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The Hubble deep field

The J-PAS survey: a picture of the sky in 56 colors
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The Illustris simulation

A hydrodynamic simulation
of a ~(100Mpc)? volume

Introduction - J-PAS and J-PLUS — Forecasts



The Eagle Simulations

EVOLUTION AND ASSEMBLY OF GALAXIES AND THEIR ENVIRONMENTS

The Hubble Sequence realised in cosmological simulations

| The Hubble ' ' — k|
; - B . .
‘ ' Tuning Fork ' ‘. - -

Sa Sh Sc
Unbarred spirals

Ellipticals
The FEagle project . "
A hydrodynamic simulation e - " Lenticular
of a ~(100Mpc)? volume Sy 0
E2 6 | Barred spirals
SBa SBb SBc
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The J‘PAS SUTUGy a pZCtUTG Of the Sky ’l:n l 1CG Credit: Karen L. Masters (ICG Portsmouth). Galaxies: SDSS gri colour images as used in Galaxy Zoo. (ETNW- 9. 'V4D;
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ACDM & GR
_|_

Physically motivates assumptions for
gas and stellar physics

Introduction - J-PAS and J-PLUS — Forecasts



26.8% Dark

Matter

Nature of Cosmic Acceleration
and Dark Matter? Modifications
of GR?

ACDM & GR
_|_

Physically motivates assumptions for
gas and stellar physics
Open questions in galaxy
formation:
- details of reionization
- processes of quenching / galaxy
transformation
- details on feedback
- origin of supermassive black

holes

Introduction - J-PAS and J-PLUS — Forecasts
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Type la

Supernovae

Principal probes

of cosmology
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Type la

Supernovae

Standard candles
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Requirements: Spectroscopic follow-up,

understanding of systematics
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Standard ruler
Ruler: the sound horizon at the epoch of recombination BAO

Enhancement in the correlation function of
matter at ~150 Mpc

CMB 13.7 billion years ago

Credit: Eric Huff, the SDSS-Il team,
and the South Pole Telescope team
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s [h™" Mpc] BT T e correlation function of Busca et al. 2013
50 100 150 .
Measurement of the BAO peak from the Comoving Separation (h~' Mpc) SDSS Luminous Red

Galaxies (0.1<z<0.5)
Eisenstein et al 2005

clustering of Emission Line Galaxies in
the WiggleZ survey (0.4<z<1)
Blake et al. 2011

Requirements: large volumes. Ideally at multiple redshifts.

Very good z precision.
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' ’ Distortion in the shape of distant

‘ galaxies due to matter overdensities along
the line of sight

Abell 2218

Weak lensing mass

map from DES science

verification data
(Melchior et al. 2015)

-15 -10 -5 0 5 10 15
ARA [arcmin] ARA [arcmin]

Requirements: Superb-quality images, proper treatment
of intrinsic alignment, good redshifts to separate

foreground and background objects

Weak Lensing

* Oooo o )
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Cluster abundances for constraining - Optical/IR galaxy richness

the growth of structure - X-ray
- S7Z in CMB
Richness: number of galaxies in a specified - lensing

luminosity and color range within a fiducial radius.

Requirements: large number density of

galaxies, calibration observable/mass relation.

I
B This work based on R j
- — — WMaAPS

107°
q

1078

Rozo et al. 2014 — Sloan and Planck

dn/dM,_ [h3Mpe 3 (h110™ My) 1]
107 1077

Wen et al. 2014 — Rich
clusters MFQ z~0.2

107%

M, (h™'10' My)
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Photometric VS. Spectroscopic

- Large Volumes - Precise z
- High number density - Provide SED
- Evenly sampled (no pre-selection)

- Deep



Photometric VS. Spectroscopic

- Large Volumes
- High number density

- Evenly sampled (no pre-selection)

- Deep

Spectro-Photometric

- Precise z
- Provide SED

Cosmic Evolution Survey
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e
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Physics of the Accelerating Universe

