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IFS Galaxy Surveys
 Use Integral Field Spectroscopy: Fiber-

bundles, Image slicers, Lens-arrays.
 Large Sample of galaxies (100-10000).
 Statistically & well defined samples.
 Cover a substantial fraction of the 

extension of the galaxies: Integrated 
properties (~1 Reff or more).

 Enough spatial sampling: 
 Radial gradients. 
 2D structure of the galaxies. 
 Resolve individual sub-structures (HII 

regions, spiral arms, bulges).
 Hundreds of thousand of spectra.
 Multiple Science Goals.



  

IFS GS: Panoramic view

Ionized Gas: Multiple emission lines intensity maps, 
velocity and velocity dispersion.
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IFS GS: Panoramic view

Stellar Populations: Average Properties.
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IFS GS: Panoramic view

Stellar Populations: Mass Growth.
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IFS Galaxy
Surveys 

-Precedents-



  

IFS GS: Precedents
 Disk Mass Survey: 46 face-on 

spirals (~2Reff). Super-high 
spectral resolution.

 SAURON: 72 (mostly) early-type 
galaxies (<1Reff).

 F-CALIFA: 48 (mostly) spiral 
galaxies (~2Reff).

 VENGA: 32 spiral galaxies 
(>2Reff). 

 PINGS: 12 (mostly) spiral galaxies 
(~2Reff).

 Studies on individual galaxies.



  

Disk Mass Survey
- obtain radial surface-density profiles Σ(r) of 

galaxy disks
- determine M/L of stellar populations in disks
- break disk-halo degeneracy in rotation curve 

decompositions
- get ρDM(r). Bershady, Verheijen et Bershady, Verheijen et 

al., ApJ, 2010al., ApJ, 2010



  
The VENGA Sample of 32 nearby spirals ordered morphology  

from early (top left) to late  (bottom left) types. White boxes mark 
the 1.7'x1.7' FoV of VIRUS-P.

Blanc et al., ApJ, 2013Blanc et al., ApJ, 2013



  
The fibers of VIRUS-P are large enough to sample galaxies 
in the very out-skirts with enough S/N: Truncation radius



  PINGS: Provided the largest IFU survey on single 
galaxies, detail exploration of HII regions.

Rosales-Ortega et al., Rosales-Ortega et al., 
MNRAS, 2011MNRAS, 2011



  

The resolved M-Z relation
Rosales-Ortega et al., Rosales-Ortega et al., 
ApJL, 2012ApJL, 2012

Abundance
 gradient

Sánchez et al., Sánchez et al., 
ApJL, 2012bApJL, 2012b

PINGS + F-CALIFA



  

The SAURON Survey
Bacon et al., MNRAS, Bacon et al., MNRAS, 
20012001

First evidence of 
the slow/fast 
rotators 
dichotomy.
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The SAURON Survey

SAURON allowed to study the spatial resolved properties of 
the stellar populations in E-type galaxies.



  

IFS Galaxy
Surveys 



  +MASSIVE



  
Absolute Magnitude

C
o
lo

r
Science Goals



  Atlas3D



  Atlas3D



  Atlas3D



  
Atlas3D



  

SAMI Stellar Kinematics

Fogarty et al. 
in prep. SAMI



  

Classification SAMI



  

MaNGA
Survey

Bundy et al., in prep.Bundy et al., in prep.



  

Gas data-products

. 
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MaNGA
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Gas vs. Stellar Kinematics
(even for the smaller bundles)

MaNGA
Survey



  

 

Stellar Diagnostic Maps
MaNGA
Survey

Cheng Li, et al., in prep.Cheng Li, et al., in prep.



  

 

Spatial resolved BPT diagrams
MaNGA
Survey

Belfiore, et al., in prep.Belfiore, et al., in prep.



  

448 cal. obj. obs.
+109 ext. obj. obs.

DR1: 100 ObjectsDR1: 100 Objects
November 2012November 2012
DR2: Oct. 2014!!!DR2: Oct. 2014!!!

