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Photo-z is the key to LSST 
Science Goals

Specs : bias < 0.003, RMS < 0.05

2 main methods: 

Machine learning -> non-completeness bias
Template fiting  -> need SED library

Home made TF PZ code developed in LPSC (Gorecki/Ricol) 
Same logic as LePhare, less features (extinction laws, 0-point 
correction …)

LSST



SED library
Needed for simulation (+LF/MF) and template fitting pz 
z + galaxy characteristics (mass, SFR, age …) 

Priority in DESC PZ WG 

CWW&K, Poletta, Brown, Fors2 (see E. Nuss presentation) 
+ simulation (BC/Gissel/Starlight) 
z(Brown)<0.05, z(Fors2)<1.05 
CFHTLS + LePhare : CWWK > Fors2 > Brown 
Candels-goods + LPSC PZ code : CWWK=Brown >> Fors2  

  

Delta_z distribution



Continuous library 
Continuous color distribution, smooth PDF(T)

Select few representative SEDs (CWWK) —> interpole them 

PCA : scatter the eigenvalues to produce « continuous » templates  

• Red and green points are types are the two 
reddest templates in the set, which had the 
problems with negative UV flux

Mock colors
• Model colors look more realistically smooth

Left: 181 templates, no photom errors 
Middle: 181 templates, photom errors 
Right: continuous templates, photom errors

Problems with 
negative flux

Is a linear distribution in eigenvector space 
more meaningful than in the real space ?



Continuous library

SOM : 2D representation of a ndim space where each cell 
represents 1 vector, neighboring cells have similar parameters  
see for instance Master et al arXiv:1509.03318  

First tentative on 
Cosmos->LSST 
catalog (LePhare)

SOM BMU w/ CWWK

Can point a lack of SEDs, useful to map extinction … 
Can it be used to build a library ?



Spectro-photo catalogs
• Candels_goods 

14 bands, 1169 galaxies, z=[0, 4.5], <z>=1.7  
see my talk in Montpellier 

• CFHTLens 
5 bands, ~26000 galaxies, z=[0, 4.5], <z>=0.7  
see Cécile Rousselle's presentation 

• COSMOS  
30 bands, 4296 galaxies (2009), z=[0,3], <z>~1  
more bands => more constraints on SEDs 
—> we can also use a LSST-like catalog from COSMOS-
LePhare data



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
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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,

7

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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Other activities
• Filters study : impact of slopes, 

bandwidth mis-calibration, spatial 
inhomogeneities … on pz  
See Adeline Choyer PhD thesis  
(LSST note / article in progress)

• BDT / LR tool to remove outliers : 
see Gorecki et al 2014  
Will soon be tested on COSMOS-
LePhare P(z) (O. Ilbert)

Figure 13 shows the photo-z bias (left panel) and RMS (right panel), as a function of the reconstructed
redshift for the di↵erent scenarii. Looking at the bias, we see that an uncertainty of 1 nanometer strongly
a↵ects the photometric redshift reconstruction, particularly in the -+ scenario. With an uncertainty of 0.5
nanometer the photometric reconstruction quality meets LSST specifications (dash dotted lines on figures), but
di↵erences with the reference results (black lines) are not negligible. An uncertainty of ±0.2 nanometer leads to
a photo-z quality close to the one obtained with reference filters. The comparison between both scenarii shows
us that an uncertainty on the filter mean wavelength following the -+ scenario a↵ects more the photo-z quality
than the +- scenario. The RMS is also a↵ected by uncertainties but we do not observe a significant impact
from a shift or from the scenario. The RMS from reference filters is better (in particular for z � 1.9) but all
shifted scenarii give similar results.

Figure 14 shows the bias and the RMS as a function of the main galaxy type, at redshift z
p

= 0.5, for all filter
configurations. This figure shows that Sbc galaxies are the most a↵ected by the uncertainty on filters, followed
by Elliptical (El) and Scd galaxies. On the contrary, starburst galaxies (and especially SB2 galaxies) are less
a↵ected. The mock catalog is dominated by the starburst galaxy types SB3 and SB2 (see figure 1). Hence
the quality of the photometric reconstruction is driven by the quality of the reconstruction of these galaxies.
For SB3 galaxies, the photo-z bias decreases as a function of the uncertainty. This is because the error caused
by uncertainties on filters and degeneracy between parameters (redshift, type and ebv) compensate the bad
photometric redshift reconstruction (these galaxies are the ones for which the photo-z bias is the worst using
reference filters). This explains why, in the +- scenario, an uncertainty of 0.2 nanometer or 0.5 nanometer seems
to improve the photo-z reconstruction at some redshifts.
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Figure 14: Bias (left) and RMS (right) as a function of galaxy spectral types, at redshift 0.5 and for di↵erent
filter configurations.

Taking the example of Sbc galaxies, we see that at redshift 0.5, an error of more than 0.2 nanometer (in the
+- configuration) leads to a strong degradation of the photo-z quality (bias comes from 1.55 10�4 without error
to �3.04 10�3 in the -+0.2nm error scenario). In order to keep a good photometric quality regardless of the
galaxy spectral type, we conclude that the filters transmission curves must be known with a precision better
than 0.2 nanometer.

4 Impact of spatial variation of the transmission curves

In order to estimate the impact of filters non-uniformity on photometric redshifts reconstruction, we made a
short simulation focusing on the “-+-+-+” scenario. We supposed that filters have a circular symmetry such that
the transmission depends only of the radius r and we assumed a linear relation: shift(%) = r/R

max

⇥shift
max

with |shift
max

| = 2.5%. Using this formula and taking into account a random probability for an object to be
seen at a radius r: P (r) = 1/2⇥ r/R2

max

(geometrical e↵ect, R
max

= 39 cm is the filter radius) we can compute
the actual filter X

true

through which the object will be observed. Taking into account the number of exposures
an object will be seen in each band after 10 years of observation (see table 6), we can compute an e↵ective

filter set for each object by averaging all X
true

in the 6 bands of LSST.
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Réjection des outliers
Boosted Decision Tree (BDT)

méthode machine learning
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Other activities

• Photo-z and atmosphere : use Y effective filter (airmass)  to 
(try to) improve photo-z performances, under progress 

• Extinction law(s) : in principle extinction law should be a free 
parameter in the fit (hyperz)  
Chevalard et al 2013 predict a quasi-universal relation 
between slope of the attenuation curves and V-band 
attenuation optical depth at all galaxy inclinations —> this 
should simplify the dust treatment  
PhD thesis proposed in LAM



PZ codes
• If the C++ version is developer-
friendly we will likely use LePhare 

• Compare performances with 
other codes 

• P(z) combination (Carrasco-Kind) 

• ML/TF :  
- cross analysis to tag outliers 
- LF built with ML (low z) 
- ML trained with LF (high z)

Matias Carrasco Kind LSST-DESC, Dec 4th 2013 Photo-z PDF estimation, storage and application

Photo-z PDF combination: Results

Averaged metrics for
all test galaxies
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Conclusion

• Photo-z is (one of) the key to LSST science 

• OCEVU : started collaboration with LePhare experts 

• We must increase french contribution