Astrophysical
Survey

The Javalambre-PAU Astrophysical Survey

A Spanish-Brazilian collaboration,
the J-PAS survey will scan
~8500 deg? of the northern sky
with 54 narrow-band filters covering
the whole optical range
from the dedicated 2.5m telescope in

the sierra of Javalambre
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Javalambre
Physics of the Accelerating Universe

Astrophysical
Survey

The Javalambre-PAU Astrophysical Survey

A Spanish-Brazilian collaboration,
the J-PAS survey will scan
~8500 deg? of the northern sky
with 54 narrow-band filters covering
the whole optical range
from the dedicated 2.5m telescope in

the sierra of Javalambre



U HPAS

The Javalambre Observatory It

In the “Sierra de Javalambre” @1960m

now officially a Spanish “scientific and technical facility” (soon available for 20% open-time)

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS - Forecasts



The Javalambre Observatory

In the “Sierra de Javalambre” @1960m

Comparable (at similar altitudes) to
Mauna Kea or La Silla

)
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The telescope

- M1 (D)=2.55m

FoV (&) = 3 deg = 476 mm at FP
Effective collecting area = 3.89
m2 l“':r-'j‘

Etendue = 27.5 m?deg?

-

T250

1% light Sept 2014

' Current status: final engineering

commissioning

The ‘interim' camera (JPAS-PF)
will be mounted at the beginning
of 2016 for first scientific data




The filter system

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

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

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

- Sloan u, g, r
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Pseudo-spectrum (R~50) in every pixel
of the sky down to M, , ~ 22.5-24
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The filter system

JPAS filter system
0.7 LRG @ 7=1 | — F, for LRG model at redshlft zZ= 1 0 ||
0.6 T (/)
( N Photo-z precision as
0.5 1
2 y good as 0.003(1+z)
}% 0.4
i
B
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. The camera JPCam 1.2 Giga pixels

0.22 arcsec/pixel
4.5 deg?

(14 CCD of 9200x9200)

Actuator System Subsistemas principales
HTEEm —

Filter and Shutter Unit
(TBD)

JPCam interface
with T250

Actuator System

* |55

* Hexapod
* CSS

* e-Box

e2v camera

Camera| ./~
4 * Cryostat

e2v

/
/. Filter and Shutter Unit

* Filter Unit
% * Shutter Unit

* Anti-cond. Sys.
' » e-Box

* Image acquisition system




“J-PAS

1.2 Giga pixels _f
. The camera Jpcam (14 CCD of 9200x9200) " -

0.22 arcsec/pixel
4.5 deg?

Actuator System Subsistemas principales | Fiter and Shutter Unit
NTEH-EIT= _— (TBD)

JPCam interface
with T250

Filter and Shutter Unit

* Filter Unit

* Shutter Unit

* Anti-cond. Sys.
i = g-Box

VvV camera

Cryostat
Image acquisition system




. HPAS

© Javalambre PAU Ast{.ﬂph}lsic:’il Slrvey

1.2 Giga pixels
(14 CCD of 9200x9200)
0.22 arcsec/pixel

The camera JPCam

4.5 deg?
|
Telescope Camera
Size FoV # CCDs | CCD format | # of pixels Resolution Filters
LSST 84m | 9.6 sq. deg. 189 4096 x 4096 | 3.2 Gpixels 0.27/pix u, g r,1, 2,y
PanStarrs 1.8m | 6.7 sq. deg. 60 4600 x 4600 | 1.3 Gpixels 0.267/pix g. 11,2,y
JPCam 2.5m | 4.9 sq. deg. 14 9231 x 9216 | 1.2 Gpixels 0.23%/pix 54NB + 2BB
HyperSuprimeCam | 8.2m 1.8 sq. deg. 112 2048 x 4096 | 940 Mpixels 0.187/pix i,z ¥
VIS (Euclid) 1.2m | 0.5 sq. deg. 36 4096 x 4096 | 520 Mpixels 0.17/pix R.LIZ
DECam 4m 3 sq. deg. 62 2048 x 4096 | 500 Mpixels 0.277/pix g. 11,2,y
Megacam 3.0m 1 sq. deg. 32 2048 x 4096 | 340 Mpixels 0.197/pix u, g ri,z
Omegacam 2.6m 1 sq. deg. 32 2048 x 4096 | 340 Mpixels 0.217/pix u, g ri,z
JPAS-Path Finder | 2.5m | 0.45 sq. deg. 1 10580x10560 | 110 Mpixels | 0.23/pix g, r, i+ NBs
T80Cam 0.8m | 2.1 sq. deg. 1 10580x10560 | 110 Mpixels 0.5%/pix u g, ri,z+ 7NB
SuprimeCam 8.2m | 0.25 sq. deg. 10 2048 x 4096 | B0 Mpixels 0.27/pix g. 11,2,y

