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O que é a cosmologia (moderna)?

O que pretende descobrir?



1- A evolução do “tamanho” do universo



2- A evolução da estrutura em larga escala

t = 0.21 Gyr

t = 4.7 Gyr

t = 13.6 Gyr

400,000,000 anos luz{



How does the 
universe evolve?

 
Illustris 

simulation

The largest was run on 
8,192 compute cores, and 

took 19 million CPU hours.



Inimagináveis! 

Em particular, descobriremos a composição do 
universo e as leis da física que governam não 
somente nossa galáxia mas o universo inteiro.

Consequências?



Present understanding

⌦M ' 0.3

⌦DE ' 0.7

wDE ' �1

strong evidence for 
dark energy

2011 Nobel Prize

The Astrophysical Journal, 746:85 (24pp), 2012 February 10 Suzuki et al.

Figure 5. ΛCDM model: 68.3%, 95.4%, and 99.7% confidence regions of the (Ωm, ΩΛ) plane from SNe Ia combined with the constraints from BAO and CMB.
The left panel shows the SN Ia confidence region only including statistical errors, while the right panel shows the SN Ia confidence region with both statistical and
systematic errors.

Figure 6. wCDM model: 68.3%, 95.4%, and 99.7% confidence regions in the (Ωm, w) plane from SNe Ia, BAO, and CMB are shown in both panels. The left
panel shows the SN Ia confidence region for statistical uncertainties only, while the right panel shows the confidence region including both statistical and systematic
uncertainties. We note that CMB and SN Ia constraints are orthogonal, making this combination of cosmological probes very powerful for investigating the nature of
dark energy.

corresponds to a look-back time of 6.62 ± 0.22 Gyr, about
the half of the age of the universe. Equality between the
energy density of dark energy and matter occurred later, at
z = 0.391 ± 0.033 or a look-back time of 4.21 ± 0.27 Gyr.

If we remove the flatness prior (labeled as oΛCDM in
Table 7), the best-fit Ωm and ΩΛ change by a fraction of their
errors with Ωk = 0.002+0.005

−0.005.

5.2. wCDM: Constant Equation-of-state Parameter

In wCDM models, w is constant but is allowed to be different
from −1. While few dark-energy theories give w ̸= −1 and
yet constant (Copeland et al. 2006), constraints on the constant
w model are still useful. The wCDM model contains fewer
parameters than the dynamical dark-energy models considered
in the following section, yet a value different from w = −1
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Dark Matter: 25%

Dark Energy: 70%

Stars: 
0.8%

H & He: 
gas 4%

Chemical Elements:  
(other than H & He) 0.025%

Neutrinos: 
0.17%

Radiation:  
0.005%

νe     νµ         ντ

?
?



Dark Universe

Pulls Things Together Pulls Things Apart 

Attractive Gravity Repulsive Gravity

Dark Energy Dark Matter

New Particle Species? Weight of Space?

Mysteries of the
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Old cosmological Models

Ancient Egypt Ancient Middle East

Dark Ages (and Kansas today) Ancient South Asia

C
re

di
t: 

R
oc

ky
 K

ol
b



Near future in cosmology
We will observe a good fraction of all the galaxies in the observable 

universe. This will allow us to understand the nature of dark 

matter and dark energy.  

Two ways to observe galaxies:

I. spectroscopy: better data but less galaxies per year.  

Good for BAO.

II. imaging: only shape of galaxies but many galaxies per year.  

Good for weak lensing.

lots of people, large collaborations



Hubble Ultra 
Deep Field

10,000 
individual 
galaxies



Para as escalas cosmológicas,
as galáxias - e seus bilhões de 

estrelas e planetas - são… 
pontos!



How to observe galaxies?

Spectroscopy



How to observe galaxies? Spectroscopy

Credit: SDSS

very precise redshifts —> very precise distances + peculiar velocities
excellent for BAO etc

SDSS III can record 
1000 spectra at once

…not so many!



How to observe galaxies? Spectroscopy



SDSS galaxies

Castelo

„limited“ 
depth

Each point represents 
a galaxy, typically 

containing about 100 
billion stars.

The outer circle is at a 
distance of two 

billion light years.



How to observe galaxies?

Imaging



 
- 1182 members,  

- 130 Labs 
- 13 European 

countries: 
Austria, Denmark, 

France, Finland, 
Germany, Italy, 

The Netherlands, 
Norway, Portugal, 
Romania, Spain, 
Switzerland, UK 
+ US/NASA and 
 Berkeley labs.  

Last Consortium Meeting in May 2014, Marseille. 

