R v LA

v\IA:‘rAI I A‘ ! ¥ vty A:AjAIlJ

RESEE o oaed
i vty iy

&6 B 008!
(f:,IIIII;Z’,‘.’:XIIII,X:‘.',ZIIIIIX,Y:?’
BWBECT T ODOGE

ERSSEEasELERES
BHELE0060000;

CALIFA Survey

‘The Star Formation History of Galaxies:

i CALIFA perspective
’The Stellar population properties to trace the

.

evolution of galaxies

i from the blue cloud to the |

Enrique Perez ?
Rosa M. Gonzalez Delgado

Roberto Cid Fernandes
Ruben Garcia Benito
Sebastian F. Sanchez
Damian Mast

{ Clara Cortijo

{ Rafael Lopez Fernandez

CALIFA team & IAA-GRID team
—— e ] _____,.—.-—--—--_..-—J

o amaad




X0 II ANVI TXE

“ CALIFA (The CALAR ALTO Legacy Integral Field Area Survey)

L I°1-rarel "':‘111

JL(:',‘)lxz:}

’_IIII IITI:,;,LJIIII_)
u[.““.‘IIZ‘.“:LI,

8D 0TEoD

CALIFA Survey

S.F. Sanchez et al. A&A 2012
http://www.caha.es/CALIFA/

~ 80 members / 13 countries

P.I.: S. F. Sanchez (Granada)

P.S.: C. J. Walcher (Potsdam)

Board chair: R. Kennicutt (Cambridge),
J.V. Vilchez (Granada)

250 dark nights in 3 years:
PPAK@3.5m CAHA
Full optical wavelength range
FOV: 64" x 74" 60% filling factor
bundle: 382 fibers (2.7arcsec), 331 on galaxy
3-fold dithering pattern
~2000 spectra per galaxy
Sample:
600 galaxies 0.005 < redshift < 0.03
~20 galaxies per 1x1 mag bin in the CMD
+ diameter selection

CALIFA SURVEY

-survey of 600 galaxies in the local universe
using 250 nights with PPaK@3.5m CAHA

fF
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SUMMARY OF THE PROJECT

The Calar Alto Legacy Integral Field Area Survey (CALIFA) is observing a statistically well-defined sample of ~600
galaxies in the local universe using 250 observing nights with the PMAS/PPAK integral field spectrophotometer,
mounted on the Calar Alto 3.5 m telescope. CALIFA will make its reduced data public as soon as their quality as well
as that of the data reduction pipeline has been verified.

Our survey will provide the largest and most comprehensive wide-field IFU survey of galaxies carried out to date,
addressing fundamental issues in galaxy evolution. The two-dimensional spectral maps obtained for a large and
well-defined sample will allow for example to 1) extend the kinematic classification of galaxies over the whole Hubble
sequence using a homogeneous dataset, 2) study the ISM over entire galaxies and a large sample, which will yield
new insights on the importance of AGN, star formation, shocks and old stars as ionization sources, 3) study stellar
populations in the outskirts of disk galaxies to assess the importance of star formation vs. radial migration, 4) provide
accurate aperture corrections for the much large single-fiber surveys, such as SDSS, 5) derive stellar population
gradients in age and metallicity to constrain the formation mechanisms of early- and late-type galaxies alike. As the
data become public, we expect more exciting science we have not thought about to emerge. CALIFA can also be
viewed to provide a valuable bridge between large single-aperture surveys such as SDSS and more detailed studies
of individual galaxies with PPAK (e.g: PINGS), SAURON, VIRUS-P, and other instruments.

Observations have started in summer 2010. The defining drivers for the observational setup of the project are: (a)
derive the the stellar population content both in age and metallicity; (b) trace the distribution of ionized gas and
estimate chemical abundances for the gas phase; (c) measure the kinematic properties, both from emission and from
absorption lines; and (d) for all of the quantities create maps covering the entire luminous extent of the galaxies in the
sample. We will thus map entire galaxies in their emission- and absorption-line properties in an unprecedented way.
The targets for this survey have been selected from the photometric catalog of the Sloan Digital Sky Survey as a
sample limited in apparent isophotal diameter. CALIFA thus makes maximal use of the unique capabilities of the
PMAS/PPAK instrument. PPAK offers a combination of extremely wide field-of-view (> 1 arcmin2) with a high filling
factor in one single pointing (65%), good spectral resolution, and wavelength sensitivity across the optical spectrum.
An additional selection criterion is the covered redshift range to 0.005 < z < 0.03, which ensures that all galaxies can
be observed with the same grating settings and we still obtain the same physical information. The spectra cover the
range 3700-7000 AA in two overlapping setups, one in the red (4300-7000 AA) at a spectral resolution of R=850 and
one in the blue (3700-5000 AA) at R~1650, where the resolutions quoted are those at the overlapping wavelength
range (lambda~4500 A).

