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Photo-z is the key to LSST 
Science Goals

Bring the community together 
Topics : requirements, DESC/DES, spectroscopy, simulations, emission 
lines / SEDs, methods 
Many experts : new interactions started

Strong specs : bias < 0.003, RMS < 0.05



DESC RoadMap

• PZ1: Photo-z Testbed p(z) and Incompleteness 

• PZ2: Tests of photo-z cross-correlation calibration 

• PZ3: Photometric redshift infrastructure development 

• PZ4: Develop infrastructure for spectroscopic redshift 
training sets

PZ1 to be delivered in 2016, PZ2-PZ4 -> 2017-2018



PZ1 = simulated catalog with incompleteness

• Generate parameterized form of continuous SEDs 

• Assign SEDs to galaxies in input Sims catalog 

• Finalize creation of dataset PZColor (with LSS group)  

• Generate parameterized em. line model, add to SEDs. 
Generate new galaxy colors and errors for photo-z code tests 

• Create training, validation, and test datasets 

• Compare / combine different pz codes

SEDs + Sim (cosmo+errors) -> catalog -> PZ

1) Sandbox (DC1) to improve PZ codes 
2) Study the impact (correction) of incompleteness 
- in colors (SEDs, extinction, em-lines, mis-calibration …) 
- in training (zs)



PZ3 = PZ infrastructure development

Improved photo-z catalog for DC2 (DC3)

• DC2 Mock Lightcone for photo-z computation 

• Provide training, validation, and test data sets for use with multiple 
photo-z codes 

• Determine storage format for p(z) 

• Develop catastrophic outlier id/rejection algorithms 

• Provide p(z) estimates (including combinations of multiple algorithms) 
for DC2 catalog



French activities
Simulation : LAL LPSC -> LSST-like galaxies catalog (DC0) 

Home made TF PZ code developed in LPSC  
—> intended to disappear since LePhare has been recoded in C++ 

Photo-z and calibration : LPSC - LPNHE 
see A. Choyer thesis concerning the impact 
of LSST (mis)calibration on pz performances 
+ megacam calibration parameters covariance 
=> requirements on calibration (PC1) 

Catalogs : APC reprocessing of CFHTLens x spectra surveys to 
obtain large spectro-photo catalog for pz tests 

Galaxy / Star separation : LAL see Farhang’s talk 

Extinction laws : LPSC see Vincent’s talk



French activities
CFHTLS	data
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French activities
Fast PZ tool : LPSC - LUPM development of a python tool that can 
QUICKLY compute random pz from PDF(pz | z, t, mag) 
(method) Already used in BAO analysis chain

CPU for 10^7 galaxies : 
- true PZ ~ 1 day x 200 jobs 
- fast PZ ~ 1 sec

Performances are unchanged
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Already under test by Anze Slosar (LSS) 
Stats issues in some bins -> reprocessing 
To be shared / maintained in DESC WG



French activities
Atmosphere : LAL impact of atmosphere on photo-z

Simulated catalog with Brown SEDs for z = 0.3 to 1.5
Two sets of filters: ugrizy with a standard US atmosphere and ugrizywetydry 
Nvis(ywet)  = Nivis(ydry)  = 0.5 Nvis(y)
PZ computed with Lephare

~ 10% of outliers have different photo-z in both filter sets 
-> they could be tagged
Next step: have a look on the u-side with the aerosols



SEDs : LPSC using SOMs to (un)validate a given SED library on a 
particular data set, first tentative on COSMOS-LSST data 
(lephare pz templates extrapolated in LSST ugrizy)

French activities

Helpful to point a 
lack of SEDs

SOM BMU

Brown

CWWK

Preliminary study



French activities
SEDs : LUPM development of Fors2 based SED library

1/ Methodology : 
Stellar mixing and synthetic spectra derived from fit on 
physical spectra using evolutionary stellar population 
models 
Resulting spectra extrapolated to 700 Å < lambda < 
100000 Å  

2/ Proof of concept using Brown (physical) spectra : 
Restricting the fit to the FORS2 rest frame window  
(3000Å< lambda <6000Å ) 

→ most of the 129 Brown spectra are well reconstructed, UV 
contribution is overestimated for some spectra (still under 
study) 
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A new SED Atlas using FORS2 physical spectra.

