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Basic principle

Observed colors change 
with redshift 
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Basic principle

Observed colors change 
with redshift 

➢ redshift inference based 
on the multi-color images
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Photo-z or spec-z

Photo-z 

Pro: all sources (reaching billions), 
faint, high-z, no problem of 
incompleteness 

Con: degraded accuracy, catastrophic 
failures, need to be tested, difficult to 
estimate their errors
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Photo-z or spec-z

Spec-z 

Pro: accurate, easy to select the 
most robust 

Con: time consuming, only for the 
brightest sources (<5% of a 
photometric catalogue), 
incompleteness difficult to assess 

➣ photo-z/spec-z complementary
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Two branches

Machine learning : data-driven 
       ➩ The color-flux mapping is learned from an existing spec-z sample 

Template fitting : physically motivated 
      ➩ The color-flux mapping is modeled from our builded knowledge 

Salvato+2018 for a short review 
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Outline of our today’s 
presentations

14h30-16h 
Template-fitting for galaxies with LePHARE tool / O. Ilbert - R. Shirley 

16h30-17h 
Template-fitting for AGN with LePHARE tool / R. Shirley 

17h-18h 
Photo-z with machine-learning / M. Treyer
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Basic principle of template-fitting 

Data
multi-color photometric 
catalogue 

Model
Models of source SED
with the redshift as one 
dimension

Fit the model 
over the data ➢

Redshift Probability 
Distribution Functions

and associated redshift
point-estimates

It seems pretty simple…

First template-fitting from Puschell, Owen, Laing 1982 



The data 

Many difficulties behind this step

• Combine images with different PSF 
• Blending of the sources 
• Flux extraction method to limit the noise 
• Identify unreliable regions on the images 
• Photometric calibration 
• … 
➢  Crucial impact on the quality of the photo-z

Data
multi-color photometric 
catalogue 

Shuntov+25
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The model
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The instrument 
(CCD, filters)

Model the source emission 

Neutral gas in the IGM 

Dust in the Milky Way• large vs. small library 
• Empirical vs. physical 
• Galaxy/AGN/Stars 

➢  These choices represent the 
core of the template-fitting method
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The fit 

observed flux  
and error 

Theoretical flux

Outputs   
Probability 
Distribution Function 
PDF(z)

• Possible training  
• Different way to build the 

PDF(z)  
• Prior 
• Different methods to associate 

a point estimate to the PDF(z) 
• … 



That’s why so many codes exist

Bolzonella, Miralles, Pello 2000

Chevallard  
& Charlot 2016

Brammer+ 2008

2000
2006

2012
2018

Benitez 2000

Feldmann+2008

Arnouts+2002, Ilbert+06

Phosphoros 
for Euclid
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Sanchez et al. 2014 
internal test with DES data

Numerous challenges to test the 
codes with real data

Hildebrandt+2010, PHAT,  
blind test with GOODS data

Dahlen+2013, internal tests 
using CANDELS data
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Numerous challenges to test the 
codes with simulations

Schmidt, Malz et al. 2020 
for LSST 

Recent papers also 
investigate the quality of 
the PDF

Euclid, Deprez et al. 2020 
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LePHARE

Olivier Ilbert, Johann Cohen-Tanugi, Raphael Shirley, 
Mara Salvato, Stephane Arnouts
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Template-fitting code based on a 𝛘2 
minimisation 
• several set of templates, dust 

attenuations, emission lines recipes, … 
• Stars, galaxies, and AGN fit seperately 
• Possible priors  
• Photo-z and physical parameters in 

output, as well as associated PDF 
• … 

Originally a fortran code  
(Arnouts+2002, Ilbert+2006)



New c++ version

Completely re-writen in c++ 
https://github.com/lephare-photoz/   
• Parallelized 
• Better optimized 
• Python interface using pybind 

C++ classes can be used as library 
The code can be fully run through notebooks 
Allow to manipulate any input/output format available in python 
Initial way to run the code still available
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Olivier Ilbert,  Johann Cohen-Tanugi, 
Rafaël Shirley with the help of several 
others

https://github.com/lephare-photoz/lephare


Installing LePHARE

Documentation 
https://lephare.readthedocs.io/en/latest/
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Running LePHARE
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Two methods 

1. Same method as initial version of the code using command line in the 
terminal 

2. Open a notebook (e.g. jupyter-lab) 



Structure of the code
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github.com/lephare-photoz

github repository  
lephare

github repository  
lephare-data

Sources, documentation, 
tests.

