QSOs known above redshift of z = 5.
As a consequence, it samples the faint part (M1450 > −25) of
QLF, which is currently poorly constrained at these redshifts.
This is illustrated in Fig. 3 where we have plotted, in the redshift-
luminosity space, all the faint spectroscopically confirmed QSO
with z > 5. Stronger constraints to the space density of high-z
low luminosity QSOs are needed to address questions such as
the implications for early AGN/host-galaxy interactions or the
true fraction of ionizing photons coming from AGN activity in
an epoch of increasing QSO activity and significant BH growth.
Therefore, in the following we derive the space density associ-
ated with the ALH023002+004647 detection.

A first approximation to the contribution of ALH023002+
004647 to the z ≈ 5.5 space density has been computed using

5 http://archive.stsci.edu/
6 http://irsa.ipac.caltech.edu
7 http://heasarc.gsfc.nasa.gov/
8 http://xmm.esac.esa.int/xsa/
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with some recent determinations of the high-z QLF, we have plotted the
〈z〉 ∼ 5 SDSS-Stripe82 QLF derived by McGreer et al. (2013, blue line)
and the 〈z〉 ∼ 6 CFQRS+SDSS-Deep QLF derived by Willott et al.
(2010b, black line). The vertical lines indicate the faintest magnitude
bin sampled by the SDSS-Main, SDSS-Stripe82, and CFQRS. The grey
shaded area delimits the range covered by the published QLFs in the
redshift bin [5−6] (see text for details). The black pentagons represent
the upper limits derived by Ikeda et al. (2012) in the COSMOS field
while the black square shows the space density associated to the faintest
known QSO above z = 5 (Willott et al. 2010b).

the binned 1/Va method of Avni & Bahcall (1980), where Va is
the comoving volume per magnitude and redshift interval acces-
sible to the source, taking the characteristics of the survey into
account. It is defined as

Va =

∫
∆M

∫
∆z

p(M, z)
dV

dz
dz dM,

where p(M, z) is the function that corrects for the survey in-
completeness at each M and z. The space density associated to
ALH023002+004647 is computed as Φ(M, z) = 1/Va.

The first release of the ALHAMBRA photometric database
has been recently finalised and its completeness needs to be ad-
dressed through extensive simulations. For the time being, and
given our first order approximation, we therefore consider that
all “possible” type-I QSOs within the magnitude limits of the
survey could have been detected (i.e. p(M, z) = 1). We find
this to be a reasonable assumption based on previous results
for QSO completeness maps of similar surveys like COMBO-17
(see Fig. 4 in Wolf et al. 2003), therefore the volume accessible
to our QSO is only delimited by the redshift range z = [5.0, 6.1].
At z ∼ 6.1 the QSO would no longer satisfy our selection crite-
ria, since the magnitude m830 would be fainter than ∼25 when
it samples the Ly-forest of the spectra. The lower limit red-
shift is fixed by our requirement to have a best fit model with
zPHOT ≥ 5.0. The necessary K-corrections have been derived us-
ing the best-fit template for the photo-z solution.

Considering the covered area (≈1 deg2) and the magnitude
limit of our selection, we derive a space density of (9.15+21.06

−9.15 )×
10−8 Mpc−3 mag−1 for ALH023002+004647. The errors were
estimated from Poisson statistics (Gehrels 1986). The result is
presented in Fig. 4. In order to illustrate the large uncertainties
of the high-z QLF, we have delimited the luminosity-density
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space covered by several published QLFs in the z ≈ 5−6 red-
shift range, namely: CFQRS+SDSS-Deep (Willott et al. 2010b),
SDSS-stripe82 (McGreer et al. 2013), COMBO-17 (Wolf et al.
2003) and SDSS-Deep-Stripe (Jiang et al. 2009). Two of the
most recent determinations of the QLF at z = 5 (McGreer et al.
2013) and z = 6 (Willott et al. 2010b) are highlighted. We
also report the upper limits derived by Ikeda et al. (2012) from
the non-detections of QSOs in the redshift bin [4.5–5.5] of the
COSMOS field and the faintest QSO identification above z = 5
in the SXDS field as the only constraints to the very faint end of
the QLF.

The associated error due to poor statistics hardly constrains
the z ∼ 5−6 QLFs, making our measurement compatible with all
the previous, both single and double power law determinations.
Nevertheless, the result is very promising considering that the
QSO selection was made in a fraction of the total area covered by
ALHAMBRA and based on preliminary photometry. With the
final release of the ∼4 sq. degrees of ALHAMBRA data already
in place, our collaboration aims to further constrain the QLF over
a much wider range of magnitudes and redshifts.

6. Conclusions

We report the discovery of ALH023002+004647, a new, in-
trinsically faint, QSO at z = 5.41. The candidate was selected
based on an SED fitting to the 23 bands of the ALHAMBRA
photometry and spectroscopically confirmed with GTC/OSIRIS.
The observed continuum luminosity at 1450 Å (M1450 ∼ −24)
and derived bolometric luminosity of ≈2 × 1046 erg s−1 make
ALH023002+004647 one of the faintest QSOs discovered above
z = 5. Based on the ALH023002+004647 space density (and
associated errors), no tighter constraints can be placed on the
z ∼ 5−6 QLF. Nonetheless, we have demonstrated the capa-
bilities of the ALHAMBRA survey for selecting this type of
source. An analysis similar to the one presented here, when
applied to the final release of the ALHAMBRA photometric
database (DR4) in the near future, will surely make a significant
contribution to the QLF at these very high redshifts.
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