Comparing SED library performances with Le Phare

Underlying question: 

In a given specific redshift interval, does SED templates 

derived from physical spectra lead to better photo-z 

results than extrapolated SED templates ?

Example of NGC_3521

Brown spectra truncated to the 

FORS2 window (used for the fit)

Full Brown spectra

Synthetic spectra after HZ5 

extinction

Synthetic spectra 

(no extinction)

Calzetti best fit 

Prevot et al.

No extinction applied

67 FORS2 

synthetic 

SEDs sorted 

by “colors”

Building a general procedure to create SED library from 

physical spectra :
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Restricting the fit to the FORS2 rest frame window 

(3000 Å < l < 6000 Å  ) 

→ most of the 129 Brown spectra are well reconstructed 

NB: UV contribution is overestimated for some spectra 

(still under study)

3/ Same procedure applied to FOR2 dataset :

→ 67 averaged spectra used as new SED templates
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→ 67 averaged spectra used as new SED templates   
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Fors2 PZ performances

  

2

SED library performance comparison 

4 catalogs used :
 

CFHTLS (U,G,R,I,Z)
1)  D1 (VVDS LAM database)

0 < z < 6
4663 objects

2) W1 (VIPERS)
0 < z < 2
19594 objects

3) W4, 8933 objects

4)  Candels GOODS-S (HST)
0 < z < 5
U, f435w, f606w, f775w, 
f850lp, f125w, f160w, Ks

        1068 objects

Photo-z code :
Le Phare, Arnouts S. & Ilbert O.
with extinction(Calzetti++ or Prevot) 

SED libraries :
- 66 “CWW” SED
- 129 Brown SEDs (z<0.05)
- 67 FORS2 SEDs (0.275<z<1.05)

FORS2

Good = |(z_spec-z_phot)/(1+z_spec)| <0.15
Bad  = |(z_spec-z_phot)/(1+z_spec)| >0.15  

Example of CFHTLS D1 z_spec versus z_phot comparison  :

Even if FORS2 SED dataset have not been 
optimized yet, FORS2 results are very 
competitive with standards libraries 
compared over 4 catalogs (even slightly 
better on some catalogs)

Gaussian fit
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Catalogs
CFHTLS (U,G,R,I,Z) 
- D1 0<z<6 4663 objects  
- W1  0<z<2  19594 objects  
- W4, 8933 objects

FORS2 library is very competitive, though not yet optimized

SED libraries :  
- 66 “CWW” SED  
- 129 Brown SEDs (z<0.05) 
- 67 FORS2 SEDs (0.275<z<1.05)

Code PZ : Lephare

Candels GOODS  (HST) 
U, f435w, f606w, f775w,  
f850lp, f125w, f160w, Ks  
0<z<5 1068 objects



Short term priorities

• PZ - calibration requirements (PC1) 

• Finalize / maintain fast pz code 

• Atmospheric effect (u-y bands) on pz  

• Star - galaxy separation 

• Fors2 SEDs library



Discussion



French contributions

• PZ1 : Development of a simulated 
catalog to test photo-z - DC1

• PZ2: Tests of photo-z cross-correlation 
calibration

• PZ3: P(z) combination / outliers removal 
- DC2 DC3

• PZ4: Develop infrastructure for 
spectroscopic redshift training sets

DESC SRM

- SEDs library & extinction treatment 
- Calibration impact on pz 
- BDT outliers removal 
- Combination ML/TF

Additional contributions

Clusters pz 
* Weighing the f_gas clusters 
(CFHT) 
* CFHTLS reprocessing



back-up slides



COSMOS spectroscopic catalog
zflag Objets Outliers
All 27419 3536

flz=[1,2[ 3931 1368
flz=[2,3[ 4077 509
flz=[3, 4[ 6364 115
flz=[4,5[ 4115 60
flz=[3,5[ 10479 175
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LePhare
rion of Steidel et al. (2004), and the magnitude
cut was BJ < 24 − 25 (depending on the color
cut). zCOSMOS-bright galaxies were observed us-
ing the red grism of VIMOS covering a wavelength
range 5500Å < λ < 9000Å at a resolution of 600
(MR grism). For the zCOSMOS-faint sample, ob-
servations were carried out with the blue grism of
VIMOS (3600Å < λ < 6800Å) at a resolution of
200.