Auxiliary data (SEDs, 
attenuation curves, etc)

• loaded locally on your computer 
depending on your parameter file 

• OR cloned once for all, the environment 
variable LEPHAREDIR set the location 

Used by pip install



Structure of the code
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Intermediate files will be generated during your run. 
You can specify their location with the environment variable 
LEPHAREWORK 

By default, LEPHAREDIR and LEPHAREWORK are set up in your 
cache 



We start with GDR_gal_photoz.ipynb 

An example of notebook 
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Read the 
input data

Define the 
config

Create the 
library

Run the 
photo-z

filters, 
transmission, 
…

templates, 
emission lines, 
dust

Integrate 
along a 
redshift grid

+



An example of notebook using 
CLAUDS data (Desprez+2023)

•CLAUDS (CFHT Large Area U-band survey) ugrizy data 
•We concentrate on the COSMOS field for testing 
•Deep spectroscopic sample from Khostovan et al. (2025) for testing 
•Deep Chandra x-ray sample from Marchesi et al. (2016) (for the AGN part) 
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Prepare the input file

For more information on the format: 
https://lephare.readthedocs.io/en/latest/detailed.html#input 

!! The filters need to be sorted exactly in the same way  
in the catalogue and in the filter library !!
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Id

Flux  Flux_err 
in erg/s/cm2/Hz context

Spec-z  
(or -99)

A string with any 
information you want

https://lephare.readthedocs.io/en/latest/detailed.html#input


Generate the model library 
The filters

All the filters already included in LePHARE can be browse at 
https://github.com/lephare-photoz/lephare-data/tree/main/filt 

Another method allow you to import directly new filters from svo service 
lephare.readthedocs.io/en/latest/detailed.html#adding-a-new-filter
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https://github.com/lephare-photoz/lephare-data/tree/main/filt


Various set of galaxy templates to be chosen  
https://github.com/lephare-photoz/lephare-data/tree/main/sed

Generate the model library 
The set of galaxy templates
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Limited set of models
(GRASIL + BC03)
Ilbert+09

Simple empirical templates
as CWW+Kinney

Ilbert+06

Bruzual & Charlot 2003

Physical models 
➢ Complex Stellar Populations
Large library

https://github.com/lephare-photoz/lephare-data/tree/main/sed


Generate the model library 
Emission lines

Not trivial given the diversity of line ratios 
Absolutely necessary, even with broad bands
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Schaerer 2009 
z=5.93

Ilbert 2009 
Gain a factor 2 in precision in COSMOS 



Generate the model libray 
Dust attenuation

Dust attenuation depends on galaxy SFH, geometry, metallicity … 
➢ Several dust attenuation laws can be considered in the same run 
➢ Define a grid of E(B-V) 
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bump at 2175Å 
Not always present

One blue SED 
with E(B-V)=0.4



Notebook: create the library
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photo-z run 
Fine-tune the photomety
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Correct the systematic differences between observed and predicted mag
Ilbert, Arnouts et al. 2006

u*  +0.019 
g’  -0.079 
r’  -0.002  
i’   0         
z’   -0.008



photo-z run 
Priors

Bayesian approach could be chosen to 
derive the PDF and then the photo-z  

And simple priors on the absolute 
magnitude range
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Benitez 2000 

N(z) prior from Benitez 2000 
but improved in Ilbert+2006



Notebook: running the photoz 
and play with calibration+prior
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Suplementary slides 
Physical parameters
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Adding value of template fitting 
➢ physical parameters

If the templates have a physical 
meaning, the physical 
parameters could be measured 
simultaneously 

ex: Chevallard & Charlot 2016, 
Tanaka 2015 
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UVUDF
Chevallard & Charlot 2016



The output of LePHARE 
Physical parameters

Extract of the physical properties and associated PDF 
For instance: stellar masses, rest-frame colors, SFR, specific SFR, E(B-V), … 

42 Arnouts+13Shuntov+24



Notebook

https://lephare.readthedocs.io/en/latest/notebooks/
Typical_use_case_physicalParameters.html
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Suplementary slides 
Typical photo-z quality 
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How properties of the photometric 
survey determine the photo-z  accuracy

The quality of the photo-z depends on 
•the S/N of the photometry, i.e. constraint on the fit 
•the filter wavelength coverage, i.e. how well we can encompass the 

Balmer/Lyman break 
•the resolution of the filter set
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S/N of the photometry

Photo-z accuracy is 
degraded at faint S/N 
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Filter coverage
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NIR 
➣ crucial at z>1



Wavelength resolution

Accuracy at i’<22.5    
σ [ (zp-zs)/(1+zs)] ~ 0.03 
5 broad bands 
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Wavelength resolution

Accuracy at i’<22.5    
σ [ (zp-zs)/(1+zs)] ~ 0.01 
5 broad + 12 medium bands 
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Suplementary slides 
Selection the set of templates
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Could decide to use few observed spectra or/and generate templates 
with stellar population synthesis models 

Brammer+(2008) allow for linear combination between templates and 
associate an error function to the templates

The set of templates 
(now start the messy part)

Brammer et al. 2008



Or large libraries with complex  
star formation histories  
➢ millions of templates
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Chevallard & Charlot 2016

𝛔BEAGLE=0.047    OLFBEAGLE=5.1%-9.8% 
𝛔BPZ=0.028         OLFBPZ=1.2%-4.2%

Chevallard & Charlot 2016

Pacifici 2012

The set of templates 
(now start the messy part)



Or large libraries with complex  
star formation histories  
➢ millions of templates

53

Chevallard & Charlot 2016

𝛔BEAGLE=0.047    OLFBEAGLE=5.1%-9.8% 
𝛔BPZ=0.028         OLFBPZ=1.2%-4.2%

Chevallard & Charlot 2016

Pacifici 2012

The set of templates 
(now start the messy part)

As many set of templates as existing codes 
➢ No consensus on a common set of templates,                                                     

or even on the method to establish such set of templates



Suplementary slides 
GASPIC
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