
Dante Minniti

20 Jan 2014

Sexten Workshop on 
“Formation and Evolution of the Galactic Bulge”

 The VVV Survey:

New Results (Part i)

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



	 	 	 	 China-Chile	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Viña	 del	 Mar,	 Chile,	 9	 Sep	 2013	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica

VVV Survey of the 
Milky Way Bulge

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



The VVV Science Team

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



The VVV Science Team

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



VISTA PUBLIC SURVEYS
VISTA VARIABLES IN THE VIA LACTEA

~109 stars
~106  var

iables
560 sq.deg.

~100 epochs

VVV

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



CENTAURUS

VVV maps 560 sqdeg in the central region of our galaxy
	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



Magda Arnaboldi (EDT)

Expected monthly dataflow: raw 
calibrations and science frames

vvvsurvey.org

➡ 4m diameter

➡ IR optimized

➡ large field
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VISTA Near-IR Wide Field Camera

16x 2048x 2048 VIRGO IR detectors
large numbers of hot pixels, dead zones in detector 1
sensitivity: 0.84 to 2.5 microns
filters: Z, Y, J, H, Ks
pixel scale: 0.34¨
active optics
“tile” field of view: 1.0x1.5 deg (6 pointings)
best image quality: 0.6¨ (incl. seeing, optics, sampling)
image distortion: <15% of PSF at field corners
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Main differences with   
2MASS

DEEPER AND HIGHER RESOLUTION

All in all the VVV survey is 
2x bigger than 2MASS

2MASS covers the whole 
sky,  VVV only 1.3%

VVV has higher 
resolution (0.34”/pix)

VVV is deeper (Ks<18)

VVV has 5 filters
(ZYJHKs)

VVV is a multiepoch 
survey (~100 epochs)         
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G2 dwarfs

2MASS vs VVV limit for vvvsurvey.org
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2MASS vs VVV limit for

Clump Giants
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2MASS IMAGE OF THE MILKY WAY

vvvsurvey.orgThe photo album of the
MW is not complete yet!!!
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What is the 3-D 
structure of the 

Milky Way

VVV Goal
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VVV 
CMDs
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baade d001

Color-magnitude 
diagrams of bulge and 
disk fields compared 
with 2MASS.

Oscar Gonzalez
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Daniela Iglesias
Barbara Rojas
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R. Saito et al. 2012
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Metallicity	  Maps

O.	  Gonzalez,	  et	  al.	  A&A	  2012

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



Interpretation of the 
Galactic bulge CMDs: 
RGB clump region

Roberto Saito
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The X-shaped structure 
of the galactic bulge 

 Zoccali et al. 2011

A double clump structure is seen along 
different directions towards the bulge.
This is present in 2MASS and VVV data.
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The X-shaped structure 
of the galactic bulge 

 (Zoccali, Saito)

The Milky Way bulge is X-shaped.
Two independent datasets and analyses.

(Gonzalez, Rejkuba)
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The X-shaped structure 
of the galactic bulge Saito, Zoccali et al. 2012

	 	 	 	 Sexten	 Workshop	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Sesto,	 Italia,	 20	 January	 2014	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Dante	 Minniti,	 P.	 Universidad	 Catolica



Proper motions:
Vasquez et al. 
A&A 2013

The X-shaped structure 
of the galactic bulge 
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Evidence for a 
tilted inner bar 
from bulge 
clump giants
Gonzalez et al. 
A&A 2012 

Or projection 
effects
Valpuesta et al. 
2012
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Where is the edge of 
the Milky Way?

Using clump giants 
to map the edge of 
the galactic disk.

Results:
 R_edge = 14 kpc
 disk not lopsided 



Istvan Dekany, et al. 2013, 
ApJ Letters, in press

• RR Lyrae are metal-poor and 
represent the oldest stars.
• They are good primary distance 
indicators.

The VVV distance distribution 
of known bulge RR Lyrae is 
different from the clump giants!

Bulge RR Lyrae
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• We expect to find 100,000 RR 
Lyrae in the VVV database.
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The	  VVV	  Stages
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Variability:	  Ks

Proper	  Mo;ons:	  Ks

Star	  clusters,	  stellar	  pops,	  ex;nc;on	  maps,	  metallici;es...

LPVs,	  Cepheids,	  RR	  Lyrae,	  Binaries,	  Novae,	  Microlensing...

Nearby	  stars,	  BDs,	  WDs,	  Asteroids,	  Hyper-‐Velocity	  Stars...
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- We are about half way through the VVV 
Survey, with everything working well. 

- Several discoveries have been made, with 
many more to come.

- We need help exploiting the VVV database 
and following up a wide variety of targets.

Conclusions
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