The zCOSMOS-bright survey is now ∼ 50%
complete. Here we make use of only the extremely
secure spectro-z measurements with a confidence
level greater than 99% (class 3 and 4). This secure
zCOSMOS-bright sample contains 4148 galaxies
with a median redshift of ∼ 0.48. The zCOSMOS-
faint survey is in its early stages, and here we use
a preliminary sample of 148 galaxies with a me-
dian redshift of zm ∼ 2.2 and as faint as i+ ∼ 25.
This zCOSMOS-faint spectroscopic sample is not
fully representative of the average population at
1.5 < z < 3 due to the selection criteria (e.g.
BJ < 24 − 25).

The Keck II spectroscopic follow-up of 24µm se-
lected sources (Kartaltepe et al. 2008) is on-going
and we refer to this sample as MIPS-spectro-z.
The DEIMOS spectra cover a wavelength range
4000Å < λ < 9000Å at a resolution of 600. This
sample of 24µm selected galaxies contains 317 se-
cure spectro-z (at least two spectral features) with
an average redshift of z ∼ 0.74 and apparent mag-
nitude in the range 18 < i+ < 25.

For all of the spectroscopic samples used in this
paper for testing and verification of the photo-z,
we include only secure spectro-z. Therefore, the
uncertainties in the spectro-z are neglected and
the spectro-z are used as a reference to assess the
quality of the photo-z.

3. Photometric Redshift derivation

Photometric redshifts were derived using the
Le Phare code2 (S. Arnouts & O. Ilbert) which is
based on a χ2 template-fitting procedure. In the
discussion below, we focus on the improvements
introduced here as compared to Ilbert et al. (2006)
and the previous COSMOS photo-z (Mobasher et
al. 2007).

2www.oamp.fr/people/arnouts/LE PHARE.html

3.1. Galaxy SED template library

Fig. 1.— SED templates. The flux scale is ar-
bitrary. The top 12 SEDs (cyan) are generated
with Bruzual & Charlot (2003). The spiral (green)
and elliptical (red) SEDs are from Polletta et al.
(2007).

Ilbert et al. (2006) and Mobasher et al. (2007)
used a set of local galaxy SED templates (CWW:
Coleman, Wu, & Weedman 1980) which have been
widely employed for photo-z (e.g. Sawicki 1997;
Fernández-Soto et al. 1999; Arnouts et al. 1999;
Brodwin et al. 2006). Here, we employ a new set
of templates generated by Polletta et al. (2007)
with the code GRASIL (Silva et al. 1998). Pol-
letta et al. selected their templates for fitting the
VVDS sources (Le Fèvre et al. 2005) from the UV-
optical (CFHTLS: McCracken et al. 2007) to the
mid-IR (SWIRE: Lonsdale et al. 2003). There-
fore, this set of templates provides a better join-
ing of UV and MIR than those by CWW. The 9
galaxy templates of Polletta et al. (2007) include
3 SEDs of elliptical galaxies and 6 templates of
spiral galaxies (S0, Sa, Sb, Sc, Sd, Sdm).

We did find that the blue observed colors of the
spectroscopic sample were not fully reproduced by
the Polletta et al. (2007) templates. We therefore
generated 12 additional templates using Bruzual
& Charlot (2003) models with starburst (SB) ages

6

3 extinction models : 
- LePrevot et al if redder than 
SB3 
- Calzetti et al (+ 2175A° UV 
bump) if bluer 

Fig. 2.— The observed colors and redshifts (zs) for the spectroscopic sample galaxies (open stars). The
solid lines are the predicted colors as a function of redshift for some SEDs of the library (red: Elliptical and
green: Spiral from Polletta et al. 2007 ; cyan: Bruzual & Charlot 2003). The solid curves are the predicted
colors without including emission lines (no reddening for the elliptical templates, E(B − V ) = 0.2 for the
late types) whereas the dashed curves are the same templates including the emission line fluxes (assuming
MFUV = −20 in this example). The top right panel clearly shows that the emission lines can change the
colors up to 0.4 mag.
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Fig. 4.— Attenuation by dust as a function of λ. The points are the extinction Ai/(Ei(B − V )) estimated
from the galaxies with a spectro-z (see §3.4). The red points at λ < 3000Å are not used to estimate Ei(B−V ).
The Prevot et al. (1984) and Calzetti et al. (2000) extinction curves are shown with the blue and green solid
lines, respectively. The Prevot et al. (1984) extinction law is rescaled to the same AV as the Calzetti law
by applying a factor 4.05/2.72. The extinction curve derived by Prevot et al. (1984) is used for the galaxies
redder than SB3 and the Calzetti et al. (2000) extinction law for the galaxies bluer than SB3.
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ranging from 3 Gyr to 0.03 Gyr. We extend the
BC03 templates beyond 3µm rest-frame using the
Sdm template of Polletta et al. (2007). The full
library of template SEDs, 9 from Polletta et al.
(2007) and 12 from Bruzual & Charlot (2003), is
shown in Fig. 1. Finally, we linearly interpolated
between some Polletta et al. templates to refine
the sampling in color − z space.