Leiden'Consor-um'Mee-ng'2013'

Euclid: ESA medium class space mission 
selected in the Cosmic Vision program 2015-2025 



The SDSS 3D Universe Map  
Credit & Copyright: Sloan Digital Sky Survey Team, NASA, NSF, DOE 

Explanation: The latest map of the cosmos again indicates that 
dark matter and dark energy dominate our universe. The 

Sloan Digital Sky Survey (SDSS) is on its way to measuring the distances to 
over one million galaxies. Galaxies first identified on 2D images, like the 

one shown above on the right, have their distances measured to create the 
3D map. The SDSS currently reports 3D information for over 200,000 

galaxies, now rivaling the 3D galaxy-count of the Two-Degree Field sky map. 
The latest SDSS map, shown above on the left, could only show the 

galaxy distribution it does if the universe was composed and evolved a 
certain way. After trying to match many candidate universes to it, 

the Cinderella universe that best fits the above map has 5% atoms, 
25% dark matter, and 70% dark energy. Such a universe was 

previously postulated because its rapid recent expansion can explain why 
distant supernovas are so dim, and its early evolution can explain the 
spot distribution on the very distant cosmic microwave background. 

Credit & Copyright: Sloan Digital Sky Survey Team, NASA, NSF, DOE 

Picture Credit: Tom Jubb, Richard Massey (Durham University) 

1.2'm'telescope'

Surveys 

1.2m Korsch telescope



Telescope and instruments 

- Parameterising our ignorance: 
•  DE equation of state:  P/ρ = w  , and w(a) = wp + wa(ap-a)  
•  Growth rate of structure formation controlled by gravity:  f ~ Ωγ  ;  γ= 0.55? 

   

   
After Planck: w may not be -1 or 
may vary with time ... 

Euclid can probe Dark Energy 
effects. 
 

 - A non zero w(a)  still possible after Planck? 

Same field of views, they will operate simultaneously in step-and-stare mode 

The telescope feeds two instruments via a beam splitter.  
Reflected light to VIS, transmitted light to NISP 

 Courtesy:  
Astrium and  ESA Project office  

Valeria Pettorino, University of Heidelberg                      DESY, 25.06.2014 

Credit: V. Pettorino



VIS instrument 

- Parameterising our ignorance: 
•  DE equation of state:  P/ρ = w  , and w(a) = wp + wa(ap-a)  
•  Growth rate of structure formation controlled by gravity:  f ~ Ωγ  ;  γ= 0.55? 

   

   
After Planck: w may not be -1 or 
may vary with time ... 

Euclid can probe Dark Energy 
effects. 
 

 - A non zero w(a)  still possible after Planck? 

The VIS (visible band imager) instrument measures'shapes'with'high'resolu0on'

Courtesy:  
Astrium and  ESA Project office  

One'wide'visible'band'
5507900'nm'
'
Data'volume:'520Gbit/day'

The VIS is equipped with 36 
(4kx4k) CCDs, covering more 
than  0.5 deg2 field with 0.1 
arcsec pixels. 

Valeria Pettorino, University of Heidelberg                      DESY, 25.06.2014 

Credit: V. Pettorino



NISP instrument 

- Parameterising our ignorance: 
•  DE equation of state:  P/ρ = w  , and w(a) = wp + wa(ap-a)  
•  Growth rate of structure formation controlled by gravity:  f ~ Ωγ  ;  γ= 0.55? 

   

   
After Planck: w may not be -1 or 
may vary with time ... 

Euclid can probe Dark Energy 
effects. 
 

 - A non zero w(a)  still possible after Planck? 

The NISP instrument provides both imaging and spectroscopy 
 
It has 16 infrared detectors, covering more than 0.5 deg2 with 0.3 arcsec pixels.  
Data volume: 180 Gbit/day 
NISP performs photometry or spectroscopy in sequence 
selecting a filter or grism wheel respectively 

The NISP slitless 
spectrometer mode 

contains 4 grisms to 
provide spectra in two 
bands with orthogonal 

directions. 

The NISP imaging 
photometer mode 

contains 3 filters (Y,J,H) 
in the 1-2 micron 

wavelength range.  

Courtesy:  
Astrium and  ESA 
Project office  Valeria Pettorino, University of Heidelberg                      DESY, 25.06.2014 

Credit: V. Pettorino



Main probes

Two (main) complementary probes:  

- weak lensing: shapes and distances (photometric 
redshift) of 2 billions galaxies to see the distribution 
of dark matter through weak lensing tomography. 

- galaxy clustering: slitless spectrometer measures the 
3-d distribution of galaxies as a function of time, 
measuring 50 millions of redshifts (z<2). 

Same survey, independent probes, different systematics.



