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n - wwee wnn om - wm o The ALHAMBRA (Advance Large Homogeneous Area Medium Band Redshift
s e wim wsm omom 1 e s mew || LACA  PSW s w7 Astronomical) survey ( ) has imaged a total area of 3.5 deg?2
R | o s e e i % amew || e mew owoowoowm x| | among eight separated regions of the sky, including sections of the COSMOS,
\:‘i‘%‘ , 7* B ;DEE\ri% Iy *\ Ve ~/ LAICA F489W 489 356 2904 24.2
e o e e e m TR MR WO % M@ W || DEEP2, ELAIS, GOODS-N, SDSS and Groth fields. Observations have been
i e \,‘ ‘*/ ALHAMBRA-8 SDSS 2345500 +153505 0.50/0.46 8 192 75.109 82.452 LAICA F382W >82 S 2936 238 . A
* o S ' e | N o S carried out on the 3.5m telescope on the Calar Alto Observatory (CAHA, Spain) .
o <o tcs  mew o mw  xe a0 | | making use of the two wide-field imagers in the optical (LAICA) and in the NIR
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h WWW(\&QQMM l WV\ M LAICA  FSGIW 86 3 10505 229 medium-band filters and ~4.2hrs for broadband Near Infrared (NIR) filters. N
5 LAICA  Posew o 19 s0  21s The photometric system, covering the whole optical range (3500A° to 9700A")
£ — with 20 contiguous, equal-width, non overlapping, medium-band filters along
OMEG J 1655 219 5055 21.9 . o o . . .
| J OMEGA Ko s 22 050 2l with the standard JHKs NIR bands, has been specifically designed to optimize
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3 ), while keeping the capability of detecting and identifying
relatively faint emission lines ( A ).
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Nfa xms To define a constant and homogeneous window for all = . T i
o FSUW = < P814Wicg > = 3 ass Anae e e e To perform good qugllty multi-color photometry, .|t IS necesary o
s |las the combination of individual bands. To properly sample the same region of the galaxy and to take into account the
70T DL o o1t Fsaaw & o1 < rsaw (51 || Calculate the color transformations we used a population 3 W : : S : 3
" o07s s 0010 < w0010 < 35w || of galaxies with typical z, magnitude and Spectﬁa,_type / smearing produced by different PSFs. The distribution of PSFs in the
"ol and solved the system of equations generated when | _ ALHAMBRA survey compresses values from 0.7” to 1.6”. We relied on
estimating the correspondence between sythetic| Z° e
& magnitudes among the different filters. To verify the | 8 ColorPro (Coe et al. 2006) to derive accurate PSF-corrected
CAlbICRN e Ve et o LI Imoges We performed) = 0 photometry without degrading high quality images. PSF-models were
a photometric comparison with the COSMOS field. To| £° = ) : : : ]
reproduce the same photometric measurements as in i =% o] 0 carefully generated for every image. We deSIgned a set of simulations
(Ilbert et al. 2009), we ran SExtractor using fixed circular N 8 05 & ‘; s .
e o e e L o jco test thg accurz?\cy of ColorPro retrlevmg preC|§e photometry across
with ALHAMBRA compresing magnitudes from £ :l £ Images with varied PSF. We found a dlsperS|on below of 3% for | #
19<F814W<25.5. Photometric zp offsets or trends with o . o2 . : 1 0 .
19 70 7 ] 7 ] FER— magn. down to F814W<23.5 were not observed. 0 5 10 15 20 L WH —— magthdeS brlghter than F814W_230' and 5% for F814W=24.5 .
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> o L L o BPZ (Benitez 2000) is a SED-fitting method optimized to compute accurate photometric redshifts. Unlike most similar
a ye S I a n Qto m Et rl C e S I s codes, BPZ in- troduces the use of a Bayesian inference where a maximum like- lihood (resulting from a x2 minimization
: between the observed and predicted colors for a galaxy, among a range of redshifts and templates) is weighted by a
prior probability. We used a new prior of BPZ (Benitez 2013, in prep.) which gives the probability of a galaxy with
apparent magnitude mO of having a certain redshift z and spectral-type T , empirically derived for each spectral-type
>0.5] E}J [}] 4 - 3826 gaIaX|es and magnitude by fitting luminosity functions provided by GOODS- MUSIC (Santini et al. 2009), COSMOS (Scoville et al.
) | 2007) and UDF (Coe et al.2006). As the resulting p(z,T) is usually a multimodal distribution (with more than one possible
—21.0 | 25100 00106|771100 ....... 274% ......................... peak given the color-redshift degeneracies) the inclusion of any prior information in the analysis serves to eliminate
< 1 i . 5 . . . . . s
— Spectral type: Scd/SB F814WAB < 22 5 f unrealistic solutions reducing the number of catastrophic outliers. BPZ uses a new library (Benitez 2013) composed by
o) v ‘ ID:81461106572 || | 5 L ¥ 2 :
2°1 | 2=02944 | : / five SED templates originally drawn from PEGASE (Fioc & Rocca- Volmerange 1997) but then re-calibrated using the
c Odds=0.94 |1 : : i '%0'8 777777 4 g G i g f .
2 A A A A otometry and spectroscopic redshifts (Wuyts et al. o opti- mize its performance, i.e., making the
S 2.0 FIREWORKS photomet d t dshifts (Wuyts et al. 2008) to opti t f king th
= 2. ; 1 | | 1 o 2 # 3 ; . :
templates to have same col- ors as real galaxies with known redshifts observed with ACS. In ad- dition five GRASIL and
- | | | L (ANENRARA M 1 one Starburst templates have been added. This new library includes five templates for elliptical galaxies, two for spiral
] e galaxies and four for starburst galaxies along with emission lines and dust extinction. The opacity of the intergalactic
| ; | dshif | d | ? : : : ; . At .