Figure 2 shows the observed colors and red-
shifts of the spectroscopic sample compared with
the predicted colors for the library SEDs.

3.2. Emission lines

Fig. 2 clearly shows how the observed colors os-
cillate with the redshift, especially when the colors
are measured with the medium bands (top panels).
Comparing the template curves with (dashed) and
without (solid) emission lines, one sees that the ex-
pected line fluxes can cause up to 0.4mag changes
in the color. This effect is particularly impor-
tant when colors involving intermediate and nar-
row band filters are computed (see for example
the upper-right panel in Fig.2) but can be already
noticed using broad band colors. The color oscil-
lations are well explained by the contribution of
emission lines like Hα, [O III], and [O II] to the
observed flux; thus the contribution of the emis-
sion lines to the flux must be taken into account to
obtain accurate photo-z and this is a major change
implemented here compared to Ilbert et al. (2006)
and Mobasher et al. (2007).

In order to include the emission line contribu-
tion to the SED, we need to model the emission
line fluxes (O II, O III, Hβ, Hα, Lyα) at any
redshift, template and extinction. The rescaling
of the template (A in eqn.2) determines also the
emission line fluxes (therefore, the modeling of the
fluxes must be done galaxy per galaxy).

Our new procedure estimates the [O II] emis-
sion line flux from the UV luminosity of the
rescaled template, using the Kennicutt (1998)
calibration laws. In the template fitting, a
UV rest-frame luminosity corrected for dust ex-
tinction can be computed at every step of the
redshift/template/extinction grid (the rescal-
ing factor A is taken into account in the UV
luminosity). The UV luminosity (at 2300Å)
is then related to the SFR using the relation
SFR (M⊙ yr−1) = 1.4 × 10−28Lν (erg s−1Hz−1)

from Kennicutt (1998). This SFR can then be
translated to an [O II] emission line flux using
the relation SFR (M⊙ yr−1) = (1.4 ± 0.4) ×
10−41L[OII] (erg s−1) (Kennicutt 1998). This
translates to :

log(F[OII]) = −0.4× MUV + 10.65−
DM(z)

2.5
(1)

where DM is the distance modulus, F[OII] is ex-
pressed in units of 10−17 erg s−1cm2 and MUV

is the dust corrected UV (2300Å) absolute magni-
tude.

Fig. 3.— Relation between the [O II] flux and the
absolute magnitudes in UV (2300Å). The solid line
corresponds to the relation obtained by applying
the Kennicutt (1998) relations between SFROII

and SFRUV as used here to include emission
line fluxes in the photo-z fitting (see eqn.1) and
the points are observed emission line fluxes from
VVDS (Lamareille et al. 2008). (The UV lumi-
nosities and O II fluxes are corrected for dust ex-
tinction.) The red and blue points are galaxies
with MU −MR > 1.6 and MU −MR < 1.6, respec-
tively. The larger symbols correspond to larger
equivalent width.

Figure 3 shows the measured [O II] fluxes from
VVDS (Lamareille et al. 2008) and the relation
(solid line) expected from Kennicutt (1998). We
can perform this comparison only at 0.5 < z < 1.4,
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Emission lines 
Kennicut 1998

21 SEDs

OIII, Hb, Ha, Lya from OII



LePhare performances on 
COSMOS

Fig. 6.— Left panel: Comparison between zp and zs for the bright spectroscopic selected sample 17.5 ≤
i+AB ≤ 22.5 (zCOSMOS-bright: Lilly et al. 2008). The dotted and dashed lines are for zp = zs ± 0.15(1+ zs)
and zp = zs ± 0.05(1 + zs), respectively. The 1σ dispersion, the fraction of catastrophic failures and the
median apparent magnitude are listed in the top left corner of the left panel. Right panel: ∆z/(1 + zs)
distribution. The dashed line is a gaussian distribution with σ = 0.007.