Instrument)Overall)WP)Breakdown ) ) )))))))) ) ) )VG):8"

Euclid!
Consortium!Euclid:optimised for shape measurements 

M51  

•  Euclid images of z~1 galaxies: same resolution as SDSS images at z~0.05 and at 
least 3 magnitudes deeper.   
•  Space imaging of Euclid will outperform any  other surveys of weak lensing. 

Euclid: optimized for shape measurements
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Objectives of Euclid
Understand the nature of dark energy, test gravity.  
 
- measure background expansions, that is  
 

- measure history of structure formation, that is  
 
 
 
From Euclid data alone: FoM>400 and σ𝛾~0.02 
 
If data consistent with Λ:  
„conclusive“ evidence for standard model (selling ad :).

w = p/⇢ w(a) = w0 + (1� a)wa

fg ⌘ d ln �

d ln a
' ⌦M (z)�



How to observe galaxies?

the third way… quasi-spectroscopy



How to observe galaxies?
quasi-spectroscopy (R~50) in every pixelCluster selection function for the J-PAS survey 4293

Figure 1. Transmission curves of the 54 narrow band and two medium-band overlapping J-PAS filters spanning the optical range (colour lines). The width of
each narrow-band filter is ∼145 Å and they are spaced by 100 Å. For comparison, the five SDSS filters are shown with grey-shaded shape.

2 TH E J - PA S SU RV E Y

J-PAS2 (Benitez et al. 2014) is the first stage IV survey, starting in
2016. The observations will be taken from the Javalambre Survey
Telescope (JST/T250), a new fully dedicated 2.5 m telescope located
at the Observatorio Astrofı́sico de Javalambre3 in Teruel (Spain),
using JPCam, a panoramic camera with a mosaic of 14 large-format
CCDs amounting to 1200 Mpix, that provides an effective field of
view of ∼4.7 deg2 (see Cenarro et al. 2013, 2014; Taylor et al. 2014;
Marı́n-Franch et al. 2015).

With the main purpose of constraining the dark energy param-
eters with at least 10 times higher precision than present surveys,
J-PAS will image ! 8500 deg2 of the northern sky with 54 narrow-
band filters plus two medium-band and three broad-band ugriz-like
filters in the whole optical range. Each narrow-band filter will have
a width of ∼145 Å and will be spaced by 100 Å. The filter transmis-
sion curves of the 54 narrow-band overlapping filters plus the two
medium-band filters for J-PAS are displayed in Fig. 1 (see also Ben-
itez et al. 2014). For comparison, we also plot the five broad-band
filters of the SDSS. As we can see, the optical wavelength range for
a low-redshift object will be sampled with more than 50 data points
allowing, not only to recover a good estimation of the photometric
redshift, but also to infer intrinsic properties of the galaxies.

The expected depth of the survey (5σ detection magnitudes)
for all the different bands are provided in tables 3– 5 in Benitez
et al. (2014) from realistic simulations using the characteristics
of the telescope, camera and site. In addition, we have created a
synthetic i band as a combination of the narrow-band filters of
the survey, by following a similar procedure to that described in

2 http://j-pas.org/
3 http://oaj.cefca.es

Molino et al. (2014) and Ascaso et al. (2015a) for the Advanced
Large, Homogeneous Area Medium Band Redshift Astronomical
survey (ALHAMBRA) survey. This has been made in order to use
the same pass-band to detect galaxy clusters as some other work in
the literature (e.g. Postman et al. 2002; Olsen et al. 2007; Adami
et al. 2010; Ascaso et al. 2015a).

Due to the large coverage of the visible spectrum, the expected
photometric redshift accuracy will be "z ∼ 0.003(1 + z) for more
than 9 × 107 galaxies down to the flux limit of the survey (Benı́tez
et al. 2009a; Benitez et al. 2014). This photometric redshift resolu-
tion makes this survey comparable to a low-resolution integral field
unity of the northern sky.

The excellent photometric redshift precision that J-PAS will
achieve, makes this survey ideal for characterizing the overall galaxy
population in terms of colours, morphology or chemical composi-
tion and therefore, for determining the cluster galaxy membership.

3 SIMULATING J -PAS

In this paper, we use a mock catalogue generated by using the same
procedure as in Ascaso et al. (2015b). Indeed, we use the 500 deg2

wide mock cone catalogue by Merson et al. (2013)4 designed to
mimic Euclid and, we transform it into a J-PAS mock catalogue
by using PhotReal. This technique, described in Ascaso et al.
(2015b), obtains a new photometry and photometric error set for a
particular survey to reproduce the observational properties of the
galaxies with fidelity. After that, photometric redshifts have been
derived by using BPZ2.0 (Benı́tez 2000, Benı́tez et al. in preparation).
In this section, we give a brief description of the mock catalogue
construction.

