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Basic	principle	of	template-fi6ng	

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-fi6ng	from	Puschell,	Owen,	Laing	1982	



The	photometric	catalogue	

Many	difficulNes	behind	this	step

• Combine	images	with	different	PSF	
• Blending	of	the	sources	
• Flux	extracNon	method	to	limit	the	noise	
• IdenNfy	unreliable	regions	on	the	images	
• Photometric	calibraNon	
• …	
➢		Real	impact	on	the	quality	of	the	photo-z

Data
multi-color photometric 
catalogue 



What	we	discuss	here
Model
Models of source SED
with the redshift as one 
dimension

Physical	model	of	SED



Physical	model	of	SED
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The	instrument	
(CCD,	filters)

Model	the	galaxy	emission	

Neutral	gas	in	the	IGM	

Dust	in	the	Milky	Way

Reproduce	everything		
from	the	photon	emission		
to	the	researcher



Could	decide	to	use	few	observed	spectra	or/and	generate	templates	
with	stellar	populaNon	synthesis	models	

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

The	set	of	templates	
(now	start	the	messy	part)

Brammer et al. 2008



Or	large	libraries	with	complex		
star	formaNon	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	formaNon	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)

As	many	set	of	templates	as	exisNng	codes	
➢ No	consensus	on	a	common	set	of	templates,																																																					
or	even	on	the	method	to	establish	such	set	of	templates



Introducing	the	dust	
(admit	even	more	ignorance…)

Dust	afenuaNon	depends	on	galaxy	star	formaNon	history,	geometry	of	
the	galaxy,	metallicity	…	
➢	We	don’t	know	the	dust	afenuaNon	law	in	the	studied	galaxy	
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bump	at	2175Å	
Not	always	present

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



On	a	top	of	that,	emission	lines	
should	be	considered	seriously
Not	trivial	given	the	diversity	of	line	raNos
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Schaerer	2009	
z=5.93

Ilbert	2009	
Gain	a	factor	2	in	precision	in	COSMOS	



Basic	principle	of	template-fi6ng	

Data
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with the redshift as one 
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First	template-fi6ng	from	Puschell,	Owen,	Laing	1982	

Different approaches also present 
in this step



Could	introduce	external	informaNon	as	the	N(z),	
the	luminosity	funcNon,	the	mass-SFR	relaNon,	etc	
(Benitez	2000)

12Tanaka	2015	

Compensate	our	lack	of	data	by	
adding	some	prior



That’s	why	so	many	codes	exist

Bolzonella,	Miralles,	Pello	2000

Chevallard		
&	Charlot	2016

Brammer+	2008

2000
2002

2004
2006

2008
2010

2012
2014

2016

Benitez	2000

Feldmann+2008

Le Phare Arnouts+2002,	Ilbert+06

New	codes	developed	
within	larges	projects	
e.g.	PHOSPHOROS	for	Euclid



Template-fi6ng	used	intensively	
since	>20	years

COSMOS, Laigle+2016

CFHTLS, Coupon+09

HDFS, Arnouts+02

miniJPAS, Bonoli+20

ValidaNon	through	photo-z	/	spec-z	comparison			
But:	
• biased	spec-z	samples	
• PDF	are	rarely	checked	in	detail																																						
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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	start	to	
invesNgate	the	quality	of	
the	PDF

Euclid, Deprez et al. 2020 
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Mean redshift from the PDF  
Test with a cosmological simulation  

Euclid, Ilbert et al. 2021 

Use	the	PIT	distribuNon		
to	correct	the	PDF	
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Mean redshift from the PDF  
Test with a cosmological simulation  

Euclid, Ilbert et al. 2021 

Use	the	PIT	distribuNon		
to	correct	the	PDF	
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Measure	the	mean	redshi1	with	a	precision	of	
0.2%	combining	LSST	and	Euclid	
➢	essenNal	for	weak	lensing	probe



COSMOS2020	catalogue
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Weaver, Kauffmann et al. 2021, submitted
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COSMOS2020	catalogue

Classic	:		aperture	photometry	
The	Farmer	:	profile-fi6ng	photometry
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Weaver, Kauffmann et al. 2021, submitted



COSMOS2020	catalogue
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Weaver, Kauffmann et al. 2021, submitted

1% precision at i<22.5 
4-5% precision at 25<i<26



COSMOS2020	z>7	candidates

31	candidates
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Kauffmann et al. 2021, in prep



Conclusions	on	template-fi6ng

JWST	/	Kauffmann+20

Template-fi6ng	is	a	robust	method	

It	will	remain	essenNal	in	case	of	sparse	
spectroscopic	coverage	(e.g.	JWST)	

The	PDF	could	be	use	to	measure	the	mean	
redshi1	with	deep	imaging	

Salvato+2018,	review	on	photo-z



Adding	value	of	template	fi6ng	
➢	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
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Compensate	our	lack	of	data	by	
adding	some	prior

Bayesian	approach	could	be	chosen	to	derive	the	
PDF	and	then	the	photo-z		
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Benitez	2000	
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Test template-fitting with 
hydrodynamical simulations

Follow	DM	and	baryonic	
parNcules	in	Horizon-AGN	
➢	complex	histories	and	
diversity	of	galaxies	

Run	Le	Phare	with	standard	
configuraNon	
➢	excellent	with	LSST+Euclid	

Ongoing	work:	generate	
image	and	source	extracNon	
for	Horizon-AGN

Laigle et al. 2019