|




‘The camera + filters Fipad

Javalambre PAU Astmph-ysic;_il S ﬁﬁ-ey
. . = i ¥ .
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pos 5 pos. 6 pos. 7

#17 #18 #19 #27 #28 #29 #37 #38 #39

pos 8 pos. 1 pos. 2 pos. 9

pos 8 pos. 1 pos. 2 pos. 9
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[ I ]
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Limiting magnitudes

50

3arcsec aperture

""""" LR BN B L LU L B R R BN

24.0 - - Tray 1 B

; . ]

235 -

- Tray 4 ]

X | Tray BB -

= 23.0 .

=0 « o0 ;

w225 ® -

£ R X

n . -

2.0 .

: o, 1

215 ‘ ok

N oo i

L L .

2100, Lt Lty T T T Ly ]
3000 4000 5000 6000 7000 8000 9000 10000

A (A)

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS - Forecasts



Dec. (2000.0)

Survey speed
o® 68
~ 1 deg? /yr =i
-.QB
ST

Northern Galactic Hemisphere

= ]-PAS North Gal. Cap
— Galactic Plane
— SDSS DR-9

6500 deg?

R.A. (2000.0)

14 different filters in each tray
exposures in each filter (2+141)

Footprint and Survey strategy

Southern Galactic Hemisphere

4

(=]

X

0C1

i
L= |
d

Dec. (2000.0)

\\

=2}
(=]

= |-PAS South Gal. Cap
— Galactic Plane
— SDSS DR-9

607
A7 YN
S8 F=1IN

[

-30°

~60°

2250 deg?

R.A. (2000.0)

at least 4 (60 sec)

Compromise
between visibility

from the OAJ and

galactic extinction

T1




‘Data processing and storage

J-PAS: 1.3TDb of data per observing night

Data reduction, catalogs and storage
managed @ CEFCA

e U =

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS — Forecasts



* Oooo o )

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS - Forecasts




The J-PLUS survey

Javalambre Photometric Local Universe Survey

..
NN
~

gSDSS ISDSS 2SDSS
I B S (LB PR T T L L
.t R L | S i ' T T R T ‘AK |ki R T T :
5000 7000 8000 000
Mgb A(R) CaTriplet

Triplet

v 12 filters
v ~ 1 mag deeper then SDSS

v 3 exposures (12 exposures
in g,r)

v 1 CCD of 9200x9200 pixels

v 0.55 arcsec/pixel

v ~2 deg?




JPCam T80Cam




The J-PLUS survey

Javalambre Photometric Local Universe Survey

ISDSS

zSDSS

7000 8000 2000 107

A(R) CaTriplet

12 filters
~ 1 mag deeper then SDSS

3 exposures (12 exposures
In g,r in 4 epochs)

1 CCD of 9200x9200 pixels
0.55 arcsec/pixel
1.4x1.4 deg?




T80 + T80Cam

M16

6.823

Ha filter @ T80

2659 1 278 "—].

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS - Forecasts



T80 + T80Cam

M16

~ Ha filter @ T80

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS - Forecasts



T80 + T80Ca

Mosaic of Virgo

The J-PAS survey: a pictur



T80 + T80Ca

Mosaic of Virgo

The J-PAS survey: a pictur



T80 + T80Cam

M87 - T80cam@JAST

J0378 J0395 J0410

gSDSS J0515 rSDSS

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS - Forecasts




T80 + T80Cag

M33

- >
" Oooo o — w . . g
. . el -
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(Centroide!

