
1 de outubro 2017Parque da Pedra da Cebola 
Vitória-ES

O Brasil verá quase todas 
as galáxias observáveis!
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Distance to…
Speed of light = 300,000 kilometers per second

Around the Earth = 1/7 light seconds

Earth-Moon = 1 light seconds

Earth-Sun = 8 light minutes

Earth-Pluto = 5 light hours

Earth-nearest star (Alpha Centauri) = 4 light years

Earth-center of Milky Way = 26,000 light years = 8,000 parsec

Earth-nearest galaxy (Andromeda) = 2,500,000 light years

Earth-Sloan Great Wall = 1,000,000,000 light years

Earth-farthest supernova = 15,000,000,000 light years

Earth-CMB = 45,000,000,000 light years

August 2016: Astronomers 
detected an Earth-size 
planet orbiting the habitable 
zone of Proxima Centauri.

1 parsec = 3.3 light years 



Hubble Ultra 
Deep Field

10,000 
individual 
galaxies



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

estrelas e planetas - são… 
pontos!



VIX



O que é a cosmologia (moderna)?

O que pretende descobrir?



1- A evolução do “tamanho” do universo



1- A evolução da estrutura em larga escala

t = 0.21 Gyr

t = 4.7 Gyr

t = 13.6 Gyr

400,000,000 anos luz{



Inimagináveis! 

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

Consequências?



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

?
?



Como conseguirá o Brasil 
fazer tudo isso?

Observando 100 milhões 
de galáxias!



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.
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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
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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



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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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





Congressos científicos cada 6 meses



Concluindo…

Estamos na era de ouro da cosmologia:
- grandes investimentos
- grandes colaborações mundiais
- grandes instrumentos científicos!



obrigado!


