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Cosmology in Brazil in the 80’s and 90’s looked like this:



Ioav, more than anybody, made it look more like this:



T H E  M Y S T E R I E S  O F  O U R  U N I V E R S E



COSMIC ACCELERATION
DARK ENERGY

GRAVITY



The matter (and galaxy) distribution bears 
the imprint of those acoustic waves — the 
baryon acoustic oscillations (BAOs) 


BAOs: characteristic length scale

       LBAO ~ 149 Mpc

Baryon acoustic oscillations (BAOs)


Up until ~300.000 years after the Big Bang, 
the photon/baryon fluid was driven by gravity 
and by radiation pressure, which led to the 
formation of acoustic waves  in that fluid - 
waves which became imprinted the distribution 
of matter



Galaxy clustering
Clustering
in position

space

Clustering
in Fourier

space

Galaxies trace dark matter

➫ Statistical measure - we must map millions 
of galaxies in 3D, through distances of 
billions of light-years ➫ immense challenge!!!



Using JPAS-Pathfinder to observe the mini-JPAS project
JPAS-Pathfinder and mini-JPAS notes:

• The instrument can integrate JPAS filters: a “J-PAS filter wheel” has been designed and manufactured.  

•  The filter wheel mounts up to 7 filters: r-band (OPAC) + 6. 

➡FROM THE SSC: a prioritized list of filters should be decided.  

w1 filters: 1, 2, 3, 4 ,5 ,6 
w2 filters: 7, 8, 9, 10 … 

… 

w10 filters: … 54, 55, 56 

(10 filter wheel changes if 
no filters are repeated, 

except the required r-band)

J-PAS

Benítez et al. 2009
Benítez et al. 2014



Javalambre Survey Telescope (JST/T250)

JST/T250

Optical configuration Ritchey Chrétien like, 
equipped with a field corrector

M1 diameter 2.55 m

Field Corrector 3 aspherical lenses

FoV diameter 3 deg (476 mm physical size)

Effective collecting area 3.89 m2

Etendue 26.5 m2deg2

EE50 (radius) <4.75 microns (polychromatic) 
over the whole FoV

Focal length 9098 mm

Plate scale 22.67 arcsec/mm

Mount Altazimuthal

Focus Cassegrain
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JPAS-Pathfinder
JPAS-Pathfinder is an interim, single CCD camera installed at 
JST/T250 conceived with two main goals:  

(i) to minimize time and risk of JPCam commissioning at 
telescope, as it will be used to perform the JPCam-AS 
commissioning  

(ii) to start scientific operation of the JST/T250 in Q4 2017.

JPCam CryoCam 
Sensor metrology Δz <27μm (cf: requirement <40μm) 

OAJ
Observatorio Astronomico de Javalambre

@ Spain

T250 / JST

PathFinder camera
observing now

JPCam
commissioning

Q4/2018

JPAS-Pathfinder@JST/T250
towards a mini-JPAS survey

Antonio Marín-Franch 
CEFCA — OAJ Manager

XV J-PAS Meeting  (9 - 11 October 2017)



JPCam
14 e2V CCDs  (1.2 Gpix)
  9216 x 9232 pix
  0.5897 deg x 0.5886 deg
Commissioning Q3/2018
1200 deg2/year (all filters, r~22.5)

FoV ∅ : 3 deg

JPCam – progress 
(Apr’16) 

JPCam – progress 
(Apr’16) 

AG WFS

Javalambre Survey Telescope
T250



PathFinder camera
  1 e2V CCD
  9216 x 9232 pix
0.5897 deg x 0.5886 deg

Science Verification:
Mini-JPAS @ AEGIS 
(Extended Groth Strip + DEEP2)

JPCam – progress 
(Apr’16) 

JPCam – progress 
(Apr’16) 

FoV ∅ : 3 deg

Javalambre Survey Telescope
T250

M51 image by H. Vasquez-Ramio
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MINI J-PAS

Proof of concept: photometric redshifts accuracies of ~0.3% with narrow-band filters