Fig. 7.— Comparison between zp and zs. Left panel: zCOSMOS-faint sample (Lilly et al. 2008). The
open triangles are objects with a secondary peak in the redshift probability distribution function. Right
panel: infrared selected sample (Kartaltepe et al. 2008) split into a bright sample i+ < 22.5 (black), a faint
sample 22.5 < i+ < 24 (red) and a very faint sample 24 < i+ < 25 (green).
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(Fig. 5) to isolate the good redshift range.

The zCOSMOS-bright and zCOSMOS-faint
samples do not probe 0.2 < z < 1.5 at i+ > 22.5.
Here, we use as a comparison sample the MIPS-
spectro-z (Kartaltepe et al. 2008). In Fig. 7 (right
panel), we split the MIPS-spectro-z sample into
bright (i+ < 22.5), faint (22.5 < i+ < 24) and very
faint samples (24 < i+ < 25). For the bright sub-
sample, the dispersion of the MIPS-selected galax-
ies is σ∆z/(1+zs) = 0.009, only slightly greater than
that of the optically selected sample at i+ < 22.5.
For the faint sub-sample (median apparent mag-
nitude i+ ∼ 23.1), σ∆z/(1+zs) = 0.011, i.e. slightly
worse than for the brighter optically-selected ob-
jects. For the very faint sub-sample, the accuracy
is degraded to σ∆z/(1+zs) = 0.053 with a catas-
trophic failures rate of 20%. This degradation
is due to decreasing signal-to-noise photometry
for faint objects and could be amplified by the
infrared selection which picks up more heavily ob-
scured galaxies and higher redshift galaxies (e.g.
Fig.4 of Le Floc’h et al. 2005).

Fig. 8.— Cumulative distribution of the ratio |zp−
zs|/(1σ error). 65% of the photo-z have a spectro-z
solution encompassed within the 1σ error, close to
the expected value of 68% (magenta dashed line).

Fig. 9.— 1σ uncertainty for the zp estimate as a
function of redshift in different apparent magni-
tude bin. Each value is computed with 50 galax-
ies per bin. The thick solid green lines, the solid
red line, the dashed blue lines and the dotted ma-
genta lines are for i+ < 22.5, 22.5 < i+ < 24,
24 < i+ < 25, 25 < i+ < 25.5, respectively.

4.2. Accuracy derived from the Photo-z
Probability Distribution Function

Since evaluation of the photo-z accuracy from
the comparison with spec-z is limited to specific
ranges of magnitude and redshift, we use the 1σ
uncertainty in the derived photo-z probability dis-
tribution to extend the uncertainty estimates over
the full magnitude/redshift space.

The reliability of the 1σ uncertainty estimate
for the photo-z as derived from the Probability
Distribution Function (PDFz) (see §3.5) can be
checked by comparing this uncertainty with that
derived directly from the photo-z - spec-z offsets
for the spectroscopic sample. Figure 8 shows the
cumulative distribution of these offsets normal-
ized by the 1σ uncertainty in the probability func-
tion for the zCOSMOS-bright sample (the ratio
|zp − zs|/(1σ error) is lower than 1 if the mea-
sured offset zp − zs is lower than the 1σ uncer-
tainty). 65% of the zp are within the 1σ error
bars, whereas the expected fraction is 68%. We
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PZ1 short term tasks (2016) in DESC Roadmap

• Generate parameterized form of continuous SEDs 

• Assign SEDs to galaxies in input Sims catalog 

• Finalize creation of dataset PZColor (with SS group)  

• Generate parameterized em. line model, add to SEDs. 
Generate new galaxy colors and errors for photo-z code tests 

• Solicit updated photo-z requirements from WGs 

• Create training, validation, and test datasets 

• Select codes to be used in photo-z tests 

• Assess how the output p(z) from each code relates to the true distribution of galaxy 
redshifts (pz uncertainties) 

• Determine storage format for p(z) 

• Compile best p(z) estimates and deliver summary p(z) statistics

SEDs + Sim (cosmo+calib) -> catalog -> PZ


