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Indiscriminate  spectroscopy in the entire footprint:  
the spectro-photometric approach of J-PAS

R ∼ 50
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Outline

● Spectro-photometry as midway approach to full spectroscopic 
and photometric surveys  

● The Javalambre PAU Astrophysical Survey (J-PAS) 

● Predictions versus first observations in miniJPAS and J-NEP: 
depth, photo-z precision and accuracy, and galaxy cluster and 
group abundances  

● Prospects for Dark Energy Probes: Multi-probe clustering, 
galaxy clusters, and QSOs 

● Current status and forecasts for the future 

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Photometry Spectroscopyvs.
- Unbiased samples
- Faster & cheaper
- Large Volumes
- High number density

- SED of targets 
- Precise redshifts

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Photometry Spectroscopyvs.
- Unbiased samples
- Faster & cheaper
- Large Volumes
- High number density

- SED of targets 
- Precise redshifts

COMBO-17

Spectro-Photometry

Colloque national Action Dark Energy, IAP, October 28-30 2024

This provides a low 
resolution (R~50) 
pseudo-spectrum 
in every pixel of the 
footprint
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Spectro-Photometry

Javalambre Photometric Local 
Universe Survey

Colloque national Action Dark Energy, IAP, October 28-30 2024
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The Observatorio Astrofísico de 
Javalambre (OAJ)

Pico del Buitre (Vulture's Peak), 
By Arcos de las Salinas, about 
60' from Teruel and 80' from 
Valencia 

Colloque national Action Dark Energy, IAP, October 28-30 2024
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The Observatorio Astrofísico de 
Javalambre (OAJ)

Pico del Buitre (Vulture's Peak), 
By Arcos de las Salinas, about 
60' from Teruel and 80' from 
Valencia 

El País, 11/03/17

The “Spanish Lapland”

Colloque national Action Dark Energy, IAP, October 28-30 2024
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The OAJ exploits the niche of a site and instrumentation 
devoted to spectro-photometric surveys: telescopes with wide 
field-of-views and multi-narrow band filter systems

Colloque national Action Dark Energy, IAP, October 28-30 2024
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M1 (Ø) = 0.8 m 
FoV (Ø)) = 2 deg

The Telescopes

M1 (Ø) = 2.55 m 
FoV (Ø) = 3 deg = 476 mm 
at FP 
Etendue = 27.5 m2deg2

Currently 
equipped with 
the “pathfinder” 
camera

Colloque national Action Dark Energy, IAP, October 28-30 2024



T80Cam  JPCam  

1.4 deg 
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1.2 Giga pixels
(14 CCD of 
9200x9200)

0.22 arcsec/pixel
4.5 deg2  

The camera 
JPCam



1.2 Giga pixels
(14 CCD of 
9200x9200)

0.22 arcsec/pixel
4.5 deg2  

The camera 
JPCam
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J-PAS filter system
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The filter 
system

- 54 NB filters 
(FWHM~145Å; 
Δλ~10nm) 
From 3785Å to 
9100Å 

- 1 Blue MB filter 
(FWHM~260Å; 
λc~3600Å) 

- 1 Red BB filter 
(FWHM~620Å; 
λc~9500Å) 

- Sloan i-band 
Pseudo-spectrum (R~50) for 
every pixel of the sky 

5σ
3” 
aperture
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LRG @ 
z=1

Photo-z precision as 
good as 0.003(1+z)

The filter 
system

Quasar @ 
z~3.5

Colloque national Action Dark Energy, IAP, October 28-30 2024
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The camera + 
filters

Tray 
1

Tray 
BB

Tray 
4

Tray 
3

Tray 
2

Colloque national Action Dark Energy, IAP, October 28-30 2024



18

Footprint

~8,500 sq.deg

Colloque national Action Dark Energy, IAP, October 28-30 2024
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miniJPAS AEGIS fields (~1 sq.deg)

Colloque national Action Dark Energy, IAP, October 28-30 2024

Bonoli + J-PAS Collab. 2021

The first areas covered by J-PAS: miniJPAS and J-NEP
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miniJPAS data publicly available! 
 https://archive.cefca.es/catalogues

https://archive.cefca.es/catalogues
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 The miniJPAS depth and 
FWHM values

Colloque national Action Dark Energy, IAP, October 28-30 2024

Bonoli + J-PAS Collab. 2021
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LRG @ 
z=1

Quasar @ 
z~3.5
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Bonoli + J-PAS Collab. 2021 ELGs, LRGs, and QSOs
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Bonoli + J-PAS Collab. 2021 Stars
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Photo-z precision as 
good as 0.003(1+z)
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Photo-z precision as 
good as 0.003(1+z)

Hernán-Caballero +J-PAS, 2021,2023
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Photo-z precision as 
good as 0.003(1+z)

Hernán-Caballero +J-PAS, 2021,2023

The odds  parameter captures the precision of the 
photo-z independently of galaxy's magnitude or type: 
selections must be done in odds
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Photo-z precision as 
good as 0.003(1+z)