J-PAS

z = 1.7 2.2 3.2 z = 1.05 0.07 0.30
0.08 0.15

z = 1.7 2.2 3.2 z = 1.05 0.07 0.30
0.08 0.15

real d
ata

real d
ata



DARK ENERGY 
AND GROWTH OF STRUCTURE
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Standard disclaimer/caveat emptor: Fisherology
Matches DESI Final Design Report (March/2016)

Forecasts



LSS BEYOND BAOS



GALAXIES TRACE 
THE UNDERLYING DENSITY FIELD…

bi
as

… on large scales; on small scales, intra-halo effects dominate



➫ The velocity field reflects the gravitational force in an unbiased way

In linear regime, ∇v = - ∇2Φ 

STRUCTURE FORMATION
AND THE EQUIVALENCE PRINCIPLE

µk = r̂ · k̂

Fourier space

redshift ⇌ peculiar velocities

Pg(k) '
�
bg + fµ2

k

�2
Pm(k)

Kaiser 1987  |  Percival & White 2009  |  Raccanelli et al. 2013  etc.

monopole
quadrupole{ …

redshift
uncertainties

Modified 
gravity?

M



THE MULTI-TRACER TECHNIQUE

By contrasting the clustering of distinct tracers of 
large-scale structure, we can measure with "arbitrary" 
accuracy some physical parameters:

P2 = n2 (b2 + f µ2
k)

2 P (k; z)

P1 = n1 (b1 + f µ2
k)

2 P (k; z)

P1

P2
=

n1 (b1 + f µ2
k)

2

n2 (b2 + f µ2
k)

2

Cosmic variance 
does not apply:
* bias   * RSDs 

* NGs   * HODs

The key is high numbers of distinct types of tracers: 
red galaxies, blue galaxies, emission-line galaxies, 
quasars, neutral H regions (21cm); DM halos; …

Tom Theuns16

Star formation

Stellar evolution

subgrid physics added to Gadget-3

Z+J(nu) dependent cooling

Galactic winds AGN feedback

16

Tom Theuns35

NGC 1068

ObservedSimulated

Gadget simulation

35

Important phases in the history of the universe"
! redshift z age 

CMB: !
z=1100!

~380�000 yr!

End of reionisation:"
z ~ 6 !

~1 Gyr!

Today:"
z=0!

13.7 Gyr!
First stars and galaxies!

Vigourous star 
formation in galaxies!

Decreasing star 
formation !
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M 31 NGC 2997 NGC 1313 

M83 
M100 SABbc NGC 1365  

7th February 2013  2 USP ‐ Sao Paulo 

Seljak 2008  ⚬  McDonald & Seljak  2008  ⚬  Gil-Marín et al. 2011  ⚬  Hamaus et al. 2011, 2012  ⚬  Cai & Bernstein 2011
R.A. 2012  ⚬  R.A. & K. Leonard 2013  ⚬  R.A., L. Secco & A. Loureiro 2016



A-PLUS

J-PAS

RSD/MODIFIED GRAVITY WITH J-PAS



GALAXIES OR HALOS?
• Halo mass is the primary bias factor
• Other halo properties can also be important: 

age, spin, concentration, …?
• MultiDARK N-body simulations: 

4 boxes: (400 h-1 Mpc)3 , (1 h-1 Gpc)3 , (2.5 h-1 Gpc)3 , (4 h-1 Gpc)3

G. Sato-Polito, A. Montero-Dorta, R.A., F. Prada, A. Klypin + 2018 (to appear)

The dependence of halo bias on age, concentration and spin 5

Figure 3. 2-point Correlation Function (upper panels) and power spectra (lower panels) illustrating the e↵ect secondary bias. The left
panels show the e↵ect of age bias for halos of masses between 1012 and 1012.15 h�1 M� in the MDPL2 simulation. The right panels
show the e↵ect of spin bias for halos of masses ranging between 1013.35 and 1013.5 h�1 M� in the BigMDPL simulation.

property, one would also be selecting halos based on mass.
In order to quantify this e↵ect, we select the 25% highest
and lowest mass values in each mass bin and compute the
relative bias.

As shown in the two upper panels of Figure 4, the as-
sembly bias signal at the low-mass end (M ⇠ 1010.7 h�1M�)
corresponds to an e↵ect of ⇠ 45% for old halos and of ⇠ 30%
for young halos. The assembly bias detection is consistent
with zero at M⇠ 1014 h�1M� and beyond, in agreement with
recent findings from Mao et al. (2018). The same behavior
is seen in the right column, where the primary property is
V

max

and the e↵ect vanishes at log
10

V

max

& 2.7.