IMAGES_NAVIGATOR

on Images Navigator

Research
Outreach
Activities
Gallery ; ; ¥ o : '
Videos ) | . : W :
NGC7000 - M86 - Virgo M16 - Eagle
S North America Cluster Center Nebula
Images tours Nebu Ia

OAJ visits

Virgo Cluster

www.cefca.es




Galactica: a facility for amateur astronomy

The J-PAS s Tl NNV



Type la

Supernovae
~4000 SNIa - 90M galaxies (LRG,
- exposure cadence ELG) with photo-z
- redshift from SN SED precision of 0.003(1+z)
or host galaxy - At high-z QSO and
- characterization of LAE
environment

- Very good median

- 700k clusters with more seeing @ the OAJ
than 10 members — down - BB images taken
to ~few 10 M_ during best nights
- Combine lensing and - Redshift precision for
optical richness for mass lenses and background
calibration galaxies

Weak Lensing

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS — Forecasts



JPAS filter system

Galaxy evolution

e
~

| — F, for LRG model at redshift z=1.0 ||

o
=11
T
—

T

o
n

Throughput

- Low-res spectra — very good photo-z

and good sampling of SED

0.1r

- very large statistics — hundreds of millions of |

4000 5000 6000 ;.-’000 8000 9000 10000

galaxies of all types AA)

i
%00

Unif - I ) 1 - Stellar population studies as a
- Uniform spatial sampling — environmenta function of redshift and

studies at large and small scales environment

(ages, SFR, presence of AGN)
- IFU-like approach — study spatial variation of

properties of nearby galaxies - Ly-alpha emitters and Ly-

break galaxies at z>2

* Oooo o —
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&? '
L :g"; _..n - J
Y AR
UGC09476 Ho emission from CALIFA HII regions detected
From T80Cam (IFU survey @ Calar Alto) with J-PLUS filters

commissioning data

Lopez Sanjuan, Rafael Logrono, Vilella Rojo...
@ CEFCA

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS — Forecasts



JPAS filter system

Galaxy evolution

e
~

| — F, for LRG model at redshift z=1.0 ||

o
=11
T
—

T

o
n

Throughput

- Low-res spectra — very good photo-z

and good sampling of SED

0.1r

- very large statistics — hundreds of millions of |

4000 5000 6000 ;.-’000 8000 9000 10000

galaxies of all types AA)

i
%00

Unif - I ) 1 - Stellar population studies as a
- Uniform spatial sampling — environmenta function of redshift and

studies at large and small scales environment

(ages, SFR, presence of AGN)
- IFU-like approach — study spatial variation of

properties of nearby galaxies - Ly-alpha emitters and Ly-

break galaxies at z>2

* Oooo o —
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Galaxy evolution

- Low-res spectra — very good photo-z and

good sampling of SED

- very large statistics — hundreds of Photo-z error Red  Blue

millions of galaxies of all types 0.3% 17M  73M
1% 64M  200M

_Un| ¥ — 3% 100M  285M

st U.d] 25000}

5000

RG 0.30%
BG 0.30%
RG 1.00% |
BG 1.00%
RG 3.00%
BG 3.00%

20000F

- IF'(
prop

1 (

15000 40001

Ap<22.5)s5q.deg.” 1

I
-t
(=]
(=]
(=]
(=]

~ 3000}

n(z,

)sq.deg.

= 2000}

1000F

The J-PAS survey: a picture of the sky in 56 colors : 860z o4 o8 o8 10 12 14




Galaxy evolution

- Low-res spectra — very good photo-z and good

sampling of SED

- very large statistics — hundreds of millions of
galaxies of all types

- Uniform spatial sampling — environmental

studies at large and small scales

- IFU-like approach — study spatial variation of

properties of nearby galaxies

The J-PAS survey: a picture of the sky in 56 colors Introduction - J-PAS and J-PLUS — Forecasts



Galaxy evolution

- Low-res spectra — very good photo-z and good
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Galaxy evolution

Object: 81422406945

- Low-res spectra — very good photo-z and

good sampling of SED

AY [arcsec]
log age;, [Gyr]

- very large statistics — hundreds of millions of

galaxies of all types

- Uniform spatial sampling — environmental . SR

studies at large and small scales

0.80-

- IFU-like approach — study spatial L &
variation of properties of nearby galaxies E }:
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Quasar selection
with
medium and narrow band

photometry
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Multipurpose quasars

For cosmology...