In summary, we hope that CALIFA will become a true legacy survey with lasting value for the study of galaxies in the
local universe.

More detailed information about the project can be found in the so-called CALIFA's RED BOOK.
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The Sample: diameter selected mother sample (937 galaxies
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PopStar: Tracing the evolution from

the blue cloud to the red sequence
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Fraction of Galaxies
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PopStar: Tracing the evolution from
the blue cloud to the red sequence

A Track:
[ Early quenching + Different scenarios will leave distinct inprints

| dry merging in the stellar populations and metallicity
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Fossil method
Recovers the SF History of a galaxy from its spectrum

= “spectral synthesis”

© Observables star Formation Histor © Spectral Base
ar rormation tStory Model or Observed

Full spectrum or + Chemical Evolution
SSPs / star-clusters

indices (inversion methods)
(F., BV, Mg, ..) (BCO3, SED@,...)




SFHs in the CMD, and etc




Great, but this is all 1D! (integrated spectra

Do size / shape / looks matter?
Can galaxies be treated as point sources?
What can we learn from F(A,Xx,y)?
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The Method of Analysis



spatial binning
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The Method of Analysis
Pre-processing
Masks and Spatial binning



spatial masks

Nadine Backsmann & Ruben Garcia Benito



‘f - PopStar +
Bernd Husemann
error covariances

Daniel Kupkos
Voronoi code




- PopStar +
Bernd Husemann
error covariances

Daniel Kupkos
Voronoi code




- ~1000 spectra per galaxy

> - millions of iterations per spectrum
' - 120 (600) galaxies
- five different sets of SSP models




-+ ~1000 spectra per galaxy

- millions of iterations per spectrum
- 120 (600) galaxies

- five different sets of SSP models

GRID computing:
~20 hours / 100 gxs .
1GRID] 5

200-400 CPUs "_’ csic

utO de AsTee
c,\\‘ 'y
w “’Q »
-
%
E
o-A-




mjr‘;"-‘ PR N ..- il 2
~ wavelength .-




%5080~ 5500 " 6000 #5500 = 7000

']
o
s
2
T

+‘ |

~wavelength #IRY




The Products
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Spectral cubes: T Y

*data

- fit: stars
* residual: gas
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The stellar velocity dispersion and velocity maps

UGC03995
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DB: KO901_05_BO1_evo_M fits DB: KO901_05_BO1_evo_L fits

Volume
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(ra., dec, lookbacktime) 3D Mass evolution



The Products
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AV NGC7549 CAL0901 Mass growth
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UGC11680 KO0873 Mass assembly
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Results:
The growth of Mass

Cosmic evolution of stellar metallicity radial
gradients

Stacking the results in the
Color-magnitud diagram



The first 120 CALIFA galaxies well spread in the
Color-Magnitude diagram
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Results:

The growth of Mass and metallicity
Cosmic evolution of stellar metallicity radial
gradients

Stacking the results in the
Color-magnitud diagram
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How Mass builds up in time
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How Mass builds up in time
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Massive galaxies already evolved 10Gyr ago!
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How metals build up in time
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How metals build up in time
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Metallicity assembly:
and
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Metallicity radial gradients

Metals growth
radial gradient with age
119
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radius (HLR)




Conclusions

Galaxies grow inside-out
Galaxies more luminous than Mr < -20.5-- -21.
(Mass = severals 10710 Msol) (depending of the
IMF) build up their mass and metals faster and
with steeper gradients than less luminous galaxies



Galaxy Evolution research

We need data of several thousands of galaxies covering a wide range of stellar masses
(1079-10"12 Msol) with SFH spatially resolved up to 3-4 Re to do statistically robust
analysis of the stellar mass density profiles, and ages and metallicity gradients as a

function of galaxy mass, morphological type, and environments.

® Redshift range < 0.5 (to cover at least the rest frame 3700--5200 A at optical
wavelengths)

® Multi-object spectrograph + IFU (one PPaK like + several bundles or MUSE like) to be
deployed in a 1 deg”2 with spatial sampling of 1 arcsec or less

® Adaptive optics maybe required to observe the smaller (less massive galaxies, 1079
Msol) and more distance galaxies (at z > 0.1, 1 arcsec > 2000 pc (Reff))

® Intermediate spectral resolution (2000-5000) covering the optical range (3700-9000 A)
(wish: covering in one shot 3700--6000 A to avoid problems with flux calibration)

HEXA @ CAHA, WEAVE @ , and MUSE @ VLT

Work mode: Legacy survey as CALIFA