In the third panel of Figure 4, we present results on
concentration bias, characterized by the secondary property
c

200

. In agreement with previous literature, a significant sec-
ondary bias signal is found for c

200

in the same mass range
(see, e.g., Wechsler et al. 2006; Gao & White 2007; Salcedo
et al. 2018; Han et al. 2018). Here, an inversion occurs at
masses ⇠ 1013 h�1M�. At the high-mass end, the di↵erence
in bias between the two quartiles is of a factor of 1.75.

Another feature of interest can be seen in the secondary
bias signal for spin, �, shown in the second row of Figure
4. By extending our analysis to very low halo masses, using
the SMDPL box, we are able to detect, for the first time, an
inversion similar to that found for concentration, with the
top and bottom quartiles this time crossing over at masses
of ⇠ 1011.5 h�1M� (or, equivalently, V

max

⇠ 102.2km/s).
The large scale of the spin bias e↵ect at the high-mass end,
reaching a factor 2 at ⇠ 1014.5 h�1M�, is also noteworthy.

Figure 4 confirms previous results regarding the asym-
metric nature of secondary bias for age and concentration
(see, e.g., Salcedo et al. 2018 for a recent work). The e↵ect
appears significantly less pronounced for spin, for which it is
only really noticeable at the very high-mass end. A thorough
discussion of our results in the context of previous literature
is presented in Section 6.

c� 0000 RAS, MNRAS 000, 000–000



HALOS MATTER!

G. Sato-Polito, A. Montero-Dorta, R.A., F. Prada, A. Klypin 2018 (to appear)

The dependence of halo bias on age, concentration and spin 7

Figure 5. Secondary bias measured through the multi-tracer method, as described in Section 5. Similarly to Figure 4, the left column
corresponds to the primary property M

vir

, the right column to the primary property V
max

, and each row corresponds to the secondary
properties a

1/2

, �, and c
200

. Once again, each point show the average among all sub-boxes and the errors are the standard deviation
from the entire set of sub-boxes.

c� 0000 RAS, MNRAS 000, 000–000

age

spin

concentration

• Bias can change by up to 50% for the same halo mass

• There is no halo mass range which is preserved

• At low (<1012 M⊙) masses, age and concentration are main drivers

• At intermediate (1012 M⊙<M<1013.5 M⊙) masses, spin is important

• At high (M>1013.5 M⊙) masses, spin and concentration dominate

Precision cosmology with galaxies & groups & clusters must cope 

with a deeper understanding of the physics of halos, their 

environments, and the galaxies that inhabit these structures



STRUCTURE FORMATION: ORIGINS

• The first step towards gravitational collapse is when an overdense region splits off from 
the Hubble flow.  This is called turnaround



STRUCTURE FORMATION: TURNAROUND
• Turnaround happens in low-density, larger-scale environments compared to groups and clusters
• It is a test of gravity on intermediate scales (of mass and length)
• We computed the evolution of structures in LCDM and in f(R) Modified Gravity

Rafael C. Lopes, Rodrigo Voivodic, R.A. & L. Sodré Jr.
JCAP 2018, arXiv: 1805.09918

arXiv: 1809.10321
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B Evolution of density profiles

In Fig. 9 we show the shape of the initial profile, for a mass of M = 1.26⇥1014 h�1M�, as well
as the profile shapes at two later instants, as the structure evolves, reaches an intermediate
moment near the turnaround and approaches the moment of collapse. The evolved profile in
the GR case (small-field limit of MG theories) is shown in blue, and MG in the large-field
limit is shown in red, both for the Tanh (left, with slope s = 0.4) and Phy (right) profiles.
We have selected the profile at the moments when the central density has the same values for
both limits, which shows explicitly that the profiles follow self-similar evolutions, but with
different speeds in each limit. We also note, once again, that the differences in the redshifts
between the two profiles are due to numerical difficulties to evolve Eq. (3.3) in the case of
the physical (Phy) profile.