CALIFA
Survey



  

Wild et al., A&A, 2014Wild et al., A&A, 2014

Kehrig et al., A&A, 2012Kehrig et al., A&A, 2012 Perez et al., ApjL, 2013Perez et al., ApjL, 2013

Marino et al., A&A, 2013.Marino et al., A&A, 2013.

Falcón et al., in prep.Falcón et al., in prep.

CALIFA
Survey



  

Barrera et al., A&A, 2013Barrera et al., A&A, 2013

CALIFA
Survey



  

Gonzalez Delgado, et al., A&A, 2014Gonzalez Delgado, et al., A&A, 2014

Singh et al.Singh et al.
Paparedos et Paparedos et 
al, A&A, 2013al, A&A, 2013

CALIFA
Survey



  

Zaritsky, Kennicutt & Huchra 1994Zaritsky, Kennicutt & Huchra 1994

P. Sánchez-P. Sánchez-
Blazquez et al., Blazquez et al., 
A&A, 2014.A&A, 2014.

CALIFA
Survey



  

Falcón et al.,  in prep.Falcón et al.,  in prep. Sanchez et al., A&A, 2013Sanchez et al., A&A, 2013

CALIFA
Survey



  

O/H Abundance gradients 

227 galaxies (nHii>4) 
~6500 regions 

SN Hosts, Gabany 
et al., in prep.

Sanchez et al., Sanchez et al., 
A&A, 2014A&A, 2014

CALIFA
Survey



  

Do HII regions have 
memory of SFH?

Sanchez et al., Sanchez et al., 
In prep.In prep.

CALIFA
Survey



  

IFS Galaxy
Surveys 

- More in the Future -



NMFS+09; Mancini+11; NMFS/Mancini+14

H  velocity fields
SINFONI+AO

Resolved Kinematics
at z ~ 2

Resolved SFR at z~2

NMFS+09; Mancini+11 High-z



  

IFS Galaxy Surveys
 Unique tools to understand the spatial 

resolved properties of galaxies.
 They are fixing observational 

properties of galaxies.
 Unique tools to understand the stellar 

evolution, chemical enrichment, and 
structural properties (kinematics) of 
galaxies.

 New “local” relations and patterns are 
arising from the analysis of these data.

 New sets of simulations and theorical 
studies are required to understand the 
results.



  

MUSE is coming!
Orion Nebulae: PPAK vs. HST



  

MUSE is coming!
Orion Nebulae: PPAK vs. MUSE

                        … and the winter too!



  

MUSE-Commissioning 1, 07–22 Feb 2014 – 

Highlights

➣ Central region of Orion Nebula

• 6’ × 5’ mosaic

• exposure 2 × 5 sec

• 2.5 million spectra

• 300 spectra / second

More on ESO press release:    
http://www.eso.org/public/news/eso1407/



  

MUSE is coming!
NGC6754: 400 Hii regions 

detected!



  

MUSE is coming!
NGC6754: 400 Hii regions 

detected!



  

 PINGS CALIFA, (MaNGA low-z) MaNGA (high-z)
SAMI.

Better spatial resolution

High-z



WIDE FIELD IFUs: IFTS
IFTSs (Imaging Fourier Transform Spectrometer)  based on 
the Michelson interferometry. The result of an exposure is a 
data cube in the 3-D space (R.A., Dec., OPD).



WIDE FIELD IFUs: IFTS

Example: the Crab nebula seen in 3D with SpIOMM (at 1.5m 
telescope Mont Mégantic, 11’x11’ field-of-view).

Soon SITELLE at CFHT!

Charlebois et al. 2010, AJ, 139, 2083



  

IFS Galaxy Surveys
 Unique tools to understand the spatial 

resolved properties of galaxies.
 They are fixing observational 

properties of galaxies.
 Unique tools to understand the stellar 

evolution, chemical enrichment, and 
structural properties (kinematics) of 
galaxies.

 New “local” relations and patterns are 
arising from the analysis of these data.

 New sets of simulations and theorical 
studies are required to understand the 
results.
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