Hernán-Caballero +J-PAS, 2021,2023

The odds  parameter captures the precision of the 
photo-z independently of galaxy's magnitude or type: 
selections must be done in odds

J-PAS provides ~0.3% accurate 

photo-zs for ~1/3rd of the galaxies
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J-PAS LSS Cosmological probes of Dark Energy

QSO 
science

Clustering

- 700k clusters with 
more than 10 
members – down to  
~few 
- Combine lensing 
and optical richness 
for mass calibration

× 1013 M⊙

Clusters  Lensing

- 90M galaxies 
(LRG, ELG) with 
photo-z  precision of 
0.3%
- ks LAE 

- ~1 M QSOs with 
photo-z precision of 
0.3% or better SNIa
- MoU with WEAVE-
QSO to conduct Ly-  
forest science using 
WEAVE MOS.

α

- Optimization of 
BB observations in 
the best nights
- Redshift precision 
for lenses and 
background 
galaxies
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LSS in miniJPAS

Colloque national Action Dark Energy, IAP, October 28-30 2024

● High quality photo-zs 
for all red galaxies up 
to z~0.9 

● High quality  photo-zs 
for a large fraction of 
blue galaxies up to 
z~0.9 

● Multi-tracer science 
enabled in a very wide 
redshift range z ~ [0,1] 

● Clustering science cases 
augmented after the 
inclusion of the J-PAS  
QSO population (~1.5 M) 
sampling the redshift 
interval z ~[1,3.5] 

● Further science cases 
after obtaining spectra 
with WEAVE-QSO
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QSOs in J-PAS
 For QSOs we can recover 
very accurate and precise 
photo-z as well !!



NUMBER DENSITY OF QSO 
CANDIDATES FROM miniJPAS

Ongoing program with 
WEAVE QSO: about 
~700 sq.deg per year 
of our QSO 
candidates will be 
covered with their 
fibers, enabling 
Lyman-alpha science

Colloque national Action Dark Energy, IAP, October 28-30 2024

About 200 QSOs per sq.deg. (r<24)
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How’s the impact of miniJPAS photo-z errors in clustering analysis?
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Projections of miniJPAS on 
LSS clustering  

Ratio of P0(k)s: 

 P0,photo(k) / P0,spec(k) 

Obtained from ideal, Gaussian 
Photo-z errors at the targetted 
level of J-PAS 

Forecasts on sensitivity of J-PAS to the 
dark sector (interacting dark matter and 
dark energy, exotic dark energy 
models)  and modified gravity can be 
found in  Salzano et al., 2021, 
Figueruelo et al. 2021, Aparicio-Resco 
et al. 2020, Costa et al. 2019.  

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Projections of miniJPAS on 
LSS clustering  

Ratio of P0(k)s: 

 P0,photo(k) / P0,spec(k) 

Obtained from real photo-z 
PDFs obtained from miniJPAS 
data 

Forecasts on sensitivity of J-PAS to the 
dark sector (interacting dark matter and 
dark energy, exotic dark energy 
models)  and modified gravity can be 
found in  Salzano et al., 2021, 
Figueruelo et al. 2021, Aparicio-Resco 
et al. 2020, Costa et al. 2019.  

Colloque national Action Dark Energy, IAP, October 28-30 2024
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J-PAS Fisher forecasts from  
Benitez+2014

LRGs, ELGs, QSOs

Clusters, BAOs, All
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• Forecasts show that J-PAS should recover practically all the information 
on linear cosmological scales on a very wide redshift range . 

• Measured miniJPAS galaxy and QSO number densities yield typically 
low(er) values for shot noise, but, 

• The recovery of mildly to highly non-linear scales is compromised/
hampered by photo-z errors, deeming it challenging …  

z ∈ [0,3.5]



A low redshift example: tomographic analysis of J-PLUS

Colloque national Action Dark Energy, IAP, October 28-30 2024
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J-PLUS DR3 (~3,000 sq.deg)

J-PLUSJ-PAS 57 vs 12 filters … 

Colloque national Action Dark Energy, IAP, October 28-30 2024



J-PLUS DR3 samples



XGBoost
2D clustering, source  
counts in footprint,  
angular density fluctuations (ADF) 

An example from J-PLUS DR3

, 

 , and to be picked by the observer 

δg(n̂) =
∑j∈n̂ Wj

⟨∑i∈n̂ Wi⟩n̂
− 1

Wj := exp[ − (zj − zcen)2 /(2σ2
z )] zcen, σz

CHM+, in prep.

odds>0.8, r < 21, σErr, z ≃ 0.014



XGBoost

Angular redshift fluctuations (ARF) 
(Under any given redshift shell, a by 
construction much more Gaussian  
observable) 

An example from J-PLUS DR3

, 

 , and to be picked by the observer 

δz(n̂) =
∑j∈n̂ Wj (zj − z̄)