ΛCDM, z = 500.
z = 0.536652
z = -0.23033
Large-Field z = 500.
z = 3.92639
z = 1.80248
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Figure 9: Evolution of initial density profile, Tanh (left panel) and Phy (right panel), at
initial (solid), intermediate (dashed) and collapse (dotted) moment, for GR (blue) and large-
field gravity (red).

– 17 –

Tanh profile BBKS profile



TURNAROUND AND MODIFIED GRAVITY
• In the strong field regime of MoG, the turnaround radius at z=0 is up to ~7% larger 

than in LCDM
• For small masses even small parameters of the f(R) models imply ~7% enhancement 

of the turnaround radius

Rafael C. Lopes, Rodrigo Voivodic, R.A. & L. Sodré Jr.
JCAP 2018, arXiv: 1805.09918

arXiv: 1809.10321

Tanh profile BBKS profile
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Figure 8: Top panel: turnaround radius R
t

for masses in the range 1011 h�1M� < M <
1016 h�1M� , for the Phy(left) and Tanh(right) profiles. For structures with turnaround
today. The conventions for colors and lines are the same as previous figures.

We are interested in the mean density profile around some density peak of height ⌫ =
�0/�(R) of some Gaussian density field, that can be totally characterized by it matter power
spectrum P (k,R) smoothed in some scale R by some window function W (kR) (for these
calculations was used a Gaussian window function).

Following these ideas, the F (⌫, n
s

, k, R) function, that is used to compute the initial

– 16 –

Relative 
change

wrt LCDM

turnaround 
mass



TURNAROUND AND VIRIAL MASS
• Using the Halo Model (2-halo + 1-halo description) we were able to link the turnaround 

radius of the outermost shell with the mass of the virialized central regions of systems
• Huge advantage from observational viewpoint

Rafael C. Lopes, Rodrigo Voivodic, R.A. & L. Sodré Jr.
JCAP 2018, arXiv: 1805.09918

arXiv: 1809.10321

Tanh profile BBKS profile

virial mass

differences with respect to ⇤CDM, we notice that at our reference mass scale of 1013 h�1M�,
the turnaround radius is larger by ' 9%, ' 14% and ' 18%, for |f

R0| = 10

�6, |f
R0| = 10

�5

and |f
R0| = 10

�4, respectively.
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Figure 3: Top panels, from left to right: values of Rt for the Tanh and Phy profiles, respectively,
for 10

12h�1M� < Mv < 10

15h�1M�, and for MG parameters |fR0| = 10

�4 (orange), |fR0| = 10

�5

(red), |fR0| = 10

�6 (blue) ⇤CDM, ✏ = 0 (Black). The Tanh profile with a smooth slope (s = 0.8) is
plotted as the dotted lines, and the hard slope (s = 0.4) is plotted as the solid lines. Lower panels:
relative differences between the values of the top panels with respect to ⇤CDM.

6.2 Turnaround and virial mass: comparison with data

The link between the observable turnaround radius (i.e., the one we defined here, in terms
of the null velocity surface) and the virial mass of collapsed structures which was derived in
the previous section allows us to compare our results with data. We have collected different
sets of observations of cosmic flows in the nearby Universe from Rines & Diaferio 2006 [49],
Pavlidou & Tomaras 2014 [19], and Lee 2017 [26].

In Fig. 4 we present the comparison between theory (solid lines) and data around the
mass scales corresponding to these systems. As usual, we show the theoretical expectations
for GR and for the Hu-Sawicky model with several strengths of the MG parameter f

R0 –
including the extreme case, ✏ = 1/3. For completeness we also show the so-called “maximum
turnaround radius”, a bound that can be derived analytically for the ⇤CDM model [27–29].

In particular, Lee 2017 [26] has measured cosmic flows around groups in the local universe
with masses [0.3 � 1] ⇥ 10

14M�, reporting uncertainties in the turnaround radius of order
25� 50%. Those measurements appear inconsistent with the turnaround radius in ⇤CDM or
any of the MG models considered here – beside violating the maximum bound of Refs. [27–
29]. Even as Ref. [26] claims to measure turnaround radii which are larger compared to the

– 10 –



THANK YOU, 
IOAV!

sendo terra, querendo ser água III
Sandra Felzen, 2015