=560 16660 1509§e LLLIN S R .. ] medium was applied as described in Madau et al. (1995). An example of the typical spectral-fitting using the ALHAMBRA
Wavelength [A] IR ——— photometry is shown in the figure.
5 : _ el In this work, we present photometric redshifts for ~440,000 galaxies. When compared with a sample of ~7000 galaxies
30 TN 1, Few — with spectroscopic redshifts, our photometric redshifts have a precision of 8z/(1+zs)=1% for 1<22.5 and 6z/(1+zs)=1.4%
g L o o for 22.5<1<24.5. Precisions of 6z /(1+zs)< 0.5% are reached for about 30% of the spectroscopic sample, showing the
3. o gmaE T | |8 \ ‘ =02 -01 00 01 0.2 potential of medium-band photometric surveys.
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T R B B B =~ T T T = i oo 19 —— We realized that the photometric redshifts obtained for emission line galaxies were quite
0 7 s photo-z . i 90 \\\\:‘\\7L - 1.4 ' : 2 ; :
— e o | M | | ) -— “ | robust to changes in the zeropoint calibration and therefore we could treat those redshifts as
6 _ M — [0 i : 4 : Rl : : .
= 0 E[ oo \\_\/\f\mﬁ \N\\\\;% — — | spectroscopic for calibration purposes, obtaining an automatic and self-contained zeropoint
gfy Py 1160 10). Py 60 %— T er - AL‘lu N /\/\—0.9 . . . . o .
: oo 4 |7 E[Foon) 1 ]| : e —T ——E| correction for all our fields. Figures show the photometric redshift accuracy when using three
o* ) i ~ 0Lz 07 | —— o ‘ 075 : , : S . : 3 :
5) Foouf | M1 SAL o 2| oon \ N - e e — g | different calibration methods: the original zeropoints (red line), corrections derived from
B \ M| B | s M~ . Y 0.5 £ i 0 . .
g 0 £l oo - 0 g " « | photo-z (blue line) and corrections from spectroscopic redshifts (green line). The results
20 20 TR I ] 03 3 . 5 . .
l (N, | o N —c—— Mf 2 | indicate that the methodology presented here successfully improved the photometric redshifts
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Redshift Probability Distribution Function & the Cosmic Variance

2.5 f 3 3 5 5 f Considering the probabilistic nature of the photometric redshift
; i i ; : O = T | estimations, instead of relying on the most likely solution (given P(z) = %g: ik [ [dT pi(2,T) ]
20f T T | - | | | by any point estimate) it is desirable to make use of the complete — — |/ dT [ dzpi(2,T)
‘ mean redshlft ‘ 3 10% 5/ SN information yielded by the Probab. Distrib. Functions P(z, T/C)
dlstrlbutlon N t
& 1.57 S
E o 10 D U VO G R In order to study the cosmic variance across the fields and compare it with other surveys,we ran
£1.0} S e ..\ .- N BPZ on the photometric catalogue used by llbert et al. (2009) to derive the global redshift
== | probability distribution function P(z) for the COSMOS field. We initially compared the P(z) derived
0.5/ (- <240 N4 /" N N/ \J using the ALHAMBRA-4 data (red line) with the P (z) derived us- ing the COSMOS data (blue line),
3 . : : ; | Fataw<220 | where both distributions consistently reproduce a double peak at redshifts z~0.3 and z~0.9,
0.0 59 3T 55 >3 >4 05 S 15 G 55 55 respectively. However, whereas the ALHAMBRA-4 field shows a mean redshift <z) = 0.60 for F814W |
F814W [AB] redshift < 22.5 and {z) = 0.87 for F814W < 25.5, the COSMOS field shows a mean redshift (z) = 0.66 for
F814W < 22.5 and <(z) = 0.96 for F814W<25.5. Meanwhile the global photometric redshift
] —— ALH2/DEEP? distribution derived for all the seven ALHAMBRA fields (excluding stars) shows a mean redshift {z) =
’ é;imz?fje:e? | I [} S |7 ALH3/SDSS || 0.56 for F814W<22.5 and <z) = 0.85 for F814W < 25.5. This result indicates that the COSMOS field
o A\ CosM 215<F814W<245 ______ ______________________ | ; | : ﬁtﬂ:ﬁgimos shows a clear over-density with respect to the mean value de- rived averaging the seven
5 R —— o 4T PN —— ALH6/GROTH 1 ALHAMBRA fields. In fact, the average galaxy number in COSMOS goes up by a 60% between z=0.4
3 N g | ALRZELAIS and z=0.7, whereas no such effect is observed in our average.
2 1Ry /A o | I ALH8/SDSS |-
0 > |
S éz/ ________ ______________ ___________ ______________ ______________ _____________ | We derived the averaged redshift probability distribution function for the ALHAMBRA fields, to
\ | o study its evolution as a function of the magnitude F814W and redshift. The solid red line
\ 10redls;|ﬁ20 25730 | I N e e 1 || corresponding to the (z) distribution (per bins of 0.5 mags) indicates a clear evolution effect
N\ - j Q , Q moving from a <z)~0.2 for F814W<20.5 to a (2)~0.8 for F814W>23.0. Inversely, the peak of the
00 05 10 13 g 25 30 35 40 0005 Lo 18 20 25 3. averaged distribution of galaxies increases as a function of the z for different ranges in magnitude.
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