4 http://community.dur.ac.uk/a.i.merson/lightcones.html

MNRAS 456, 4291–4304 (2016)
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J-PAS: The Javalambre-Physics of the 
Accelerated Universe Astrophysical Survey

J-PAS was founded on the grounds of a MoU signed by 
CEFCA (Teruel, Spain), USP and ON.

R$ 100 milhões: R$1/galáxia.
Euclid é 20 vezes mais caro.



J-PAS: The Javalambre-Physics of the 
Accelerated Universe Astrophysical Survey
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Abstract

The Javalambre-Physics of the Accelerated Universe Astrophysical Survey (J-PAS) is a narrow band, very wide
field Cosmological Survey to be carried out from the Javalambre Observatory in Spain with a purpose-built,
dedicated 2.5m telescope and a 4.7ut� camera with 1.2Gpix. Starting in 2015, J-PAS will observe 8500ut� of
Northern Sky and measure 0.003(1+z) precision photometric redshifts for 9⇥107 LRG and ELG galaxies plus
several million QSOs, about 50 times more than the largest current spectroscopic survey, sampling an effective
volume of ⇠ 14 Gpc3 up to z = 1.3. J-PAS will be the first radial BAO experiment to reach Stage IV.

J-PAS will also detect and measure the mass of 7⇥ 105 galaxy clusters and groups, setting constrains on
Dark Energy which rival those obtained from BAO measurements. Thanks to the superb characteristics of the
Javalambre site (seeing ⇠ 0.700), J-PAS is expected to obtain a deep, sub-arcsec image of the northern sky, which
combined with its unique photo-z precision will produce one of the most powerful cosmological lensing surveys
before the arrival of Euclid. In addition, J-PAS unprecedented spectral time domain information will enable a
self-contained SN survey that, without the need for external spectroscopic follow-up, will detect, classify and
measure sz ⇠ 0.5% redshifts for ⇠ 4000 SNeIa and ⇠ 900 core-collapse SNe.

The key to the J-PAS potential is its innovative approach: the combination of 54 145Å filters, placed 100Å
apart, and a multi-degree field of view (FOV) is a powerful “redshift machine”, with the survey speed of a
4000 multiplexing low resolution spectrograph, but many times cheaper and much faster to build. Moreover,
since the J-PAS camera is equivalent to a very large, 4.7ut� “IFU”, it will produce a time-resolved, 3D image
of the Northern Sky with a very wide range of Astrophysical applications in Galaxy Evolution, the nearby
Universe and the study of resolved stellar populations. J-PAS will have a lasting legacy value in many areas of
Astrophysics, serving as a fundamental dataset for future Cosmological projects.

Keywords: Dark Energy, Cosmology, SNIa, Large Scale Structure, Baryonic Acoustic Oscillations, Lensing,
Dark Matter, Galaxy Evolution, Stars, Solar System, Transients, Telescopes, Instrumentation, Photometric
Redshifts

2

Redbook: arxiv.org/abs/1403.5237

Thanks to J-PAS Brazil has joined the Euclid Consortium



Observatory

Very dry:
good for astronomy 
(and jamón serrano)

Teruel

El Pico del Buitre,
Sierra de Javalambre



Observatory

2016

2014
2010

altitude: 2000 m
median seeing: 0.7“

T80

T250

seeing 
tower

extinction 
telescope

control 
rooms, 

residence

underground 
facilities



Observatory





Very compact 
telescope

excellent étendue 
(FOV ⋅ aperture)

weight: 45000 kg



Complex design

3-lens 
aspherical field 

corrector

curved 
secondary 

mirror



JPCam

1.2 gigapixel



Maintenance

coating vacuum 
chamber for mirror 

aluminization

dirty mirror



Control room and storage

Netapp cluster: 1.1 PB
Robotic tape library: 4PB
5000+MB/s bandwidth 

3 control 
rooms





Science

13th J-PAS Meeting in Teruel - September 2016



The main drivers of J-PAS cosmological analysis are

• The possibility of mapping the Large Scale Structure with 
different probes (LRGs, ELGs & QSOs), with very high redshift 
accuracy (Δz/(1+z) < 0.003) in a wide redshift range (z∈[0,3]), 
with the implications this has on BAO and RSDs measurements,

• The production of a galaxy cluster catalogue (with ~1e5 
members), presumably the deepest until the arrival of Euclid, 
up to z~1.3,

• The production of a SNIa catalogue, and
• The study of gravitational lensing, providing shear 

measurements by its own, but also contributing to other 
Science, like cluster mass estimates

Science

Credit: C. Hernández-Monteagudo

Luminous 
Red Galaxies

Emission 
Line Galaxies



obrigado