Trace the large-scale distribution of

structures — test cosmological principle

The 2dF Quasar Redshift Survey

155 160 165 170 175

The J-

Cowes et al. 2013 RA (deg)
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Quasars in medium and narrow bands



Multipurpose quasars

For cosmology... Trace the distribution of the IGM
and study the end of reionization
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Multipurpose quasars

For Cgsmolggy.“ Trace the distribution of the IGM
and study the end of reionization
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Multipurpose quasars

Constrain models of
black hole “seeds”

For black hole physics...

Estimate the mass-growth of supermassive
black holes across cosmic time

& 0.10f . 1

) : L Bonoli et al. 2014
6 7 8 9 10
log Mgy [Mg]

SFR, BHAR [Mgyr™" Mpc

Merloni & Heinz
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Multipurpose quasars

Study black hole-galaxy co-evolution

Croton et al. 2006

% Stars/Early-type BCG
% Stars/Early-type non-BCG
* Stars/Late-type
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Quasar selection

——————— Vanden Berk et al 2001

Very strong and broad
emission lines indicating
Doppler widths up to
25000 km/s

Flux Density, 1, (Arbitrary Units)

E'.5 i i i i i 1 i i i PR T T T S TR N T T N N S S B AN A AN A A S AT A N A N
1000 2000 4000 Ba00 2000
Rest Wavelength, A (A)
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Quasar selection

——————— Vanden Berk et al 2001

Very strong and broad
emission lines indicating

Doppler widths up to
25000 km/s

Flux Density, f, (Arbitrary Units)
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Quasar selection

——————— Vanden Berk et al 2001

ya Very strong and broad
| emission lines indicating
o 1 Doppler widths up to
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Testing the ground with the ALHAMBRA survey

ALHAMBRA

SURVEY

Advance Large Homogeneous
Area Medium-Band Redshift

Astronomical survey

Moles et al. 2008
Benitez et al. 2009
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Testing the ground with the ALHAMBRA survey
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Testing the ground with the ALHAMBRA survey
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Two-step procedure:
1) Candidates selection
2) “Photometric confirmation”
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Quasar studies - testing the ground with the
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Quasar studies — testing the ground with the ALHAMBRA survey
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Two-step procedure:
1) Candidates selection

2) “Photometric confirmation”

Looking for emission lines...

Flux Density, f, (Arbitrary Units)

Using a newly-developed line-searching code
a) Calculates the expected locations of the major QSO broad

emission lines, based on the photo-z given by LePhare
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Quasar studies — testing the ground with the ALHAMBRA survey

ALHAMBRA

SURVEY
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Two-step procedure:
1) Candidates selection

2) “Photometric confirmation”

1921 QSO candidates at z>2

1% redshift accuracy
No galaxy or stellar contamination

~55 % completeness — 100% purity
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Quasar studies — testing the ground with the ALHAMBRA survey
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Measuring large-scale structure with quasars in narrow-band filter
Surveys

Abramo et al. 2012
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http://www.j-pas.org/ http://www.j-plus.es/
8500 deg? observed from Spain with 2 telescopes

CJPAS

Javalambre PAL Astrophysicdl Slrvey
- ' - &

¢ 54 NB + 5 MB/BB filters ¢ 12 NB/MB/BB filters

¢ 4.5 deg? FoV ¢ 2 deg? FoV

¢ Up to mag ~24 ¢ Up to mag ~23

¢ 90M ELG and LRG ¢ SEDs of 5M stars

¢ Reaching 0.3% photo-z precision ¢ Already started!

¢ Millions of quasars

¢ 200M of galaxies

¢ 4000 SNIa Already replica in the South
¢ 700k of groups and clusters @Cerro Tololo

¢ Starts at the end of 2016

Survey S-PLUS
Possible replica in the South

More details in Benitez et al. 2014 - arXiv:1403.5237
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