⟨∑i∈n̂ Wi⟩n̂

z̄ :=
∑j Wj zj

∑j Wj
; Wj := exp[ − (zj − zcen)2 /(2σ2

z )] zcen, σz

CHM+, in prep.

odds>0.8, r < 21, σErr, z ≃ 0.014



Unique  for all redshift shells: σErr {σErr, bi=1,nshells, 𝒜v}

Different  for each redshift shells: σErr {σErr, i=1,nshells, bi=1,nshells, 𝒜v}

odds>0.8, r < 21, σErr, z ≃ 0.014
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Clusters in miniJPAS
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Clusters in miniJPAS

Currently two cluster 
finders in place: 

AMICO (Maturi+ 2023) 
and  
PzWav 
(Doubrawa+2023)

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Clusters in miniJPAS

Bonoli et al., 2021.

Colloque national Action Dark Energy, IAP, October 28-30 2024
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AMICO response to 
a redshift slice on 
z~0.24, dashed iso-
contours correspond 
to X-ray data

Maturi et al. 2023.

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Contours 
are provided 
by X-ray 
data, color 
bar renders 
membership 
probability 
for each 
galaxy 
assigned by 
AMICO 

From 
membership 
we can 
assign total 
luminosities 
and stellar 
masses to 
clusters

Maturi et al. 2023.

Colloque national Action Dark Energy, IAP, October 28-30 2024
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We can 
distinguish 
interloping 
clusters/groups 
along very similar 
lines of sight...

Maturi et al. 2023.

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Maturi et al. 2023.

Low scatter in mass 
proxy – mass relation 
for Individual clusters 
(no binning/stacking)

Very accurate & precise redshift determination 
for clusters: 
We shall be able to conduct galaxy cluster 
clustering

Colloque national Action Dark Energy, IAP, October 28-30 2024
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Doubrawa+ 2023: Comparing different group finders:  
Voronoi Tesselation (VT), AMICO, and PzWav.

= Richness
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● ~95 groups with 
in ~1 sq.deg 

with high levels of purity and 
completeness up to z~0.4 

● Internal weak lensing cluster 
mass estimates expected to give 

or  

● Current work towards 
establishing density-based 
membership assignments as a 
proxy for optical mass

M200 > 1013M⊙

Δ log M ∼ 3 % Δσ8 ∼ 1.5 %

Clusters in miniJPAS

Bonoli et al. 2021
Colloque national Action Dark Energy, IAP, October 28-30 2024



Current status and future prospects
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Growth of area covered in all filters
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Current status

Survey growing around 6 seeds 

• About 500 sq.deg in any band 
• About 40 sq.deg. in all bands 
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Take Home messages

● 54 NB + 3 MB/BB filters over ~8,500 sq.deg 
● 4.5 deg2 FoV 
● Up to mag~ 24.5 in BB filters, ~ 22.5 in NB ones 
● 90M ELG and LRG 
● Reaching ~0.3% photo-z precision for ~1/3rd of galaxies 
● Millions of QSOs at similar level of precision (~0.3—0.5%) 
● 200M of galaxies 
● ~700K of groups and clusters with accurate photo-z and 

memberships 
● ~10 sq.deg of J-PAS data to be public in November 2024 

● You can already access real miniJPAS & J-NEP data at 
 https://archive.cefca.es/catalogues 

● http://www.j-pas.org 

https://archive.cefca.es/catalogues


67Colloque national Action Dark Energy, IAP, October 28-30 2024

https://archive.cefca.es/catalogues

https://archive.cefca.es/catalogues
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Take Home messages

● 54 NB + 3 MB/BB filters over ~8,500 sq.deg 
● 4.5 deg2 FoV 
● Up to mag~ 24.5 in BB filters, ~ 22.5 in NB ones 
● 90M ELG and LRG 
● Reaching ~0.3% photo-z precision for ~1/3rd of galaxies 
● Millions of QSOs at similar level of precision (~0.3—0.5%) 
● 200M of galaxies 
● ~700K of groups and clusters with accurate photo-z and 

memberships 
● ~10 sq.deg of J-PAS data to be public in November 2024 

● You can already access real miniJPAS & J-NEP data at 
 https://archive.cefca.es/catalogues 

● http://www.j-pas.org 

https://archive.cefca.es/catalogues
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Take Home messages

Merci bien!
● 54 NB + 3 MB/BB filters over ~8,500 sq.deg 
● 4.5 deg2 FoV 
● Up to mag~ 24.5 in BB filters, ~ 22.5 in NB ones 
● 90M ELG and LRG 
● Reaching ~0.3% photo-z precision for ~1/3rd of galaxies 
● Millions of QSOs at similar level of precision (~0.3—0.5%) 
● 200M of galaxies 
● ~700K of groups and clusters with accurate photo-z and 

memberships 
● ~10 sq.deg of J-PAS data to be public in November 2024 

● You can already access real miniJPAS & J-NEP data at 
 https://archive.cefca.es/catalogues 

● http://www.j-pas.org 

https://archive.cefca.es/catalogues
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